—q-‘g,

ELECTRON ICS

Greece D-a. 680
Holland DFI. 12.50
Italy L 6500

IR £2.97

+ WIRELESS WORLD T

MAY 1991 £1.95

DTV

Future for the e )
big screen? >y

RADAR "
Looking over _
thehorizon

e —

DESIGN
Avalanche
circuitry for
fastpulses

A

REVIEW
DSPlay XL —
better for DSP
development?

EErC U

n . g

3
S \0‘ |
‘\\‘
*M\‘ACO

INGE

o

\

0959"83




No empty promises - just
power, reliability and
value for money

The
CP1128
really is the

only low cost, high
performancedevice programmer
that can handle over 2000 devices
from 44 manufacturers.

The CP1128 programs an
unparalleled range of devices
including EPLDs, EPROMs, PALs,
PEELs, FPLAs,EEPROMSs, EPLDs,
ERASICs, GALs, and EEPLDs.

Addedtothisisafree lifetime
update service that makes sure that,
if a device fits in the socket, you can
probably program it.

Now the market leader in PC
based programmers, the CP1128
supports 28 pin devices including
the AMD MACH series and the
PLS105B from MML.

BP has been qualified by all
the major device manufacturers
including AMD, AMI, Atmel, ICT
Lattice, NS, Samsung, SGS and TL
This means that you can feel secure
that your programming yields will
be maximised because your devices
are being programmed exactly as
specified by the manufacturer.

The best news of all though
i1s the price — at £985 you're buying
performance and range as well as
future proofing your investment. If
you need caviar and you're working
on a baked bean budget, call us now
for a copy of our catalogue.

We're the
number one for low cost
and high performance
programmers,and power
packed software.

A few questions to ask when you're thinking
about buying a new PC based programmer.

Is it manufacturer qualified? — are we first in the
queue to get new device information?

Can you move it from machine to machine? — Do
you have to mess around with interface cards or does
it plug in quickly and easily to the parallel port,
Where is it made? — "Made in Taiwan" doesn't
necessarily mean cheap and nasty..... but Western
products are usually built up to a quality rather than
down to a price.

How many devices does it support? — not just the
main stream but more specialised devices like DSPs,
5nS PALs and Toshiba sequencers. Why not ask
whether the programmer supports the Intel 87C7SPF?

And a few for when you're buying a PC based
cross assembler/emulator.

How fast is it? — there's no substitute for raw speed
when you need to get the job done fast.

Who supports it? — Is it a real product with proper
company support or written by one man in his
garage?

Is it good enough to sell world wide? — and does it
stand comparison with world class products?

ECAL costs from £195 to £875 depending on options
The CP1128 costs £985
Unconditional | year guaramee on all our products

MUTEK (MSS) Ltd.

Frome Road, Bradford on
Avon, Wilts. BA15 1LE
02216 6501/6502 or fax - 5083
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‘Here's a complete development and
debug environment for all processors"
ECAL runs on your PC and works with every

processor you'll ever use — over 170 at the last
count - from the Z80 to the 1860 to the 1750A.

“An assembler that works with me”

The way some assemblers grind, you'd think
they were written by people who hate program-
mers, Ours is made for people who make their
living by writing code - people who need benefits
not hassle.

“A system that's well supported”

ECAL is sold by Mutek - if you call us with a
problem you'll be able 1o talk to someone who
uses the package and can speak to you intelli
gently about it. Not just a good salesperson; not
an answering machine and absolutely not a
schoolboy genius programmerin his lunchbreak.

“An assembler that is fast”

ECALkeeps up with your creative skills because
it takes care of the grunt work while you provide
the human input. 7000 lines of code in 15
seconds (on a I0MHz 286 AT) is just one way of
saying how fast it works — we can show you lots.

“An integrated assembler/emulator”
You can use ECAL cross assembler software on
its own (and enjoy the benefits of its immense
speed and ease of use) or you can run it with the
stunningly powerful EPROM emulation pack-
age. This hardware — software combination is so
incredibly slick it reduces the normal
edit—assemble—load-run—debug-do it all again
drudge from many minutes to a few seconds. It's
not just adownloaded EPROM emulator but the
closest you can get 1o real in-circuit emulation
for all your processors, at a fraction of the cost
of one normal ICE.

Don't put it off any longer - we can't tell you
everything about this product in one ad (or even
10). Call us right now and we'll send you,
absolutely free, a demo package that shows why
you'll want to junk your old assembler and devel-
opment system. Don't use the bingo card, don't
wait, do it now or you'll waste even more time.
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using PCB Eagle bought for only
£23.00

SCHEMATICS, LAYOUT, AUTOROUTE
AND DRC IN ONE PROGRAM

Designing PCB layouts, drawing schematics
and autorouting used to be a complex and
expensive business, demanding extensive
training and software costing many thousands
of pounds.

UK INTRODUCTORY OFFER

PCB Eagle 2.0 allows users to be "up and
running” immediately and at a cost which
represents a 400% saving against comparative
software. To date over 4,000 copies have been
sold and now PCB Eagle is available in the UK
exclusively from CAD specialists, PM.S.
(Instruments) Limited.

The primary Layout Editor module must be
purchased first for the software to operate
successfully. The Autorouter and Schematic
modules may then be added depending upon
individual requirements and applications.

TECHNICAL REQUIREMENTS

PCB Eagle runs on PC XT/AT/PS2's or
equivalent and requires 640K byte RAM, DOS
3.0 or above, a mouse, hard disk and of course
an EGA or VGA card and monitor. Output
drivers are supplied for most printers - EPSON,
NEC, etc.. laser printers, Postscript, HPGL
plotters, Gerber Photo Plotter.

Prices of the 3 Modules are:

Layout Editor £335
Autorouter £260
Schematic Editor £350

HOW DO 1 GET MY DEMO COPY?

A demo kit is available at the special price of
£23.00 inc VAT. The kit comprises complete
full manual, library and device drivers which
function exactly as the PCB Eagle programme
(however drawings cannot be printed or saved,
except demos). If you prefer to review the spec-
ification of PCB Eagle, complete the Enquiry
Card or telephone Nicola on (0628) 38036

&>PCB EAGLE 2.0

P.M.S. (Instruments) Ltd. Waldeck House, Reform Road, Maidenhead, Berkshire SL6 8BR
Tel: (0628) 38036 Fax: (0628) 770562
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Octogenarian adolescence

Electronics can now stuft a bomb down a
factory chimney. Passive entertainment is
the stuff of lite and any pre-teen child
without its hand-held computer game is
made to teel deprived. Markets are creut-
ed for devices for which there has been no
demand simply because they can now be
made and must be sold: they are solutions
looking for problems.

Eighty years is a good, round number
tfrom which to take stock. This journal
(then called The Marconigraph) came into
being in 1911 in response to the need for
marine wireless operators to be kept up 1o
date with the emerging technology.
Wireless was concerned, in the main, with
safety of life at sea and was quite detfinite-
ly on the side of the angels.

Then came the 1914-1918 war and the
cracks began to appear: wireless was used
1o enable reconnaissance pilots to spot for
the artillery and to report on troop move-
ments. [t was no longer solely a force for
good.

Atter the war, amateurs started to pitch
in. In those days, the entertainment con-
sisted largely of obtaining the best possi-
ble time signal from the Eitfel Tower
not absolutely guaranteed to put one’s
emotions in total chaos. But the spark was
there, and soon the British Broadcasting
Company was putting out real entertain-
ment. Television came along, as did the
second war, bringing in its train a whole
raft of new uses for electronics. as it was
now called, most of them being more or
less bellicose in intent. Now, we have the
gimmicks.

All that being so, there are those who
consider the kind of engineering that pays
our salaries to be not only not quite angel-
ic, but an invention of the devil. They
point to a developed world full of well
entertained zombies: a world that is ruled
by unnecessary computers; the reckless
and cynical development of offensive
weaponry: and gimmickry gone mad.

But they reckon without the benefits

which, viewed dispassionately, outweigh
the adolescent applications of a branch of
engineering which is still, relatively
speaking, in its first flush of youth,
Computers do, admittedly, carry an aura
of mindless, misguided domination, but it
1s difficult to envisage a part of modern
life that has not been improved by their
use. We have all heard of Gas Boards
emitting bills for three and a half miltion
pounds and thereby causing little old
ladies to sufter fits of the vapours, but
without the computers there would quite
possibly be no gas — at least at a reason-
able price. The little old ladies would
probably find some difficulty in collecting
their pensions, 100.

In medicine, in industry, in transport
(air transport, in particular). electronics in
all its forms is an enabler; without i,
many of the endeavours now 1aken for
granted would not simply be more haz-
ardous or inconvenient. but would not be
possible at all.

Electronics has the capability, if proper-
ly used, to enhance our lives. Once it has
emerged from its present half-developed
phase, it is to be hoped that it can be seen
without its glamour, as a useful, but not
magical assistant. The next eighty years
should be interesting. P.R.D.

This issue 18 the last on which my name
will appear — at least, as Consulting
Editor. When 1 joined Wireless World as
an editorial assistant thirty years ago. no
one could have foreseen the changes that
would take place a computer was then
a large room filled with steel racks, rather
less powertul than a modern PC. But |
have been fascinated to observe the
changes and shall be even more interested
to watch progress in the future,

Many retired people tell me that they
are now so busy, they cannot understand
how they ever found time 1o go to work. |
hope to be the same. P.R.D.
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Powerful Software Saves 7ime/

PCB will always match the original circuit.
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ISIS - Intelligent Schematics

ISISDESIGNER........ccccooniiiiiiiiiiiiaeeen, £275

An easy to use schematic capture package for
anyone needing to enter designs prior to further
processing with ARES or other EDA software. It
features our modemn Graphical User Interface and an
Intelligent Diagram Editor.

ISISDESIGNER+ ........coocoiiiiiinnneee. £475

A sophisticated design management tool - features
such as an automatic annotator/packager, two
systems for hierarchical design and ASCIl Data
Import make DESIGNER+ one of the most powerful
schematics packages currently available for the PC.

Auto wire routing.

Auto dot placement.

Auto name generator.

Powerful editing facilities.

Object oriented 2D drawing with symbol library.
Comprehensive device libraries available.

Output to dot matrix, pen plotters, lasers, POSTSCRIPT.
Export to DTP packages in IMG or DXF formats.
Multi-sheet and hierarchical designs handles in single file.
Netlist output to most popular EDA software.

Bill of Materials and Electrical Rules Check reports.

LABCENTER PUTS YOUR PC TO WORK

Why spend hours of your valuable time designing PCBs by hand or with a non-integrated
CAD package when your PC can do it for you?

ISIS provides the easiest of ways to enter a circuit diagram into your computer and ARES
has all the features needed to convert it into an elegant PCB layout. Both packages share
the same Graphical User Interface, and the way that they integrate guarantees that your

A netlist based, multi-layer PCB design package that
can integrate with ISIS or other schematics software
Includes connectivity checker, design rule checker,
power plane generator and auto annotator.

ARES AUTOROUTE ............ciiiiiiiinneee, £475

Our new autorouter uses an advanced, multi-strategy
algorithm to achieve very high completion rates, yet
when driven from ISIS, there is remarkably little
setting up to do - Package, Router-Strategy and DRC
data can all be read from the netlist. As we said at
the beginning, Powerful Software Saves Time.

Topological Route Editor {(another Labcenter innovation)
Unlimited user configurable pad, track and via styles.
Full surface mount and metric support.

10 copper + 2 silk layers.

1 thou resclution.

30x30 inch max board size.

Up to 5000 pins, 50000 trace segments using EMS RAM.
Obiject oriented 2D drawing for silk screen graphics.
Drivers for dot matrix, pen plotters, lasers, POSTSCRIPT,
Photoplot {Gerber), NC drill (Excellon).

Graphics export in IMG format.

IGbCEﬂCeP

£/ e ¢c tr on i c s

COMBINATION PRICES

IS1S DESIGNER & ARES ................. £495
1SIS DESIGNER & ARES AR ............ £675
1SIS DESIGNER+ & ARES............... £675

ISIS DESIGNER+ & ARES AR ..........£850
Prices inc UK delivery, exc VAT,

o

Call for a demo pack
today - 0274 542868.

14 Marriner’s Drive, Bradford. 809 4JT
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Navy solves question of logic

Design for a programmable array logic
decoder has won a special commendation
in the British Aerospace Engineering
Design Prize. administered by the Design
Council, for Sub-Lieutenant Peter Hoe-
Richardson.

Sub-Lt Hoe-Richardson from the Royal
Naval Engineering College in Plymouth,
recognised the need for a decoder which
would allow circuit board designers to test
the programmable logic devices (PLDs)
used in their work.

But existing tests for PLDs — the blank
chips which allow the facility to create
customised logic circuits on one compo-
nent — cannot recognise a component
without previous knowledge of its charac-
teristics. So details of customised circuits
have to be sent oft to chip-test manufuc-
turers for inclusion in their “library™
before a test can be conducted.

Sub-Lt Hoe-Richardson found a way of

by-passing this time-consuming and
expensive process by designing a system

Can you believe

Some months ago [ wrote about perfect
(or absolute) pitch, the intriguing ability
some musicians have to identify a note
correctly or to sing a specified note to an
accuracy of better than 1%.

Quite coincidentally | have come across
another picece of rescarch on music that
suggests we may not all hear tunes in the
same way. There appear to be acoustic
equivalents of optical illusions.

Remember the wire-framed cube where
a particular corner can appear either at the

which can look at a component and test it
not by comparison but by analysis. from
first principles. To avoid damage during
test. the unknown chip is rickled up using
low voltages and limited currents.

The system is based on an IBM com-
puter and uses two MiCroprocessors to
produce a full report on the logic of the
device under test.

It can reveal up to 30 variable functions
contained in any logic device and not only
tells the designer whether a component is
working, but, if there is a problem, also
pin-points exactly which part of it is at
fault.

A prototype of the programmable array
logic decoder has been built and is now
being used regularly by other students at
the Royal Naval Engineering College.

Sub-Lt Peter Hoe-Richardson with his
prize-winning programmable array logic
decoder, now in regular use.

your ears?

front or the back, depending on how you
pereeive it? Well, it seems that under cer-
tain conditions, pairs of consecutive musi-
cal notes can be equally ambiguous: they
can appear to rise in pitch to one listener
and fall to another. The reuason is not that
some of us have an inverted frequency

“Pitch cycles”, which suggest why
Californians (left) perceive a C *F# pair
as falling while English students (right)
hear it as ristng.

wl BTN T L R
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response; it is because of the way our
brains perceive musical pitch.

Contrary to what some physics text-
books say. perceived pitch is not just a
matter of the frequency of a note: the har-
monic content is also important. (That’s
why Pavarotti’s top notes often sound so
high when the fundamental rarely exceeds
S00Hz.)

Professor Diana Deutsch of the
University of California, San Diego,
decided to create a scries of computer-
generated note pairs with the individual
pairs separated by a half-octave or tritone.
Each note consists of six octave-related
harmonics whose amplitudes are con-
trolled by a fixed bell-shaped filter enve-
lope. Listening to these organ-like tones,
1t’s easy — with the help of a piano — to
identity the pitch class (C, C#. D etc), but
very difficult to assign them to any partic-
ular octave. The problem is (deliberately)
made worse by the fact that a half octave
rise or a half octave fall end up on the
same rote of the scale

When [ played some recordings of these
paradoxical tritones to an assortment of
golden-earcd BBC staft, it was instantly
apparent that, for any given note pair,

May 1991 ELECTRONICS WORLD + WIRELESS WORL.D
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l

some people perceived the interval as ris-
ing while others heard it as falling.

Professor Deutsch says that, unlike
most optical illusions, this aural paradox
tends to be perceived in a consistent fash-
ion by any one individual. It is unrelated,
though, 10 age, sex or even musical abili-
ly.

The striking conclusion to emerge from
extensive research on students was that
the way a paradoxical tritone is perceived
depends very much on where you acquire
your native language. English students
nearly always perceive a C—=>F# pair as
rising, whereas Californians perceive it as
falling

Professor Deutsch has strong evidence
that we all have an in-built “pitch circle”
in which — other things being ambiguous

we perceive one note as higher than
another. For English people F# and G are
“high” notes. The orientation of the pitch
circle appears 10 be a developmental fea-
ture that is fixed early in life.

Such speculation is fun, but it also has

Organic family
shows promise

Development of a series of compounds
synthesised by chemists at The Johns
Hopkins University may herald the next
generation of electrical materials.
Dwaine O. Cowan and colleagues
Theodore Poehler and Thomas
Kistenmacher have demonstrated that it
is possible to construct organic solids
composed of non-metallic elements such
as carbon, hydrogen, nitrogen. and sul-
phur, which exhibit either metallic or
superconducting properties under the
proper conditions.

Latest progress in the work was
described in a paper given at the annual
meeting of the American Association for
the Advancement of Science giving
details on the newest compound in the
series, an organic salt known as TTeF-
TeNQ.

Cowan’s work has yielded information
on an entire family of materials with
interesting electrical, optical, or magnetic
properties in the solid state. His group
created the first organic metal in 1972,
and former Hopkins postdoctoral fellow

three intriguing implications, the first of

which is that we must all have some mea-
sure of perfect pitch in order 1o distin-
guish qualitatively between the difterent
notes of the musical scale.

A second point is that these findings
may explain why (contrary to common
sense) music sometimes sounds different
when transposed into a ditferent key.

Finally. although ambiguous tritones
don’t occur in 1solation in real music,
there may remain residual ambiguity in
other intervals or in situations where the
orchestration leads to paradoxical har-
monic content. Diana Deutsch says that
music is too complex to identify differ-
ences in listener perception precisely. but
she says that the “*possibility of basic dis-
agreement at the perceptual level should

be considered in evaluating the issue of

communication between composer, per-
former and listener.”

In other words, what you hear when
you listen 10 Beethoven’s 5th may be
quite different from what I hear.

of conductors
for electronics

Klaus Bechgaard created the first organic
superconductor a decade ago.

“Until fairly recently. people did not
worry about the electrical properties of
organic materials.” says Dr Cowan.
“They just assumed they were insulators.
Now we’'re trying to understand this
class of materials to learn how to make
structural changes in predictable ways.”

Dr Cowan has been looking for organ-
ic salts whose crystals show metal-like
electrical conductivity. Below room tem-
perature, these organic materials behave
as metals doj; their conductivity increases
as the temperature decreases.

But below a certain critical tempera-
ture, their behaviour changes and the
salts perform either as semiconductors or
superconductors. The newest salt in the
series, using tellurium to improve its
electrical properties, remains metallic to
very low temperatures, as low as 1.5K.

Dr Cowan’s research focuses on
understanding this behaviour by studying
the structure of the crystals. In metals,
electrons can move in three dimensions,

Humming a new
tune to tackle global
warming

In audio equipment hum is normally an
undesirable feature. But scientists who
have constructed what is effectively the
largest hum generator in the world hope
that their research is going 1o be univer-
sally welcomed particularty by those
concerned about global warming of the
planet.

The generator is part of an experiment
now underway near Antarctica as part of' a
sensitive method to measure changes in
average sea temperatures that might signal
global warming.

It is essentially several huge underwater
aluminium loudspeakers suspended 250m
beneath the US Navy research vessel Cory
Chouest, located in sub-Antarctic waters
near the appropriately named Heard
Island. The hum frequency, 57Hz, was

whereas in organic materials electrons
can generally move in only one or two
dimensions.

Organic conductors are quite different
from metals in many respects, and the
highly one-dimensional aspect of the
materials could be particularly interest-
ing. Resistance, optical and magnetic
properties are all different under different
conditions. Even the researchers them-
selves are different; they are in the main
individuals interested in bridging the gap
between organic chemistry and physics
(organic chemists traditionally are a little
more comfortable going the other way,
bridging the gap between chemistry and
biology).

Compounds are difficult to make, but
several groups are working in this very
rapidly growing area. particularly in
Japan. While new batteries, semiconduc-
tors, and other electrical devices will not
be created overnight from these materials
— they are expensive and require much
lower temperatures than materials in use

~ they do hold promise for the future.
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chosen to minimise interference to and
from shipping, breaking waves and sea
creatures.

Object of the experiment, involving
around 20 measuring stations in 12 collab-
orating nations, was to detect the 57Hz
pulses and calculate the transit time from
Heard Island to different parts of the
world. Sound travels at approximately
1.5km/s through water and its velocity is
critically dependent on temperature.

The researchers calculate, for example,
that if the sea temperature changes by as
little as 0.05°C then the transit time to
Bermuda will change by 105ms.

Since the experiment was switched on,
all the various listening stations have
picked up the sounds clearly and on time.
In the case of Bermuda, hydrophones
detected the signals exactly three hours
after despatch — the time taken to cover
16,000km.

By sending the acoustic signals below
the level of the bulk of the noise generated
by shipping and waves and by suitably

coding the pulses. the team found that the
received signal-to-noise ratios were more
than adequate, even over these distances.
Professor Walter Munk ot the US
Scripps Insititute ot Oceanography, who
conceived the experiment, says this is the
first time man-made sounds (other than
explosions) have travelled right round the
world. Happily. loud though they are. the
sounds do not seem to be having any
harmful effects on the whales, seals and
dolphins that live round Heard Island.
Although the experiment has been a

success in technical terms, it cannot of

course yet provide any instant answers on
the subject of global warming.

Dr John Church, one of the Australian
Collaborators trom the CSIRO Occan-
ography Division. says that the underwa-
ter acoustic measurements will have to
be repeated over at least a ten-year period
before any long-term global temperature
trends can be discerned.

But it the world is indeed warming up,
the Big Hum will certainly detect it; mea-
surements can be made of temperature
changes no greater than a few thousandths
of a degree.

Editorial survey: use the information
card to evaluate this article. Item A.

Taking the guesswork out of superconductivity

Unusually among the physical sciences,
the practice of high temperature super-
conductivity has always been streets
ahead of the theory. So much so that
although there are now thousands of sci-
entists working with the new ceramics, it
is been virtually impossible to predict
how a particular formulation will work.

A lot of high temperature supercon-
ductivity research has therefore been of
the try-it-and-see variety and behind
many of the current research pro-
grammes there still lies a cookery-book
approach in which each new material is
tested for its superconductivity and —
just as importantly — its engineering
properties.

But such guessing of how a particular
new compound will behave may soon
fall out of favour, thanks to the first pre-
dictive theory that has been developed.

Henning, Poulsen er a/ at the Riso
National Laboratory in Denmark have
shown (Nature Vol. 349 no 6310) that
there is a link between the amount of
oxygen in a superconductor and the tran-
sition temperature at which it becomes
superconducting.

In the high transition temperature
Ba,Cu;0,,  the conduction layer con-
sists of two corrugated CuQ, planes
separated by yttrium atoms.

In general, the more oxygen, the high-
er the transition temperature.

Perhaps more significantly from a the-
oretical standpoint, the new work pro-
vides an explanation for why the oxygen
content is significant. It examines the
structure of the classic yttrium barium
copper oxide (YBa,Cu O, ) supercon-
ductor and concludes that, of the various
conduction and charge reservoir layers,
only the ordered CuO, structures are sig-
nificant in terms of superconductivity.

The details of the theory are highly
complex but agree remarkably well with
experimental results and mean that, in
future, many chemical structures can be
eliminated before being synthesised in
the laboratory. That in turn may help
focus the direction of high temperature
superconductivity research which is still
producing tens of thousands of potential,
but useless, materials

1Cnndu:hon
layer

Charge
reservoir
layer

- Cu0
chains

Cu0
planes

Research Notes is written by John
Wilson of the BBC World Service
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BELL RANGE OF IBM COMPATIBLE COMPUTER SYSTEMS
BELL 80X86 MOTHERBOARDS PRICES £ PRICES £
TECHNICAL SUMMARY MOTHERBOARDS COMPLETE SYSTEMS

CLOCK LAND MAX CACHE SLOTS | INSTALLED RAM OPTIONS | SUPPLIED WITH HARD DISC CAPACITY

CPU SPEED MARK RAM RAM 8/16/32 bytes OPTIONS — M bytes
MHz MHz MB KB onMBD | OKB IMB 2MB 4MB [NONE 45 90 135 180 340

8086/V20 12 49 1 - 8/-/- £ 36 L 70 (640KB) £350 = - - -
80286 12 16 4 - 2/4/- [ £ 8 13 £19 305 | £450 £700 £888 £1000 £1090
80286/IDE 16 21 4 - 2/4)- | L1200 17 £230 1340 | £490 £730 £900 £1020 £1110
80286/IDE 20 27 4 - 2/4/- 165 215 127 1385 | £535 £775 £945 £1065 £1155
80286 24 32 8 - 3/4/- £190 2240 £300 2410 | £580 £830 £1010 £1125 £1215
80386S 16 20 8 - 2/6/- | L2900 340 £400 £510 | £676 £925 £1105 £1220 £1310
80386S 20 26 8 . 2/6/- | L3I0 £400 £460 £570 | £737 £987 £1166 £1280 £1370
80386 20 28 16 - 2/6/- | L43 1485 (545 1685 | £800 £1050 £1230 £1345 £1435 £2100
80386 25 34 16 - 2/6/- | £485 153 15895 £705 | £850 £1100 £1280 £1395 £1485 £2150
80386 25 43 16 64K  2/5/1 [ L6200 670 £730 £840 | £970 £1220 £1400 £1515 £1600 £2270
80386 33 56 16 64K  2/5/1 | 1765 815 875 985 | £1120 £1370 £1550 £1665 £1750 £2420
80486 25 114 32 option 2/5/1 | L1665 1715 (1775 L1885 | £1995 2245 £2425 £2540 £2625 £3290
80486(EISA)25 114  32/96 64/128K 2/-/6 | 12790 - £3000 | e3085 £3335 £3515 £3630 £3715 £4380
80486(EISA) 33 150  32/96 64/128K 2/-/6 | 13465 = - 13685 £3735 £3985 £4165 £4280 £4365 £5000

All complete BELLBOX86 Svstems include 1Mbyle RAM. 102-key AT keybaard. one Floppy drive. System Cose & Power Supply, 2 serial/1 parallel, 14" Mana 'Hercules' Monitar
Add £59 for 2Mbyte RAM; £169 for 4Mbyle RAM. Add £55 for DOS 3.3 or £69 far DOS 4.01 or DR-DOS 5. Add 150 for Mono VGA ar £230 for Colour VGA or £300 for Super VGA

SYSTEM CASES WITH PSU
Flip top compact table top. 200 Watt 198

Low profile table top, 200 Watt  £106

Stylish compact table top, 200 Watt 119
Mini-Tower (Baby AT) Lable top. 200 Watlt 1144
Traditional wide (Full AT) desk Lop. 220 Watt £136
Midi-Tower (Full AT) table lop. 230 Watt £183
Std Tower (Full AT) floor base 250 ¥att £209
Maxi-Tawer (Full AT+). dual 230 Watl 7765

All system cases include front panel

controls. wiring to Motherboard.

omplete pockage of Network Software plu
%etw ik con rol?eqrs, cobleg, éerver %ord %ng
selected number Workstation cards:

Software Workstations ArcNet Ethernel

APX(10user lic) 4 L4700 1620

Novell ELS 1 4 L£750 £ 900

APX(10user lic) 8 £730 11040
High performance network cards Novell ELS 1I 8 L1680 12000
10 Mbit/sec - IEEEB02.3 standard APX(72user lic) 16 L1560  £2200
16-bit Server "NE2000" cord £ 99 Novell Adv 286 16 £3080  £3720
8-bit Workstation “UNIX/ICP" card (149 | | APX(72user lic) 32 £2520 13800
16-bit Server "UNIX/TCP" card £199 P’fo"e]” Adv 2t86 ) ?21 fl4020 , £5300
32-bil EISA Server Novell or UNIX/TCP 1359 | | FOr low cosl workslalions choose from
Ethernet Boot PROM for diskless Workstations BELLBOXB6 svstems with no hard disc.
“Novell" - £14  “APX" - £10  "TCP" - £25

TOKEN RING - IBM’s J4V0URSTE
Medium performance 4 Mbit /sec - IEEEB02.5

Workstation cord £279 - Server cord £319

TCP/IP-NFS software for DOS based machines
to run on UNIX and SUN networks 1260

Power Supply and fan(s) =
NETWORK STARTER KITS

Medium performance network cards
2.5 Mbit/sec - IEEE802.4
8-bit Workstation card- "BUS" / "STAR"  £59 / {54
16-bit Workstotion card— “BUS" / “STAR" 185 /179

Passive hub - 4 ports 15
Active hub card - 4 ports £5
Active hub externa! box / PSU - 8 ports 0135
In reat terms ArcNet has about 60% of the throughput
of Ethernet. ArcNet can be confiqured os BUS or STAR
or o mixture of both. Call to discuss your needs.




Support orovided on all s0ods

to chang2 without nolice

HARD DISC DRIVES
FORMATTEL ACCESS TYPE MAX TX/RX SIZE  BUFFER PRICE

* All prices exclude VAT and deliverv

* Prices based on paymert with order

* Mail orders accepted wih ACCESS/VISA
* One Year Warranty and Telephcne Tech-

* Prices ar.d Specifications are sibject
* OEM, SYSTEMS HOUSE, DEALER DISCOUNTS

* EURO BELL is a Licenced Credit Broker
1 to 5 year Lease/Rental Agreemenls

BELLL. VGA & TIGA MONITOR ADAPTORS
All Monitor Adaptors and Controllers support 640x480 & 800x600 in 16 colours.
Also all are supplied with wide range of Extended Resolution S/W drivers incl WinJ

Mhvles msec |/F  bhvies/sec hvles
21 40 MFM 625K 35 - [ 165
N 28 MFM 625K 35" {199
S VR S ] SERIAL & PARALLEL CARDS.
3 28 RL 93K 35 - IZ 3l SERIAL & PARALLEL CARDS
42 ' 24 MFM 629K 3.5 - L279 || 1 serial with sockets for 2nd serial £14
‘:5 (1"hian) 25 IF?E “;‘K 35" bak I 2599 2 serial card £22 1 parallel card  £10
Gg gi Rtt ggm gg i i ggg Y) fer!ol, 1 porailel, 1 games porls 22
%0 2% DE 74 35 eak g 399 || seriol 2 paroliel s
115 19 £SOl 1.9 35 B £ 529 4 serial port card, cables, for XENIX, UNIX,
135 2% IDE 7.4M 35 64K £ 519 || C-DOS - AST-FourPort/XK campotible 199
135 25 ScsI 2.5M 35" 24K £ 519 8 serial port card, cables, for XENIX, UNIX,
150 16 £SDi 124 525" = £ 645 || intelligent 80186 based high performance  £335
180 25 IDE 7.4M 35" {579
180 25 SCSI 2.5M 3.5 24K 519
320 18£S 1M 525" £1149 FLOPPY DISC DRIVES
350 16 £SOl 187 525 - (1199 |[5.25" - 360KB 53 - 1.2MB 66
350 16 SCS! 4M 5.25" 64K 1199 || 35" - 7720KB 56 - 1.44ME 161
ggg :g g%g: ‘ﬁ] 552255 " [[‘1“%99 Cable for one/two drives 3.5/5.25% (7
W0 1M S® 4y 525 oy || D25 roy for 357 dive £
FLOPPY CONTROLLERS
DISC___ CONTROLLERS All cards are for PC/<T/AT. 8-bit card
TYPE  FLPPY  FIFO AVERAGE XT L & support for 360K, 720K, 1.2M, 1.44M:
I/F I/F  BUFFER byte/sec AT PRICE
MFM NO 2KB 150K 8-bit [40 Internal, 1 or 2 drives, A;, B: 120
RLL NO 8KB 225K 8-bit £ 49 As above plus 2 serial, paraliel, bottery back-up,
MFM YES 2kB 440K 16-bit £ 67 clock/calender (usually used on PC/XT) £33
RLL YES 8KB 690K 16-bit £76 Int /External. 1 or 2 drives. A: to G:
RLL YES  32KB (AL 16-bit £ 99 con be used as 'second’ Fipy Cntle  £32
IDE YES depends on drive 16-bit [ 25 Int/Ext, 1 to 4 drives, A: t¢ G: 39
IDE YES  plus 2-serial & parallel 16-bit £ 39
£sol YES 32KB 1.2M 16-bit 179
SCSI NO but TAPE  OKB 400K 8-bit {15
+SCSH YES OKB 500K 16-bit £259
SCSI YES 0KB M 16-bit 15
+SCSI YES 2MB 2.8M 16-bit 1185
+SCSI YES 8MB 2.8M 16-bit 11559
SCSI - EISA - YES MB 16MB 32-bit {1185
SCSI - EISA - YES 8MB 16MB 32-bit 11559

512Kbyte card - £113,

Standard card - £599,

VGA 256Kbyte - £69, VGA 512Kbyte, adds 640x480,/800x600 in 256 clr - £99

Fast VGA controllzr with high speed CACHE, adds 1024x768 iri 16 colour
1Mbyte card, adds 1024x768 in 256 colours - £139

TIGA Controllers with 6 Mips 3401J chip and minimum 1Mbyte RAM:
High performance 16-bit card - £1895

EISA 34020 Ultro Figh performance card ~ £2540

DRAM, SIMM, SIP

B4Kbit (64Kx1) DRAM 01.35
256Kbit (256Kx1) DRAM 05
256Kbit (64Kx4) DRAM  £2.25
Mbit (1Mx1) DRAM £6.30
1Mbit (256Kx4) DRAM £6.30

L1
£5%
£190

256Kbyte x 9, SIP or SIMM
IMbyte x 9, SIP or SIMM
4Mbyte x 9, SIP or SIMM

KEYBOARDS, MOUSE
& TRACKBALL
Quality 102-key XT/AT keyboard :
Lightweight £39 ; Heavy duty [44
Adaptor for IBM PS/2 - £15
Microsoft & Mouse Systems
compatible 3-button pointers;
Mouse - £35 TrackBall - £55

Mono Graphic / Hercules 720x348
Amber or White,. £75/12", £85/14"

MonoGraphicAdaptor /Printer Pert :

Hercules compatible £20
As above plus Colour Graphic ~ £24
VGA Mono Paper White:

14" 640x480 res £95

17" 1024x768 res £699
21" 1280x1024 res £999

Colour VGA & MultiSync
14" 640x480 res VGA £265
14” 800x600, 1024x768 VGA £315
14800x600 MultiSync .31mm £339
14” 800x600, 1024x768

.28mm MultiSync £439
16™ 800x600, 1024x768,

.28mm MultiSync £789
20" 1280x1024 MultiSync ~ £1699

20” 1280x1024 "Trinitron™ flat
anti-glare screen, high contrast,
MultiSync £2539




UNBEATABLE
RIC

FIRST FOR QUALITY AND SERVICE

SWEEP GENERATORS

FUNCTION GENERATORS

HP 8620C Sweeper Mainframe £ 1395 HP3200B 500MHz Oscillator £ 500
HP 86242D 9 GHz Plug in £ 750 HP3325B Synthesizer/Level Meter £ 3250
WAV 1081 1MHz-1GHz £ 2500 PHIPM5190 LF Synthesizer £ 1,500
LOGIC ANALYSERS RF GENERATORS
HP 1630G 65 Channel Logic Analyser £ 1,450 - N
HP 1631D Logic Analyser/Digitising Scope £ 4,000 ;‘;2625071‘;‘11%2;3 g?::;zf(;’s el Geaemion g gzzgg
JEX 140 L ogte fnaiyser £ 85 Mar20224 signal Generator £ 1800
THA 2500 72 Channel Logic Analyser £ 2,500 MAR 2022C Signal Generator £ 2400
SPECTRUM ANALYSERS
ANRMS610A 2GHz Spectrum Analyser £ 2750 DIGITAL MULTIMETERS
ADY TR4131 3.5 GHz Spectrum Analyser £ 4650 FLUJF73 Digital Multimeter (handheld) £ 60
HP 356604 Dual Channel Dynamic Signal Analyser € 7,500  FLU45 Dual Display +/EEE + Battery £ 550
HP 35858 Spectrum Analyser £12,500 FLUB026B Digital Multimeter (handheld) £ 150
HP 8580A 10KHz -15GHz Spectrum Analyser £4500 PpPROMPROGRAMMERS
HP 3562A Dynamic Signal Analyser £10950  g71GPP39-1 Prom Programmer £ 450
MAR 2382 Spectrum Analyser 100Hz —400MHz £11,500  s7G0Ps1-2 Gang Programmer £ 950
MAR 2383 Spectrum Analyser 100Hz —4.2GHz £23,000  g1GPPZ Prom Programmer £ 500
RAC 9702 1GHz Spectrum Analyser £ 1,000  §7G2Zm2000 Module £ 250
TEK 2710 Spectrum Analyser £5500  s7GStratos PC EPROM Programmer £ 175
PROTOCOL ANALYSERS
HP 49518 Protocol Analyser £ 1250 EX-DEMOEQUIPMENT (AS NEW)
HP 49534 Protocol Analyser £ 2,750 GRUFGT Colour Generator £ 600
HP 4954 Protocol Analyser £ 8,000 HAM 1005 100MHz Os_c;l/oscope £ 600
HP 4952 Protocol Analyser £ 4,000 RAC 1995 200MHz Universal Counter £ 1850
OSCILLOSCOPES TEK 2221 100MHz DS.0. £ 1,950
WE B U Y TO P HP 545014 100MHz Quad Channel Digitising Scope £ 1,950  TEX 2246A 100MFHz, 4 Channel +DVM £ 1,750
HP 54502A 2 Channel Digitizing Scope 400 Msa/s £ 3500 MISCELLANEOUS
HP 545034 4 Channe! Digitizing Scope 500 MHzBW £ 3250  BK 2231M Sound Level Meter £ 2,750
QUA L' TY PHIPM3055 50Mhz Oscilloscope £ 550 BK2232 SoundLevel Meter £ 450
PHIPM3315 60MHz D.S.. £ 1,750 HP2225A Thinkjet Printer £ 150
“T PHIPM3320 Digital Oscilloscope £ 3950  HP437B Power Meter (sensors available) £ 1,100
1 _b TEK 2225 50Mhz Oscilloscope £ 475  HP4972A LAN Analyser £ 7500
TEK 2230 100MHz D.S.. £ 2100 HP8753C Network Analyser £15,000
EQ U’ PME N T TEK 2236 100MHz Dual Channel Oscilloscope £ 1600  KONS520 6 Channel Chart Recorder £ 2650
TEK 2245A 100 MHz Oscilloscope £ 1350 MAR2305 Modulation Meter £ 3,500
TEK 2445 150MHz Oscilloscope £ 1500 RACST14DS Tape Recorder £ 4,000
TEK 2445A 150MHz Quad Channel Oscilloscope £ 2,050 SCHNSG 200E Disturbance Mainframe £ 900
LONDON OFFICE TEK 24458 150MHz Osciloscope £ 2450  SCHNSG222A Fast Pulse Generator Plug In £ 1300
AND HEADQUARTERS TEK 24654 350MHz Quad Channel Oscilloscope £ 2950 SCHNSG 2254 Interference Simulator £ 1950
RG roup TEK 2465A-0PT10 350MHz Oscilloscope £ 3331 TEK 15028 TDR Cable Tester £ 3250
TEK 7511 Piug In Sampler £ 666 WK4250 LCRMeter £ 1,250
Dorcan House PULSE GENERATORS YEW 3057 2CH Recorder £ 450
Meacfield Road TEK PG506 Pulse Generator £ 1281  YEW3081 Hybrid Recorder £ 2250
Langley All prices advertised are exclusive of carriage and VAT. All equipment sold subject to availability.
Berks SL3 8AL g ’
Warranty period 12 months on all equipment (except computers MDS —3 months).
Telephone: . .
0753 580000 For further information telephone 0753 580000
CIRCLENO. 118 ON REPLY CARD
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Researchers at the Department of
Electronics and Computer Science,
Southampton University have come up
with a fusing system to prevent optical
fibres from blowing out at high power
levels.

Optical fibres, particularly the germani-
um doped variety, are liable 10 damage
from the so called fibre fuse effect. For
instance, if a section of fibre is disturbed
while transmitting high optical power, a
process of thermal runaway may be initi-
ated which can lead to the melting of the
glass core, This occurs as the result of a
shock wave which propagates along the
fibre in the direction of the source of ener-
gy, permanently damaging the fibre core
and preventing it from guiding light.
“High” in this context means power levels
above 300mW.

Initiating processes include localised

the fibre output tip with absorbing materi-
als. The breakdown process is analogous
1o the damaging SWRs which can occur at
breaks in microwave waveguides.

The progress of the fibre fuse can ofien
be seen as a bright spot of side-scattered
light which propagates back along the
fibre towards the source of light. The

heat, the cleaving of the fibre or contact of

destruction of over a kilometre of fibre
due to this damage mechanism has been
reported.

Damage mechanisms have been
observed using both a continuous wave
argon and Nd:Y AG lasers indicating that
the effect is probably wavelength inde-
pendent.

One solution for single mode fibres has
been the inclusion of a tapering section of
fibre where the core diameter is reduced
by 8%. Such a circuit breaker element has
been found 10 stop the advance of a fibre
fuse produced elsewhere in the fibre. This
work indicates that low-loss tapers could
be inserted into a fibre link at regular
intervals in order 1o reduce significantly
the length of optical fibre which may have
10 be replaced as a result of a fibre fuse
event. Tapering, however, of multimode
fibres has so far not proved successful.

Douglas Clarkson

Bullish book-to-bill

Semiconductor order books are filling up
on both sides of the Atlantic with book-to-
bill ratios rising significantly last month.
The ratio, which relates the total value of
forward hookings in a month with the
total value of delivered components over

Reaching for the sky:Georgia Tech believes in stretching its engineers when it comes
to antenna technology. The new Georgia compact antenna has been designed to
combine the small size and inexpensive construction of microstrip antennas with the
performance of conventional units. But fitting it onto the positioner for testing
requires an altogether less compact design of experimenter.

Circuit breakers for optical circuits?

the same period. provides a barometer of
business prospects: the higher, the better.
In the UK, a high level of order intake is
expected to continue into the early sum-

mer when the annual ordering cycle nor-
mally reaches its peak.

Components body ECIF said that the
book-10-bill ratio rose to 1.28 in February,
having risen from 1.07 in January, and
0.98 in December last year. Analysis
shows that ratios of 1.24, 1.23, 1.29 and
1.28 have heen recorded in the years ‘88,
‘89, ‘00 and ‘91 respectively. In the US,
the book-to-bill rose to 1.09 at the end of
February from 0.96. This was due in part
to semiconductor distributors and users
refilling their inventories after trimming
them last year.

A spokesman for the Semiconductor
Industry Association in the US said the
industry has been recovering since
December.

Big Blue blesses all
Japan PC

IBM has agreed to licence personal com-
puter technology to 11 leading Japanese
companies in an attempt to establish its
own PC architecture as a standard in the
Japanese market.

This follows IBM’s recent move to
make its internally developed Japanese
language version of the dos PC operating
system available.

IBM will agree to licence VGA PC
graphics technology and, possibly, its
MCA bus system together with OS/2 to
third parties. These include laptop maker
Toshiba, ICL-parent Mitsubishi and the
big consumer electronics companies
Matsushita, Sharp and Sony. These com-
panies already manufacture PCs for
external markets.

Efforts to sell clones in Japan have
been hampered by lack of software writ-
ten with Japanese dialogue. IBM hopes
to encourage software companies to
write products for the domestic Japanese
market through availability of totally
Japanese hardware.

At the moment, Japan's PC market is
dominated by non-standard machines
made by NEC, just about the only major
electronics company not involved in the
deal.

May 1991 ELECTRONICS WORLD + WIRELESS WORLD

37




UPDATE

In April, Britain’s Home Secretary
Kenneth Baker launches Crime
Prevention Week. He will make headline
news by announcing that the theft of cars
is rising by over 20% a year, nearly twice
as fast as crime in general. It is most
unlikely that the Home Secretary will
admit that many car thieves could be
caught if only the police understood, and
used, available technology which is
already available,

More than a million people in the UK
now have cellular telephones on the
Cellnet and Vodafone networks. Around
half of them are installed in cars and, if
the vehicle is stolen, will give telltale
clues to the whereabouts of the car and
identity of the thief. But the police have
no guidelines on setting the traps which
are available: individual officers are com-
pletely ignorant of them.

This squandered opportunity to detect
crime is typified by the sorry tale of best-
selling author Margaret Drabble’s car,
which was stolen over a weekend from
outside her home in Hampstead. North
London. Her husband, historian Michael
Holroyd, tried ‘phoning the Cellnet cellu-
lar telephone in the car. A man answered,
telling Holroyd “I'm the thief who has
stolen your car. Get lost!”.

Ms Drabble telephoned Cellnet, hoping
that as network operator it could trace her
car by telephone calls which the thief
made or received. Cellnet told Drabble
she must wait until Monday moming and
talk to her Service Provider, Motorola.
Cellnet did, however, stop further use of
the stolen telephone. The Hampstead
police came and said there was nothing

Cells for hot cellphones

they could do.

By coincidence, Motorola also supplied
Cellnet with the computer “switches”
which route calls round its network and
should therefore know better than any
company how the system can be used to
trap thieves. But Motorola told Drabble
that call tracing on Cellnet was “not yet
possible”, although it could be done on
the rival Vodafone network, which uses
switches made by Ericsson. In fact both
types of switch can trace calls.

Although the networks are reluctant to
discuss security matters, both Cellnet and
Vodafone have private call-tracing
arrangements with Scotland Yard: both
networks allow tracing in similar fashion.
But unwritten policy says that that this is
only done where human life is at stake or
a serious crime is involved. Neither
Cellnet nor Vodafone know the names of
subscribers. These are held by the service
providers who allocate numbers given
them by the network operators. It is only
as special concession that Cellnet and
Vodafone will now block calls from a
cellphone if the user reports it stolen at
night or over a weekend.

The key point is that if an attempt at
tracing is to be made. the subscriber
should not block calls immediately, but
the police and Service Provider must have
the initiative to offer this advice. Also the
subscriber must feel confident that the
police will act on information obtained.

The network system keeps track of the
mobile so that it can route incoming calls
1o any mobile via the neares! base station
which has spare channels. It does not nor-
mally make a permanent log of this loca-
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tion information, but if the police request
a “trace” the system can start to record;
information is most accurate in busy cities
where the cells are small. There are addi-
tional tricks which the network operator
can play to sharpen the location.

Neither network will undertake the
intensive manual work involved in tracing
mobiles in “real time” (rather than from
logs after the event) unless they are con-
vinced that the police will show a similar
commitment to real-time detection. Both
networks have high-level contacts with
Scotland Yard and use them to check
whether requests are as important as a
Junior officer claims. The unspoken policy
of both Cellnet and Vodafone is that,
unless the police take car theft more seri-
ously and someone pays for the time it
takes a cellphone network to trace
mobiles, such crimes should be solved by
the insurance companies. not technology

The Crime Committee of the
Association of Chief Police Officers is
responsible for setting police guidelines. It
confirms that there is no guideline for
police action following the theft of cars
fitted with cellphones; action is left to
individual forces and officers. The Home
Office’s Crime Prevention Centre knows
of no guidelines either. At local level, the
Crime Prevention Office for Hampstead
knew of no special action to be taken
when dealing with the theft of cars with
cellphones.

We could find no-one at any level in the
police who knew anything at all about
cellphone call tracing. The Home Office
and local crime prevention officers could
only suggest removing telephones from
cars or marking them with ultraviolet ink.
In practice, most carphones cannot be
removed and removing them would pre-
vent their being used to trace the car.

To add to the contusion. Cellnet advises
subscribers to use a lock, either mechani-
cal or electronic, on their telephone to pre-
vent its being used. This would also pre-
vent tracing.

We have deliberatety omitted any
description of the simple procedure which
would allow the police to catch car
thieves with very little detection work.
Currently, only beat officers with interest
and initiative. or senior officers investigat-
ing serious crimes, use it. We have
offered to discuss this loophole in the sys-
tem with the ACPO’s Crime Committee
for inclusion in guidelines.

Barry Fox
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LASERS — SCOPES — AVOS — SOLAR MOTORS — FLOPPY DRIVES —
HEATERS — PRINTERS — FIELD TELEPHONES — MEGGERS — ETCETC
all at unrepeatable prices

— —_ “~—
AVO-METER Ex Br(ifsh Telecom this is a 19 range 20K o.p.v. Yp grade instrument,
covers AC & DC voltages, current and resistance, very good condition, fully working
and complete with¥eads £9.50, leather carrying case £2 effra (batteries not
included but readily available)y— _—
12 VOLT 1.9 AMP-HOUR rechargeable battery by Jap YUASHA brand new, charged
ready for use £6.50 each. Solar charger to house this and keep it ready £29.50.
EPSON FLOPPY DRIVES 7 models in stock, all double sided all brand new and with
manual, model nos SMD2801H, SMD280H, SMD1808, these are 3'4” and SD540,
SD521L, SD580L, these are 5%4” £49.50 any model.
100 WATT MAINS TRANSFORMERS all normal primaries:— 20-0-20 volt 2%5A 30volt
314A, 40 volt 2Y2A and 50 volt 2A all upright mounting, ali £4 each, good
quantities in stock.
COLOUR MONITORS 12" high resolution in black metal case with mains p.s.u. built
in, unused, but line rejects so will require servicing, hence offered at the very ow
price of £59.00 plus £5 delivery.
PHILIPS 9” HIGH RESOLUTION MONITOR black and white in metal frame for easy
mounting, brand new still in makers packing, offered at less than price of tube
alone, only £15 plus £5 delivery — good discount for quantities.
16 CHARACTER 2 LINE DISPLAY screen size 85mm x 36mm, Alpha-numeric LCD dot
matrix module with integral micro processor made by Epson their ref 16027AR
brand £8 each, 10 for £70, 100 for £500.
INSULATION TESTER WITH MULTIMETER internally generates voltages which enable
you to read insulation directly in megohms. The multimeter has four ranges. AC/DC
volts, 3 ranges DC milliamps, 3 ranges resistance and 5 amp range. These
instruments are EX British Telecom, but in very good condition, tested and gnid.
0K, probably cost at least £50 each, yours for only £7.50 with leads, carrying case
£2.00 extra.
110 WATT POWER SUPPLY ASTEC switch mode, 230V mains input; 38V at 2/2A &
5V 3A outputs, encased and fitted on panel mounting plate with mains input socket
and on/off switch, made for use with computers or other top grade equipment. You
can have it at a fraction of its proper price. Brand new and guaranteed. Sample
£12.00 post paid — 3000 available & good discount to quantity buyers.
BRUSHLESS D.C. 12V FAN tiny, only 60mm square, good air mover but causes no
interference £8.00.
2MW LASER Helium Neon by PHILIPS, full spec, £30, power supply for this in kit
form with case is £15.00, or in larger case to house tube as well £17.00. The larger
unit, made up, tested and ready to use, complete with laser tube £69.00 plus £5
insured delivery.
MAINS 230V FAN best make "PAPST” 412" square, metal blades £8.00.
BATTERY MOTORS 12 models in stock in large quantities ranging from tiny model
aircraft one at 25p each to Y3hp made to drive the famous Sinclair C5 car, you can
have this at £17.50.
SOLAR CHARGER holds 4 AA nicads and recharges these in 8 hrs., in very neat
plastic case £6.00.
SOLAR CELLS all 49 volts and with terminals for joining in series for higher volts
or parallel for extra current: 100mA £1, 400mA £2, 700mA £2.75, 1A £3.50.
SOLAR MOTORS 1%%-9V precision made to operate from low current oft solar cells
£1.50, solar generator to drive this £7.00, has provision for battery back up when
sun is not shining!
COPPER BOARD for making you pcb 174 100mm x 2mm thick double sided and
brand new. 50 ~£40 per hundred, £350 per thousand.
AIR SPACESCTRIMMER CAPS 2-20 pf ideal fo? precision tuning uhf circuits 25p
each, 10 for £2400 for £15.
1Khz. TONE GENERATOR s+ hattesyoperated and has a 1Khz output that
can be continuous or interrupted at a rate variable by a panel mounted control.
Also on the front panel are separate output sockets for monitor or headphones, and
a battery condition indicator. Constructed on a pcb and front panel size approx
105x 50mm ex equipment but in as new condition £2 each.
0SCILLOSCOPE 3018B developed for testing transmission lines, it makes and
displays pulse echoes to find shorts and breaks in cable networks, this uses a 3
CRT to display the type of fault and a LCD to read out the distance from the fault.
The instrument is powered by 12V of rechargeable nicads located in base, and it
generates 1.5kv internally. It is housed in a high impact plastic case size approx
914" x 9% x 5", Ex British Telecom in very good condition and working order,
£49.50 plus £5 insured delivery.
FIELD TELEPHONES just right for building sites, ralfies, horse shows etc, just join
two by twin wire and you have two way calling and talking, and you can join into
regular phone lines it you want to. Ex British Telecom in very good condition,
powered by batteries (not included) complete in shoulder slung carrying case.
£12.50 each.
MAINS ISOLATION TRANSFORMER stops you getting “to earth” shocks. 230V in and
230V out. 150 watt upright mounting £7.50.
MINI MONO AMP on pcb size 4” x 2" with tront panel holding volume control and
with spare hole for switch or tone control, output is 4 watt into 4 ohm speaker
using 12V or 1 watt into 8 ohm using 9V. Brand new and perfect only £1. each or
12 for £10.

AMSTRAD FLOPPY DRIVE cased and with built-in power supply so a selt-contained
extra drive for you if you use 3" discs, real bargain £49.50 plus £5 delivery.
AMSTRAD POWER UNIT 13.5v at 1.9A encased and with leads and output plug,
normal mains input £5 each, 10 for £45.
AMSTRAD 3.5 FLOPPY DRIVE Reference FD9 brand new and perfect, £45.
ATARI G4XE COMPUTER at 65K this is quite powerful so suitable for home or
business, unused and in perfect order but less PSU, only £19.50, Handbook £5
extra.
CAR SECURITY ALARM protect your car (or other valuables) with an ultra-sonic
alarm, complete transmitter receiver and piezo shrieker, cased new and ready to go
once PP3 battery is fitted was £40, now yours for £10.
9” CATHODE RAY TUBE Philips M24/306W, which is not only high resolution but is
also X Ray and implosion protected, regular price over £30, you can have them at
£12 each ard you will receive the deflection coils as well tubes are guaranteed
unused.
80 Watt MAINS TRANSFORMERS two available in good quality, both with normal
primaries and upright mounting, one ix. 20V 4A the other 40V 2A only £3 each or 10
for £27 carriage paid.
PROJECT BOX size approx 8" x 4” x 414" metal, sprayed grey, louvred ends for
ventilation otherwise undrillec made for GPO so best quality, only £3 each or £10
for £27.
12V SOLENOID has good 4" pull or could push if modified, size approx 1%2” long
by 1” square, £1 or 10 for £9-

operated with hose chaaions, ideal for auto plant spray or
nto tanks etc, £1-edch or 10 for £9.
5V 2V2A POWER SUPPLY UN / mains operated, mains filtered an
regul ns onlmmmmm::!each or 10 for £50.

6 UP PHONE won't clutter up your desk or workbench, current model, has push
button dialling, 1ast number recall, internal alarm etc., Ex B.T. in good condition
working ready to plug in. £5 o T
HIGH VOLTAGE CAPS if you use these ask for our 1-30 Kv Capacitor list, we have
over Y4 million in stock and might save you a lot of money.

TWIN 360K 5.25 INCH FLOPPY 0ISK ORIVE with power supply built into a
professional white case complete with mains lead. Connections are via a 37 pin ‘D’
socket, full connection details supplied. Brand new by famous Japanese maker
£59.50.

ELECTRONIC BUMP & GO SPACESHIP sound and impact controlled responds to
claps and shouts and reverses or diverts should it hit anything! Kit with really
detailed instructions, will make ideal present for budding young electrician. Should
be able to assemble but you may have to help with the soldering of the components
on the PCB. Complete kit £8.95.

500V BRIOGE MEGGER developed for G.P.0. technicians the Ohmeter 188 is the
modern equivalent of the bridge meggar. 9V battery operated it incorporates a 500V
generation for insulation testing and a null balance bridge for very accurate
resistance measurement. On the front panel there is a 3" 3" panel meter
calibrated in megohms to inf. and a snall scale to indicate balance showing the
exact setting of the four controls in the: variable arm of the resistance bridge. Ex
B.T.in quite good condition with datatested. Yours for a fraction of original cost
£45+£5 insured delivery.

EXPERIMENTING WITH VALVES don't spend a fortune on @ mains transformer we _
can supply one with standard mains input and secs. of 250-0-250V at 75 mA and
6.3V at 3 A. price £5.

15Watt 8ohm 8” SPEAKER & 3" TWEETER made for a discontinued high quality
music centie, give real hifi. and for orly £4 pair.

TIMES TEN IONISER using transtormers and novel circuitry, our ioniser emits at
least ten times as many ions as does any other kit on otfer, nor do we know of a
ready built model that is as good, you don't need a tester to see if it is working just
bring your hand close to it and feel the stream of neg ions. It's a kit complete with
case, nothing else to buy yours for £12.50.

ULTRASONIC TRANSMITTER/RECEIVER with Piezo alarm, built into preformed case,
is triggered by movement disturbing reflected signal, intended tor burglar alarm,
car alarm etc. has many extras, time delay, auto reset, secret off device etc. A £40
instrument yours for £10.

MOVEMENT ALARM goes oft with sligMest touch, ideal to protect car, cycle,
doorway, window, stairway, etc. etc. Complete with piezo shrieker ready to use. Only
£2 (PP3 ba-tery not supplied).

STERED HEAOPHONE extra lightweight with plug £2 each or 10 pairs for £18.

B.T. TELEPHONE LEAD 3m long and with B.T. flat plug ideal to make extension for
phone, Fax, etc. 50p each, £40 per 100, £300 per 1000.

WATER PUMP very powerful and with twin outlets, mains operated, £10.00.

Prices include V.A.T. Send cheque/postal order or ring and quote credit card
number. Acd £3 post and packing. Orders over £25 post free, unless postage
quoted separately.

e

M&B ELECTRICAL (WW)
12 Boundary Road, Hove, Sussex BN3 4EH
Telephone (0273) 430380 Fax (0273) 410142
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UPDATE

Pan-Europe aim for Astra 1B

Astra 1B satellite, launched from Kourou
early in March, will not only double the
system’s channel capacity; it will also
play an important part in extending
Astra’s coverage throughout Europe.

The flight, originally scheduled for
February 21, was delayed briefly after
routine checks by Arianespace on another
rocket's engine revealed an anomaly in the
start-up sequence.

Target markets for 1B are France and
Spain, with some consolidation in
Germany, where three channels were the
first to sign, and in the UK, where the tar-
get is three or four more channels. Sky
has already announced it is taking two of
them, to complete its five-channel service.
Other names in the frame are the
Children’s Channel and Discovery (possi-
bly sharing a transponder) and as out-
siders, CNN and Disney. Thames
Television, an Astra shareholder, has
options on two transponders. However, it
is likely to hold back until the launch of
1C in 1993, or at least until after the cur-
rent [TV franchise round.

IB will transmit on 11.45-11.70GHz,
adjacent to | A (1.20-11.45GHz). Existing
receivers — including 16-channel
Amstrad models — can be retuned to pick
up the new services, and Astra will be
publishing leatlets on how to do this for
the more popular models. Astra also plans
1o give greater promotion to the radio ser-
vices it carries.

Launch technology
The new satellite, like 1A, is built by GE
Astro-Space and carries 16 transponders,
plus six spares, but differs from it in sev-
eral important respects. It is bigger, with a
wingspan of 24.4m (19.3m on 1A} and
heavier, weighing 2550kg at launch,
1246kg in orbit (1812/1042kg for 1A). It
1s also more powertul. lts TWTAs (travel-
ling-wave tube amplifiers) have an output
of 60W, instead of 45W, and the footprint
of the vertical-mode transponders can take
in the Canary Islands. although at least a
1.2m dish will be needed.

113 has also been blessed with a consid-
erably longer design life. With good
housekeeping and no untoreseen difficul-
ties, it is expected by its owners, SES, 1o
remain in orbit and transmitting for at
least 14.5 years, and possibly longer.

There is really only one factor which
influences the life-expectancy of a space-
craft, and that is the amount of fuel it can
carry for its station-keeping manoeuvres.
In the case of 1B, two factors have
allowed this to be maximised. One is a
change in the design of the apogee
engines, which are used during the launch
for the transfer from launch orbit 1o geo-
stationary orbit. Previously, they used
solid fuel. The new engines, made by
Royal Ordnance, part of British
Aerospace, use the same fuel — liquid
hydrazine — as the attitude-control
motors. Thus, any fuel unused in launch
can be saved to extend the lifetime. In
addition, Astra’s co-passenger on
Arianespace Flight 42 is a lightweight
weather satellite (MOP 2), which means
spare payload capacity, taken up by 1B
with additional fuel.

The newest Astra
satellite is bigger and
more powerful than its
predecessors and is
intended to last longer.
Peter Willis reports
from Kourou

These factors are added to the natural
advantage provided by Arianespace’s
near-equatorial location at Kourou. The
site gains maximum benefit from the
boost given by the Earth’s rotation, thus
allowing heavier payloads to be put into
orbit. This advantage is quite consider-
able: the ESA (European Space Agency
which operates the Guiana Space Centre)
at Kourou, has calculated that the same
rocket, if launched at Cape Kennedy only
23° 10 the north, would be 15% less effi-
cient.

Kourou is a classic example of the
French capacity to seize opportunities and
exploit even the most unpromising assets.

French Guiana, which is mostly swamp
and jungle, has never been good for much
more than a naval staging post, but has for
40 years been run as a department (coun-

Astra 1B, which is larger than 1A and
has a longer designed life.

ty) of France, and still is. Now. however,
it is the home of the world’s most
advanced space-launch centre.

Kourou is completely industrialised and
run on a production-line basis. The site is
criss-crossed by railway lines so that one
rocket can be rolled-out from hangar to
launch base while the previous launch
platform is being returned to the hangar
for the next campaign.

Elsewhere on the site, preparations for
the “next model” are well under way.
Ariane 5, due for roli-out in 1995, will
have a payload of 6800kg, compared with
4200kg on the present 4 series. and
1800kg on the first Ariane rocket in 1979,
Already in position is the stump of a new-
style umbilical mast which will replace
the present gantries and greatly simplify
hook-up procedures.

At present, practicaily everything to do
with Arianespace is imported into Guiana.
For Ariane 5, however, the solid fuel will
be manufactured and tested on site.

Although Ariane is thought of as a
French project, it is in fact pan-European

with, however, a majority French
shareholding of 58.5%;, followed by
Germany with 19.6%. Sadly, the UK has
only 3.2%, roughly in line with its contri-
bution to the actual rocket, which consists
of the Spelda, a sort of circular pallet
which holds and separates the two satel-
lites.

Astra 1B is the 42nd launch from
Kourou since December 24, 1979. Of the
previous 41, over 90% have been success-
ful. The four failures were {lights 2,5,18
and, in February last year, 36, which blew
up when a piece of rag blocked the water
supply to one of the four rocket motors.

By the time Astra 1D is launched in
1994, Ariane will be approaching, or may
even have passed, its 100th tlight.

Peter Willis
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0 fuss No mess
No wires
No worries

These are all aspects of the intelligent home.

Yet building this kind of intelligence into your customer’s
homes is no longer the difficult option.

Because now, one of the most sophisticated systems is
also among the easiest to install.

The SUPERSWITCH WireLess Security Alarm System is
wire free, making installation quick and clean, while being
difficutt for intruders to defeat.

Passive infra-red movement detectors, magnetic contacts,
smoke alarms and portable panic buttons protect doors,
windows and rooms, communicating with the controller by
radio signals, while giving regular diagnostic status checks the
same way.

The portable controller can operate 3 separate zones in one
house; upstairs, downstairs, even the garage.

The system provides status indications at the controller
and offers 24 hour protection using portable emergency/panic
transmitters and photo-electric smoke detectors.

I'd ike more information about the SUPERSWITCH |
wWireLess Security Alarm System. Please send me |
full details, WITHOUT OBLIGATION 1

NAME

COMPANY
POSITION
ADDRESS

POST
CODE

e — ===

I
|
I
I
I
I
I
I
I
|
TEL:
B

The SUPERSWITCH WireLess system is approved by the EWWW 5 )

DT! and complies with BS 6799.3.

Like the entire SUPERSWITCH range, which includes
electronic time controls for domestic applications, this is a rare
example of advarced technology making life simpler for a
change.

So now you can plan for your customers’ peace of mind
without compromising your own.

N N N
et M K B

WIRELESS SECURITY ALARM SYSTEM
Superswitch Electric Appliances Ltd., Houldsworth Street, Stockport. SK5 6BZ.
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INSTRUMENTATION

here are three basic ways a PC can

be used in an instrumentation

environment. It can act as a con-

troller (via an IEEE488 bus): it
can have a bus extension card linking to a
box containing various data acquisition
cards. or it can function as a normal PC
with cards slotted in transforming it into
an instrument in its own right.

Bus extension is an area that is generat-
ing a lot of excitement at the moment —
especially with introduction of the updat-
ed 488.2 and its associated command lan-
guage SCPI (standard command for pro-
grammable instruments). Users can
control instruments from different manu-
facturers using a common set of English
language type commands. specific com-
mands being related to common test and
measurement functions.

But it is the normal PC with cards slot-

PLUG-IN
PC POWER

Is "dedicated" now a
dirty word in the
world of
instrumentation? PC
cards could be our
real flexible friends
says Steve Rogerson.

B oA

ted into its back to turn it into an instru-
ment in its own right that is the main
interest of this article.

PC instruments

Prime advantage of the PC-plus-cards
method is that it is a lot cheaper than buy-
ing a dedicated instrument — assuming
the user has a PC in the first place.

Storage and analyses of results is easier
through accessing the full resources of the
PC and automation is simplified as users
can write programs to handle complete
data collection.

Big disadvantage is that the atmosphere
inside a PC is inherently noisy. so resolu-
tion of the instrument is a problem. Space
is also limited inside the PC, but the exter-
nal box alternative can get round both
these problems.

On price. the PC approach can be any-
thing from 10 to 50% of the cost. For
example. a 150 to 250 node digital analyser
could easily cost £20,000 but a plug-in
card for a PC could cost as little as £2000.

Martin Board from systems design and
application specialist Aces. estimates that
in general the plug-in card system can be
40 to 50% cheaper than a boxed instru-
ment.

But on top of that: "You could end up
with something at about a tenth of the
price that works better than a boxed
instrument because it is customised to the
application.” he says.

Similarly, as Nick Challacombe from

The ability to access the full resources of
the PC such as application packages like
Labtech Notebook is an important
advantage.

376

ELECTRONICS WORLD + WIRELESS WORLD May 1991
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Keithley Instruments points out, with a
PC you can have a complete eight-channel
data acquisition system from about £400.
An equivalent eight-channel digital multi-
meter will be more than £1000.

Undoubtedly a key advantage is cost.
Typical cost of a board configuration is
around £1000 with software from a few
hundred pounds to couple of thousand
(you could write your own though this is
time consuming). Costs for stand-alone
instruments are considerably higher.

Another advantage of the PC is that a
dedicated system imposes an architecture
on the user whereas a PC system does not
have these constraints.

Overcoming space restrictions
The restricted input and output space lim-
iting the number of cards that can be fitted
can be a serious problem with the PC.
Often the situation is made more difficult
because PC users are already using some
expansion slots for networking or other
functions.

One solution is that adopted by Arcom
whose boards use a transparent offset
address scheme and only take up two or
four I/O bytes regardless of how complex
the function is.

The lowest byte is a pointer and the sec-
ond is used for 8-bit data transfers. The
other two are for 16-bit transfers for
boards such as A-to-D converters. Behind
the pointer byte is a bank of 256 registers
of which 128 provide the requirements of
the 1/O devices used. The rest are special
function registers to simplify configura-
tion, test, diagnostics and general use of

T

Philips supply a board which can turn a PC into a low cost auto-mspéawn system

using inputs from four cameras. It can be used in manufacturing inspection, for

example

the board. The on-board registration sys-
tem means that from one 1/O on a PC you
can link to 128 different addresses.

Paul Reeve from Arcom distributor
Dean Microsystems says that Arcom
products are aimed at the industrial con-

Waveform generators are a popular
package for PC boards such as the PC99
from Applied Concepts Ltd, available
through Amplicon Liveline.

S

trol market where the cheapness and flexi-
bility of the PC and its access to spread-
sheets and databases etc is important.

Modular data acquisition

Another way to obtain the most out of the
PC’s limited space 1s used by Burr-Brown
in its PCL modular data acquisition sys-
tem. Burr-Brown’s system relies on a
family of base boards, called carriers. onto

i S B Pt o/ Uit roady o)) ol Uidep CF0 A B
s

May 1991 ELECTRONICS WORLD + WIRELESS WORLD

377



INSTRUMENTATION

which various modules can be added. The
carrier board plugs directly into the PC
bus and provides mounting space for up to
three 1/O modules that determine the exact
functionality of the system.

Modules such as A-10-D and D-to-A
convertors and counter/timers communi-
cate with each other via the intelligen
instrumentation interface (13) bus on the
carrier. Using the bus each module can
send and receive analogue. digital and
synchronisation signals between adjacent
modules and in some cases between adja-
cent carriers. The carrier also provides
power supply voltages to each module on
the bus plus other functions such as digital
/O, a pacer clock and high speed DMA
transters.

The simplest board is the general-pur-
pose carrier which supports up to three
I/0 modules and provides mounting
space. regulated DC power, I3 bus com-

| munications and PC bus interfacing. 32

points of tully buffered TTL compatible
digital /O are arranged in 4bytes of 8-bit
each and each byte. under software con-
trol, can be configured for either input or
output use leaving all three module posi-
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Plug-in cards can now turn the PC into
anything from a digital multimeter to a
Sull vision system — all with an
overwhelming cost advantage over
conventional equipment.

tions free for additional 1/O functions.

The multifunction super carrier pro-
vides on-board 12-bit A-10-D conversion
for as many as 16 single-ended input sig-
nals. The analogue input channel can be
expanded in 32 channel increments up to
80 channels using analogue expander
modules.

The digital section has 16 channels of

digital 1/O, a programmable burst/rate
generator and two general-purpose coun-
ters. Two high performance carriers. each
with 32 points of fully buffered digital 1/0
and an 8MH/ programmable pacer clock.
are for use in timing data acquisition and
in DMA transfers of data to and from
memory.

Finally there are the smart carriers with
on-board DSP capabilities using the
TMS320C25 processor to process data at
20 10 200 times faster than by PC alone.

Familiarity breeds contentment

Applications cover all data acquisition
areas: from laboratory research to moni-
toring industrial processes. It is a small
step from monitoring to using the PC 1o
actually control the process based on the
readings it is receiving. But there can be
problems here. Nigel Wait from Burr-
Brown distributor Altek has a warning:
“For a simple application the PC is the
easiest and cheapest solution but its stabil-
ity is not good. Cards are long and thin
and can move and connectors are open to
dust and moisture™.

However, a growing role for the PC
scems likely. Chris Bower from Diamond
Point makes the point that people are
famibiar with a PC. “We get a lot of
enquiries for our PC based stuft because
people like to stick with what they know.”

Diamond Point sells the Quatech range
of PC based data acquisition and industri-
al control products that provide A-to-D.
D-to-A and digital /O capabilities. One of
its recent introductions is the WSB100
wavetorm synthesiser for use with the
PC/AT which can generate analogue sig-
nals independent of the host computer.
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The output signal is defined by a set of
up to 32,768 points and data point genera-
tion rate is software-selected from
50ns/point (20MHz maximum) to
107s/point in 25ns intervals. The rate
clock can also come from the software-
selectable external clock input while
external clocks can vary from DC to
20MHz.

Programing can achieve either continu-
ous repetition of the same pattern or out-
put of a programmed number of cycles,
from 1-65,536. A delay factor may be
programmed to determine the time inter-
val between the end of one cycle and the
beginning of the next cycle.

The system can be used as a laboratory
1ool for reproducing or simulating noise,
audio signals and power line signals.

Vision systems

Philips has recently introduced a single
board product for PC and VME bus sys-
tems. When plugged in, a PC turns into a
low cost vision system for high speed
recognition, measurement, positioning,
quality control and guidance applications.
The board can take inputs from up to four
cameras, perform real-time recognition
and can identify objects from a video
camera in only 30ms.

At the heart of the system is the
TMS34010 graphic system processor, a
video frame buffer and two Febris correla-
tor chips.

Richard Jones from Philips explains its
advantages:

Marconi's Midata 511 combinational
tester handles analogue, digital and
mixed signals, the range configurable by
plug-in cards

“Most systems have a frame grabber
and then process the image, so they need
an expensive processor. Our system can
recognise images as they are screened by
the camera”.

There are two hardware circuits on the
Philips card which are programmed to
compare shapes stored in the software.
Cost of the card is £4000, whereas a dedi-
cated system could cost £8000 or more.

The camera supplies the input signal 10
an 8-bit A-to-D convertor whose output is
connected to a input look-up table having
12-bit input and 8-bit output.

Operation is in one of two modes. In
input grey conversion mode, all 8bits of
the convertor are connected to the table.
The three extra bits are connected for the
selection of one out of eight input conver-
sion tables. Tables determine the process-
ing of the video input data after being
digitised.

In overlay mode output from the corre-
lator can be stored in one bit-plane which
is reserved for overlay data. By selecting a
table which converts only 7bits of the
convertor, the correlation output can be
stored in the overlay bit-plane.

Output from the convertor is also fed
into the correlator circuit. With this corre-
lator, real time recognition of objects in
the input picture and simple binary opera-
tions such as shrink, grow and edge detec-

tion are possible. As Jones is keen to
make clear, the product is a lot more than
just an expensive frame grabber.

Testing digital PCBs

For less than £1000 Aces” Locate-192 PC-
based hardware and software package is
designed to enable electronics manufac-
turers and service and repair organisations
to test, digitally based PCBs, cables and
subassemblies.

Companies can instal the package on
any standard PC with a hard disk to auto-
mate their test operations at a fraction of
the price of a full-blown ATE system.

Each of the 192 test channels is
TTL/cmos compatible and can be pro-
grammed as an input or output. The chan-
nels are brought out to four 50-way on-
board connectors and accessed via four
ribbon cables attached to the rear of the
computer.

The software uses English style com-
mands and includes conditional and
unconditional branching, looping, full
subroutine capabilities, 100 run-time vari-
ables and comprehensive array handling.
Test program source files can either be
prepared using the package’s built-in text
editor or a standard commercial wordpro-
cessor. The compiler has error reporting
in the text editor to help users debug pro-
grams.

After compiling, the optimised code is
checked for 1/O pin contention before
finally saving the object code.

Test software, once proven, can be
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introduced into the working environment.
The operator is carried through operations
via on-screen prompting from the soft-
ware. Typical operational features include
printed test results, on-screen requests
highlighted in reverse video, and screen
presentation of the last 20 pins tested.

Combined signal testing
A different type of test system is
Marconi’s Midata 511 combinational
tester handling analogue, digital and
mixed signals and providing in-circuit and
functional test facilities. The range of
functions is configurable by plug-in cards
and the test frame can accommodate up to
21 instrument and function cards includ-
ing digital multimeter, universal
counter/timer, programmable waveform
synthesiser, and dual voltage source.

US firm Strawberry Tree supplies data
acquisition and control boards for the PC,
available from Adept Scientific, which
can use a range of software including the
firm’s Workbench PC.

For example, at just under £500 the
ACjr-12 data acquisition board has eight
differential analogue inputs and 12 digital
1/O lines. Or at £700-900 the ACPC-12
range of 12-bit resolution data acquisition
boards has eight or 16 differential ana-
logue inputs and 16 digital 1/O lines.

Two recent products are the ACPC-1/0-
40 (£255) and ACPC-1/O-160 (£495) digi-
tal interface boards with 40 or 160 digital
1/0 lines. They are suitable for laboratory
or factory use for applications such as
detecting contact closures, operating
relays, pulse counting, frequency mea-
surement and timing.

Workbench costs an extra £795 and is
basically a data acquisition and contro!
program using 14 icons and interconnect-
ing wires to program, measure and control
temperature, pressure, flow and other ana-
logue and digital inputs and outputs. It can
also act as a control, data logging and dis-
play software environment.

A window style interface is used and
various graphic symbols or icons repre-
sent functions used in data acquisition and
control.

These can be selected and wired togeth-
er on screen to create a symbolic repre-
sentation of what actually happens in the
hardware. Only valid options are present-
ed in the menus because the software
reads what boards are installed, their num-
ber of channels and configuration.

More ‘scope for DMM
The MetraByte range of PC instrument
products from Keithley plugs directly into
the PC and can be operated in bench or
programmed modes.

In bench mode they work just like a
standard external instrument but with the
computer screen used to display informa-
tion normally seen on leds, LCDs and cal-
ibrated knobs. In programmed mode the
outputs are controlled and inputs moni
tored by a program running in the PC and
operating in a similar way to an IEEE4X8
instrumentation system.

For example the £720 PCIP-DMM 4.5
digit multimeter board uses English lan-
guage style programming and can handle
DC and AC voltage, current and resis-
tance measurements. All the software is
included in the price. The display operates
in a pop-up mode. When activated, the
DMM display takes up one third of the
screen allowing three separate instrument
displays to be viewed at a time. Operation
1s by keyboard or mouse.

Or at just over £1000 the PCIP-Scope is
a 10MHz two-channel sampling digital
oscilloscope with 2ns sampling for repeti-
tive waveforms,

Other boards include waveform genera-
tors, voltage references, counter/timers
and a 16 channel logic analyser.

£375 spent with Fairchild could buy the
PCL860 digital multimeter card.
Multichannel measurement for up to 256
channels can be implemented using the
on-board 16-bit D/O port to control the
cxternal relay multiplexer boards.

DC and AC voltages and resistance can
be measured and there are 16 TTL com-
patible output channels. Software comes
in the form of a device driver, loaded into
the machine during the system configura-
tion each time the computer is rebooted or
turned on.

National Instruments plug-in boards
combine analogue, digital and timing
inputs and outputs. Many have pro-
grammable channel sampling order and
conversion modes, separate gain for ecach
channel, and pre-, post- and delayed ana-
logue and digital triggering.

To control them, there are software
drivers for programming in C, Basic and
Pascal as well as add-on packages for
Lotus spreadsheets and application pack-
ages such as LabView 2, LabWindows,
Labtech Notebook, Parameter Manager,
and VisionScope.

So it is now clear that the PC can be
turned into anything from a digital mulii-
meter to a full vision system, as well as
having its well known ability to control
other instruments via the IEEE488 bus.

PC-plus-card instruments are a fraction
of the cost of dedicated boxed instruments

and they can often have more functions
and are better customised to the particular
application.

Editorial survey: use the information
card to evalute this article. Item C.

ADDRESSES

Aces Ltd,
St Georges Avenue, Poole, Dorset
BH12 4ND. 0202 723373.

Adept Scientific Micro

Systems Ltd,

3 Letchworth Business Centre,
Avenue One, Letchworth, Herts
SG6 2HB. 0462 480055.

Altek Microsystems Ltd,

Lifetrend House, Heyes Lane,
Alderley Edge, Cheshire SK9 7LW.
0625 582637.

Arcom Control Systems Ltd,
Unit 8, Clifton Road, Cambridge
CB1 4WH. 0223 411200.

Burr-Brown International Ltd,

1 Millfield House, Woodshots
Meadow, Croxley Centre,
Watford, Herts WD1 8YX. 0923
33837.

Dean Microsystems,
11 Horseshoe Park, Pangbourne,
Berks RG8 7)W. 0734 845155.

Diamond Point International
(Europe) Ltd,

Unit 9, North Point Business
Estate, Enterprise Close, Medway
City Estate, Rochester-upon-
Medway, Kent ME2 4LY. 0634
722390.

Fairchild Ltd,

Eastpoint, Burgoyne Road,
Thornhill, Southampton SO2 6PB.
042121 6527.

Keithley Instruments Ltd,

The Minster, 58 Portman Road,
Reading, Berks RG3 1BR. 0734
575666.

Marconi Instruments Ltd,
Longacres, St Albans, Herts AL4
OJN. 0727 36421.

National Instruments UK,

21 Kingfisher Court, Hambridge
Road, Newbury, Berks RG14 5S).
0635 523545.

Philips Industrial Automation,
York Street, Cambridge, Cambs
CB1 25H. 0223 464444,
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RF EQUIPMENT

LOW NOISE GASFET PREAMPLIFIERS
Aligned to your specified frequency in the range 5~1000MHz. Mast-
head or local use.

TYPE 9006 NF 0.6dB. Gain 10-40dB variable. In the range 5-
250MHz 500hms ...... e e et £94
TYPE 9006 FM. As above. Band |1 88-108MHz 7500hms ............... £94
Two-stage Gasfet preamplifiers. High Q filters. Tuned to your specified
channels in bands IV or V. 75 ohms.

TYPE 9002 NF 0.7dB. Gain 25dB adjustable ..................... .. £123
UHF two-stage Gasfet preamplifiers. High Q filters. Aligned to your
specified frequency in the range 250-1000MHz. 50 ohms.
TYPE 9004 NF 0.7dB. Gain 25dB adjustable ...................
TYPE 9035 Mains power supply unit for above amplifiers ........
TYPE 9010 Masthead weatherproof unit for above amplmers

.. £123
... £53
£15

TYPE 9006 TYPE 9002

UHF LINEAR POWER AMPLIFIERS

Tuned to your specified frequency in the range 250—470MHz. 28V +DC
supply.

TYPE 9123 300mW input, 3watts output ...
TYPE 9124 2-3 watts input, 25 watts output

TYPE 9115 TYPE 9252

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9115 Converts your specified input channels in the range 20—
1000MHz to your specified output channels in the range 20-1000MHz.
Minimum input to output seperation 10 channels. 1mV input, 10mWwW
output (+10dBm). Low noise Gasfet front end, NF0.7dB. AGC
controlled. Gain 60dB adjustable —30dB. Will drive transmitting

amplifiers direCtly ... £495
TMOS WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 9246. 1 watt output 100KHz-175MHz 13dB gain .............. £182

TYPE 9176 TYPE 9271
TYPE 9247. 4 watts output 1-50MHz 13dBgain ..........................
TYPE 9051. 4 watts output 20-200MHz 13dB gain =
TYPE 9176. 4 watts output 1-50MHz 26dB gain ...
TYPE 9177. 4 watts output 20-200MHz 26dB gain .
TYPE 9173. 20 watts output 1-50MHz 10dB gain ........................
TYPE 9174. 20 watts output 20-200MHz 10dB gain
TYPE 9271. 40 watts output 1-50MHz 10dB gain .........
TYPE 9172. 40 watts output 20-200MHz 10dB gain

TYPE 9235. 5A mains power supply 24/28V ............
TYPE 9335. 10A mains power supply 24/28V .......................

PHASE LOCKED SIGNAL SOURCES

Very high stability phase-locked oscillators operating directly on the
signal frequency using a low-frequency reference crystal. Phase noise
is typically equal to or better than synthesized signal generators. Output
will drive the Types 9176 and 9177 wideband linear power amplifiers
and the Types 9252 and 9105 tuned power amplifiers.

TYPE 8034. Frequency as specified in the range 20-25CMHz. Output
10mW L £154
TYPE 9036. Frequency as specified in the range 250-1500MHz.
Output TOMW i £291

WIDEBAND AMPLIFIERS

Monolithic microwave integrated circuits in a fully packaged microstrip
module format. Full-wave shottky diode protected inputs. Temperature
compensated bias circuitry. Voltage regulated loca! or remote opera
tion.

TYPE 9301 100kHz-500MHz NF 2.0dB at 500MHz. Gain 30dB. Power
output + 12.5dBm, 18mW ... £165
TYPE 9302 10MHz-1GHz NF 2.0dB at 500MHz. Gain 30dB Power
output + 12.5dBm, 18MW ..o £165
TYPE 9008 Gasfet. 10MHz—-2GHz. NF 2.5dB at 1GHz. Gain 10dB.
Power output + 18dBm, 65mW £165
TYPE 9009 Gasfet. 1CMHz—2GHz. NF 3.8dB at 1GHz. Gain 20dB.
Power output + 20dBm, 100MW ... £165
TYPE 9306 10MHz-1GHz. Gain 15dB. Power output + 30d8m 1 watt
£438

TYPE 9263 TYPE 9259

TELEVISION LINEAR POWER AMPLIFIERS
Tuned to your specified channels in bands IV or V. 28V + DC supply.

TYPE 9252. 10mW input, S00mW output ...........ocociiiiiiiinninn. £308
TYPE 9259. 500mW input, 3 watts output ... .. £352
TYPE 9262. 500mW input, 10 watts output .. £638
TYPE 9263. 2-3 watts input, 1€ watts output ... £484

TYPE 9266. 10 watts input, 50 watts output. Integral forced air cooling
and output transistor protection .............cccccoviiiiiiiinii £1,919
See below for Television Amplfiers in bands | and IIl.

TYPE 9105

TYPE 9266

TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz, or your
specified channels in bands | or Ill. 28V + DC supply.

TYPE 9105. 10mW input, 3 watts output
TYPE 9106. 500mW input, 10 watts output .. ..
TYPE 9155. 3watts input, 30 wattsoutput ...

£396
TYPE 9458. 5 watts input, 50 watts output. Integral forced air cooling

and output transistor protection ... £870

COMPLETE TELEVISION RETRANSMISSION SYSTEMS
AVAILABLE
All prices exclude p&p and VAT.

RESEARCH COMMUNICATIONS LTD

Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Fol«estone,

Kent CT18 7AG.

Tel: 0303 893631. Fax: 0303 893838
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D.).L. SWITCHES 10-WAY £1 8-WAY 80p 4/5/6-WAY 88p

COMPUTERICS 180VOLT 1WATT ZENERS ls0 12V & 75V .......... 2021
B0C31 MICRO oo £2  PLASTIC EQUIPMENT CASE 9x6x 1.25 WiTH FRONT
PB749H MICRO £5  AND REAR PANELS CONTAINING PCB WITH EPROM
BBC MICRO PARTS 2764-30 AND ICS 7417 LS30 LS32 LS367 7805 REG, 9-
VIDEO ULA 201647 oo £10ea, 10+ £8  WAY DPLUG, PUSH BUTTON SWITCH, DIN SOCKET
6845 CRT £s £1.90
6522 PIA £3 VN 10LM BOV VoA 5 Ohm TO-02 mostel ... 41 100/£20
DMB8LS120 MIN GLASS NEONS 10701
AY3-1015D UART RELAY 5V 2-pole changsover looks like HS 355.741

USED 41256-15 marked STC 47WBost £1ea

USED 4164-15 ex equipment ..
9 x 41256-15 SIMM
8 x 4164 SIP MODULE NEW .......ccconmmincnnecrninnninensenens
HD 146818 CLOCK IC

MINIATURE CO-AX FREE PLUG RS 456-071 .
MINIATURE CO-AX FREE SKT RS 456-273 .
DIL REED RELAY 2 POLE /o CONTACTS ..
PCB WITH 2N2646 UNIJUNCTION WITH 12V 4-POLE

2864 EPROM RELAY £1
27128A 250ns EPROM USED .........cccooneee 400m 0.5W thick film resistors (yes four hundred megohms)
27C1001-20Z NEW 1M EPROM 41
FLOPPY DISC CONTROLLER CHIPS 1771 STRAIN GAUGES 40 ohm Foil type polyester backed balco
68000-8 PROCESSOR NEW grid alloy £1.50 ea 10+ £1
HD6384-8 £6  ELECTRET MICROPHONE INSERT ......cccconemuninnae £0.90
ALL USED EPROMS ERASED AND BLANK CHECKED Linear Hall effect IC Micro Switch no 613 SS4 sim RS 304-
CAN BE PROGRAMMED IF DESIRED 267 £2.50 100+ £1.50

2716-45 USED £2 100/£1
2732-45 USED £2100€1
2764-30 USED £2 100/£1.60
27C256-30 USED £2
27C512 USED £3.50
1702 EPROM EX EQPT £5
214 EXEQPTS50p 4116 EXEQPT ... 70p
6264-15 8k STATIC RAM £2
SN76489AN €3
08751H MICRO £6
GR281 NOW VOLATILE RAME6116 ...
REGULATORS

LM317T PLASTIC TO220 variable .................ccovuunnnnee. €1
LM317 METAL £2.20
7812 METAL 12V 1A £1
7805/12/15/24V plastic ............ 25p 100+ 20p 1000+ 15p
7905/12/15/24 plastic ... 25p 100+ 20p 1000+ 15p
CA3085 TO99 variable reg ..........cccoouecierrevececsannnenes 211
LM338 5A VARIABLE £8
L387 Sv Y2A WITH RESET QUTPUT .......... €1ea £50/100
CRYSTAL OSCILLATOR

1.8342 16.00 MHz £1.50 each
CRYSTALS

2.77MHz, 4.00MHZz, 4.9152MHz, 20MHZz, 49.504MHZ, 8M,
16.588M

TRANSISTORS

BC107 BCY70 PREFORMED LEADS

full spec £1£4/100 £30,1000
BC557, BC546B, BC238C, BC308B ........ £1/30 £3.50/100
POWER TRANSISTORS

P POWER FET IRF9531 BA 60V .
N POWER FET IRF531 8A 60V

HALL EFFECT IC UGS3040 + magnet
OSCILLOSCOPE PROBE SWITCHED x1
CHEAP PHONO PLUGS
1 pole 12-way rotary switch ..
AUDIO ICS LM380 LM386 TDA 2003 .
555 TIMERS £1 741 OP AMP
ZN414 AMRAIDO CHIP
COAX PLUGS nice ones
COAX BACK TO BACK JOINERS ..
4 x4 MEMBRANE KEYBOARD ......
INDUCTOR 20uH 1.5A
1.25" PANEL FUSEHOLDERS

CHROMED STEEL HINGES 14.5x1" OPEN ..
12V 1.2W small wire ended lamps fit Audi VW Saab Volvo
1041

STEREQ CASSETTE HEAD
MONO CASS. HEAD £1 ERASE HEAD
THERMAL CUT QUTS 50 77 85 120°C ..
THERMAL FUSES 220°C/121°C 240V 15A
TRANSISTOR MOUNTING PADS TQ-5/TO-18
TO-3 TRANSISTOR COVERS
STICK-ON CABINET FEET .
PCB PINS FIT 0.1 VERO
TO-220 micas + bushes
TO-3 micas + bush

PTFE min screened cable
Large heat shrink sleeving pack

CERAMIC FILTERS 6M/9M/10.7M .

IEC chassis plug filter 10A

Potentiometers short spindles values 2k5 10k 25k 1m 2m5
lin 481
500k lin 500k log 481
40kHz ULTRASONIC TRANSDUCERS EX-EQPT NO
DATA £1/pr
LM3352 TEMP SENSOR 10°C PER MV . €1

LM2342 CONST.CURRENTI.C. ..........

USED D CONNECTORS price per pair

D9 60p, D15 £1.50, D25 £2, D37 £2, D50 £3.50, covers
50p ea

WIRE WOUND RESISTORS

W21 orsim 2.5W 100f one value ............oocvvnricicnenns £1
R100R15 0R21 2R0 4R7 5R0 5R6 8R2 10R 12R 15R 18R
20R 22R 27R 33R 47R 56R 62R 91R 120R 180R 390R
430R 470R 680R 820R 910R 1K 15 1K2 1K5 1K8 2K4 2K7
3K3 3K0 5K0

R05 (50 milli-ohm) 1% 3W
W22 or sim 6W 7 OF ONE VALUE ...

R47 R52 1R0 1R5 1RB 3R3I6RBIR1 12R 20R 24R 27R
33R 51R 56R 62R 68R 100R 120R 180R 220R 390R 560R
620R 910R 1K0 1K2 1K5 1K8 2K2 2K7 3K3 3K9 4K7 8K2
10K 15K 16K 20K

W23 or Sim9W 6 0f one value ..............cccevrveeeececernnnnnne £1
R22 R47 1R0 1R1 56R 62R 100R 120R 180R 220R 300R
390R 6B0R 1K0O 1K5 5K1 10K

W24 or sim 12W 4 OF ONE VALUE
RS0 2R0 9R1 18R 22R 27R 56R 66R 75R S0R
180R 200R 220R 270R 400R 620R 1K0 6K8 8K2 10K 15K

PHOTO DEVICES

HIBRIGHTNESS LEDS CQX24 RED
SLOTTED OPTO-SWITCH OPCOA OPBB15 ...
2N5777
TILB1 PHOTO TRANSISTOR .......cocvnimniiincisincnseaes
TIL38 INFRA RED LED
4N25, OP12252 OPTO ISOLATOR ........coecnvuririansnns

PHOTO DIODE 50P

MEL12 (PHOTO DARLINGTON BASE n/c) ... 50p
LED's RED 3or 5mm 12/£1 ............. .. 100/£6
LED's GREEN OR YELLOW 1021 .. .. 100/£6
FLASHING RED OR GREEN LED 5mm ... 100/£40

HIGH SPEED MEDIUM AREA PHOTODIODE RS651-
995 €10 ea

STC NTC BEAD THERMISTORS

G22 220R, G13 1K, G23 2K, G24 20K, G54 50K, G25
200K, RES 20°C DIRECTLY HEATED TYPE ........... £1ea
FS22BW NTC BEAD INSIDE END OF 1" GLASS PROBE
RES 20°C 200R £1ea
A13DIRECTLY HEATED BEAD THERMISTOR 1k res.
ideal for audio Wien £2 ea

CERMET MULT! TURN PRESETS %"

10R 20R 100R 200R 250R 500R 2K 2K2 2K5 5K 10K 47K
50K 100K 200K 500K 2M ........ccocviinimniniemnemnerncaccas 50p ea

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 30p

SOLID STATE RELAYS
40A 250V AC SOLID STATE RELAYS ...cccorrureeerecen £10

100n, 220n 63V 5mm

25C1520 $im BF259 .......... DIODES AND RECTIFIERS 1Y3n3/5NE/BN2/10N 1% B3V 10MM worrrorrererre 100/£5
TIP 141/2€1 ea TIP 112/125/428 ... 1N4148 100/£1.50  10n/15n/221/33n/47n/66n 10mm rad
TIP35B/TIP35C 1N4004/SD4 1A 300V 100/£3  100n 250V radial 10mm ............
SE9301 100V 1DA DARL SIM TIP121 .. 1N5401 3A 100V 10/£1  100n 600V Sprague axial 10/€1
2N3055 EX EQPT TESTED ........... BA158 1A 400V 1ast reCovery ..........cco.........v..ommnn. 100/£3 212 160V rad 22mm, 2u2 100V rad 15mm ..
PLASTIC 3055 OR 2955 equiv 50p BY127 1200V 1.2A 10n/33n/47n 250V AC x rated 15mm
2N3773 NPN 25A 160V £1.80 BY254 800V 3A 470n 250V AC x rated rad
2N3055H BY255 1300V 3A 1U 600V MIXED DIELECTRIC ....

6A 100V SIMILAR MR751 ... 1140 100V rad 15mm, 10 22mm
QUARTZ HALOGEN LAMPS 1A 800V BRIDGE RECTIFIE . W e
A1/216 24V 150 WATTS 4A 100V BRIDGE RF BITS
H1 2V 50W (CAR SPOT) 6A 100V BRIDGE TRW 50watt 500hm DUMMY LOADS .......ccooovvneecvveernen
14-WAY AMP ZIF SOCKET .. 8A 200V BRIDGE TRIMMER CAPS ALL 4/sop
TEXTOOL single in line 32-way. Can be ganged (couplmg 10A 200V BRIDGE SMALL 5pF 2 pin mounting 5mm centres
supplied) for use with any dual in line devices ........ 25A 200V BRIDGE £2 SMALL MULLARD 2 to 22pF ....
28-WAY TEXTOOL ZIF SOCKET EX NEW EOUIPMENT 25A 400V BRIDGE £2.50 .......ooovvvrrereeeercrriesesnns SMALL MULLARD 5 to 50pF ....

£2.50 SCRS Larger type grey 2 to 25pF black 15 to 20pF

40-WAY TEXTOOL 2IF SOCKET .. €5 TRANSISTORS 2N4427
12v 50w LAMP TYPE M/32 PULSE TRANSFORMERS 1:14+1 .oooueneeeocrieee £1.25  FEED THRU CERAMIC CAPS 100pF .. ..

2P4M EQUIV C106D
CAPACITORS COMPUTER GRADE TICV105D 800mA 400C SCR 31 . 100%'1:; MINIATURE RELAYS suitable for RF
2200uF 160V SIC SAFCO FELSIC CO38 .. MEU21 PROG. UNIJUNCTION ......ccoomnrrrrrrmirrirnensnene 381 5 voltcoil 1 pole changeover .
24,000uF 50V § voit coil 2 pole changeover .
10.00011F 100V SPRAGUE 36D wrvoorrvorerrerrore TRIACS e . DIACS 4/£1  13\oncoil 1 pole changsover .
TOROID 350VA 35V+35V AND 15V+15V 24VA ......... €12 BT137-800 8A TO-220 %1

NEC TRIAC ACOBF BA 600V 70220 .......... 52 100£30 MONOLITHIC CERAMIC
MISCELLANEOUS TXAL225 8A 500V 5mA GATE CAPACITORS
LEMAG EARTH LEAKAGE TRIP 35A 35mA TRIP ........ £9  TRAL2230D 30A 400V ISOLATED STUD 10050V 2.5mm 100/£4.50
FANS 240V 120MM ........ccooorvreranrrerrensrernnnenne €6 (£1.50)  BTA 08-400 ISO TAB 400V 5mA GATE 1000 50V 2.5mm or S 10026
(OTHER VOLTAGES/SIZES USUALLY AVAILABLE) CONNECTORS 1000 8X ShORI6AS .. T 10053
AMERICAN 2/3 PIN CHASSIS SOCKET .. .28 100n ax long leads 100/£5
HUMIDITY SWITCH ADJUSTABLE .. 100 50V di 0.3 rag 100/£8
WIRE ENDED FUSES 0.25A .............. 1uF 50V 5mm .o £6/100
NEW ULTRASONIC TRANSDUCERS 32kHz .. i
12-CORE CABLE 7/0.2mm OVERALL SCREE CENTRONlcg 36 WAY IDC PLUG . i STEPPER MOTORS

70p/metre  CENTRONICS 36 WAY IDC SKT .. £4.00 X 3
POWERFUL SMALL CYLINDRICAL MAGNETS ........ 3£1  BBC TO CENTRONICS PRINTER L e R LA OLVINDING S 7SS STERS €8
OP AMP LM10CLN 22.90 CENTRONICS 36 WAY PLUG SOLDER TYPE BULK ITEMS
BNC 500HM SCREENED CHASSIS SOCKET ........ USED CENTRONICS 36W PLUG +SKT 7912 REG 10,000 @ 12p 1000+
MAINS ADAPTOR 9V DC 200MA .................... CNY17-1 opto 4,000 @zﬁ’zp 1000+
SMALL MICROWAVE DIODES AE1 OC1026A ... PMI PKDOT-FY 150 @ £3.50
KEYTRONICS LGN
MIN. CASH ORDER 23.033. OFFICIAL ORDERS WELCOME
UNIVERSITIES/COLLEGES/SCHOOLS/GOVT. DEPARTMENTS
TEL. 0279-505543 MIN. ACCOUNT ORDER £10.00
N P&P AS SHOWN IN BRACKETS (HEAVY) ITEMS
FAX. 0279-757656 65p OTHERWISE (LIGHT) ITEMS
_—
ELECTRONIC COMPONENTS
HERTFORDSHIRE CM23 2RX BOUGHT FOR CASH
CIRCLE NO. 141 ON REPLY CARD
ELECTRONICS WORLD+WIRELESS WORLD May 1991




P L

i,
'ﬁjgfd,$ﬁ

o

19— LA T

¢ -LE‘

I

-
L= ;

el

FRTI P aT N TH R 17

¥

i

B

™
T e W ,,'.},y,'f
e

PC ENGINEERING

DSplay-XL — signally
significant software?

Do you really need
another DSP
package? If you have
a DSP32C card then
you might well say
yes to DSplay-XL
says Allen Brown.

igital signal processing (DSP) has
been receiving its fair share of

attention from the writers of PC
software of late and to add to the plethora
of DSP software which runs under MS
dos, Burr-Brown has introduced DSplay-
XL
But what makes DSplay-XL signifi
cantly different from other packages is 1the
fact that it uses the PC only as a host plat

Fig. 1. FlowGram showing connected
Sfunction blocks and the edit pop-up
menu.

Load Save Run Edit

Functions

Arithrmetic
suBgram
Data
Filter
Generator
Input_Output
filLe
Measure
Non_linear
0_scope
Spectrun
Trig
Window

form for performing real-time DSP func- 1

tions.

To exploit the full features of the pack
age al least one PC expansion card, host-
ing the much tavoured AT&T DSP32 or
DSP32C 32-bit floating point digital sig-
nal processor, is required. The package
can be run without a processor board but
operation is limited. Burr-Brown manu-
factures a number of expansion boards
which feature the AT&T chip (the ZPB
series) and it is a mark of confidence in
the DSP32C that the company should pro-
duce a dedicated software package to sup
port it

In fact, DSplay-XL can be used to con
trol several DSP320C processor boards
running concurrently. either operating on
separate tasks or cascaded for a single
task. [t will also work with the expansion
card from Loughborough Sound Images
(the LS1 DSP32C) hosting the DSP320C.

For this review an LSI DSP32C card
was used in a 386-PC with VGA graphics.

Description
The package is basically a development
environment enabling the user to generate
DSP routines to be down-loaded to the
processor expansion card. It also permits
control of the card and provides an inter-

Display Print Quit

ICLt_C Rec_pol
FREQRESP

Hllliiii

UTE IIR IMPULSE RESPONSE

Level 6 Board: LSI132C_1 FALTED
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PC ENGINEERING

Fig. 8. Spectrum analyser display showing the transfer function of a low pass filter.

impulse response and the transfer function
(Fig. 6.) is rather colourless but serves its
purpose.

Filter coefficients can be stored on a
disc file and the designed filier can be
called up as a block in a FlowGram. Users
who have files derived from the filter
design software from Momentum Data
Systems Inc will be able to use the FLT to
TAB option to convert the files for use
with DSplay-XL (is this an acknowledge-
ment of the limitation of DSplay-XL's fil-
ter design facility?).

Real-time excellence
The area where DSplay-XL really excels
is in its real-time operation,

One of the edit options is O-scope,
leading to a menu containing four options
for a real 1ime display: a *scope with one
channel, two channels, complex channels
or a spectrum analyser.

To display real-time signals a block
must first be created for the acquisition of
data from the expansion board’s A-10-D
converter(s). Link this to a scope block
and you have an effective oscilloscope or
spectrum analyser with control over dis-
play settings.

Figure 7 shows the response of the
real-time spectrum analyser with the land-
scape option active giving the waterfall
display. However intermediate blocks can
be inserted before the display is shown,
such as previously designed digital filters.

Figure 8 shows the transfer function,
working in real-time, of a low pass filter.
By creating an output block the signal out
of the digital filter can be fed into one of
the expansion board’s D-to-A converters
to provide a filtered real-1ime signal.
Through the high-level FlowGram design,
the user can construct and realise a real-
time multi-channel, digital processing sys-
tem. Alternatively. synthesised signals can
be defined using the appropriate blocks in

a FlowGram and directed via an output
block to the card’s D-10-A converter.

Using the PC’s graphics as a ‘scope or
spectrum analyser display can cause prob-
lems, since the DSP32C acquires and pro-
cesses data at a significantly greater rate
than the VGA is able 1o display it. What
tends to show on the screen is therefore a
snapshot of incoming signals. But the lock
option will slow the DSP32C down to
match the display rate and allow the user
to observe all the processed signal.

When using the real-time facility I did
experience difficulties with the trace dis-
appearing and the appearance of the error
message: Buffer Read Timed Out. There
was no reference in the user’s manual to
this condition.

User Functions

Despite DSplay-XL’s large library of
block functions, users will probably want
to construct their own function blocks,
and a significant part of the package is
given over to this option by providing a
low level language development environ-
ment.

Five features — a text editor, an assem-
bler. an installer, a debug facility and a
librarian — are available for this task and

IBM AT/386 or compatible
MS-dos 3.2 (or later)

640K

Hard disc

Graphics EGA or VGA

Optional Expansion card hosting an
AT&T DSP32C

Supplier: Loughborough Sound
Images, The Tech Centre, Epinal
Way, Loughborough, Leics. LE11
OQE. Tel 0509 231843

to ease the first time user into the system a
number of examples are included in the
User’s Guide.

The debugger is linked to the monitor
program ZPB32MON which is a utility
allowing examination of the register con-
tents of the DSP32C (Fig. 9). When satis-
fied with performance, a newly created
block function can be added to the func-
tion library by using the librarian.

These teatures are fine for users famil-
iar with the assembly language of the
DSP32C. But C is now taking on a signif-
icant role as a programming language and
so it is surprising that no provision has
been made to accommodate the AT&T
DSP32C C compiler. AT&T have often
emphasised the efficiency of their compil-
er and most software development for the
DSP32C will involve a mix of assembly
language code and high level code.

The ZPB32MON is not unlike the mon-
itor  supplied separately  with
Loughborough Sound Images’s expansion
board and the contents of the DSP32C
internal registers and a disassembled part
of the user code is visible (Fig. 9.).
Normal functions of a software monitor
are included (single stepping, breakpoints
etc.) with the additional capability 1o dis-
play the contents of memory graphically.
This i1s an attractive feature for viewing
unprocessed and processed data and will
appeal to engineers who like immediate
and visual access to signals.

I have mixed feelings about the User's
Guide. It comes in a standard three-ring
binder with more pages that can be com-
fortably accommodated. For the first-
time-user | feel there is an inadequate
number of examples in the early part of
the Guide. A lesson that seems to be
rarely heeded by manual writers is that
engineers often learn through examples.

A sufficient amount of easily accessible
information is presented without getting
bogged down in detail. But the section on
error conditions is feeble and provides no
more information than appears on the
screen.

Help facility is evoked by the custom-
ary F1 key, but on the whole it tends to be
rather weak and lacking in information —
a slight oversight in the product’s design.

To obtain a hard copy of the display the
appropriate screen print driver must be
installed. Only screen drivers for the IBM
Graphics Printer and the HP LaserJet are
supplied.

Generally impressive
I am generally impressed with DSplay-
XL. It has a gentle learning curve and on
no occasion did the package fall over. If
you have an expansion card hosting the
DSP32C then you should certainly con-
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sider acquiring DSplay-XL, forming as it RACEIEIEER) e ol Sl Sy S i 7V
| Ay iy W 0x601000 ILIEE
does a comfortable interface between user N coonr3 BOTTN
and processor with a very convenient 0 3 EECOLLEl 000004
method of implementing real-time DSP. IBEN 0x000c81 Qelekielel:

The only notable reservation | have s 5 EUSRLLLEg 00000c
oncerns ll):at of the dos memory. 1 feel t 6 Rl 000010
v ieliios memory: | lee S - EURL 000014
this could be a constraint upon sizeable r 8 N0 000018

H 0x0267 0x000809
0x000601L
0xB801609)
0x801809
0x000c4c
0x0009cc
0x0007fc
0x000f {8
0x0000414
0x000d10
0x000cec
0x00?Cel
Oxffedf 4
0x000a?c
Type command letter or,

00001c
Mem 3:
000000
000004
000008
00000c
000010
000014
000018
00001c
000020
000024
000028
00002c

| FlowGrams design and | would expect a
| future release DSPiay-XL to make use of

Extended memory. e et

H 0x(001

| References

1.DSP32 and DSP32C Application
Software Library Reference Manual
AT&T (Feb 1989).

pload file
load file
i11 merory
iot merory
Next ZPE32
¥scape

| Editorial survey: use the information |
card to evaluate this article. Item D.

of the DSP32C.

move marker and press <Enter>

PC ENGINEERING

address: 0x0Z290
0x00000¢
Oxe015G0bo
0x000 03000
Oxa000Gced
000000000
Oxf 803000
Oxf £B80CHI B
Oxf 808800
0x0000Gc84
0x90000C
call init (r19)
nop
jmp_main: goto .MAIN
nop
reg_save: call Oxfc1000
call Oxfcobf8 ()
call Oxfc1860 ()
nop
call oxfffffe ()
nop
call Oxfffffe ()

state:
Mem 2:
000000
000004
600008
00000c
000010
000014
000018
00001c

0x000000
Oxe01500b0
0x00000000
0xa0000ce0
0x00000000

Oxf £B801000
Oxf £ 8OObS B
Oxf £801800
0x00000cB4

Fig. 9. Screen display of ZPB32MON software monitor showing the register contents ‘

EASY-PC, SCHEMATIC and PCB CAD

Over 7500 Installations

in 50 Countries Worldwide!

@ Runs on:- PC/XT/AT/
286/ 386/486
Herc, CGA, EGA, VGA.

e Design:-Single sided,
Double sided and
Multilayer boards.

e Provides Surface
Mount support.

e Standard output in-
cludes Dot Matrix /
Laser / Inkjet Printer,
Pen Plotter, Photo-plot+
ter and N.C. Drill.

e Superbly easy to use.
e Not copy protected.
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For full info’ Phone, Fax or use Enquiry card!

Number One Systems Ltd.

) |

The CAD Specialists

Telephone: 0480 61778 (7 lines) Fax: 0480 494042
International: +44-480-61778 Fax: +44-480-494042 ACCESS, AMEX,

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

MASTERCARD, VISA Welcome.

CIRCLE NO. 125 ON REPLY CARD
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For Frequency
Counters

Whatever your need in frequency counters,
Thurlby-Thandar can supply it.

The range includes basic frequency counters,
models with period and totalise functions and dual
channel universal counter-timers with TCXO
options. Prices start from only £89 + VAT

Bench and portable applications are catered for
with models offering up to 200 hours operation
from batteries. Frequencies from DCuptc 1.3GHz
can be measured to high accuracy.

TF820

This low-cost 1.3GHz frequency meter features
high sensitivity over its full frequency range.

The 8 digit display provides a maximum resolution
of 0.1Hz. A choice of battery or mains operation is
available. It costs £169 + VAT.

Contact us now for full details of all our counters.
Thurlby-Thandar Ltd.

Glebe Rd., Huntingdon, Cambs. PE18 /DX
Tel: (0480) 412451 Fax: (0480) 450409

SYSTEMS BUILT
T() SUIT

Main Product Lines

MOTHERBOARDS
DISPLAY CARDS
MULTIFUNCTION
y CarpS
1/0 CARDS
MEMORY BOARDS
CASES/PSU
KEYBOARDS
| FLOPPY/HARD
DRIVES
TAPE STREAMERS
MONITORS
PERIPHERALS
SYSTEMS

All of our systems are built to your specitication at NO
EXTRA, and come fully tested to the highest standards
with FREE 12 months o.s.m.

8486-25MHz | 811386-33MHz | 80386-25MHz | 80350- loMIlz | 8U286-16MHz | 80286-12MHz
CACHE

8MB 180MDB | 4MB 135MB | 4MB  BOMB | 2MB  40MB | IMB 40MB | IMB  40MB
\ R

£2975 | £1695 | £1395 £968 £850 £795

All above prices exclude VAT and delivery charges.
FOR SYSTEM QUOTE & COMPONENT PRICE
WRITE, PHONE OR FAX FOR A
FREE CATALOGUE

93 KENTMERE APPROACH . L EEDS LS14 1JW
TEL: 0532650214, FA X: (0532 300488
OPEN MON-SAT 10AM-6PM

PANRIX
ELECTRONICS

CIRCLENO. 126 ON REPLY CARD

CIRCLENO. 128 ON REPLY CARD
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IN VIEW OF THE EXTREMELY
RAPID CHANGE TAKING PLACE
IN THE ELECTRONICS
INDUSTRY, LARGE QUANTITIES
OF COMPONENTS BECOME
REDUNDANT. WE ARE CASH
PURCHASERS OF SUCH
MATERIALS AND WOULD
APPRECIATE A TELEPHONE
CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND
COLLECT.

R. Henson Lid.

21 Lodge Lane, N. Finchley,
London, N12 8JG.
5 mins from Tally Ho Corner

Telephone:
081-445 2713/0749

CIRCLE NO. 127 ON REPLY CARD
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PC ENGINEERING

his review describes the latest ver-

sion of TAR’s C cross-compiler

for the 8051 family of microcon-

trollers, described in the brochure
as ICCROS1 version 4.00. It runs on a PC,
accepts standard C and generates highly
optimised assembly code for a variety of
processors belonging to the Intel BOS|
family. Because the user interface and C
compiler section of this program is com-
mon 1o all IAR’s cross-compilers, much
of this review witl be relevant to people
interested in other processors.

IAR is a Swedish company which has, -
over the last few years, developed a wide
range of software tools for engineers
developing embedded systems. It has
developed assemblers, linkers, C-compil-
ers and debuggers that produce code for,
amongst others, the 8031, 8096, 6801,
68HC 11, 68000, 6301 and Z80.

Four 5.25in disks and documentation
comprise the package. which includes not
just the cross-assembler (ICC8051) but
also a relocating macro-assembler, a uni-
versal linker/toader (XLINK) and a uni-

. aReS-

C:NCCROSS)x1 Ink cstartup clB@Sit sleve
Error(S?]: Mo CPU def Ined

Avallable CPU's:
'] 200 20062 esi
8085 8086 1862
6865 6869 68k
17068 16032 6562
1000 6301 GBheil
hasee hié 78600

CinCCROSSyx] Ink cstartup clB851t sieve -ccpu 8051
Error(45]: Unkmown CPU cpu encountered in -c

Avallable CPU's:
)

80
{01 ] 8685
6861 6805
199 17000
8% 060
h8308 h8500

26062
8066
6809
16832
6301

CveOn0ss)

HARMONY

IN C

ICC8051 from IAR
seems to offer the
prospect of the perfect
marriage; compilation
from everyone’s
trendiest language, C,
to the world'’s favourite
microcontroller, the
8051 and its siblings.

John Moseley confirms
that even perfect
marriages have their
rocky moments

L LN R cmSS'a)mpilers
suppl)"' a numbe" l)f
wﬂ'erem processors

versal librarian (XLIB). There are also a
few miscellaneous support files.

User-hostile?

After copying the disks onto my hard
drive, 1 fired up the program, confident in
my ability to muddle through without
reading the manual. This was my first
mistake. The program is very definitely
not intuitively obvious; it is a complex
system and, after a few minutes of error
messages, | admitted defeat and opened
the binder to retire for extended study.

The ICC package is a pure command-
ine system. You prepare your C program
using a text editor (a word-processor or a
dedicated programmer’s editor like
BRIEF). Once you’ve written the code,
you save it in your object file (HELLO.C,
say) you leave that program and load the
compiler from dos using a cryptic stiing
of parameters. This will typically require
a string of gobbledygook like

ICC8051 HELLO.C -gA -L -z -x

which will compile HELLO, optimising
for size and giving full debugging infor-
mation. If the compilation fails you are
throwr: out into the cold, harsh light of
dos, where you have to read a separate file
to find out why, going back to the word-
processor 1o re-type a mis-spelling or
change some punctuation. Then you save
the file, close the word processor, try to
remember the incomprehensible mnemon-
ics for the command line string to trigger
the compiler and pray. Sooner or later
your program compiles correctly and you
can go through the whole jolly loop again,
trying to get the program to link and load
(separate programs each). Once you’ve
gone through this a few times the program
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register int I, k:
int prime,count,lter;

printf("10 Iteratlons\n");
L] 5,02
v R6, RHIGH(70000)
L R7, LOV(T0060)
LCALL ~ SREFFN printf
for (iter = 1 iter (= 18: Iterss)

. 1] SLOCED main+d, 00

mu SLOCED main+d,11
i BD mained, 01

c
A, SLOCED mained

h.018

A,SLOCED mained
h,0128

A, n128

§S

0081

runs and you can get down to the really
hard work of fixing the program logic and
solving bugs, whilst staggering between
four different programs, all with incom-
patible commands.

All of this is in tedious monochrome
with a text-only display. It is hard work
to read, it is an effort to understand what
is happening at any given time and it is

When the C
program is
compiled to
produce 8051
object code it
looks like this
(first screen).
Original C
statements are
embedded as
comments so it is
possible to see,
approximately,
how each
statement is
translated into
object code.

7e dp program 10 times »

very, very, frustrating. This is definitely
not what 1 expect from a professionally
produced piece of software in the 1990s;
this user interface belongs to the age of
the teletype and not that of the mouse. |
think the part that most infuriates me is
that this wish list is so easy to fix; none of
these things is complicated. 1 strongly
suggest that IAR’s people go away and

look at Borland’s latest offering, Turbo
Pascal v 6.0.

Performance

After the crudeness of the front end, |
approached the details of the compiler
with some trepidation. However, 1 was
very impressed. The program is extremely
powerful, very well thought-out and pro-
duces some excellent fast and concise
code.

This is clearly apparent from the start,
when the package offers a choice of six
memory models, all offering different
code size, data size and speed trade-offs.
It is possible to develop code for a single-
chip solution (“Tiny”, with on-chip rom
and ram), for a vast solution with §Mbyte
of bank-switched memory (“*Huge™), or
for anything in-between. The main differ-
ences between them relate to where code
is stored (internal/external rom) and
where variables are stored.

Which memory model you use obvious-
ly depends on the application, but the
range should cover most needs. There are
some functions such as MALLOC and SCANF

WHY C?

The benefits of using C on a micro-
controller are very definite, very
worthwhile and very easy to measure.

Everyone’s favourite programming
language, C, came out of the closet
thirteen years ago. When first
described, it was primarily a systems
language, used for writing operating
systems and compilers (it was initially
developed to write UNIX). Since then,
it has migrated downwards; not only
is it ubiquitous for serious program-
mers in the PC world, but it is increas-
ingly used to develop efficient pro-
grams for microcontrollers and
embedded systems.

The major benefit is the compara-
tive ease of writing a large piece of
code in a powerful high-level lan-
guage. Being able to use instructions
such as FOrR and wHILE loops makes it
much faster to develop systems; to a
large extent, the developer can con-
centrate on the task at hand rather
than the intricacies of the assembly
code. The switch construct, which
allows the program flow to select
between a number of alternatives, is
an elegant way of dealing with differ-
ent conditions; easy to code and
understand.

Embedded systems, particularly
those using a standard microcontroller
chip, have their own specific needs

and expectations, and these need to
be considered by any company want-
ing to release a high-level compiler for
these devices. In particular, any pro-
gram developed for these systems will
need to to combine two virtues: it
needs to be “memory-stingy”, since it
is often a requirement that the pro-
gram fits into on-chip memory; and,
for real-time control application, it
must be fast. It should also be rugged
for vital reliability and allow for the
realities of supporting low-level hard-
ware; microcontroller systems are
always designed with lots of interrupts
and i/o operations, so the compiler
must allow for easy, efficient and flu-
ent access to these functions.

A further advantage to using a stan-
dard high-level language is the
improvement in documentation and
support that can be made. It takes a
major effort to produce assembly-lan-
guage code that is even remotely
comprehensible to an outsider. in C, it
is easily possible for any competent
engineer to write clear, easy to under-
stand programs which other people
will be able to follow, use and main-
tain.

C is a very modular language which
relies to a great extent on defining
functions. The core of the language is
tiny and the bulk of what is supplied

when you buy a compiler is a range of
function libraries. This means that the
resulting program can be very com-
pact (it need only include the func-
tions actually used) and also encour-
ages re-usable code; once you’ve
developed a sub-routine to read and
filter signals from an A-to-D converter,
it can be used time and again.
Functions are designed to be written
as independent modules, the compiler
handling all the messy tasks of relating
them to the rest of the program. The
same isn’t true of assembly- language
routines, since a programmer has to
know which registers are used for
what, which memory areas are
reserved, etc., which makes it very dif-
ficult to develop “general” assembler
routines that can be re-used in differ-
ent programs.

The (comparative) standardisation of
C as a language allows users to port
code from one microcontroller to
another, so long as suitable compilers
exist for both targets. A circuit could
be redesigned to use a newer proces-
sor and the existing C code should be
easily carried across, recompiled and
executed on the new device, without
needing to re-write the code in its
entirety. At least, that’s the theory!
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SECOND USER EQUIPMENT

INSTRUMENTS

PRODUCT PRICES FROM PRODUCT PRICES FROM HEWLETT
e FO0 tertnce Assembly for 16306, PACKARD

BBC GOERZ Servogor 120 £450 Logic Analyser.

2 Channel Chart Recorder. HEWLETT PACKARD 103008 280 £250 c o M P U . E Rs
BRUEL & KJAER 2221 Sound £1700 Microprocessor interface.

Level Meter. HEWLETT PACKARD 103058 8086 £600

CLARE A203C/J Flash Tester. £325 Microprocessor interface.

COMARK 6600 Autoscan Thermo- £480 HEWLETT PACKARD 103118 68000 £750 PART DESCRIPTION PRICES FROM
meter providing automatic Microprocessor interface.

scanning of up to 10 HEWLETT PACKARD 4953A/001 £3500 98628A Data comms I/F for series 200/300 220
thermocouple inputs. Protocol Analyser, to include computers

COMARK 4600 Printer for Comark £180 expansion memory. 93785A 16" high res. color monitor 1450
6600 Autoscan Thermometer. HEWLETT PACKARD 4953A RS232 £500 93786A " high .

DIGILOG 300 Protocol Analyser £1800 Pod. 17" highyrasimornioimgnitor 895
for data communications testing HEWLETT PACKARD 4953A RS449 £500 98788A 18" high res. mono monitor 950
up to 19.2kbps Pod. 98548A 1280 x 1024 pixel mono card 1120
DIGILOG 420 Protocol Analyser £4700 HEWLETT P_A(_:l_(l_\RD 54501A 100 MHz £1485 suitable for use with 98785

for data communications testing 4 Channel Digitising Oscillo- sereen

up to 72kbps. scope. )

DIGILOG 620 Protocol Analyser £7200 HEWLETT PACKARD 3780A Pattern £6100 29GAZN 2124x400 prxelimonoicard 450
for data communications testing Generator/Error Detector. or use with 35731BU screen

up to 128kbps. A comprehensive error measuring 98543A 512 x 400 pixel color card 975
DOWTY TRIO Multi—standard 1200, £250  set in one portable package for use with 35741BU screen

1200/75, and 300bps full duplex MARCONI 2019A RF Signal £2750 93112A High speed disc interface 565
modem; conforms to CCITT V.22, Generator with AM, FM and for 360 computer

V.23, V.21 with Bell 212A, 202 QM for testing in the frequency 98546A Display compatibility card 390
and 103 options. range 80kHz to 1040MHz. for use with 200 series s/w

DRANETZ 808 Power Demand £2500 MARCONI 2022A RF Signal £2550 or series 300 computers

Analyser for monitoring, display Generator offering frequency 98640A Analogue input card 400
and print out of V, |, PF, amplitude and phase moduiation for series 200/300 computers

kW, kVA, kVAR demand. over frequency range 10kHz to 98628A Data comms Interface 250
DRUCK DPI 600 1.5.2 Portable £350 1000MHz N .

Pressure Calibrator. 2 bar MARCONI 2955 Radio Communications  £3990 79598 a%lel?yter'dlsc drive 1550
Callbrator. Test Set. Blintedacel

DRUCK DPI 600 .S.7 Portable £350 MARCONI 2955A Radio Communi- £4650 79588 152Nbyte disc drive 1220
Pressure Calibrator. 7 bar cations Test Set. HPIB interface

Callbrator MARCONI 2955/2960 Multi- £3000 79595 3C04Mbyte disc drive 2650
DUX DICE 8085 Microprocessor £850 standard Radio Test System. SCSl interface

In-Circuit Emulator (Various software optlons 9144A 1/4" tape drive 850
ELAN Universe 1000 Universal £850 available i.e. TACS, NMT, .

Programmer Band lll and AMPS) 46021AU UK keyboard for series 300 75
ELAN Stack Modules for Elan £300 PHILIPS 5193 50MHz Programmable £1550 azo Aé 2 color plotter 350
Unmiverse 1000. Synthesised Function Generator. 7475 A3 6 color plotter 525
FARNELL AP60/50 Autoranging £950 POWERSENSE Single Phase Malns £850 7550 A3 8 color plotter 1450
Bench Power Supply Analyser, with built-in printer

provides DC up to IKW. Qutput PRISM 5042 Power Supply Unit. £1200 8% AV/A2 8 pen plotter 1950
60V, 50A maximum Voltage range 0-30V, current 7595 A¢-AO 8 pen plotter 2950
FEEDBACK SFG606 Sweep Function £250 llmit 10-2200mA. HP2235 Ruggedwriter 24 pin dot matrix 820
Generator, frequency range RACAL 1992 Universal Counter £995 high speed line printer

0.01Hz to 1MHz. As 1991 but with input C with RS232/HPIB Interface

FEEDBACK VP0602 Variable Phase £520 frequency range 40MHz to 1.3GHz 98257 IMbyte memory card 550
Osciliator. SCHAFFNER NSG200E System Main- £950 for series 200/300 computers

FIREBERD 1500A Data Error £1500 frame

Analyser for evaluating commu- SCHAFFNER NSG203A Plug-in £1650 ) ,’3,??;,3':5;075%0 computers 40
nications links and hardware SCHAFFNER NSG204A Plug-in £1295 " .

performance SCHAFFNER NSG222A Plug-in. £1350 98674 S30616"color workstation 3225
FIREBERD 6000 Data Error £3750 SCHAFFNER NSG223A Plug-in £1695 35731BU 12" monochrome monitor 148
Analyser designed to analyse, SCHAFFNER NSG224A Plug-in. £1800 for series 200/300 computers

evaluate and troubleshoot SCHAFFNER NSG225 Pilug-in £1650 2225 Thinkjet printer 155
digital communications systems SIEMENS C1732 Multireg fast Multi- £1875 RS232/HPIB/Parallel

and equipment. channel Recorder, with facility of 22278 Quietjet printer 270
FIREBERD 40392 RS232/V.24/MIL- £550 up to 32 channels. RS232/Parallel

188 Asynchronous interface. SIEMENS DC Current Module. £75 9122C 3.5 Dual microfloppy disc 680
FIREBERD 40236 RS232 Synchronous £290 SIEMENS DC Voltage Module. £75 (1.44Mbyte each)

interface. SIEMENS DC Universal Module. £85 91220 2.5" Dual microflo, disc 475
FIREBERD 40200 RS449/V.II/ £475 SIEMENS C1013 Recorder £1750 {720kbyte aach) RRY.

X.21 DTE/DCE interface. STAG SE15 Eraser. £50 . i

FIREBERD 40202 V.35 DTE/DCE £475 STAG PP39 Universal MOS EPROM £375 a121D 3.5" Dual microfloppy disc 240
interface. Programmer (Includes RS232 Inter (360kbyte wach)

FIREBERD 30608 64kbps G.703 £795 face) 9153C/103.5"  single microfloppy disc 550
Co/contra directional interface STAG PP40 Ganged EPROM/EEPROM £325 plus IOMbyte hard disc

FIREBERD 40380 2.048Mbps G.703 £475 Copler. 9153C/20 3.5" single microfloppy disc 950
Unstructured interface. STAG PP41 Ganged EPROM/EEPROM £650 plus 20Mbyte hard disc

FIREBERD 30609 2.048 Mbps G.704 £750 Copier (Includes RS232 Interface) 98561X 310 mono system 1500
Structured Interface for Framing/ STAG PP42 Gang/set Copier (Includes £950 c/w 13"mono screen and keyboard

CRC-4 testing. RS232 Interface). 98562X 330 mono system 3250
FIREBERD 30447 T2 interface £895 STAG ZL30 PAL Programmer. £975 c/w 13" mono screen and keyboard

FIREBERD 6000 Jitter Option 6007/8. £2300 STAG ZL30A PAL Programmer. £1295 . !

FLUKE 9010A Microsystem Trouble £1205 STAG ZM2000 Universal PROM £950 98seEA, = e didatis 789
Shooter. Suitable for locating Module for Stag PPZ

faults on microprocessor based THANDAR TG503 5MHz Pulse/ £195 9e3n2x a2 monowystem ’ “ 3200
clrcuit boards. Function Generator. :n:; lM{)ny?:%ii;ee" and keyboar

GOULD 1421 20MHz Digital Storage £375 THANDAR T0315 15MHz Battery £175

Oscilloscope. Portable Oscilloscope. 98579X 360 mono system 4750
GOULD 1425 20MHz Digital Storage £650 TREND DT100 RS232/V.24 Data Communi- £325 SwH3 gonosclecalond keyoard

Oscilloscope. cations Test Set.

GOULD Type 135 Waveform Processor £125 TREND DT105 RS232/V.24 Data Communi- £395 IBM

Keypad. cations Test Set.

HEWLETT PACKARD 8112A Pulse £2500 TR10 LAIS10 GPIB Bus Analyser. £795 3191D1E IBM 385
Generator. Analyser for IEEE -488 Bus. Co-Ax terrrinal

HEWLETT PACKARD 5385A Frequency £985 WAVETEK 191 20MHz Pulse/Function £850

Counter. Generator.

HEWLETT PACKARD 54100A 1GHz £3000 WAYNE KERR 4210 LCR Component Meter. £495

Digitising Oscilloscope. For measurement of L.C. R, D. Q, %

HEWLETT PACKARD 54001A 1GHz £325 deviation.

Miniature Active Probe.

WAYNE KERR Capacitor Tweezers for
4250,

£35
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Small recursive program that calculates Fibomacci numbers,

This program was originally featured in the “Imbedded Systems Magazine”

April 1989
-

Ninclude <stdio.h)
" unsigned 16 Clnt n)
{
I (n ¢= Z) return 1;
retarn fibla-1) » fibla-2):
}

unsigned results(ii);

mainl)
{
int loop:
for (loop=l: loop ¢ 18; loop++)
|

resultslloop] = FibCloop):
prIRL ([ Ib0xd) = xdvn", loop,results(loop)):

}
€1NCCRDSS)_

It is possible to mix C and assembler,
calling an assembly language routine
when necessary. This will usually only be
needed for time-critical sections of code,
such as interrupt handlers or very fast
loops (IAR estimates that between 2% and
109% is typical). There are various ways of
doing this, including the formal, “correct”
method, which involves understanding
exactly how the compiler works.

I found the simplest way is a bit of a
cheat, but works well and is easy to
understand. Start by creating a C-stub:
that is a procedure which declares the
variables and parameters but which does
nothing with them (the equivalent of a no-
op). Compile this and get the resulting
object code, which you attack with assem-
bler. The top and tail of the object module
can then be used, safe in the knowledge
that they are compiler-generated and com-
patible with the rest of the program, as
interfaces to the hand-coded meat of your
assembler routine. This is a very powerful

PC, XT, AT or compatible computer, MS-dos
3.xx upwards.

CGA, EGA, VGA or Hercules mono graphics.
Memory 512K minimum, 640K
recommended.

Dos extender (Rational Systems DQS/-16M) is
included to support 16M ram.

Hard disk required.

Supplier: IAR systems, 9 Spice Count, lvory
Square, Plantation Wharf, York Road, London
SW11 3UE. Telephone 071 924 3332.

Price £1195 includes the C cross-compiler,
assembler, linker and memory support
programs.

IAR have now relased version 4.05 which
includes optimisation of floating point maths
routines for faster speed and support for new
members of the 8051 family including
SAB80517/537 version with maths hardware.

Small looped
program for
deriving a Fibonacci
series, in which
each number in the
series is the sum of
the two preceding
ones.

way of mixing the two languages (if not
particularly elegant).

This means that it is possible to create
routines in either C or assembler, depend-
ing on which is most suitable. The code
produced by IAR is so efficient that there
is often very little to choose between
them, even for time-critical routines. This
is particularly true for interrupt handlers,
since the code is optimised by only saving
the registers required.

In general, the code produce was very
concise and efficient. The program does
all the obvious things, such as choosing
the best type of jump (JMP,AIMP,LIMP) for
a situation, moving constant sections of
code outside loops. Jumps to jumps and
jumps over jumps are eliminated, non-
varying calculations are performed at
compile-time, not run-time and arithmetic
has been optimised. In addition, the devel-
opers claim that they spent a lot of effort
to produce efficient C code for all the
commonest C commands and sequences.

I found that for most of my trivial
review programs, the compiled software
ran about 10-20% slower than my hand-
coded versions. Common sense suggests
that there were bottlenecks in these pro-
grams, and | could have easily improved
on this figure by selectively mixing in a
little assembler. It is possible to optimise
for speed or size (-s or -z), but I couldn’t
see any significant differences: in general
a short section of code will run quickly
t0o.

To put this 10% in perspective. the
largest program | tested was for an 8031-
based controller 1 developed some time
ago. This was about 4K of convoluted
code. which had taken several months to
write and debug. To write a C program for
the same task took a few evenings and the
result was significantly easier to under-
stand: it ran at almost exactly the same
speed as the assembler version: both were
comfortably within the system’s design

specification.

As you'd expect from a standard C
implementation, the system supports the
full range of variables, including IEEE-
format floating- point functions. For peo-
ple who need floating-point arithmetic in
their system, this will probably justify the
purchase on its own.

A few miscellaneous points to complete
the review. The IAR cross-compiler sup-
ports all the common versions of the 8051
microcontroller, with fourteen different
options, including the 8031/2, the 8051/2,
and confusingly named 321, 521, 252,
515 535, etc. It runs on most development
platforms, including the PC, VAX, Sun
and Apollo. The same company makes a
range of related products, including a
sophisticated debugger (C-SPY) and
cross-compilers for most standard proces-
sors, which are are all compatible and
allow you to swap code easily from one
to another.

Summary

This is a Land-Rover of a program: it is
very powerful, well designed to do a job
and it does that job extremely well.
However, no-one could describe it as
attractive, comfortable or easy to use. The
user interface is a pig: it is archaic,
unfriendly and irritating.

The compiler does everything that you
might expect or require from an Ansi C
compiler, and it does it well. The exten-
sions to the language (Bit and SFR data
types and IDATA, XDATA memory com-
mands) provide easy access to the special
functions of the 8051 series of microcon-
trollers, while the #PRAGMA directive
means they break the Ansi standard in a
standard sort of way.

The 8051 code produced is very concise
and efficient, and executes at a
respectable speed: | estimated it to be
about 10% slower than hand-crafted code,
and that figure could definitely be
improved upon by selectively using
assembler. When you consider the dra-
matic savings in development time that an
engineer will find by using C instead of
struggling along at the op-code level, this
program looks increasingly attractive.

Other than my loathing of the user-
interface, 1 can’t find serious fault with
this program. If you are working with the
8051 1 strongly suggest you have a close
look at the ICC51, which could save you a
lot of time and grief. If | were developing
8051 applications on a regular basis 1'd
definitely buy it. But I'd still rather buy
version 4.1 with the integrated environ-
ment and text editor.

Editorial survey: use the information

card to evaluate this article. Item E
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_ SECOND USER EQUIPMENT

INSTRUMENTS

PRODUCT PRICES FROM PRODUCT PRICES FROM HEWLETT

ADVANCE—BRYANS 60020 X-Y/t £650 HEWLETT PACKARD 102698 Probe £200

Recorder Interface Assembly for 1630G PAc KA R D

BBC GOERZ Servogor 120 £450 Logic Analyser

2 Channel Chart Recorder. HEWLETT PACKARD 103008 280 £250 c o M P U I E Rs

BRUEL & KJAER 2221 Sound £1700 Microprocessor interface.

Level Meter HEWLETT PACKARD 10305B 8086 £600

CLARE A203C/J Flash Tester. £325 Microprocessor interface.

COMARK 6600 Autoscan Thermo- £480 HEWLETT PACKARD 10311B 68000 £750 PART DESCRIPTION PRICES FROM

meter providing automatic Microprocessor interface.

scanning of up to 10 HEWLETT PACKARD 4953A/001 £3500 98628A Data comms I/F for series 200/300 220

thermocouple inputs. Protocoi Analyser, to include computers

COMARK 4600 Printer for Comark £180 expansion memory 98785A 16" high res. color monitor 1450

6600 Autoscan Thermometer. HEWLETT PACKARD 4953A RS$232 £500 98766A s

DIGILOG 300 Protocol Analyser £1800 Pod. Z 17" high res. mono monitor 895

for data communications testing HEWLETT PACKARD 4953A RS449 £500 98788A 19" high res. mono monitor 950

up to 19.2kbps. Pod. 98548A 1280 x 1024 pixel mono card 1120

DIGILOG 420 Protocol Analyser £4700 HEWLETT PACKARD 54501A 100 MHz £1485 suitable for use with 98785

for data communications testing 4 Channel Digitising Oscillo- screen “

up to 72kbps. scope. X

DIGILOG 620 Protocol Analyser £7200 HEWLETT PACKARD 3780A Pattern £6100 9ESA2A LS S B0 o 450

for data communications testing Generator/Error Detector. OF Use/ Withi3«: screen

up to 128kbps. A comprehensive error measuring 98543A 512 » 400 pixel color card 975

DOWTY TRIO Multi—standard 1200, £250 setin one portable package for use with 35741BU screen

1200/75, and 300bps full duplex MARCONI 2019A RF Signal £2750 93112A High speed dtsc interface 565

modem; conforms to CCITT V.22 Generator with AM, FM and for 360 computer

V.23, V.21 with Bell 212A, 202 @M for testing In the frequency 98546A DlIsplay compatibility card 390

and 103 options. range 80kHz to 1040MHz for use with 200 series s/w

DRANETZ 808 Power Demand £2500 MARCONI 2022A RF Signal £2550 on series 300 computers

Analyser for monitoring, display Generator offering frequency, 98640A Analogue input card 400

and print out of V, |, PF, amplitude and phase modulation for series 200/300 computers

kW, kVA, kVAR demand. over frequency range 10kHz to 98628A Data comms Interface 250

DRUCK DPI 600 I.S.2 Portable £350 1000MHz 79598 304Nb disc dri

Pressure Callbrator. 2 bar MARCONI 2955 Radlo Communications ~ £3990 PIB oclec,drive 11650

Calibrator Test Set. ) .

DRUCK DPI 600 |.S.7 Portable £350 MARCONI 2955A Radio Communi- £4650 79588 152Nbyte disc drive 1220

Pressure Calibrator. 7 bar cations Test Set. HP18 interface

Calibrator. MARCONI 2955/2960 Multi- £3000 79595 304Mbyte disc drive 2650

DUX DICE 8085 Microprocessor £850 standard Radio Test System. SCSlinterface

In-Circuit Emulator. (Various software options 9144A 1/4" tape drive 850

ELAN Unlverse 1000 Universal £850 availablel.e. TACS, NMT . .

Fogammer. Band Il and AMPS) 46021AU UK keyboard for series 300 75

ELAN Stack Modules for Elan £300 PHILIPS 5193 50MHz Programmable £1550 7470 A4 2 color plotter 350

Universe 1000 Syntheslsed Function Generator. 7475 A3 6 color plotter 525

;ARNhE;L APGg/SO :\u(oranging £950 :OV:IERSENliEbSIII;\gIe Ph(ase Malins £850 7550 A3 8 color plotter 1450
ench Power Supply nalyser, with built-in printer

provides DC up to IKW. Output PRISM 5042 Power Supply Unit. £1200 Ay AI/A2 8 pen dotter 1950

60V, 50A maximum. Voltage range 0-30V. current 7595 A4-AO 8 pen plotter 2950

FEEDBACK SFG606 Sweep Function £250 limit 10-2200mA HP2235 Ruggedwriter 24 pin dot matrix 820

Generator, frequency range RACAL 1992 Universal Counter £995 high speed line printer

0.01Hz to 1MHz. As 1991 but with input C with RS232/HPIB Interface

FEEDBACK VP0602 Variable Phase £520 frequency range 40MHz to 1.3GHz 98257 IMbyte memeory card 550

Oscillator. SCHAFFNER NSG200E Systern Main £950 for series 200,300 computers

FIREBERD 1500A Data Error £1500 frame 98267 RGB color card 450

Deat el el Gnpery SCHAFFNER NSG204A Plugn 1295 L

nications links and hardware ug-in o 3 .

performance. SCHAFFNER NSG222A Plug-in £1350 98574 350C:4x16" calor Workstafton 3225

FIREBERD 6000 Data Error £3750 SCHAFFNER NSG223A Plug-in. £1695 35731BU 12" monochrome monitor 148

Analyser designed 1o analyse, SCHAFFNER NSG224A Plug-In £1800 for series 200/300 computers

evaluate and troubleshoot SCHAFFNER NSG225 Plug-in £1650 2225 Thinkjet printer 155

digital communications systems SIEMENS C1732 Multireg fast Multi- £1875 RS232/HPIB/Parallel

and equlpment. channel Recorder, with facility of 2027B Quietjet printer 270

FIREBERD 40392 RS232/V.24/MIL- £550 up to 32 channels RS232/Parallel

188 Asynchronous interface. SIEMENS DC Current Module. £75 9122C 3.5" Dual microfloppy disc 680

FIREBERD 40236 RS232 Synchronous £290 SIEMENS DC Voltage Module. £75 (1.44Mbyte each)

interface. SIEMENS DC Universal Module. £85 5 .

FIREBERD 40200 RS449/V.II/ £475 SIEMENS C1013 Recorder £1750 122D ?;goa;’;'e"e‘;f:',:;"”py dis &S,

X.21 DTE/OCE interface. STAG SE1S Eraser. £50 N N

FIREBERD 40202 V.35 DTE/DCE £475 STAG PP39 Universal MOS EPROM £375 94210 el Mict ey 240

interface. Programmer (Includes RS232 Inter- (360kbyte each)

FIREBERD 30608 64kbps G.703 £795 face) 9153C/103.5"  singie microttoppy disc 550

Co/contra directional interface. STAG PP40 Ganged EPROM/EEPROM £325 plus IOMbyte hard disc

FIREBERD 40380 2.048Mbps G.703 £475 Copier. 9153C/20 3.5" single microfioppy disc 950

Unstructured interface. STAG PP41 Ganged EPROM/EEPROM £650 plus 20Mbyte hard disc

FIREBERD 30609 2.048 Mbps G.704 £750 Copier (Includes RS232 Interface). 98561X 310 mono system 1500

Structured interface for Framing/ STAG PP42 Gang/set Copler (Includes £950 >/w 13°mono screen and keyboard

CRC-4 testing. RS232 Interface). 98562X 330 mono system 3250

FIREBERD 30447 T2 interface. £895 STAG ZL30 PAL Programmer. £975 c/w 13"mono screen and keyboard

FIREBERD 6000 Jitter Option 6007/8. £2300 STAG ZL30A PAL Programmer. £1295 " . .

FLUKE 8010A Microsystem Trouble £1295 STAG ZM2000 Universal PROM £950 BIDOSE ey e S 785

Shooter. Suitable for locating Moadule for Stag PPZ.

faults on microprocessor based THANDAR TG503 5MHz Pulse/ €195 98572X 3?2 :"30“0 system 3200

circuit boards. Function Generator. gnz 4Mg1;2%2%een and keyboard

GOULD 1421 20MHz Digital Storage £375 THANDAR T0315 15MHz Battery £175

Oscilloscope. Portable Oscilloscope. 93579X 360 mono system 4750

GOULD 1425 20MHz Digital Storage £650 TREND DT100 RS232/V.24 Data Communi- £325 ¢/w 13"mono screen and keyboard

Oscilloscope. cations Test Set.

GOULD Type 135 Waveform Processor £125 TREND DT105 RS$232/V.24 Data Communi- £395 |BM

Keypad. cations Test Set.

HEWLETT PACKARD 8112A Pulse £2500 TR10 LAI910 GPIB Bus Analyser. £795 3191D1E i1BM 385

Generator. Analyser for IEEE -488 Bus. Co-Ax terminal

HEWLETT PACKARD 5385A Frequency £985 WAVETEK 191 20MHz Pulse/Function £850

Counter. Generator.

HEWLETT PACKARD 54100A 1GHz £3000 WAYNE KERR 4210 LCR Component Meter. £495

Digltising Oscilloscope. For measurement of L, C.R, D, Q, %

HEWLETT PACKARD 54001A 1GHz £325 deviation.

Minlature Active Probe.

WAYNE KERR Capacitor Tweezers for
4250.

£35
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ASEG covt
se sieve.c o/

Sinclude "stdio.h

/% Lratosthenes Sieve Prime Muwder!Program in € from Byte Jan 1983, e/

sdeflne TRUL 1

Tae ANS] “putosar” function de jvered here is supposed to be tai ared
for the actua! target hardvare This version assuses that the serial port
o the 8651 i: Initiated before any calls to “petchar® is perforwed.

Version: 4.60 "1ANA]

sdefine FALSE O
sdef ine SIZE 8190

char flags(SIZEe1}:

vold main()
{

register int |, k:
int prime,count,iter;

printf ("10 tteratjonsyn®):
ny RS,82
Y 6,84 16H(70668)
mv R7,81L0U(7600G)
LCALL  SREFFM printf

that can’t be used in the very smallest
models, as they need too much space.
PRINTF and SPRINTF can be used, as long
the message string is short enough.

In even the trivial examples shown, it
| makes a difference which memory model
is used. | found that as the program
became larger the differentials grew;
choosing the right model would have a
major impact on speed.

In addition to allowing several memory
models, ICC supports a number of 8051
features. There are a number of extensions
to standard Ansi C, with the addition of
Bit and SFR data types and Code, Data,
Idata and Xdata memory attributes. These
give you the flexibility to put variables
wherever you want, regardless of the
memory model. For example, you could
optimise a large program by putting
selected key variables in internal memory,
or a look-up table can be placed in rom.
Essentially, this is an extension of the
standard REGISTER command. Bearing in
mind the above point about speed, it is
obviously desirable to use the smallest,
tastest data types wherever possible and
exile non-critical variables to external
memory.

These keywords are extensions to Ansi
C and are hence non-standard comm-
mands. The #PRAGMA directive allows for
the controlled and documented use of
such extensions, so no changes to source
code would be needed if the program
were swilched to a different Ansi-standard
compiler. In other words, the directive
allows both portable code and the use of
processor-specific features.

The 8051 is primarily a register/memo-
ry-oriented device, in contrast to C’s
stack-based philosophy: this can pose
problems for compilers. Rather than use
software stack for passing parameters,
IAR has adopted a static memory system,
with parameters and variables put in a
fixed location in memory. When they're

—

8 nelude (stdio.ad
& nelude CloSi.5?

I3t putchar(int wal)
{

if tual 12 ")

(Above) End of
display screen.

-r

¥ lude “stéary.h”
1 aclude “stéioe”

8 aclude “icclbutl.n®

"o €} wkile (TD:

swatic vold fou_ evel_puticher c:

-e EOL ‘LF) shoald Le comverted to CA-LF o

(
fou_level put (°~r')

s atic void put one_char(char c, v id edumsy)
<

putchar ()
}

Beginning (above

right) and end
(right) of the ﬁ:'::fn:fém rs
process of defining

a new C routine
("low_level put”)
SJor low level direct
access to the 8051
serial port.

Jva_cwd (ap)

no longer needed, for example a local
variable when leaving its scope. the laca-
tion can be used by a different parameter,
the whole operation being performed
transparently by the linker. The advantage
of this is that the code is fast and dense,
not having the slow stack operations.
When the linker does its work. it detects
recursive code and saves variables that are
still active, so recursion is supported {as
required by Ansi). However, re-ertrant
code is not supported.

The 805! internal stack is fairly small,
so there is a limit on the number of func-
tion calls/returns that can be made.
Optionally. the system can use space in
external memory as a stack. which allows
deeper nesting, but with a speed penalty.
This may also be required for recursive
tunctions, where the stack can grow very
quickly.

In the compiler. !AR has gone to a great
deal of effort to use the particular features
of the 8051 processor, and 1 liked what |
saw. One of the strong points of the 8051
architecture is its range of Boolean opera-
tions and these are fully supported. The
data type Bit exists and can be used

392

it printl (conzt cher oformet, ..)
{

wa_stert Cap format):
ur_of .chars = _formatted arite (format, put_one_char, {void =) ©, ep):

retern Cor_ol chars):

« Uarning or th.s line 0K (unused “dussy') o

2o Qur ssir entry =

<o Warlable argusest beg:n s/

=~ Warjable argument end o/
»o ficca ding to RNS) e

freely; this is a C-extension and nothing to
do with C bit-fields. For example:

Bitx, vy, z, *Define 3 bitwise variables */
x=y &'z, [and mess around with them */
z=0

if ()

will generate the following 8051 assem-
bler

MOV C.y
ANL C\z
MOV x,C
CLRz

JNB y,LABEL

It is abvious that this an efticient (and
tast) implementation of the original code.
By using the SFR data type (single byte
int} to define absolute addresses, it is pos-
sible to create very powerful functions
very easily. A set of #INCLUDE files are
provided which define the conventional
names and addresses of the SFRs for sev-
eral 8051 tamilies.

Continued on page 394
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NEW HIGH PERFORMANCE
8051 C COMPILER

ICC 8051 4.05 C-SPY 2.15

high performance time saving
® extremely fast and code e (I & Assembler debug
efficient

® set/examine variables,
® recursive calls and bank- registers and memory

switching supported . . .
g supp o window orientated with

e 8051 C: SFR & BIT on-line help
variables, CODE, DATA, .
IDATA & XDATA ® simulator & emulator
interface

keywords

N 5 . e ® - ;
e (Cinterrupts, monitor, no init extended memory support.

keyvwords

i
o ANSIC and K&R C @IAR
® in-line Assembler SY,STEMS

® maths unit support IAR SYSTEMS 9 Spice Court
Ivory Square. Plantation Whart
York Rcad. London SW11 3UE
Telephone: 071-924 3334
Fax: 071-924 5341
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PC ENGINEERING

fpril 1989

L

Rinclude <stdio.h)
unsigned (b Cint n)

{
if (n ¢= 2) retern 1:
return [lbin-1) « [ib{n-2);
1
unsigned results(iil;
mainl)
{

Int loop:
for (loop=l; loop < 10; loope+)
{

resultsCloop] = [ib(loop):
primtie"f iblxd) = xdvn”, loop,resultsiloopl):
]

)
C:NCCROSS)

It is possible to mix C and assembler,
calling an assembly language routine
when necessary. This will usually only be
needed for time-critical sections of code,
such as interrupt handlers or very fast
loops (IAR estimates that between 2% and
109% is typical). There are various ways of
doing this, including the formal, “correct”
method, which involves understanding
exactly how the compiler works.

I found the simplest way is a bit of a
cheat, but works well and is easy to
understand. Start by creating a C-stub:
that is a procedure which declares the
variables and parameters but which does
nothing with them (the equivalent of a no-
op). Compile this and get the resulting
object code. which you attack with assem-
bler. The top and tail of the object module
can then be used. safe in the knowledge
that they are compiler-generated and com-
patible with the rest of the program. as
interfaces to the hand-coded meat of your
assembler routine. This is a very powerful

PC, XT, AT or compatible computer, MS-dos
3.xx upwards.

CGA, EGA, VGA or Hercules mono graphics.
Memory 512K minimum, 640K
recommended.

Dos extender (Rational Systems DOS/-16M) is
included to support 16M ram,

Hard disk required.

Supplier: AR systems, 9 Spice Court, Ivory
Square, Plantation Wharf, York Road, London
SW11 3UE. T« lephone 071 924 3332,

Price £1195 includes the C cross-compiler,
assembler, linker and memory support
programs,

IAR have now relased version 4.05 which
includes optimisation of floating point maths
routines for faster speed and support for new
members of the 8051 family including
SAB80517/537 version with maths hardware.

Small recursive program that calculates Fibomacc! numbers,

This program was originally featured in the “Imbedded Systems Magazine"

Small looped
program for
deriving a Fibonacci
series, in which
each number in the
series is the sum of
the two preceding
ones.

way of mixing the two languages (if not
particularly elegant).

This means that it is possible to create
routines in either C or assembler, depend-
ing on which is most suitable. The code
produced by AR is so efficient that there
is often very little to choose between
them, even for time-critical routines. This
is particularly true for interrupt handlers,
since the code is optimised by only saving
the registers required.

In general, the code produce was very
concise and efficient. The program does
all the obvious things, such as choosing
the best type of jump (JMP,AIMP.LIMP) for
a situation, moving constant sections of
code outside loops. Jumps to jumps and
jumps over jumps are eliminated. non-
varying calculations are performed at
compile-time, not run-time and arithmetic
has been optimised. In addition, the devel-
opers claim that they spent a lot of eftort
to produce efficient C code for all the
commonest C commands and sequences.

I found that for most of my trivial
review programs, the compiled software
ran about 10-20% slower than my hand-
coded versions. Common sense suggests
that there were bottlenecks in these pro-
grams, and 1 could have easily improved
on this figure by selectively mixing in a
little assembler. It is possible to optimise
for speed or size (-s or -z), but | couldn’t
see any significant differences: in general
a short section of code will run quickly
100.

To put this 10% in perspective, the
largest program | tested was for an 8031-
based controller 1 developed some time
ago. This was about 4K of convoluted
code. which had taken several months to
write and debug. To write a C program for
the same task took a few evenings and the
result was significantly easier to under-
stand: it ran at almost exactly the same
speed as the assembler version: both were
comfortably within the system’s design

specification.

As you'd expect from a standard C
implementation, the system supports the
full range of variables, including 1EEE-
format floating- point functions. For peo-
ple who need floating-point arithmetic in
their system. this will probably justify the
purchase on its own.

A few miscellaneous points to complete
the review. The AR cross-compiler sup-
ports all the common versions of the 8051
microcontroller, with fourteen different
options, including the 8031/2, the 8051/2.
and confusingly named 321, 521, 252,
515 535, etc. It runs on most development
platforms, including the PC, VAX, Sun
and Apollo. The same company makes a
range of related products, including a
sophisticated debugger (C-SPY) and
cross-compilers for most standard proces-
sors, which are are all compatible and
allow you to swap code easily from one
to another.

Summary

This is a Land-Rover of a program: it is
very powerful. well designed to do a job
and it does that job extremely well.
However, no-one could describe it as
attractive, comfortable or easy to use. The
user interface is a pig: it is archaic,
unfriendly and irritating.

The compiler does everything that you
might expect or require from an Ansi C
compiler, and it does it well. The exten-
sions to the language (Bit and SFR data
types and IDATA, XDATA memory com-
mands) provide easy access to the special
functions of the 8051 series of microcon-
trollers, while the #PrRAGMA directive
means they break the Ansi standard in a
standard sort of way.

The 8051 code produced is very concise
and efficient, and executes at a
respectable speed; | estimated it 1o be
about 10% slower than hand-crafted code.
and that figure could definitely be
improved upon by selectively using
assembler. When you consider the dra-
matic savings in development time that an
engineer will find by using C instead of
struggling along at the op-code level, this
program looks increasingly attractive.

Other than my loathing of the user-
interface, I can’t find serious fault with
this program. If you are working with the
8051 1 strongly suggest you have a close
look at the ICCS1. which could save you a
lot of time and grief. If I were developing
8051 applications on a regular basis 1'd
definitely buy it. But I'd still rather buy
version 4.1 with the integrated environ-
ment and text editor.

Editorial survey: use the information
card to evaluate this article. Item E
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NEW PRODUCTS

ACTIVE

A-to-D & D-to-A
converters

Sub 11s conversion. AD671 is
claimed to be the fastest monolithic
12-bit A-to-D converter, offering a
500ms maximum conversion time.
AD7586 performs a full 12-bit
conversion with no missing codes
(NMC} in 1us. Power consumption is
300mW. Both devices are designed
for high speed applications. AD671
accepts standard instrumentation-
level input signals. Dynamic
specifications include a maximum
integral non-linearity of +4 LSB at
500ns and +2 LSB at 750ns. Analog
Devices, 0932 232222.

Fast dual 12-bit cmos. DAC780X
12-bit, four quadrant multiplying cmos
D-to-A converters have a high speed
digital interface to enable their output
currents to settle to 0.01% full scale in
0.8us. Operation is from a single +5V
supply, 11mW. High stability on-chip
resistors provide true 12-bit
performance over the industrial
temperature range of -40°C to +85°C.
The devices feature +1LSB max
ditferential linearity, +1LSB max gain
error, -90dB min crosstalk and full
monotonicity — all guaranteed over
temperature. Burr-Brown International
Ltd, 0923 33837.

500Ms/s 8-bit device. TKAD10C 8-
bit A-to-D converter has a conversion
rate of 500Ms/s. Input track-and-hold
supports bandwidths of 1.2GHz — so
two devices can be interleaved for
1Gs/s sample rates — and helps
reduce aperture jitter to less than 2ps.
Tektronix UK Ltd, 0628 486000.

Discrete active devices

Low resistance mosfet. SMP60ONO3-
10L 30V, 60A power mosfet has an
on-resistance of 20M¢2 — claimed to
be the lowest for any such device in a
TO-220 package. It provides more
efficient and cooler operation so that
fans can be eliminated and in some
cases heatsinks can be omitted. The
device can carry 10A continuous
current with a voltage drop of 0.1V.
Barlec Richfield. 0403 50111.

Ge Schottky rectifiers. State-of-art
metallisation techniques are used in
germanium Schottky rectifiers oftering
high efficiency at low temperatures.
Vg is down in the 0.3 region
compared with silicon devices giving
0.5-0.6V. So the GPD G60S series is
attractive to designers of low-voltage
power supplies — 1.5V, 3V, 5V or 7V
for example. Good performance at
low temperatures and the inherent
efficiency and low heat dissipation of
germanium technology means that
designers can produce power
supplies of simpler design and greater
all-round reliability. Germanium

Power Devices Corp, 508 475 5982.
Low saturation transistors.
25D2127 is a 60V, 3A bipolar
transistor with an He g of 500 to 1500
and a saturation voltage of 0.3V. A
zener diode between base and
collector is included for over-voltage
protection. 25D2092 is a 100V, 3A
bipolar transistor with the same Hgg
and saturation voltage figures as the
2127 device. Toshiba Electronics
(UK) Ltd, 0276 634600.

PNP substitutes for Darlingtons.
For applications needing low
saturation voltage and high gain, a
new series of PNP Super E-line
transistors offer minimum gains of
300 at 10mA combined with gain
hold-up at up to 6A. Saturation
voltages down to 0.15V typical with a
1A collector current and 10mA base
drive are specified. With collector-
emitter voltages of 25V and 200V
respectively, the ZTX789A and
ZTX796A represent the extremes of
the range. Saturation voltage of the
2A-continuous ZTX789 is typically
0.15V at 1A while that of the 0.5A
ZTX796 is 0.15V at 200mA. Zetex plc,
061 627 4963.

High-performance SOT23 addition.
Featuring a current transfer ratio of at
least 50 when carrying 300maA, the
FMMTS555 has an f of 100MHz
making it fast enough for video
applications. It has an output
capacitance of 10pF and a collector-
base breakdown rating of 160V
Continuous collector current handling
of the 555 is 1A while its peak rating
is 2A so the device has numerous
uses, including power-amplifier driver
stages, medium-power output stages,
and relay/solenoid/motor switching. At
100mA collector current and 10mA
base current, saturation voltage of the
device is 0.3V while base-emitter
saturation with the same drive and
load is 1V. Capable of dissipating up
to 425W. Zetex plc, 061 627 4963.

Digital signal processor

More choice. TMS320C51 and
TMS320C16 continue the expansion
of T¥'s fixed point DSP family. Key
features of the TMS320C51 include
single-cycle multiply/accumulate;
zero-overhead looping and context
switching; on-chip sernial ports and
timer; PLU for dynamic bit
manipulation; and Jtag. TMS320C16
fixed-point DSP provides an object
code compatible performance
upgrade path for TMS320C 10 and
TMS320C 15 users, and a low cost
alternative to the TMS320C25. It has
8K on-chip roms. $10 per unit
(10,000). Texas Instruments, 0234
223252.

Linear integrated
circuits

Mixed-signal ICs motor control.
Three new mixed-signal ICs are
designed for driving the three-phase
brushless DC spindle motors used in

Transition times of 1.5ns from Analcg Devices buffer amplifiers.

hard disk drives. AB901SLB and
AB902SLB, are designed to drive the
low-voltage (5V) hard disk drives
used in laptop applications.
AB903SLB is tailored to drive the
higher voltage (12V) Winchester
drives more commonly used with
desktop PCs and workstations. They
combine back-EMF sensing with
power dmos outputs and
programmable control logic. Allegro
MicroSystems, Inc, 0932 253355.

Wideband butfer amplifiers.
600MHz AD9620 and 750MHz
AD9630 are unit gain wideband buffer
amplifiers. At 0.989 V/V (0.994 V/V
typical) the AD9620's guaranteed
minimum gain accuracy over
temperature for 2V pk-pk input swing
is claimed to be 29mV/V better than
competitive version. The AD9630 has
a minimum gain accuracy of 0.983V/V
(typically 0.99V/V). The AD9620 and
AD9630 respectively slew at 2 200
and 1 200V/us and guarantee 1.6 and
1.5ns maximum rise and fall time for a
1V step over the operating
temperature range. Analog Devices,
0932 232222.

Analogue multipliers for video
processing. HA2547 two-quadrant
dual analogue multiplier integrates
two differential voltage input sections
to provide a multiplication function
and a current output proportional to
the product of the two voltage inputs
up to 100MHz. It has a low
multiplication error of 1.6%, low noise
of 75nV/VHz and wide signal
bandwidth of 100MHz. It also features
large input signal ranges of 2V for the
control input and 5V. Harris
Semiconductor (UK), 0276 686886.

Closed loop butfer amp. Elantec
EL2012 high speed bipolar monolithic
bufter amplifier provides an output

current of 250mA which combines
with an 80MHz bandwidth. With a
50¢2 load, the device provides a gain
accuracy of 0.999. Its output short-
circuit current limiting scheme
protects the device under both a DC
fault condition and AC operation with
inductive and capacitive loads. METL,
0844 278781

High-performance PLL with serial
intertace. 16-pin MC145170
frequency synthesiser can directly
interface with VCOs in the MF, HF
and VHF bands. Architecture allows
programming with either bit- or byte-
formats. BitGrabber registers
eliminate address and steering bits for
random access to the three registers.
Tuning is accomplished through two
byte serial transfer to the 16-bit N
register. R counter division range is 5
to 32 767, and direct access to the
phase detector input is allowed; N
counter is 40 to 65 535. Operating
voltage range is 2.5 to 6V, and
maximum operating frequency is
160MHz at V; | +500mV pk-pk with a
4.5t0 6V supply. $4.17, 500-999.
Motorola Inc, 0101 512 928 6880.

Speech recording and playback.
NEC’s new speed chip, uPD77501
simplifies design of solid-state voice
messaging circuits by integrating a
dual-tone multi-frequency receiver, an
analogue front end, and speech
memory management for fixed and
re-usable vocabularies on to a single
silicon chip. So it has the ability to
carry out analogue to ADPCM
coding/decoding of acoustic signals
simultaneously with the detection of
the 16 DTMF tone pairs. The chip is
equipped with user programmable
sound-level detection threshold for
the recording mode. The analogue
acoustic signal is sampled at a fixed
rate of 6kHz and quantised with a 10-
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bit D-to-A converter into a PCM data
format. NEC Electronics (UK) Ltd,
0908 691133,

Low-voltage, high-performance.
NE/SA5234 matched quad
operational amplifier accepts
common-mode inputs up to 250mV
greater than the supply rails to
optimise dynamic range and prevent
distortion of input signals in low-
voltage systems. It operates to 1.8V
and has the capability for input and
output rail-to-rail operation. To ensure
optimal signal, the output swings to
less than 50mV of both rails across
the power supply range. Unit gain
bandwidth is 2.5MHz and the device
consumes only 700pA per amplifier,
which improves AC characteristics at
low-power. NE5234N $1.56.
SA5234N $1.84. Signetics Company,
(408) 991 2000.

Memory chips

Fast NVSrams. PNC10C68 and
PNC11C68 NVSrams have read/write
access times of 25ns and a memory
capacity of 64K. They also have
address and chip enable access
times of 25, 35 and 45ns with a non-
volatile eeprom cell incorporated into
each static memory cell. The sram
can be read and written an unlimited
number of times, while independent
non-volatile data resides in eeprom.
100 off £16.34. GEC Plessey
Semiconductors, 0793 518000.

Largest eeprom. Organised as 256K
x 8, the XM28C020 eeprom is
comprised of four of Xicor's propriety
X28C513 64K x 8 LCCs mounted on
a co-fired multilayered ceramic
substrate. This allows the module to
conform to the Jedec standard 32 pin
600 mil wide pinout and allows a
direct upgrade to existing 1Mbit
module/monolithic devices. it also
offers upgradability to forthcoming
Xicor 4Mbit devices. When combined
with data polling or toggle bit testing,
this effectively provides a 40us/byte
write cycle enabling the module
memory array to be written in 10s.
Micro Call Ltd, 0844 261939.

Microprocessors and
controllers

Low cost microcontroller. TE-180
microcontroller — a high
performance, low-cost microcontroller
with the Hitachi CPU — is a powerful
single board computer with 8K or 32K
of user selectable static ram and a
40K option. User applications
software is contained within an eprom
with an option to expand to 16K. The
system includes two RS232 ports,
timers, 24 |/O lines, and breadboard
area. Options include a system
monitor rom, a clock/calendar with
battery backup, and a “watchdog”
timer feature with user selectable
count down and alarm features. Cost
is £95 for a device assembled and
tested. Aries Electronics (Europe),
0908 260007.

PASSIVE

Sllicon carbide varistors. Power
Development is offering a full range of
equivalents for the silicon carbide
varistors previously manufactured by
Philips under catalogue numbers
2322 552-555 and 2322-564. They
are completely interchangeable with
the Philips products sold under the
trade name Amperex in the USA,
Valvo in Germany and Mullard or
Philips in the UK and France. Power
Development Ltd, 0293 528888.

Displays

13mm thick LCD graphics displays.
Two Seiko Instruments graphics
displays, complete with VGA-
controller boards have 640 x 480 pixel
displays and use RC-film technology
with side-mounted cold cathode
backlights to produce a good black
and white image. Total thickness of
either display is under 15mm, making
them smaller, lighter and flatter than
many others on the market. The
G643G (and G642G) weighs 460g-
740g with viewing areas of 208 x
153mm (220 x 168mm), Thickness is
14.7mm (G643G 10.6mm). Trident
MicroSystems, 0737 765900.

Biue leds. Blue leds using silicon
carbide are now available in 3mm and
Smm sizes in diffused, transparent
and water clear packages.
Wavelength of the leds is 470nm with
a forward voltage of 2.7V and reverse
voltage of 5V. Typical luminous
intensity at 20mA is 14mcd, in
transparent and water clear types and
1.0mcd in the diffused package. £7.20
in small quantities; £5.90 in 100 off.
Hero Electronics Ltd, 0525 405015.

Instrumentation

Digital voltmeter. DMH-30 digital
panel meters are built directly on
ceramic using ultra-low profile,
surface mount components and thick
film, hybrid techniques. 1.20in x 0.8in
x 0.2in and fully encapsulated DDIP

Pressure transmitter from Control
Transducers for corrosive media.

package. Full differential inputs with
bipolar full scale input ranges of
+200mV, 2V DC, +20V DC are
standard. Very high input impedances
of 1000MQ (1MQ for 20V model)
minimise circuit loading while allowing
maximum design flexibility. 5V DC
supply. Datel (UK) Ltd, 0256 469085.

LCR meter. 7330 automatic LCR
meter is intended for volume testing
of bandoliered components. Up to
10,000 components/h can be tested
and sorted into ten categories. The
same instrument is suitable for
enhanced in-circuit component
measurement in production ATE or
loose or bandoliered components can
be hand fed using an optional
component fixture or special leads or
clips. It is robustly protected against
capacitors charged up to 10kV and
offers a high level of noise immunity
even when linked to an electro-
mechanical component handler or
other equipment in a measuring
system. Farnell Irstruments, 0937
581961.

PC-based logic analyser. PC/La
logic analyser combines the flexibility
of a personal workstation with the
functionality and performance of a
dedicated logic analyser. It consists of
a full-size IBM PC-XT form-factor card
which can plug into an 8- or 16-bit
IBM PC-AT adaptor slot, plus a pod
assembly and probe leads. It offers
32 data channels at a 50MHz
bandwidth or 16 channels at 100MHz,
and is expandable up to 96 channels.
Data memory on each channel is
2kbyte in state mode, 4kbyte in timing
mode, and 8kbyte at 100MHz. Trigger
capabilities include eight levels of
trigger states with four-way
destination branching. L & M Test
Services Ltd, 0280 813707.

Compact signal generator. 20220 is
a compact and lightweight 10kHz to
1GHz signal generator now offering
extended audio modulation
capabilities and a 10-fold increase in
maximum FM deviation. Accurate
modulation is available at three
internal frequencies of 400Hz, 1kHz
and 3kHz. Peak FM deviation has
been increased to 999kHz, phase
modulation up to 9.99 radians peak
deviation and AM is available up to
99.5% depth. Wide frequency
coverage, +13dBm output power and
residual FM noise of only 7Hz RMS.
Marconi Instruments, 0727 59292,

Microwave sweeper. Giga-tronics
7200 microwave sweeper is a multi-
band synthesised microwave
sweeper, available in four frequency
ranges: 10MHz-20GHz, 10MHz-
26.5GHz, 2GHz-20GHz and 2GHz-
26.5GHz. It has digital and analogue

power and frequency sweep
capability, with resolutions of 0.01dB
and 1Hz respectively. The sweep
capabilities are enhanced by the
addition of eight markers, which allow
detailed readings when pin-point
evaluation is required. Racal
Instruments Ltd, 0734 782158.

Programmable synthesised signal
generator. Leader 3216 synthesised
signal generator provides continuous-
wave, FM or AM signals, including FM
stereo, over the frequency range
100kHz-140MHz with a variable
output from -20 to +126dBy. it
incorporates a programmable non-
volatile 100-point memory for storing
settings of frequency, modulation
factor and output level. Operation is
via front-panel keypad. £1962 + VAT,
Thurlby Thandar Ltd, 0480 412451.

Hand-held DMM. TM357 3.5-digit
LCD multimeter is a portable service
toot housed in a rugged hand-held
case; weight is 210g. It provides
measurement of alternating and direct
voltage over five ranges with a
maximum error of 0.5% and a
resolution of 100uV; and alternating
and direct current over six ranges with
a resolution of 0.1pA and maximum
input of 10A. Resistance can be
measured over six ranges with a
resolution of 0.1Q. Thurlby Thandar,
0480 412451,

Hand-held LCR meter. TC200
provides capacitance measurement
over six ranges, inductance
measurements over five ranges, and
resistance measurements over six
ranges with a maximum error of 1%. It
has a measurement frequency of
1kHz and a sample time of 0.4s.
Dissipation measurement is also
provided in a range from 0-19.99.
87mm x 175mm x 31mm. 290g.
£95.00 (plus VAT) including probes.
Thurlby-Thandar Ltd, 0480 412451.

Literature

High speed VME, PC and multibus
boards. The Bridge to the Real
World brochure gives outline details
of Datel's range of analogue /O
boards for bus-based systems, which
include Multibus |, VMEbus and PC-
AT systems. Details include the
number of A-to-D, D-to-A or digital /O
channels, resolution and conversion
or settling time. important features of
each board are also listed. Datel,
0256 469085.

Power supplies

Dual output DC/DC converters. LF
series DC/DC converters provides up
to 500V DC isolation between inputs
and outputs. The six single in-line
converters in the series are high
efficiency 750mW devices, requiring
only 0.18in of board space. Units are
available with 5V or 12V inputs
providing isolated £5V, £+12V or +15V
outputs. All the 750mW output power
can be drawn from one pin, so the LF
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series is suitable for single output rail
applications. No heat sinks or
derating is required for operation over
the temperature range -25 to +80°C.
Amplicon Liveline Ltd, 0273 608331.

Voltage monitor. VM1 voltage
monitor provides early warning if a
battery or other DC levels drop below
a predetermined voltage. In three
voltage ranges: 3.5 to 7V DC (6V
nomy); 7 to 13.8V DC (12V nom); and
18 to 27.5V DC (24V nom), the VM1
has active high and low open collector
outputs to indicate when the input
voltage has been reached. Collector
outputs can drive up to 100mA. it
consumes 35mA, resolves to 10mV
and operates across the temperature
range -10 to 70°C. Amplicon Liveline
Ltd, 0273 608331.

Low power switching regulators.
SCI7630 cmos switching regulators
provide input voltage step-up and
regulation to specified fixed voltage
using only an external coil. Maximum
drive current is 100mA at 5V from a
1.5V source. In stand-by mode only
3uA is consumed. All devices
incorporate precision low-power
reference voltage generator internal
comparator and inductor driving
transistors. 7631 has a buiftin CR
oscillator; 7633 driven by external
crystal oscillator; 7635 and 7636,
driven by external clock signal. Hero
Electronics Ltd, 0525 405015.

Radio communications
products

Radio modules for wire-free
operation. For general serial data
links at up to 200m range, the TXM-
418 SAW controlled transmitter
module is type approved to MPT1340
and requires 10mA from a 6-12V
supply. 10mm x 30mm size and SIL
PCB mounting allow it to be used in
space conscious applications.
Frequency modulation is used and
data rates up to 10Kbit's may be
transmitted. The matching 0.5uV
sensitive, double conversion superhet
receiver module, RXM-418, has both
analogue and digital data outputs, a
signal strength output, carrier and jam
detect outputs. PDS Telemetry Ltd,
081 569 3141.

Switches and relays
Smallest snap-action switch. FU
series snap-action switch measures
only 7.5mm x 2.5mm x 5mm and
weighs 0.2g. It has straight, angled or
reverse angled terminals, and is
available with a hinge lever, pin
plunger or simulated roller lever.
Operating spring is stainless steel
with gold or silver contacts. AT 0.5A
(30V DC) and 20 operations per
minute, mechanical life is 20,000.
Shock resistance is up to 30g
dependent on type. Applications
include computer peripherals, video
cameras, car stereos or portable
electronic equipment. Matsushita
Automation Controls 0908 567725.

10kHz-1GHz AM/FM signal generator from Marconi instruments has extended modulation facilities.

Transducers and
sensors

Ultrasonic ceramic microphones.
Panasonic’s ultrasonic ceramic
microphones utilise a piezo ceramic
element as a sensor for transmitting
and receiving selected ultrasonic
frequencies in air. The ultrasonic
ceramic microphone has a resonance
type vibrator so is highly sensitive,
with high sound pressure level.
Applications include burglar alarm
systems, automatic door openers,
flow rate detectors and remote control
systems in TVs etc. Alan Butcher
Components, 0258 840011.

Pressure transmitter. DataMate,
with pressure ranges of 1-32bar and
1% accuracy, the transmitter
produces 4-20mA output on two
wires. It can be used with corrosive
media thanks to its stainless steel
entry port and diaphragm and
because electrical connections may
be made through protective conduit.
Excitation voltage is 12-45V DC,
operating temperature range of -18 to
+100°C.. Control Transducers, 0234
217704,

No iron DC motor. 3042 CR ironless
rotor DC motor from Faulhaber can
be fitted to planetary gearheads of 23-
38mm diameter to give torque outputs
of up to 15Nm. Reduction in size
means the motor offers the
performance of a 35mm diameter by
57mm long motor in a body
measuring 30 by 42mm. Nominally
rated at 13W, 5000rpm, a life of at
least 5000h can be expected at these
operating conditions. Stall torque is
up to 156mNm with a maximum
power of 23W. It incorporates a
samarium cobalt motor, twin pre-

loaded ball bearings, copper
commutator and copper impregnated
carbon brushes. Electro Mechanical
Systems Ltd 0734 817391.

Vision systems

Low cost teletext decoder.
Universal Teletext decoder (Unitext
CF70095) has been developed to
replace the current generation of
single page teletext decoders —
incorporates an 11Mips risc processor
and automatic flof (fastext) handling

on-chip with display graphics to
program customised pictures and
screen displays. Unitext can decode
pages requiring World Standard
Teletext (WST) level 1.5. This
includes packet 26 processing for
overwriting characters in the main
teletext display. Without adding any
external MPU software, Unitext is
able to handle teletext processing for
the majority of European languages.
Texas Instruments, 0234 223252.

COMPUTER

Computer board level
products

Single-board PC-AT. A single-board
computer — promising the
functionality of PC-AT on a board
smaller than a 5.25in disk drive — the
SBC-AT incorporates controllers for
hard disk, floppy disk and graphics
and will run MS-dos or Xenix
applications. Up to 4Mbytes of
memory, a battery-backed real-time
clock and watchdog timer anc 80287
co-processor socket are all included.
256K rom/ram disk allows dedicated
applications to run on a diskless
system. ABA Electronics Ltd, 0264
335025.

STEbus 80386 board. Arcom's
“world's first” 80386-based processor
board for the STEbus, provides a
powertul compute engine for industrial
applications. SCIM386SX board
combines CPU with memory and /O
capability, to offer a platform for real-
time systems that will run PC AT-
compatible software, or Unix
applications. It costs from £885 with
1Mbyte ram. The all-cmos board is
based on the SX version of the 8038€

CPU, and is available in 16- or
20MHz selections. Chips and
Technologies' SCATSX chipset is
used to give compatibility with PC AT
computers. Eight surface-mount
memory sites allow the board to be
supplied with up to 4Mbytes of
dynamic ram, extendable up to
16Mbytes using a local expansion
facility. Arcom Control Systems Ltd,
0223 411200.

PCbus system integrity monitor.
PCsyscon’s watchdog can be
manually set for variable time-out
periods, and can be started under
program control. The voltage sensor
monitors the three +5, +12 and -12
voltage rails and can be programmed
to trip at a wide range of levels, as
can the temperature sensor. Two
further isolated channels are also
available for user-defined
connections, to monitor digital power-
fail signals, the cooling fans, a control
switch, or some other critical system
function. Alarms from any of these
sources can be programmed to
produce a variety of results, such as
generating a system interrupt, or
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activating the on-board relay or the
audible buzzer. The board’s D-to-A
converter can also be programmed to
measure a voltage — allowing it to
perform background power supply
health checks. £165. Arcom Control
Systems Ltd, 0223 411200.

DSP and digital audio and
communication. DSP56001
processor board takes advantage of
multiple Motorola DSP56001 signal
processors. Developed for use with
the IBM AT and compatibles, the
board is for audio and
communications systems that use
DSP to reduce acoustic echo,
compress digitised data, and improve
overall sound quality. Two 27MHz
56001 DSP devices share a dual-port
ram. The dual 56K board's two
processors each have a 74ns
instruction cycle and, combined,
provide 27Mips. Each processor has
access to 32K x 24bits of local
memory for zero wait state operation.
Loughborough Sound Images Ltd,
0509 231843.

PC performance booster. Number
Smasher-860 — based on Intel's i860
64-bit microprocessor can be plugged
into a standard ISA slot on any PC-AT
286, 386 or 486 machine. Available in
33 and 44MHz versions, it can
perform 80Mflops and is ideally suited
for numerically intensive applications.
8Mbytes of high performance memory
can be upgraded to 32Mbytes. Two
built-in link adaptors, capable of
running at 1.5Mbytes/s, enable
communication with the host PC, or
transputer systems. Package includes
an NDP-860 C, Pascal or C++
compiler, running under Interactive
Unix, SCO Unix, Xenix or MXdos.
£5,000. Microway (Europe) Ltd, 081
540 0614.

Portable GPIB control. GD-GPIB is
plug-in module for GRID system 1500
series laptop computers. A PC with
the GD-GPIB can become a cost-
effective IEEE-488.2 controller for
portable testing applications. It can
monitor, control, and communicate
with over 4000 instruments. The
NAT4882 chip performs the basic
IEEE-488 talker, listener, and
controller functions as well as all of
the controller functions required by
the more recent IEEE-488.2 standard.
The GD-GPIB sustains data transfer
rates of 400Kbytes/s for read and
write operations. The GD-GPIB fits in
the standard GRiD adapter case for
simple, compact integration. National
Instruments, 0635 523 545.

Cards tfor VGA LCD monitors. VGA
LCD driver and adapter cards,
dedicated to driving the Citizen 640 x
480 pixel VGA LCD panel from any
PC-AT bus machine feature a
complete kit of parts. As well as the
VGA driver card and adapter card
(with supply interface and inverter),
the kit includes the ultra-thin Citizen

7

First 80386-based board for STEbus, from Arcom.

CCFL backlit VGA LCD panel
together with the necessary
connections. An Automap technique
automatically maps up to 256
simultaneous colours into as many as
32 shades of grey, giving excellent
graphics with colour emulation on an
LCD. There is auto-expansion of
images to fill the screen. Rugged
Displays Ltd, 0734 819521.

Computer systems

Laptop industrial data acquisition.
Aimed at data acquisition, the
GRiDcase 1535DAS is rugged 386-
based portable and can be powered
from internal batteries. It uses
standard (full or half size) expansion
cards, two of which can be housed in
an external detachable, tray. Fully
populated, it can handle 200 channels
of analogue 110, 64 digital lines and
10 counter/timers. The 1535DAS has
up to 8Mbyte ram, a 40Mbyte or
100Mbyte hard disk drive and a 10-in
VGA display (backlit LCD or plasma).
15lbs with tray fitted. GRIiD Computer
Systems Ltd, 081 897 6565.

Development and
evaluation

Low-cost programming platform.
ICE751 is a low cost development
and programming platform for the
Philips 87C751 microcontroller. It
uses a bond-out version of the
87C751 processor connected to a
dual port memory emulating on-chip
eprom and an emulation cable that
can be plugged into users’ target
boards. R$232 buffered serial port
passes data and accepts commands
from a host PC. The processor
contains 2K bytes of internal eprom,
64bytes of ram, 19 I/O lines, a 16 bit
timer, a fixed rate timer, on-chip

oscillator and 12C bus interface. There
are two modes of operation;
download and go, allowing 2K bytes
of memory to be used by the 87C751
or debug where 48 bytes of the 2K
bytes of memory and 12 bytes of
stack space are used by the monitor
to enable debug facilities. MicroAmps
Ltd, 0483 268999.

Computer peripherals

Industrial VEA monitor.
Industrialised version of the NEC-3D
multisync colour menitor is housed in
a 19-in rack-mounting steel case and
protected by an anti-glare safety glass
cover. It is designed to withstand
rough handling, dust, dirt, water and
other rigours of industrial
environments. All the common
graphics standard supported including
MDA, CGA, EGA, VGA and super
VGA in up to 1024 x 768 resolution.
The basic electronics of the unit
remain unaltered to maintain
compatibility with most PC/AT and
386 based computer systems. Blue
Chip Technology, 0244 520222.

Still video camera. Canon’s second
lon still video camera — the RC 260
— handles record, playback and
erase functions and can capture
images electronically, on 2-in floppy
disk. With a film adapter, it can also
convert slides or negatives to lon
images. New features include time
lapse photography. internal playback;
preview facility and wider angle
9.5mm lens. 410g. It can be
connected to IBM, Macintosh, Amiga,
and Atari computers for applications
such as DTP. £499.99. Canon (UK)
Ltd, 081 773 3173.

Optical key readers. Rolsecure's
infra-red optical key and optical key
reader can be integrated into security
and monitoring applications, providing
a secure means of identifying a
specific user. The metal key has over
16 million combinations and the
reader head is designed for panel
mount applications. System format is
an optical key and reader for use with
a customer's hardware and software.
Interface boards allow connection to
the user's system; one allows the
reader head to be up to 100m from
the user's system; another provides
circuitry and software to read an
optical key and output its keycode via
an RS232 port. Rolsecure Ltd, 0952
680277.

Software

Windows 3.0-based cae. Max+Plus
Il'is an integrated cae system offering
hierarchical schematic capture and
hardware description language logic
entry, logic synthesis and timing
simulation for the Classic and Max
EPLDs. The enhanced memory
management capabilities provided by
Windows 3.0 enable Max+Plus Il to
partition very large logic designs into
a set of EPLDs — becoming more
important since system-level logic
designs of 50,000 or more logic gates
are becoming routine. With Max+Plus
II, the designer can identify critical
timing paths in the source design, and
the software then automatically
synthesises the design and fits it into
multiple EPLDs, ensuring optimum
performance and reducing part count.
Altera Corporation, 0628 32516.

Windows 3 waveform display.
Famos (fast analysis and monitoring
of signals) software allows stored

waveformydata in either binary or ascii
file format to be displayed and
analysg¢d using Windows 3 protocols.

Multiple windows each of up to four
waveforms can be displayed
simultaneously. Zoom facilities,
continuous X and Y interrogation with
twin interactive cursors, and wide
range of arithmetical and analysis
functions are included. Biodata Ltd,
061 834 6688.

Pads-superrouter 3.35. Pads-
superrouter 3.35 is the latest release
of the popular rip-up and re-try 100%
PCB auto-router available on a PC.
Enhancements include improved
routeing algorithm to give faster
routeing times to 100% completion
and ability to have infinite SMD
pitches on top and bottom layers of
the same board, and route correctly to
the pad whether it is on grid or not.
Tracks exit orthogonally from pads,
preventing etch-trapping angles.
£2150. Computer Aided Design
Services 0767 600774.

Editorial survey: use the information card to evaluate this article. Item F.
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Componedex Limited
Avant Business Centre
23 Denbigh Road
Denbigh West

Bletchley

Milton Keynes MKI IDT

Tel 0908 366522
Fax 0908 366822

DATATESTER

64k bit error rate tester and datascope, only £845 + VAT

64k bit full duplex

operation

Multiple interface

support

Comprehensive bit

error rate testing
Monitor and

generate/captire data
Easy 'soft key’ set-up
Set-up and rev.ew
data on PC or terminal
Completely portable,

weighs only 1Eg

2 year warranty, free
ongoing techrical

support

CALL NOW FOR OUR COLOUR BROCHURE (0908) 366522
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COMPONEDEX

CIRCLENO. 105 ON REPLY CARD

M & B RADIO (LEEDS)

THE NORTH'S LEADING USED TEST/EQUIPMENT DEALER

Spectrum analysers
HP 1417 8554L/8552A 0 1 10 1200 MHZ analyser
(new

141T) £2!
HP 182A 85588 Spectrum Analyser 0 1to 1500
£2500

HP 180TR 85588 Spectrum Analyser ¢ 110 1
MHZ 2300
HP 8551 Spectrum Analyser 10 MHZ 10 40
GHZ

HP 85538 Analyser Plugins £3
Tektronix 431 Spectrum Analyser 1 510 40 GHZ
New - Book

Wayne Kerr RA200 Digital Audio Response

Analyser £850
Texscan 9900 Sweep Analyser 450 MHZ £550
Tektromx 7D01/DF2 Logic Analyser £750
Oscilloscopes

Tektronix 2455 GPIB 250 MHZ 4 Trace £1750
Tektronix 2455 250 MHZ 4 Trace £1600
Tektronix 2445A 150 MHZ 4 Trace €1
Tektronix 5223 Digiizing Oscillosope 582N

5A18 £
Tektronix 2225 50 MHZ Qual Trace £550
Tektrome 468 Digital Storage GPIB £1200
Tektronix 7603 7A18/7A18/7853 £500
Tektronix 476A 250 MHZ Dual Trace £550

order

Tektronix 5403 5A48 5A 18 5842 4 Channel £450
Tektronix 455 100 MHZ Dual Trace D/L

Timebase €195
Philips 3217 50 MHZ Dual Trace (as new) with

Tektronix 475 200 MHZ Dual Trace in good clean
€495

probes etc 50
Telequipment D83 Dual Trace 50 MHZ £250
Telequipment D755 50 MHZ Dual Trace £250
Could 053350 Oscilloscopes with TV/Line

Trigge £200
Gou d 08350060 MHZ Dual Trace £300
Gould 0S260 30 MHZ Dual Trace £190

Telequipment DM63 50 MHZ 4 Trace Storage £325
Cossor CDU150 35 MHZ Dual Trace D/L

Timebase £135
Tektronix T922R Dual Beam Rack Mount £295
Tektronix 647A 10A2A 11825 Oscilloscopes  £125
General T/M

HP 42718 1 MHZ LCR Meter £900
HP 5340A Freq Counter 10HZ to0 18 CHZ £1000
HP 5345A Timer Counter £450
HP 1415A TDR with Genrad Connectors £200
HP 3400A Teue RMS Voltmeter £145
HP 3465A Digital Volimeter E150

HP 8112A Programmable Pulse Generators  £1400
Kathrein MFKB0 TV Field Strength Test Set £400
Racal RA17L Communications Receivers €225
Racal RA117 Communications Receivers £350

Special Offers

Dryfit A200 12 volt 20 amp/hr Battenies £24

Yudsa NP3I8/12 12 volt 38 amp/hr Batteries £

RS 500VA 240V Primary 110V secondary 1solatin

transtormers in yellow GRP enclosure f?

RS £35
5 Desktop Computers

Marconi TF395 1 5 MHZ to 220 MHZ AM/FM SIC/
—_— 60

GENS

Drake ESR 3240E Satellite Receivers

luke 770VM Case Cal Ceruificate

L nix 1414 Pal Colour Test Generator
Tektroi

£750
Tektronix 1481C Video Waveform Monitor £600
Tektronix RM523 Waveform Monnor £195
Philips 5334 TV Sweep Generator £250
Marconi TF2162 MF AntenuatorDCto 1MB2Z €75
Marconi TF2432A 560 MHZ Freq Counter £275
Marconi TF2432 560 MHZ Freq Counter €190
Systron Donner 6053 Freq Counter 20HZ to
3(!: £225
1WATSU SC7104 Freq Counter 1 GHZ 3Dyt £400
Tektronix DC508 Freq Counter 1 GHZ £450

Tektromx DM501/TM501 Digital Multimeter  £295
Farnell TM8 RMS 1 GHZ Sampling 1EEE Meter £375
Farnell TM4 Millivoltmeter £13

Ferrograph RTS2ZATU1 Audio Testset EJOO
MJS Electronics 401 Noise Level Testset £350
Wayne Kerr 8421 Autobalance Component

Brnidge £150
Wayne Kerr 8900 Automatic Bridge £250
RFL 5950A Crystal Impedance Meter £175

Burndept Absorption Wattmeters 0 to 500 MHZ 50
Ohm Jranges - 0to 100MW, 0to 300MW. Jto 15
watt: £
Raca| VHF/UHF PMR Calibrators £75
Signal Generators
Marcon TF2008 10 KHZ to 520 MHZ AM/FM - Kll
395

Box

Marcom TF2016A 10KHZ to 110 MHZ AM/FM [275
Marcon TF2015/2171 Synchronizer 10 MHZ to 520
MHZ

Farnell SSG 520 520 MHZ Synthersized £750
Philips PM5234 100 KHZ to 110 MHZ AM/FM -

Sweep £200
Philips PM6456 Stereo Generator €185
HP 606A 50 KHZ 10 65 MHZ Sig/Gen £100
HP 6168 1 5GHZ to 4 2 GHZ Sic/Gen £75
HP 6188 3 8 GHZ to 7 2 GHZ Sig/Gen £75
HP 612A 450 MHZ to 1200 MH, £125
HP 6518 Test Oscillator £100
HP 334A Distortion Analyser £300
Marconi TF2331A Distortion Factor Meter £295
B&O Wow and Flutier Meter WM2 £250
Woelke ME 120C Wow and Flutter Meter £130
Marcom TF2300 AM/FM Mod Meter £150

ALL PRICES PLUS VAT AND CAR

Series 21

21CF30
Low Cost
Filter/Amplifier System

Economical

Differential input

Switched 4mA source

2550:1 cutoff span

24 to 135d8B per octave rolloff
16 channel 19" rack frame

8 channel ‘miniframe’

up to 8 frames per interface
Wide range of control options

The Kemo 2 1CF30 15 & multichannel computar-
controlled filter /smplihier system It replaces the
VBF30 and offers comparable performance and
tunction 87 a substantally lower crice  Snftware
compatibikty with the VBFI0 allows sasy
SUbSUTUNON and expansion of existing systams
All channels are agdressable Indiv dually

The 21CF30 13 » member of the Series 21 Siunat
(o g Comp farmily

design anc constructional features are used ta
lower Marufacturing Costs, resuitng 1n units
suitable for cost-sensitive spplications

* FREQUENCY RANGE

The 2tCFI0 card will cover a 2550 1 ranga,
implementac as two 255 1 ranges 3 decace apart
Four munimum frequency options Jre avadable as
stangard © THz, 1Hz, 10Hz ang 20Hz Thess
give maximum frequencies of 258Hz, 2 SSkHz
25 SkHz 87d 51kHz respectively

*  GAIN RANGE

A unity gain pre-trimmed different al stage feeds
an ampifier with gain programmable from Odk to
3608 in 64B steps. After passing through the
filter the s:gnsi 1s 3ppled 10 8N aMphitier with Dain
from - 1808 to t8dB in 6B steps In this way the
0utout Nl level Can be BT|USIEC tO Suit MOSt
CONVergion and recording systems

¢ FWLTER RESPONSE TYPES

Each 21CF30 carg has » hixed response
characteristic determuned at the factory  The card
1S available in several sTandard fiiter responses
which are detailed overleat, see the bookiet
“Varaple Filters - Guide 1o Responses” for mora
ntormation  The most popular response type is
the lowpass 13508 octave, for alas prevention

* OTHER FEATURES

The 21CFI0 s proviced with programmable AC
nput coupiing (308 @ O tH2) In agaion, 3
programmabie 4mA current source tor ICP
transducers 18 hitted, enabiing the 2 tCFI0 to offer
2 complete font eng for trus style of sensor

The input BNC mounts d rect to the circuit board.
oftering very low input capacitance Standard
output s also on BNC, but additional space s
provided in the Seres 21 frames for 3 multiwdy
output card which can be used either 3s an
auxihaty monitor of 85 the main output  This s
available with 3 choice of 37way female D of
Jaway IDC The two output paths are
ndependent, and a fault on one output will not
affect the operation of the other Multiway mput
13 Ot Currently avaiiable

86 B'shopsgate Street' Leeds LS1 4BB Kemo Ltd 12 Goodwood Parade ¢ Elmers End o B:::;;r;‘r;anr: . K;;l1 -62:33:;(;;

Tel: 0532435649 Fax: (0532) 426881 - Taex 8953189 Xemo 0
CIRCLENQ. 106 ON REPLY C ARD CIRCLE NQ. 107 ON REPLY C ARD
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o tar, only the military superpowers

America and Russia have

had the motive. moneyv and techni

cal ability 1o build operational

detence-radar svstems using that most dil-

ficult of techniques. over-the-horizon

detection. Within i few yeurs there will be
a third member of the club: Australia

The Australian government has allocat
ed A$970 million (about £390 million) tor
the construction of two very long runge
over-the-horizon radar (OTHR) systems.
Together. they will survey the air space
and ocean off the northern coast ot
Australia. detecting and tracking moving
targets 1o a range ot several hundred miles
offshore. Surveillance for air defence is
their main function. but the Australian
Ministry of Detence savs the performance
will be good enough 1o detect surface ves-
sels and act as a deterrent to drug smug-
plers and illegal immigrants.

Necessity has torced Australia into the
big league. Hundreds of conventional
radars would be needed 1o protect the vast
coastline: further. they would not detect
low-tlving aircraft beyond a few tens ot
miles away. leaving no time for effective
countermeasures in such a sparselv popu
lated country

Prime contractor to build the OTHR
complex will be Telecom Australia: the
technical expertise will be mainly native

Australian, acquired through 20 years of

400

BEYOND THE

BLUE
HORIZON

With a coastline like
Australia’s, several
hundred conventional
radars would be
needed for long-range
warning. Over-the-
horizon radar is
probably the only
feasible method of
coverage, Mike Payne
reports.

studv and experiment by the Australian
rovernment's Defence Science and
Technology Organisation

Britain’s GEC-Marconi will make an
important contribution through a £120
million sub-contruct: Marconi Radar
Systems will be overall design authority
and Marconi Communication Systems
will supply specialised transmitters and
receivers.

Marconi companies have worked on
OTHR for muny years: private-venture
work has included experimental syvstems
around the British coast. MoD has tunded

several project definitions but has never

ordered an operational system

Conventional microwave radar uses |

wavelengths measured in centimetres and
millimetres. Detinition of targets and the
resolution the ability to discriminate
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RADAR

targets close to each other — can be good.
but the beam goes straight to the target
and the reflection comes straight back.
This limits detection to objects that are in
the line of sight; anything over the hori-
zon is out of sight.

OTHR is radar at HF. with wavelengths
of typically 20m. Definition and resolu-
tion are poor by microwave standards, but
at HF, a radio beam has the property that
the ionosphere will reflect it. provided the
angle of incidence and the trequency are
right.

Hence, a beam launched at a low angle

can hit the ionosphere after perhaps 1000

miles, be reflected and come to earth
again after another 1000 miles, well round
the curve of the earth’s surface. Targets
on the surface at that point generate fur-

The heading picture shows the 1.75 mile
long receiving antenna array serving
the Jindalee over-the-horizon radar near
Alice Springs in Australia. Its great
length is essential for adequate
resolution. Digital manipulation of the
incoming signals divides the azimuth
dimension of the coverage area into
several narrower sectors, each of which
is examined for target content
individually

Below is the transmitting array, some
400 yards long. It is separate from the
receive array so that it can transmit
continuous wave to get as much energy
as possible to the surveillance area. A
groundplane of wire mesh in front of the
array reflects upwards in the direction of
transmission the energy that otherwise
would be lost into the ground.

Conventional radar uses pulses of RF
energy to measure the distance from the
transmitter of a reflecting object. Time is
measured from the pulse being sent
from the transmitting antenna to the
reflection being detected by the receiv-
er, usually using the same antenna.
Since the velocity of propagation is
accurately known, distance to the
reflecting object is simple to determine.

Uncertainty arises owing to the finite
length of the pulse and the width of the
beam of radiation, which is scanned
over the area being searched to deter-
mine the direction of the target. The
length of the pulse sets the limits of cer-
tainty in range since, if two targets are
separated in space, in the direction of
transmission, by less than half the
length of the transmitted pulse (1us
equals about 5 miles), their returns
merge and the result is only one “paint”
on the radar display. Similarly, if the
width of the transmitted beam is too
large, the same target will be detected
at more than one angle of the scanned
beam. Minimum area in which targets
can be discriminated, set by puise length

ther reflections, some of which follow a
reverse path back towards the radar.

Problems at HF
The principle is simple, but implementa-
tion is fraught with difficulty. Constant
changes in the ionosphere affect its pow-
ers of reflection: its altitude is not con-
stant, the etfective reflecting layer is not
always at the same level within it and it is
not always parallel to the earth’s surface.

and beam width, is called a cell.

In the continuous-wave radar used in
Jindalee, there is no pulse with which to
measure time and, therefore, range. In
this case, range is measured by frequen-
cy modulating the transmission. When a
target is “illuminated” by the beam at a
given instantaneous frequency, the echo
returns at that frequency, but by that
time the frequency of transmission has
changed. Range is therefore determined
by measuring the time between trans-
mission at the given frequency and
reception of the return at that same fre-
quency. In the same way that pulse
width sets the range resolution in a
pulsed radar, the length of time that the
frequency in an FM radar stays
unchanged sets the size of the cell in
the range dimension. If the frequency
were to be held constant for 50us, cell
size would be about 10 miles. Cell size
in azimuth is set by the beam width; in
the case of Jindalee, beam width is 0.5°,
so the width of the wave front at a dis-
tance of 1200 miles is 1200 tan 0.5, or
about 10 miles.

P.D.

Further, the ionosphere’s reflection effi-
ciency varies between day and night and
with the seasons and is affected by
sunspot activity and wind at high alti-
wdes. These variables affect the range and
bearing from the transmitter of the ground
area illuminated.

As for the radar, the returns from want-
ed targets are very weak indeed and are
swamped by clutter returns from unwant-
ed targets and by galactic, atmospheric
and man-made noise. The beam width

L=

[ =

At A I

¢ o
O S S

L

May 1991 ELECTRONICS WORLD + WIRELESS WORLD

401




RADAR

may be well controlled at transmission,
but inevitably its width at the target is
enormous. Great ingenuity is needed to
find the position of detected targets within
the vast ground coverage area.

Another problem is that outside inter-
ests must be accommodated. Frequencies
in the HF band are widely used for radio
communication and radar must avoid
these channels, those with higher priority
and adjacent channels. This can rule out a
lot of channel space.

Very large antenna arrays are needed,
since adequate resolution demands that
the aperture is many times the wavelength
— in the case of the receiving array at
least 100 times the wavelength. Worse
still, separate transmitting and receiving
arrays are required because the only way
to get sufficient power onto the targets
over such a long distance is to transmit
continuous wave. All this means that
large, well separated sites must be found.

Changeable ionosphere
Australia set out to solve these problems
in the early 1970s, being helped consider-
ably by the Americans, who lent equip-
ment and offered advice to help the
Australians avoid blind alleys.

Their first task was to establish the
characteristics of the ionosphere over
Australia. That done, and the ionosphere
deemed suitable for the job in hand, in the
late 1970s a fixed-beam radar of limited
capability was built near Alice Springs in
the centre of Australia to investigate the
practical feasibility of HF. It was called
Jindalee (an aboriginal word meaning
“bare bones”) and looked north-west at
aircraft in the civil air lanes between
Singapore and Australia.

Between 1979 and 1985, Jindalee Stage
A was expanded into Stage B, which
approximated a simple, scanning opera-
tional radar. Its purpose was to see
whether OTHR would provide informa-
tion of genuine value in the defence of
Australia. The trial proved positive and
the experience was used to define the fur-
ther development necessary to produce
the optimum operational radar. This is
what Telecom Australia and GEC-
Marconi will build.

Stage B has proved the general lines on
which the inherent problems of OTHR
will be solved in operational radars.
Obviously, the ionosphere cannot be
changed to solve the problems it poses,
but it can be probed continuously and
enough learned of its instantaneous nature
to allow for its effects on radar propaga-
tion.

In this, the Australians have been
helped by work done by makers of HF
communications equipment and users to
improve the reliability of HF communica-
tion. The Falklands war demonstrated the
hard way that satellite communication
alone is not sufficient for a hundred per-
cent reliable contact 24 hours a day.

To monitor the ionosphere. the whole
segment of interest in the HF band is
scanned continuously by probe signals,
characteristics of the signals received at
various sites enabling a real-time picture
of ionospheric behaviour to be built up.

At any time, certain frequencies emerge
as optimum for radar use. Some will be
eliminated because they are permanently
forbidden (distress frequencies, Flying
Doctor frequencies. etc.) or are guard
bands around forbidden frequencies.
Probing will have shown that some are
carrying communications traffic and, by

convention, cannot be used for radar until
they have been quiet for 30 minutes. What
is left is available.

This is not as bad as it sounds. Channel
usage. ionospheric behaviour and general
noise have a tendency to follow regular
behaviour patterns with time. Schedules
have been built up through the years
which will guide radar operation and in
some ways influence radar design to take
advantage of the cyclical nature of the
contrary forces.

With regard to siting, the transmitting
array must be placed so that the beam will
be reflected and return to earth to cover
the ground areas of interest; the receiving
antenna is normally close by. This means
that arrays covering coastal sea areas have
to be a long way inland and this factor,
together with accessibility. led to the
choice of Alice Springs for the experi-
mental installations. The transmitter is
about 100 miles north-east of the town
and the receiver about 25 miles north-
west. Separation is about 60 miles, which
is enough to be sure the receiving array
does not pick up energy directly from the
transmitter.

Jindalee in practice
Operational systems will need to take in
much more of the Australian coastline.
One radar will be near Laverton in the
south-west of the country, and the other
near Longreach in the north-east. The
operations centre will be between the two,
in South Australia.

The intended configuration of the oper-
ational systems has not been disclosed.
Stage B Jindalee, on which they will be

Continued over page

Over-the-horizon radar has earned itself
a very bad reputation among other HF
radio users through its potential to cause
world-wide interference.

In the early 1970s the Russians built a
massive OTHR located about 100 miles
east of Moscow for ballistic missile early
warning. Using a highly directional
phased transmitting array several miles
long, the station radiated 100us pulses
with an estimated peak power of 20MW
at a PRF of 10Hz. The operating fre-
quency varied from 5 to 20MHz
depending on time of day.

Unlike modern HF radars which rely
more on computerised signal processing
and frequency agile sources than the
brute force of the Russian system, the
Russian “woodpecker,” so called

because of its remorseless staccato chirp
when heard over the air, could wipe out
reception of other HF services in a band
up to 100kHz wide. The sheer impulse
power could cause receiver blocking
several thousand miles away even when
detuned from the woodpecker operating
frequencies.

The Russians compounded the inter-
ference caused by their search for
incoming ballistic missiles by operating
the system 24 hours/day. Neither did
they respect international frequency
planning. Woodpecker mostly used
amateur radio frequency allocations
although it often strayed into marine and
fixed service frequency allocations.

The US also built OTHR stations, but
used technology to reduce the interfer-

ence caused to other HF users. With sta-
tions located in New England on the
East Coast and Alaska looking west, the
radars use a PRF of about 50Hz and an
order of magnitude less power than their
Russian counterpart. Slower rise and fall
times on the transmitted pulses reduce
band splatter to around 10kHz.

The US early warning systems shift
frequency every few seconds reducing
the potential for sustained interference.
However, this quality has as much to do
with the avoidance of potential enemy
jamming as good neighbourliness. The
USAF Command and Control Centre at
Cheyenne Mountain, Colorado continu-
ally calibrates its BMEWS using com-
mercial transatlantic and transpacific air-
craft movements. F.O.
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HF radar and spectrum abuse

There is nothing new about the use of
the HF band (3-30MHz) for radar, but
its recent growth is viewed by many
users of this crowded band as some-
thing close to spectrum abuse, even
though such installations offer unique
and probably irresistible attractions for
military and some civilian applica-
tions.

They not only add relatively broad
transmissions (even with CW FM
modes) which result in yet more over-
crowding to frequencies not yet allo-
cated to radar, but also present poten-
tial environmental and health hazards.
This is not to deny that the Australian
Jindalee installation, for example, is
operated responsibly and with consid-
eration to other users of HF, but the
insoluble problem with long-range
back-scatter and bistatic radars is their
need to follow the maximum usable
frequency as it traverses the spectrum.

From the first experiments in the UK
on about 6MHz in 1935, the UK
“Chain Home” was initially planned
to use frequencies of the order of

11MHz, thought likely to produce
maximum returns from aircraft, and
finally implemented between 20 and
30MHz with RF pulses of 350kW,
later upped to 750kW. Centimetric
and millimetric radar came later.

HF radar came back to Orfordness
in the mid-1960s, when RCA built
what ultimately proved an unsuccess-
ful over-the-horizon HF radar. But
before it was aborted, there were
many complaints from North Sea
trawlermen of sparks being drawn
from their rigging — just one indica-
tion of the problems that surround
these massive, megawatt installations.

The appearance in the 1970s of the
Russian “Woodpecker” HF pulse
radars brought chaos to the HF bands
for a time (see separate box) — a
probiem that lessened but did not dis-
appear with improved pulse shape
that stayed within somewhat narrower
channels.

By the end of the 1980s, work on
long-range (3000km) radars had been
joined by medium-range sky-wave

and ground-wave radars for the detec-
tion of ships, low-flying aircraft and
sea-state radars, fortunately needing
less power.

While the supposed “zapping” of
America by the Russian OTH radars
had no basis in substance, there could
be problems for those living close to
the installations; there is also concern,
possibly justified, that such radars add
to the ionospheric heating already
brought about by the high-power HF
broadcast stations.

High-power HF radars have been
built in a number of countries. CNET
France has its major Valensole back-
scatter installation at Lannion and did
not endear itself to radio amateurs
when it was revealed at a 1988 con-
ference that one of the frequencies
used was 14,147kHz, right in the mid-
dle of the exclusive world-wide ama-
teur band.

It is not surprising that many people
view the return of radar to HF with
misgivings.

Pat Hawker
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RADAR

based, has a transmitting array rather less
than one-quarter mile long and a receiving
array 1.75 miles long. Each consists of
numerous individual transmitters or
receivers in line, connected electronically
for integrated operation. The receiving
array has to be long to achieve a narrow
beam width for a reasonable target resolu-
tion in azimuth — about 0.5° — at the
wavelengths used. which are around 20m.

A phased-array transmitting antenna
steers the beam through the scan angle. It
moves in steps in both azimuth and range.
pausing for several seconds at each step to
flood the coverage area. Because the
wavefront travels such a long way to get
1o the volume of air space in which it will
seek targets, expanding all the way, it is
very large by the time it arrives. Atter
1,200 miles it is 10 miles wide.

Azimuth precision is improved by using
the long receive array to divide the
azimuth dimension of the coverage area
into several narrow angle sectors. each of
which is examined individually for evi-
dence that targets are present. Division is
done by digital manipulation of the sig-
nals arriving at the array elements. The
width of a narrow receive "beam"sets the

azimuth dimension of a radar cell.
However, because transmission is contin-
uous, there is no pulse duration as in con-
ventional radar 1o set the size of a cell in
the range dimension. Nor can the range of
cells be measured using pulse out-and-
return times. Instead. the transmitted
beam is frequency modulated in steps dur-
ing the dwell period. The duration of a
modulation sets the cell range dimension
and the time interval between transmis-
sion at a particular frequency and returns
(if any) at that frequency sets the range to
the cell being examined.

Detecting and recognising radar returns
from wanted targets in the overwhelming
mass of received noise and clutter is done
by sophisticated digital signal processing.
Recent advances in this field, made possi-
ble in turn by advances in semiconductor
technology which have made number-
crunching computers available at econom-
ic prices, are vital to practicable OTHR
systems.

While the radar beam dwells on a cov-
erage area, the gross return — wanted tar-
gets. clutter and noise — from each cell is
sampled for long enough for the content
that is phase coherent with the transmitted

beam to accumulate and build up above
the noise. which does not accumulate
because it is not phase coherent. This
reveals the presence of a target or targets,
wanted or unwanted.

Because the purpose of the radar is to
detect moving targets (mainly aircraft, but
also larger, steel-hulled ships). wanted tar-
gets can be distinguished from the bulk of
unwanted targets (which will be station-
ary) by using digital Fourier transtorms to
detect the Doppler shift. Targets are con-
tirmed as aircraft or ships by tracking
from cell to cell; unwanted moving tar-
gets, such as meteors, do not generate
persisting tracks and are easily eliminated.

As with all engineering systems,
Jindalee’s great advantage of exceptional
range — minimum about 500 miles, max-
imum about 1500 miles — has to be paid
for by disadvantages in other respects.

Wide tolerances have to be allowed on
displayed target positions because it is
impossible to be sure that all ionospheric
etfects have been taken tully into account.
Tolerance on range measurement can be
20 miles, range resolution similar.

Continued on page 413

F-235

A landmark in HF monitoring

The HF-235 is a highly cost effective solution to
the need for a synthesised HF receiver for the
professional user. The HF-235 can be used as a
stand-alone general purpose monitor or in
multiple unit installations where diversity or
multi-channel monitoring is required.

* 30kHz-30MH2z

* USB/LSB/CW/AM/FM/AM sync

* All IF filters fitted as standard

* Conventicnal tuning knob or keypad entry
% 30 memories and 2 VFOs

* 600 ohm lme driving

* Optional RS-232 interface for remote control

LOWE ELECTRONICS LTD, Chesterfield Road, Matlock, Derbyshire DE4 5LE
Telephone: (0629) 580800 Fax: (0629) 580020
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All at ¢

Imagine, Alvin and Brian are sitting
together on a park bench in the dark
listening 1o the Archers on their
Walkmans. For an instant, Alvin
shines his torch due south. At
exactly the same time. Brian shines
his torch due north. A short time
later. the north-going and south-
going wavefronts have moved away
tfrom them by equal distances.
Theretore. they are midway between
the two wavetronts.

Brian lives due north so. after
bidding goodnight 10 his friend. he
strolls directly home and goes to
bed. While he is walking home. the
north wavetront moves away in
tront of him at constant speed c.
Likewise. the south-going wavefront
moves away behind him at constant
speed ¢. Therefore. as he lies in bed
enjoying sweet dreams. he is still
midway between the two
wavelronts. Alvin. however. has
dozed off on the bench and so stays
where he is. The two wavetronts
move away from him. also at
constant speed ¢, due north and
south, so he therefore is also
equidistant between them.

The problem is. Alvin and Brian
are no longer in the same place.
Well. this is a problem isn’t it?
C.W.Piggott
St Albans
Hertfordshire

There are many simple electranic
proofs that ¢ is a constant 1o the
source or a target but is not a limit.
In WWII we had a moving targel
indicator (MTI) radar on my ship
that could tell us distance. speed and
heading of 20 or more targets. The
radar pulse from the magnetron was
always the same frequency.
Chemisis know quite well the
precise frequencies absorbed and
radiated by most elements. How do
astronomers get blue and red shifts
tfrom stars? They must add or
subtract radial velocity between the
source and observer. This same
effect is present with 21cm spin/flip
radiation Irom hydrogen clouds. We
now use a light year to give the
distance electromagnetic radiation
(light) travels in a year. Al the same
time astronomers know light from a
blue-shifted quasar travels much
turther toward the earth in a light
vear than light trom a red quasar.
Police will soon be proving this
many times daity with their new

laser speed-traps. A good laser
operates on only one coherent
frequency (a laser is an excellent
clock) out of the 320 trillion
electromagnetic frequencies in the
spectrum of white light. From a car
closing at SSmile/h. the laser gets
back a higher frequency than it
transmits. How? The reflected signal
trom a car travels 55mile/h faster
than ¢ or the speed of light in air.
Most distant quasars have a radial
motion towards or away from the
earth much faster than any car will
travel.

Whenever we get up-Doppler. it
is because an electromagnetic signal
of a given frequency comes 10 our
receivers or detectors faster than c.
Does all radiation travel at ¢ and get
the velocity of the source or target?

You can beam a laser throngh a
vacuum. air. water. glass. etc. and
also reflect. retract or disperse the
beam. but this never changes the
frequency detected trom the laser.
John H. Ecklin
Alexandria, VA
USA

Hardware v
software

1 would like to apologise to readers
who had ditTiculty following some
of the arguments in the article
“Removing the Bottleneck™
(EW+WW _February 1991, ppi39-
142). 1 guess 1 didn't make some
points clearly enough in the article
that | submitted 1o the editors
because it appears that, in the
process of shortening the article 1o
fit between the more prafitable
advertisements. some key arguments
were lost and some were so changed
that they suggested the opposite 1o
what | had intended. | would like to
clarity here three of the more
important points.

Firstly. the article reads “An
active switch will cause the output
wire 1o mirror whatever is
happening on the input wire™. In fact
the output is the opposite of the
input. The switch works in the same
way as a bipolar n-p-n transmstor
with input wire tied 1o base. emitter
10 ground, collector to output wire
and the wires pulled 1o the positive
rail . So when the input is “passive”.
that is at positive voltage in the
above, then the switch emits an
“active impulse” it pulls the
output to the dominant ground state.
When the input is “active” (at

ground) then the outpul is “passive”
(effectively disconnected) and can
float high or be pulled to ground by
another switch. The above
mechanism is essentially the same as
that used in the logic families RTL.
DTL. TTL. ECL. IIL, BTL and
NMOS.

Secondly. the text of the article
suggests that only 1% of a typical
von Neumann computer does any
computing . The correct figure is
closer 1o 0.1 %. Counting the number
of wires and switches in “typical”
computers results in figures of
roughly 99% memory and 1%
processor. But looking more closely
at the processor reveals that most af
it, namely the /O laiches, the
registers. the microcode store. eic.,
is just another layer of memory.
albeit the fastest. It is only the ALU
and similar circuits that do the actual
computing tadd. sub. and. or. cmp.
test. eitc.). The ALU accourits {or
only a tenth or so of the processor.
hence an overall efficiency of 0.1%.

Lastly. the impulse matrix
described in the text would use
conservative 1980s 3-micron cmos
technology and yield a speed index
of 10'6 impulses per second. The
figures in the last column of Table |
are for a similarly sized 1990s
impulse matrix using 1 micron
BiMOS technology. which would
consequently be one thousand times
as fast.

Archie Medes
Dee Why
Australia

Electronic cameras
exposed

Information on camera autofocus
mechanisms is hard to find. so this
article (March 1991, pp.191-195)
would be of great interest 1o many
amateur photographers. However. it
left me wondering it one part of it
was entirely accurate.

I have a Konica AA-3S half-
frame camera with a 24mm f4 lens
which seems to have sutficient depth
of field 10 cover for any errors
inherent in its two-stage autofocu
system. The distance between
centres of the iwo IR windows is
1 7mm.

George Cole states “When the
shutter is pressed. a beam is sent
from the camera and reflecied from
the subject into the receiver. the time
taken for the camera 1o detect the
beam indicating the subject

distance™.

Taking a subject-lo-camera
distance of. say. |.5m. this time
would be

1 = disy/vel =2 x 1.5/3 x 108

= |0ns.
Is it likely that such a response time
could be achieved? Is it not more
likely that the system just measures
the guantiry of infrared radiation
received. with the assumption of an
average reflectance of. say. 18% ?
D. L. Smith
Daventry
Northamptonshire

Turning a deaf ear

Far be it for me to accuse John
Greenbank of naivety. but 1o suggest
that the preference of hi-fi dealers
and. ultimately, their influenced
customers in their choice of
amplifier A over amplifier B is in
anyway due to technical merit — oh.
come, come now. For a number of
years. hi-fi products have been
consumer durables and subject o all
the hype that one expects in the
marketing process. The reviewers
and “experienced” dealer statt 1o
whom he attributes such doubttul
integrity are 100% a component part
of that machinery, and nowhere will
you ever get complete evaluation
subjectivity — exceplt. perhaps. in
Which magazine. The 1echniques
which the hi-fi business has adopted
with such enthusiasm are in no way
different to the puerile. women-
debasing adverts on TV for soap
powder.

The whole issue could be
resolved quite easily, if those in the
subjectivist camp are prepared 1o
accept the challenge. If amplifier A
is really that much superior 10
amplifier B. then subject all
concerned 10 a carefully controlled.
double-blind A-B listening test and
analyse the results in a proper
scientific manner. |. for one. am
more than ready to accept the
outcome. But no — it won't be
accepted. will it? The goalposts are
not movable and there is too much
to lose.

Reg. Williamson
Kidsgrove
Staffordshire

John Greenbank. in his March letter
about subjective audio equipment
testing. says “truth of the kind being
sought is not discovered by assertion
and counter-assertion”. I fully agree
with this. which is why my letter in
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the December 1990 issue (p.1044)
had much to say about the actual
results of various carefully
organised listening tests — such
results largely speak for themselves.

However, it seems to me that a
fairly extreme example of assertion
is John's statement that dealers
unanimously prefer a well known
power amplifier to the Quad current-
dumping one. He cannot possibly
know whether this statement is true,
for neither he nor anyone else is in a
position to find out the views of all
dealers. Even if a substantial number
of dealers do prefer some “well
known amplifier” that is at present
fashionable in audiophile circles, the
true reason may be that the product
is very expensive and hence gives
more profit per sale. These dealers
are probably the same ones that try
to persuade the customer to spend
hundreds of pounds on special
cables which confer no sonic benefit
whatever — not the sort of dealers
that Quad would choose for the sale
of its products.

John has been willing to damn
Quad in print, but I am left
wondering why he didn’t feel
magnanimous enough to mention at
the same time the make of the
preferred amplifier!

Peter ). Baxandall
Malvern
Worcestershire

New test for audio
amplifiers

The pages of your journal have long
rung with the clash of pens on
subjective versus quantitative
measurement of audio equipment.
No matter how often this topic is
debated. the same conclusions are
always inevitable.

If two amplifiers measure
identically, but sound different. then
unquestionably we are not
measuring the right things. As DSP
techniques advance, it follows that
in time it will become possible to
compare audio reproduction in the
laboratory by measuring everything.
Conversely. no sensible person
would consider purchasing a bottle
of vintage wine on the basis of a gas
chromatograph analysis of its
contents. Music, like good wine, is
4 sensory experience: its enjoyment
cannot be measured. The “Golden
Ears™ brigade have lowered the
subjective review to ludicrous
depths, and the vocabulary of hi-fi is
now identical to that of wine-tasting.
and equally meaningless applied to
either.

It is possible to become formally
qualified as a wine-taster. A Master
of Wine takes many years to achieve
his (or her) high status. Because of
the subjective/quantitative
dichotomy. it is not possible to attain
a formal qualification in audio
auditioning. An electronics engineer
offers no more to music than a
chemist can to wine.

Classical musicians,
unfortunately, listen “in their
heads™. and can be satisfied by a
wind-up gramophone with a sock
stuffed up the horn as their domestic
sound source. Pop musicians need
constant levels above the pain
threshold to hear anything. What is
needed is a subjective test which
prospective purchasers can perform
for themselves with a minimum of
procedure, but with controlled
repeatability.

Any traveller will have first-hand
experience of the Distant Piano
Effect. As you sign the register in an
unfamiliar hotel you can hear,
faintly, piano music playing
somewhere in the same building.
Even with ears ringing after hours of
long-haul jumboing, and listening
through maybe five intervening sets
of swing doors, it is immediately
discernible whether the piano is real.
played by an actual person, or that it
is piped. canned or some other
draught keg music. It is even
possible to tell the make of piano
and how recently it was last tuned or
dropped. No hi-fi can yet achieve
the same emotional subtleties and
nuances.

This common effect can therefore
provide the basis of a true. “double-
blind™ listening test. The immediate
advantage is that it can be provided
1o visitors at any current hi-fi show
venue. Far better, surely, to lounge
at the hotel bar listening 1o live
versus recorded performances
happening several floors below, than
to cram sweating into hundreds of
exhibitors® cells only suitable for
demonstrating in-bath audio? Few
exhibition hotels offer domestic
living-rooms, but most possess a
reasonable Steinway or Yamaha, All
sell wine.

Thus hi-fi can be subjected to a
simple subjective test which
evaluates directly the emotional
experience coefficient in real versus
reproduced music, while
simultaneously allowing a control
cross-reference to other senses. My
own experiments indicate that audio
designers still have a lot of ground
to cover. Californians, in particular,
make much better wine than
loudspeakers.

Why discuss complicated.
esoteric audio testing when a simple
“real or simulated™ judgement can
offer the layman self-evaluation?
T.W.Woodford
South Carlton
Lincolnshire

Women and
mathematics

1 feel that I must reply to Charles
Small’s letter in your March issue
on the ability of women at
mathematics. Since IQ tests were
used in the 1930s to “'prove” the
mental inferiority of ethnic
minorities, | think people should be
wary of using similar tests to
“prove” that women cannot do
maths. There may be a tendency for
boys to be better at maths (just as
there is for girls to be better at
languages) but it is a tendency only
and must not be used to stop women
from studying maths and science.

I also feel that he has
underestimated the effect of social
conditioning. A study by Dr Lloyd'
has shown that, even at age 4 or 5.
girls are often stopped from playing
with Lego and other constructional
toys by their male classmates, who
feel these toys are for them. This
may seem trivial, but many
engineers and scientists will admit
that their interest in science started
at an early age with such toys.
Interestingly, the proportion of girls
from girls’ schools that study maths
and science is greater than the
proportion of girls at mixed schools
who study such subjects. This ts
hard to explain in terms of the
natural ability of girls at maths, but
can be seen as evidence of pressure
for girls to conform to a female
stereotype in the mixed schools,

My final point is that | am
disappointed by Mr Small's letter
because, as a woman engineer. | do
not like the implication that I am in
some way abnormal or unfeminine,
Hopefully in the future, the place of
women in science and engineering
will be so assured that this will be a
non-issue.

Katrina Joss
Swindon
Wiltshire

Reference

1. Lloyd B.. Rules of the gender
game, New Scientist, no 1693 p.60.
December 2, 1989,

RDS in theory

I was interested to read the letter
from T.G. Parrott in the February
1991 issue. As a technical consultant
and reviewer for FFWD magazine. |
have carried out comparative tests
on most of the current RDS-capable
Band Il mobile receivers using both
calibrated trials routes and a
computer-controlled test rig. | agree
that only a very few RDS receivers
currently perform at all well, and
those that do are European-sourced:
those of Japanese origin all have
more or less poor implementations
of RDS. The limitations appear to be
due 1o a combination of software
which is nowhere near subtle
enough. and hardware embodying an
AF switching strategy which is some
way from the best choice for
European (and especially UK)
conditions,

What is perhaps worse is that no
manufacturer has yet scen fit to
produce an implementation of the
very important EON (Extended
Other Networks) facility. It can be
done quite easily (conversion of a
commercial receiver took me
approximately two days) and greatly
increases the usefulness of RDS: it
seems odd that manufacturers fight
shy of incorporating it.

1 suspect that none of the
Japanese majors has truly
understood what RDS is about and
how to make it work properly, and
no doubt not having an indigenous
network to play with does not help.
From my own work, I have come to
the conclusion that field trials over
known routes are much more useful
for RDS development than any
amount of laboratory work.

J).H. Nelson
Shrewsbury
Shropshire

ELFin signals

I was interested in the letter from Mr
Pickworth in EW + WW, February
1991 because I have had a lot of
experience looking for interference,
Mr Pickworth, who lives in Surrey,
gave his position as 1l0km from
Droitwich and 45km from Rugby. |
have had some experience of
navigation on land. sea and air, so |
plotted his position on my
aeronautical chart which shows
radio masts, | found he lives about
15km east of Kettering or Corby.,
which is a long way from Surrey.
Also the oscilloscope pictures had
no time scale, so I did not write to
you.

406

ELECTRONICS WORLD + WIRELESS WORLD May 1991




LETTERS

Now in March. Mr Pickworth has
moved 1o Market Harborough.
which is 22km and 48km from
Rugby and Droitwich. Also he has
told us that the PRF is 50. which is
what | should expect.

In the last 30 years electronics
has become very small but also very
large. The power control sysiems for
very large electric motors and
furnaces are now electronic.
Thyristors are capable of handling
thousands of amps and thousands of
volts. They cause trouble for the
power supply people. who make and
want 1o sell complete sine waves,
but the furnace designer only wants
to buy the back half of the sine
wave.

This switching generates SOHz
PRF damped oscillations which Mr
Pickworth has found. | cannot
visualise Mr Pickworths circuit: he
appears to use a horizontal antenna
on the ground between two earth
rods in wet clay — then he calls it
elevated. He also refers to a
common earth. Common to what?

The size of the signals from GBR
and R4 surprises me. The receiving
antenna is horizontal but both
transmissions are vertically
polarised: the relative size may be a
function of the measuring
equipment. The tned circuit is
tuned by a capacitor box.
Capacitance for GBR is 150 times
that for R4 and the Q is unknown, so
the dynamic impedance at 198kHz is
100 or 200 times larger and we
should expect a larger output even
though the transmitter is further
away. GBR is only 22km away. is
very powerful and has a huge array
supported by 820ft masts.

I suggest Mr Pickworth removes
all mains equipment; I have always
used the microvoltmeter made by
Levell Electronics for this work.
Then sound out the farmer, his buli
and his dog; if all three are friendly.
move the experiment into a large
field away from all overhead and
underground cables. water troughs
or any other man made devices.

Then let us know the resuits and
include a circuit diagram with
lengths of wire, positions, etc.
Michael Samain
Salford

Singing the blues
The need for absolute pitch in
humans (Research Notes, March
1991) may have an origin based on
the need to comprehend language. In
Thai and possibly other languages.
the tone of a word decides its

meaning. There are five tones.
normal. failing, high. low and rising.
Most words are monosyilables
comprising a consonant vowel
combination. The tone of the vowel
can provide up to five totally
different meanings.

There may be few problems in
distinguishing rising and faliing
tones without a well developed
sense of pitch, but only context will
enable the tone deaf to distinguish
words using the other tones. The
inherited characteristic 1o develop
absolute pitch could have evolved
for survival in Thailand and other
countries with tonal languages.
Guy Selby-Lowndes
Billingshurst
West Sussex

Savage science

A very brief note to say how
refreshing and heartening it was to
read the “Flights of Conscience™
editorial in the March 1991 issue. A
unique chance to apply sanctions in
order to get rid of Saddam Hussein’s
murderous regime was abandoned
— politically we may yet pay
heavily for that. Our fascination
with the “murderous technology™
seems also to paralyse our feelings
for the thousands of fellow human
beings torn apart by these weapons.
You rightly point out the hypocrisy
which has been prevalent in this
war. Western politicians would like
us to turn a blind eye to their failings
— T hope you will continue to ask
awkward questions. You have an
important platform from which to do
that.

Shirley Tanley

Bow Street

Dyfed

Stopping the drift

In your article by John Linsley
Hood. | was interested in the
reference to early VHF tuners. 1 too
built a tuner based on the design by
S.W.Amos and G.G. Johnstone
(WWApril/May.1955). Frequency
drift was a real problem, so perhaps
older readers might be interested in
the complete answer to this snag.

The design used the then-popular
magic-eye tuning indicator: not
liking this item. I used a centre-
reading moving-coil meter for a
tuning indicator.

In parallel with the meter is
another meter movement with the
dial removed: in its place is a piece
of Bakelite with a small piece of

sheet copper attached. The meter has
a flat needle which, together with
the copper sheet, forms a very small
capacitor and, when connected to
the oscillator tuning section, controls
its wanderings caused by thermal
changes. The AFC meter is 1-0-
1mA. the tuning meter 5-0-5mA and
the tuning meter moves hardly at all
when AFC is working.

This tuner is in daily use feeding
a Mullard amplifier built at the same
time; total replacements to date —
four valves.
R. Scholey
Grimsby
South Humberside

Crossed-field
antenna

[ sometimes wonder whether the
CFA has suffered from "the Girafte
effect” — someone sceing a giraffe
with its long neck for the first time
is supposed to have said "l simply
don't believe it.” We are so
accustomed to the idea that an
effective radiator should have a size
comparable with the wavelength that
anything else is automatically
disbelieved.

The CFA can be justified by
Poynting's theorem that the integral
of ExH over a closed surface is
equal to the rate of change of stored
field energy within the enclosed
volume. He also showed that the
power flow in an electric circuit can
be measured either as the product of
current times voltage in the
conductors or in terms of the
integral of ExH where E and H are
the electric and magnetic fields
associated with the current in the
circuit.

So now describe a surface which
is closed around the CFA except that
it is penetrated by the feeder which
provides an ExH proportional to the
flow of power into the system: since
field energy is not going to
accumulate indefinitely in the
enclosed space, there must be a
corresponding flow of ExH outward
through some other part of the
closed surface, i.e. the CFA must
radiate. To validate this argument
the CFA must have resistive input
impedance. so that there is an
inward flow of real power through
the feeder; but this has been
established by measurements in the
UK as well as in Egypt.

The theoretical confusion has
arisen from a mis-interpretation ot
one of Maxwell's equations for the
propagation of a plane wave in a
continuous medium which is usually

presented in the form
-xH=adD/d1+]
where J is the current densiry . 1tis
tempting 1o say that J times the area
of cross-section of an antenna wire
is equal to the antenna current i and
therefore -H is proportional to i,
But this is entirely fallacious.
Each term in the differential
equation refers to conditions at a
particular point in space, and the
same point for all of them. so the
current in a more or less distant
antenna wire is irrelevant to the
propagating wave. This is
illustrated by the calculation of
skin effect in a metal or of the
penetration of radio waves into
sea water with J being the density
of eddy current at the depth in the
medium which is under
consideration. Maxwell's
equations for the propagation of
an electromagnetic wave in a
continuous medium, which is
usually assumed to be non-
conducting so that J=0, have no
relevance to boundary conditions
such as must occur at the
boundary between an antenna and
the surrounding medium.
Thinking about the CFA has
clarified another problem. When
presenting to students the
standard way of finding the
radiated field from a resonant
half-wave dipole I was always
troubled about the complexity of
vector algebra involved, but now
the reason is apparent: the H field
is strongest at the centre and the E
field at the ends of the dipole and
they are out of phase. So it is only
because H in the radiated field
depends on the E field. not on the
current in the wire, that one gets
the distinction between the "near
field", produced mainly by the
current in the wire. and the
"distant field" or radiated ficld
which derives from the electric
field between the ends of the
dipole.
D.A.Bell
Walkington
Beverley
Yorkshire

Editorial survey: use the
information card to
evaluate this article. Item H
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istorically, the BBC has shown
a continuing interest in the pos-
sibility of transmitting stereo
radio signals since before 1957
and broadcast experimental programmes
on a fortnightly basis from 1958, one
channel being transmitted on VHF FM
and the other using a standard medium-
wave AM broadcast transmitter.
Meanwhile, the search for a stereo
broadcast system which could be
employed with existing VHF FM trans-
missions was being pursued with enthusi-
asm in the USA and a number of alterna-
tives had been proposed. Six of these
possible competing methods were tested
by the Federal Communications
Commission in the USA in 1961. The
final choice was for an amalgamation of
pilot-tone systems proposed by Zenith and
GE. now defined as CCIR recommenda-
tion 450/1970, and broadcasting in the
USA, using this system, was authorised
by the FCC in June 1961, (See the WW
editorial comment of the same date).

System requirements

The basic need was for a method of trans-
mission on a single carrier of a stereo sig-
nal, having a +0-3dB audio bandwidth of
40Hz-15kHz, which would be received by
an existing monophonic receiver as a nor-
mal L+R mono signal, but as a stereo sig-
nal by a receiver equipped with a decoder.
It should not significantly degrade the
existing FM transmissions received by
normal mono FM sets.

In the Zenith/GE pilot-tone system!.
this was accomplished by the method
shown in Fig. 1. The existing L+R signal
was broadcast to a maximum modulation
level of 90% of the permitted 75kHz devi-
ation, together with a L-R signal, which
was transmitted as a double sideband AM
signal, with an equivalent 45% peak mod-
ulation level. The transmission was cen-
tred on a suppressed 38kHz sub-carrier
which could be regenerated from a contin-

FM RADIO:
PLAYING A
BETTER TUNE

In the last part of his
series, John Linsley
Hood describes the
evolution of stereo
broadcasting and the
influence of higher-
quality sound on
requirements for
studio-transmitter links.
He also examines
frequency synthesis in
local oscillators and

RDS

uously present 19kHz pilot tone, broad-
cast at a 10% modulation level,

This composite signal had the equiva-
lent modulation depth of the existing
40Hz-15kHz mono transmission, where
100% was equivalent to a modulation of
75kHz.

Stereo decoding methods

In principle, all that is needed to receive
the stereo signal is to use the 19kHz pilot
tone to generate a suitable-amplitude
38kHz carrier waveform, from which the
double-sideband L-R supersonic signal,
which occupies the 23-53kHz part of the
audio spectrum, can be resolved into the
required L-R audio output. The L+R and

-R signals can then be converted into the
left and right audio channels by the simple
matrix system, also referred to as a fre-
quency-division multiplex decoder, shown
in Fig. 2.

A practical decoder of this type was
shown by Browne?, and illustrated in Fig.
3, in which both the 38kHz carrier regen-
eration and the matrix addition were
accomplished simultaneously.

Unfortunately, this simple circuit does
not offer reverse compatibility in which a
mono signal can be received in the
absence of the stereo pilot tone. This
drawback could be removed by the simple
expedient of making V, self-oscillatory,
although this would slightly degrade the
mono s/n ratio.

This method of stereo signal decoding
was the major technique used during the
1960s. and formed the basis for the bulk
of the stereo decoder ICs designed during
this period. such as the Motorola
MC1304, MC1305 and MC1307 and sim-
ilar devices from the other major semicon-
ductor manufacturers.

A survey of the various possible tech-
niques for decoding the Zenith/GE pilot-
tone stereo signal was made by Wireless
World in September 1966, (pp. 445-448),
shortly before the BBC began making test
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transmissions using this system. This sur- 5
vey drew attention 1o the possibility of =
5 3 B . =]
using a simple 38kHz channel-switching 100% ?»
(time-multiplex) system, of the kind 90%}- o)
shown in Fig. 4, as an effective method of -
decoding the composite signal. There 3 @ =
: r . @ 0 €
were some inherent problems in this tech- g @ T
nique, as discussed later. < g o
. . . i~} o
A channel-switching decoder. using the < = 2 -
0 eSS > 5 45%— L+R =
circuit shown in Fig. 5, was described by 3 o 'Y
Waddingion® in 1967. He used a pair of g 8 =
silicon planar transistors in a shunt-mode = L—R L-R 3
o I ST 4 . - H = 0
Chqppet circuit, driven hy. a 38kHz signal a =
derived from the 19kHz pilot tone by way I‘IO"/ [
of a frequency multiplier and phase-split- . . ! >
0 15k 19k 23k 38k 53k 57k

ter circuil.

Although Waddington's circuit provid-
ed automatic (stereo-mono) reverse com-
patibility, several difficuliies still  Fig. I. Zenith-GE composite stereo modulation characteristic, producing compatibili-
remained with the 38kHz switching tech-  ty with existing mono receivers.
nique, ot which the most immediately
obvious was a 6dB fall in mean signal

frequency (H2)

level when a stereo signal was received, 15KkHz 1 (L+R)
due 10 the chopping action of the switch- jmape (K
ing circuit. \ > (L+RM(L-R)=2L
£ o | low-pass . '
A turther problem was that the correct fitter malrix stereo
matrix addition of the L+R and L-R com- nchroneus odider output signals
p 2 0 sl G input b e
ponents of the composite signal in the . . demodulator
. . osite signat +R}—(L—R)=2R
time-multiplex mode would only be L e ﬁ $L-R) LG e
] Y
obtained if the reconstructed 38ktiz 23-53 kHz
switching signal had the correct phase '?_‘ll:‘d'p"”
. ” . f
l'ClﬂllOl]Shlp'IO the ot!u?r modulation com = 38« Hz
ponents. This was critically dependent on
the adjustment of the tuned circuits in the 2
tfrequency multiplier chain; if these were
19KH2

incorrectly tuned, the stereo separation
would be greatly impaired. 19kHz filter  frequency

Both of these problems were solved by doybigs
the very elegant phase-locked-loop sterco
decoder shown in Fig.6, described by  Fig. 2. Stereo decoder using frequency-division multiplex system. Channel separation
Portus and Haywood®. The PLL circuit  was critically dependent on tuned-circuit alignment.
regenerated an accurate 38kHz square
wave, locked in phase to the 19kHz pilot

tone, so that the maximum practicable Y
stereo separation could be ensured with- aK?
out the need for very accurate alignment 3uF 0a81 o 50nF
of a tuned-circuit frequency-multiplier = WI—. a
chain. ) loko m—an220pF 1 Lout 3
Equality of gain between mono and IM53 220pF  38KkHz g
o N ~ 2 o
slereo operation and true reverse compati 22k PO S Nl 1004 1220 WE R
bility was automatically ensured hy the k TDF out 3
- y _l s
= . Do . a4k7 2
Fig. 4. Basic channel-switching, time- el 50nF
division multiplex decoder, switching at
38kHz.
stereo 2
synchronous  output :E 22k
input switch .
buffer é
Lo B
composite oV e
signal oV
input
38kHz 5
U g
De_empmS?sV Fig. 3. Practical decoder of the Fig.2 tvpe from 1962, in which carrier regeneration

and matrixing were simultaneous. Mono was not received without pilot tone.
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Fig. 5. Channel-switching decoder by Damer Waddington, published in 1967, which
was compatible with mono signals. Phase of switching signal was critical.

| Fig. 6. Portus and Havward phase-locked-loop decoder of 1970, which overcame both
/ /
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‘ phasing problem and inequality of stereo/mono gain, suffered by circuit of I'ig. 5.
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use of the long-tailed pair switching cir-
cuit, shown in Fig. 7. A major tribute 10
the technical superiority and innovative
quality of this design was paid by the
semiconductor manufacturers, who
promptly copied the design philosophy
and introduced monolithic ICs. starting
with the CA3090 in 19716 and. as a more
exact replica, in the MCI1310, LM1310,
CAI1310 and so on in 19726,

Channel separation and distortion speci-
fications for BBC and IBA wransmitters,
and for various decoder systems, ted from
an ideal signal input, were quoted by
Brook”#.

Although some minor improvements
have been made in the circuitry used in
this IC system. it 1s undoubtedly true that
the majority of contemporary stereo FM
tuners use the 1310 type of decoder. lis
only drawback is that the 38kHz square-
wave swilching waveform. which is rich
in odd-order harmonics. will also demod-
ulate wide-band noise or adjacent-channel
signal components based on its 3rd and
Sth harmonic frequencies if they are pre-
sent in its input signal; this may degrade
the overall stereo s/n ratio,

The problem of the unwanted demodu-
lation of signals near the third harmonics
of both the 19kHz pilot tone and the
regenerated 38kHz sub-carrier has been
addressed in the LM43500A. The basic
PLL oscillator operates at 228kHz and the
19KkHz and 38KkHz wavetorms derived
from this by way of a three-stage Johnson
counter are free of any second or third
harmonics. or their multiples.  Sansui, in
its TU-D99X receiver, uses a Walsh func-
tion generator to synthesise a pseudo-
sinusoidal 38kHez demodulator wavetorm
1o reduce harmonic-related interference
from ultrasonic and adjacent-channel sig-
nals. An explanation of this technique is
given by Thomas®.

Typical channel separation levels in

excess of 45dB are claimed for most of

the commercial PLL decoder ICs — a
performance which could only be
obtained using the frequency-multiplex
systems of the type shown in Fig. 2 if
their tuned circuits were very carefully
aligned.

However, it should also be remembered
that for this order of channel separation 10
be obtained in practice. with any of these
decoder types, it is necessary that the rela-
tive amplitude and phase of the L+R and
L.-R modulation components should be
correct in the input signal. This require-
ment places considerable demands on the
gain and phase characteristics of the audio
stages preceding the decoder.

Fig. 7. Long-tailed pair used in Portus
and Hayward design was responsible for
elimination of gain inequality.
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PCM distribution

From the inception of the BBC broadcast-
ing service it had been customary for the
BBC 1o rely on high-quatlity telephone-
line links to carry the programme signals
from the studio 1o the transmitter; in these
carly days, the transmitter was likely to be
fairty close 1o the studios and a close rela-
tionship had grown between the BBC and
the GPO for the maintenance of this ser-
vice.

However, the bandwidth of even these
high-quality links was only some 50Hz-
10kH7 and the proposed audio bandwidth
of 40Hz - 15kHz for the new FM service
could not be guaranteed, particularly for
lines serving some ot the projected, more
remole transmitter locations. Moreover,
with the new stereo broadcasting service,
precise time coherence between the L and
R signal channels would be essential,
since any relative time defays would aler
the apparent stereo image position.

The BBC decided to make use of the
existing 6.5MHz-bandwidth television
transmission network and to encode the
audio signals in digital form. This
approach was similar to that subsequently
adopted by Philips in their Compact Disc
recording system, but at a 13-bit rather
than 16-bit resolution level. and with a
32kHe sampling rate instead of 44.1kHz.

This sampling rate imposed an absolute
upper limit of 16kHz on the audio pass-
band so. to allow a practicable low-pass
filter slope. the broadcast signal band-
width was amended to 40Hz-14.5kH~
(0.2dB). The BBC 13-channel PCM
encoding system is shown schematically
in Fig. 8.

The way this works can be explained
most easily by considering the path of a
single signal channel, in which the signal
first passes through a 15kHz low-pass fil-
ter with a very high attenuation rate. fol-
lowed by the HF pre-emphasis network
S0us in the UK and Europe.

Effective low-pass input filtering is
essential in any digital encoding system
because the presence of any signal com-
ponents at a frequency above halt the
32kHz sampling rate would create prob-
lems of aliasing. in that signals above
16kHz would be reproduced identically to
those at the same frequency interval
below 16kHe.

An intrinsic characteristic of the PCM
system is that, after the final digital-to-
analogue decoding process, the recovered
waveform has a staircase-type structure in
which the relative size of each individual
step is determined by the sample resolu-
tion. To reduce the extent of this granu-
larity distortion, which becomes more sig-
niticant as the amplitude of the encoded
signal becomes smaller, the overall input
signal level to the encoder should be as

clock 16336 MH2
A-D osc | T
converter l
15 kHz SOps 15 kHz L
LM R Al
—7 S B cpmposi?e
low-  pre- | lmiter L-P filter  [134+1 Bilsstram
pass emphasis bit sin? output
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; other inputs e R buffer
aeio i putis (up to 11 channels) — ;
: A D-A
15 kH2 S50ps L 15 kHz ===ii [lES |
|R| == €
— == —1 — A-D -
\ s | -- \ LPF)
tow~ pre- limiter =P filter | 1341bit
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Fig. 8. BBC 13-channel pulse-code modulation system for programme distribution.
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link. .
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high as possible.

On the other hand. it is essential that
this A-10-D encoder should not be over-
loaded, and also that the signal should not
be subjected to hard clipping, since both
of these would produce audibly unpleas-
ant eftects. The BBC therefore use delay-
line type limiter circuits, in which the sig-
nal is delayed for long enough for an
appropriate and gradual reduction in gain
level to be applied. These limiters are
arranged to have an absolute maximum
output level of 2dB above the nominal
peak programme level.

An ingenious feature of these limiters is
that their actions are linked. so that if the
peak output level is exceeded in one half
of a stereo channel. the other channel is
also limited to prevent any sudden shift in

the position of the stereo image.

Since the action of peak limiting can
itselt introduce harmonic components, the
signal encounters a further 15kHz fow-
pass filter before passing 10 the A-to-D
encoder. A clocked. double-ramp-type
converter transforms the amplitude and
bandwidth-limited signal into a digitally
encoded pulse train which is fed, along
with the bit streams trom up to twelve
other channels, to a time-domain multi-
plexing circuit.

The output pulses from this are fed
through a sine-squared filter. which great-
ly reduces harmonics bevond the second,
giving a final output of a rounded-off
pulse of 158ns duration at 138ns intervals.
Since there is little harmonic output above
the second, there is a negligible energy
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Fig. 10. Zenith-GE encoding system, one of which is required for each programme at
each transmitter. 40dB carrier suppression is obtained.
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Fig. 11. Matrix circuit used in arrangement of Fig.10 to generate L+R and L-R

signals.

content above 6.33MHz. which altows the
composite signal to be carried by a 625-
line TV channel.

As in the Philips Compact Disc system,
a parity bit is added to each preceding 13-
bit word. This provides a check on the
accuracy of encoding of the preceding
five most significant digits, so that it an
error is detected. the faulty word can be
rejected, and the preceding 13-bit word
substituted.

It the error persists, the signal output is
muted until a correctly encoded signal is
again received. This technique gives a
high degree of immunity to noise and
transmission-line errors.

With a 32kHz sampling rate, the
6.336MH7 channel bandwidth allows a
group of 198 bits in each sample period.
This contains 13 multiplexed 14-bit chan-
nels (182 bits) and 16 spare bits. Of
these, T1 are used to control the multi-
plexing matrix and four are employed to
carry transmitter remote-control instruc-
tions.

Decoding system. At the receiving end,
the incoming bit stream is cleaned up.
decoded using the circuit layout sketched
in Fig. 9, and fed 10 the stereo encoding
system, described below.,

Stereo encoding systems. The technique
employed in the Zenith/GE stereo encod-
ing system is shown in Fig. 10. In this,
the input left and right stereo channels are
passed through a matrix circuit, such as
that shown in Fig. 11, 10 gencrate a pair
of L+R and L-R signals. In principle, an
encoder of this type is required for each
programme channel at each transmitier
location.

The L+R (mono) signal, occupying the
40Hz-1SkHz part of the audio spectrum,
is then filtered and added to the double-
sideband L-R modulated output of a bal-
anced mixer, fed from a 38kHz crystal
controlled oscillator, which gives rise to
the 23-53kHz part of the modulation spec-
trum. If the mixer is accurately balanced,
the 38kHz carrier component will be

targely absent from the mixer output —
40dB suppression is typical.

Signal from the 38kHz quartz oscillator
is then divided in frequency by two, fil-
tered and phase corrected to provide the
required sinusoidal 19kHz pilot tone,
which is then added to the signal to allow
the suppressed 38kHz carrier waveform to
be regenerated within the decoder circuit.

Additional carrier signals

In the USA, supplementary sideband com-
ponents have been added to the FM stereo
signal for some years. They are called
SCA (Subsidiary Communication
Authorisation) or Storecast. and consist of
signals transmitted as a 10% level double-
sideband modulation based on a 67kHz
sub-carrier. These signals are usually rel-
atively low-quality continuous broadcasts
intended to provide background music for
restaurants and supermarkets; stereo FM
receivers designed for use in the USA
need care in decoder design 10 prevent
inadvertently demodulated SCA signals
from interfering with the wanted pro-
gramme.

In Europe, an additional low-level. (3%
modulation) HF signal is now added as a
carrier for Radio Data System (RDS)
broadcasts, which provide time, station
identification and programme and road
traftic information. This is transmitted as
a phase-shift keved. 7.5kHz bandwidth
modulation of a S7kHz sub-carrier, initial-
ly locked in quadrature to the pilot-tone
third harmonic to avoid interference with
other 57kHz sub-carrier modulation.

Data is transmitted in 16-bit words at
1 187.5bit/s and allows a variety of supple-
mentary data to be broadcast. A full
explanation of this system and its poten-
tial has been given by Shute'®, and com-
mercial RDS decoders are now available
as DIY add-on components for existing
FM receivers. They usually require effec-
live screening 1o avoid interference with
the audio output signals.

Frequency synthesiser systems

Domestic users of FM receivers demand
some means of accurate, preset, push-but-
lon station selection. This required accu-
rate and stable tuning mechanisms — bet-
ter, probably. than could be obtained from
the existing Varicap-diode voltage-con-
trolled tuning systems — and has encour-
aged the development of relatively low-
cost, IC-based frequency-synthesiser
lechniques, using variations of the method
outlined in Fig.12.

In its simplest form, the outputs of both
the local oscillator X in the recciver fre-
quency changer (which is voltage con-
trolled because of the varicap tuning sys-
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Fig. 12. Phase-locked-loop frequency synthesiser provides simple and accurate tun-

ing for domestic users.

tem) and a highly stable, quartz crystal
controlled oscillator Y are fed through a
pair of frequency dividers A and B to a
phase detector C. The output from this,
after amplification and filtering, is then
used to control the frequency of the local
oscillator in a phase-locked loop, so that
the output frequency is precisely held to
mF_ /o

Precise values of the division ratios m
and n are controlled by a microprocessor
D, in response to the input commands
from a push button station selector E: the
tuned frequency is also displayed by a fre-
quency counter system F. It is common
practice for all the function blocks A-F to
be combined in a single IC.

Requirements of the frequency dividers
are simplified somewhat by the fact that,
by international agreement, the operating
frequencies of all VHF FM transmitters
within the 88-108MHz band are held to
exact multiples of 100kHz.

The elaboration of the receiver system
will depend on its price bracket, but it is
fairly common for current models to offer
switched options for tuner selectivity, and
also for stereo/mono blend to optimise
both selectivity and signal-to-noise ratio.
Receivers also incorporate a battery back-
up system for preserving the microproces-
sor memory, so that the tuning data for a
given channel can be stored during
switch-off.

With the growing availability of RDS
information, it is practicable for details of
both the station selected and the pro-
gramme being received, to be displayed
on an information panel.

It is also feasible for the tuner to select
automatically either the type of pro-
gramme material required — speech,
drama, pop or classical music — or the
transmitter giving the best signal strength
for that programme. This will be of par-
ticular value to car radio users travelling
through the reception areas of local trans-
mitters.
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BEYOND THE BLUE HORIZON
Continued from page 404

Azimuth accuracy and resolution suffer
for the same reason and, in addition,
imprecision increases with range as the
beam widens. In poor conditons toler-
ances can be several tens of miles.

At a typical 20m, the wavelength is big-
ger than the largest dimension of the
smallest aircraft, so that the radar cannot
show the shape of a target except possibly
the very largest.

In practice, imprecision does not matter
at the very long distances involved; mod-
ern fighters have airborne radars with
ranges of 100 miles and need to be direct-
ed only to the general area of a threat.

Over-water radar diffraction
This work has also involved a different
type of OTHR. If the transmitted beam is
directed, not at the ionosphere but very
low over the sea, it interacts with the sea
surface in a way that bends the path of the
beam to follow the sea surface; the same
interaction affects returns from targets
near to the surface, so long-range, low-
level, over-water radar is possible.

The continuous interaction attenuates
the power of transmission and reflections
more than happens with ionospheric-
reflection OTHR, but detection ranges of
several hundred miles are possible.
Marconi companies have built a demon-
stration system on the south-east coast of
England that consistently detects aircraft
flying at low level underneath any likely
radar beam. It uses 250us pulses, not con-
tinuous transmission, but this is solely so
that transmitting and receiving arrays can
be on the same site to avoid having to find
two sites on the crowded south-east coast.

Frequencies used are between 4MHz
and 8MHz and the beam is steerable elec-
tronically through 90°; there are six
receiving beams, which overlap. A target
appears in more than one and signal
amplitudes are compared to compute the
bearing. Range/azimuth radar cells are
typically 10 miles square and Doppler
processing fixes the radial velocity of an
aircra‘t to within a few knots.

Amplitude of sea clutter is enormous
and the six receivers have dynamic ranges
of 100dB to cope with the clutter at one
end of the scale and the minute amplitude
of wanted signals at the other. For each
cell, data from more than eight thousand
pulse returns is collected and integrated
over typically 16 seconds to build up tar-
get signals present.

Editorial survey: use the information
card to evaluate this article. item |.

Editorial survey: use the information
card to evaluate this article. Item G.
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SMALL SELECTION ONLY LISTED - EXPORT TRADE AND QUANTITY DISCOUNTS
RING US FOR YOUR REQUIREMENTS WHICH MAY BE IN STOCK

Tektronix 475 - 200Mc/s oscilioscopes — fested from £400 less aftachments to £500

C/W manual probes etc. Tektronix 475A - 250Mc/s — complete kit with probes - £600

Telequipmenl D755 - 50Mc/s oscilloscopes — tested C/W 2 probes + manual — £250.

Marconi TF2008 - AM-FM signal generator - Also sweeper - 10K¢/s — 510Mc/s - from £350 lested to £500 as

new with manual - probe kit in wooden carrying box - £50.

HP DC Current source type 6177C - £300

HP Frequency comb generator type 8406A - £400

HP Sampling voltmeter (Broadband} type 34064 - £200

HP Vector voltmeter type 8405A - £400 to £600

HP Oscilloscope maintrame type 182C - £200. t80A £100. 180C £120. t80D £140

HP Frequency counter type 53528 - 40GHzS — £5500

HP Synthesiser/signal generator type 8672A — 2 to 18GHzS - £7500

HP Network analyser type 8754A = HP8502A test set — £5000

HP 8505A network analyser - 500Kc/s-1.3GHz + HP B502A test set - P.O.R

HP 86404 signal generator - OPT 001 - 002 - 5Mg/s— 1024Mc/s - £1000

Racal'Dana digital multimeter type 5001 - £250

Racal/Dana intertace type 9932 - £150

Racal/Dana GPIB interface type 9934A - £100

Racal/Dana imer/counter type 9500 (9515 OPT 42) - 1250Mc/s - £750

Racal frequency standard generators type MA259 - 600Kc/s - 1MC & 5Mc/s — £200

Marconi AF power meter type 8938 - 300

Marconi bridge type TF2700 - £150

Marconi attenuator type TF2163S - 1GHz - £250

Marconk'Saunders signal sources types — 60588 - 6070A - 60558 - 6059A - 400 to 16GHzS. P.O.R

Thurlby convertor 19-GP-IEEE-488 - £150

Philips logic muttimeter type PM2544 - £200.

Microwave sy MOS/3600 frequency tto t8GHZS & 1810 40GHz - £1500

Microwave systems MOSS microwave frequency stabilizer - t to 18GHzs & 18 10 40GHzS - £300

Bradley osciloscope calibrator type 156 - £150

Bradley oscilloscope calibrator type 192 - £600

Tekironix curve tracer type 577 - £1000

Teklronix plug-ns - 7At3 - 7A14 — 7A18 - 7A24 - 7A26 - 7A11 - 7M1t - 7S11 - 7D1G-7S12 - S1 -S2

56 - 552 - PG506 - SC504 - $G502 - $G503 ~ SG504 - DC503 - DC508 ~ DD501 - WRS01 - DMSO1A

FGS501A - TG501 ~ TR502 - PG502 - DCS05A - FG504. P.OR.

Racal HF drive unit 1.6 to 25Mu's type 1724 - brand new - £350

Racal HF drive unit type 1720 - 1MC lo 29Mg/s - £150-£250

Ailtech Stoddart receiver type 17/27A - .01-32Mels — £5000

Ailtech Stoddart receiver type 37/57 - 30-1000Mc/s - £5000

Ailtech Stoddart receiver type NM65T - 1 10 10GIGS - £3000

HP Oscillographlc recorder type 7404A — 4-track - £350

HP Plotter type 98728 - 4-pen - £300.

Marconi TF2015 SIG/GEN - 10MHZ-520Mc/s - AMWFM - £250

HP power meter type 431C to 18GHz with C type head & waveguide head -~ £150 to £200.

HP sweep oscillators type 8690 A&B « plug-ins from 10Mc/s to 18GHz also 18—40GHz. P.O.R

Marconi TF1245 circuit magnification meter - 1246 & 1247 oscillators — £100 to £300

HP signal generators Type 612 - 614 - 618 - 620 - 626 - 628 - frequency from 450Me/s to 21GHzs

HP 8614A - HP 86164 signal generators — 800-2400Mc/s - 1800-4500Mc/s — £600-L400

Gould J3B test oscillator - £250 - manual

Ferrograph recorder test sels - RST2 - {150

Racal/Dana 93014 - 9303 RF millivoltmeters 1.5-2GHz - £350-£750

Racal/Dana counters 3915M - 9316 - 9917 - 9921 - £150 to £450. Fitted FX standards

HP 8407A < B412A -~ B601A network analyser - 100K¢/s—110Me/s - £1000.

HP 181TR mainframe - £400 — HP 182T mainframe - £500. HP 141T mainframe - £500-£1000.

HP 432A-435A or B - 436A power meters - Powerheads — 10Mc s—40GHz

HP 478A - p486A - K486 - B4B1A - 8481B. PO R.

Image intensitiers - ex MoD - tnpod htting for long range night viewing - as new — £3000 EA

Thermal Imaging Equipment — high definition - from £2500 - complete in transit case

Don 10 telephone cable - /2 mile canvas containers or wooden drum - new — Mk2-3 ard P.O.R.

Infra-red binoculars in fibre-glass carrying case —tested - £100 EA also Infra-red AFY sights - £100 EA

B & K 2019 analyser - 2305 level recorder - 2425 meter — 4220 piston phones eic. P.G.R

Geo Space System VLF receiver - phase comparator. 10-30kc/s + 60kc/s = recorder cutputs. t-10-100kc/s

Fx standard - £500

ACL Field Intensity Meter Receiver type SR-209-6. Plug-ins trom .5mc/s to 4GHz - P.O.R

HP 117108 Down Convertor - .01--11Mg/s - £450

Narda Microline Sweeper model 9535C — 1-18GHz - £2000

Singer EMA 910-11 data evaiuation unit - EMA 31010 FX selection units « EMA 910-12 FX selection unit

1GHz-26 S0GHZ lotal FX coverage - £2000

Marconi distortion meter type TF2337A - £150

H.P. putse moduiator type 11720A - 2-18GHz P.O.R.

H.P. modulator type 8403A - £100-£200

H.P. pin modulators tor above, many different trequencies - £150

H.P. 435A power meter (no head) - £200

H.P.5342A - 18GHz counter - LED readout - £1500

Tektronix 308 dala analyser - £350

Systron Donner model 6053 counter/3GHz - £300

Systron Donner model 6057 counter/18GHz - £800

H.P. 86408 opt 001 +003 signal generator - .5-512Mc/s AMIFM - £1200

Phillips 3217 - 50Mc/s oscilloscope with probes & book - £300

Marconi microwave 6600A sweep osc mainframe with 6650 P - 18-26 5GHz or 6651 Pl - 26.5-40GHz

£1000 or P1 only £600

H.P. 37204 spectrum display - £200 - HP3721A correalator - £150.

H.P. 33204 frequency synthesiser - .01HZ to 13Mc/s OPTOO01 - £250

H.P. 53594 time synthesiser pulse generator — 10Mg/s — £400

H.P. 37555 ~ 3756A - 30MC/s switch — £500.

H.P. 331A distortion analyser £150

Marconi TF2331 distortion meter - £150

H.P.amplifier type 8447A - 1-400Mc/s ~ £400. HPB447F - 1-1300Mc/s - £800

H.P. trequency counter 5340A - 18GHz - £1000. Rear output - £800

Clark air masts. Heavy duty. Scam—40tt or 707 - £200-£1000.

Gould K105 logic anz with twin disc - £250

Tektronix 491 spectrum analyser - 10Mc/s—40GHZ - £1000 -~ manual

Tektronix 491 spectrum analyser - 1.5GHz—40GHz - as new - £1200 + manual

Tektrorix DC508A - 1.3GHz counter+ TM500 mainframe - P.O.R.

E1P microwave counter 371 - source locking - t8GHz - £1200. LED readout - £1000.

Tektronix mainframes - 7603 - 7623A - 7633 - 7704A - 7844 - 7904 — TM501 - TM403 - TM506 - P.O.R

Tektronix oscilloscopes — 4658 - 466 - 475 - 475A - 485 - 2215 2235-P O.R

HP8161A programmabie pulse generator — £1500

Knott Polyskanner WM1001 ~ WM5001 + WM3002 « WM4001 - £1000.

Alitech 136 precision test RX ~ 13505 head 2 - 4GHz - £350

Fluke 731B 1-10 volt reference standard - £200.

SE Lab Eight Four - FM 4 channel recorder — £200

Marconi 67008 sweep mainframe - P1 67904 .01-2GHz or 6738A 1.7-4 3GHz or 6766 A 8-12.4GHz -£500

HPB62C sweep malnframe + 8622B 01-2 4GHz Pl or B6290A 2-18GHzPI. PO R

Alltech 757 spectrum analyser .001-22GHz digital storage = readoul - £5000

Dranetz 606 power line disturbance analyser - £500

Precision aneroid barometer 300- 1050 mb - mechamical digit readout with electronic indicator - battery

powered. Housed in polished wood carrying box - lested - £100-£200-£250. MKt. 2 or 3

HP8410-A-B-C network analyser 110mc/s to 12.4GHz or 18GHz - plus mosl other urits and displays used in

this set up — 8411A-8412-8413.8414-8418-8740-8741-8742-8743-8746-8650. P.O.R

HP141T spectrum analyser - B552A « 85528 + 8553B + 85548 ~ 8555A + 8556A P | units P.OR

HPB44A tracking generator .5-1300me/s - £1000

HPB443A tracking generator - counter - 110mg¢/s — £500

Tektronix spectrum analysers 7L12 10-1800me/s. 7L13 - 10-180me/s. P.O.R

Tektronix tracking generator TR502 - TR503 - 10-1800 me/s P.O.R.

B & K sound level meter 2206 small - ightweight — precision — 2" microphone — in fcam protected filled briet

type carrying case with windshield & battery - books = pistol grip handle - tested - £170. Carr. £8 - B&K

2206 meter ~ mike - book - less carrying case etc., - £145. Carmage - £8.

HP8640B OPT 002 signal generator. 5-1024mc/s. AMFM - £1500

HP8660C signal generator - . 1-2600mc/s. AMIFM - £3000.

ftems bought from HM Government being surplus. Price is ex-works. S.A.E. For enquirtes phone for

PP or for o of any items. avaltability or price change. VAT and Carr. extra.

\’__ﬁ

Johns Radio, Whitehall Works, 84 Whitehall Road East, Birkenshaw,
Bradford BD11 2ER. Tel. No. (0274) 684007. Fax 651160.

on all our second-hand
Test and Measurement
equipment!

To give you the confidence that vou really did
save money by buying second-hand, we are the
only company to offer you the protection of a two
year parts and labour guarantee on all the
Test and Measurement equipment we supply.

Dealing in equipment from the leading
manufacturers such as Hewlett Packard,
Tektronix, Marconi, Philips, Gould, etc., we can
offer you the best in test. Call us now for
more information.

0800 521231

International Callers No. 44 344 869 226

Capella-Technos, Park House, The Pavilions, Downmill Road.
Bracknell, Berkshire, RG12 1QS. Fax 0344 869230 1A

CIRCLENQ. 109 ON REPLY CARD

PC WAVEFORM GENERATOR
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FEATURES

Powerful complex
waveform generator
Four analogue outputs
Five TTL outputs
External trigger input

APPLICATIONS

* Arbitrary waveform
simulator

* Low cost ATE

* Process control

Up to 6MHz clock rate * Robotics
Comprehensive FREE DEMOQ DISK
software included ON REQUEST

Standard waveform
library

User definable
waveform library
Full graphical editor
Time delay, continuous
& single shot
Example microcode
and assembler also
included for OEM
applications.

We also supply a full range
of DIY parts for PCs and
clones. Call us for more
information or a free
catalogue,

Designed and
manufactured by us in the
UK. Full technical support
from the designers!

T T1] Unit 14A,
- IEL;CKMORE Sunrise Business Park,
Blandford Forum
ELECTRONICS !
LIMITED Dorset. DT11 8ST.
— Telephone (0258) 451347
[ [ 1] Fax (0258) 456046
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DATACOMMS

ith computers routinely

pushing zillions of bits

around without a single

error. digital methods can
seem infallible. In many cases. however,
and particularly in data communications.
it is not economic to build-in the noise
immunity enjoyed by computers. Some
form of error recovery then become essen-
tial.

An important and fascinating class of
error protection is known as forward error
correction, or FEC for short. which has
the ability not only to detect errors. but to
correct them. and to do so without
requesting any re-transmission of the orig-
inal data.

FEC coding is based on completely
way-out mathematics and has a reputation
for being incomprehensible. at least to
normal people! This reputation is unde-
served: although the theory may be pretty
opaque. FEC coding is quite straighttor-
ward to implement. in either hardware or
software. In this article. [ will try to give
an insight into how FEC methods work,
with the minimum of mathematics and
enough details to put FEC coding into use.

Hamming space

First. a look at the useful concept of
Hamming space. Most engineers know
that the Hamming distance between two
binary words (of the same length) is the
number of corresponding bits which are
different. Hamming space is simply the
space in which Hamming distances exist.
Thus the binary values 10011011 and
10111010 are separated by 2 in Hamming
space. since they differ in two bits.

The simple parity bit illustrates the
principle of Hamming space. Figure 1
shows the complete Hamming space dia-
gram for a 2-bit value protected by an
even parity bit. which is chosen such that
there is an even number of Is in every 3-
bit word. The Hamming space diagram
shows all eight possible words, of which
half are valid (an even number of Is) and
the other half are invalid. You can quickly
see. by inspection. that no two valid
words are adjacent. Every valid word is
separated by a Hamming distance of 2
from every other valid word. This imme-
diately shows how the parity bit can be
used 1o detect a single-bit error. Every
word is transmitted with the overall even
parity. If. in transmission, one bit gets
changed. this moves the word a Hamming
distance of 1. so the word can only
become one of the invalid values.

At the receiving end. each word needs
to be tested simply to see whether it is
valid or not. This can be done by index-
ing into a hardware or software look-up

FEC, CRCS
AND ERROR
CORRECTION i

Error detection in
digital data
communication is
well known. But to
correct errors without
asking for re-
transmission has an
aura of magic about
it. David Bacon
reveals the trick

Fig. 1. Complete Hamming space dia-
gram for 3-bit even parity
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A B C

<< Hamming space >>

D E F

—valid— invalid | invalid

invalidf—invalid|[— valid {—

Fig. 2. A Hamming separation of §

table, which is much faster than counting
Is. However, with the simple parity bit,
errors can only be detected, not corrected
because although it can be established that
an incoming word is invalid, there is noth-
ing to indicate which valid word was
transmitted.

Correcting errors

Now suppose there was a way of adding
several bits to the information to be sent,
such that the valid words are all separated
by Hamming distances larger than 1.
Since there are now several times the
number of invalid words than valid words,
the valid words should be distributed uni-
formly within the available Hamming
space such that their minimum spacing is
as large as theoretically possible.
Consider a tiny fragment of such a
Hamming space diagram, as shown in Fig.
2. Here, two valid words, A and F, are
Hamming 5 apart. If an incoming word
arrives in the form of C, the most proba-
ble interpretation is that it started as A,
and suffered two bit-errors in transmis-
sion. Thus, it should be corrected to A. A
word arriving as D or E would be correct-
edtoF.

If the Hamming separation between
valid words throughout the entire diagram
is nowhere less than 5, you can correct up
to two errors in each word. This is the
basis of FEC. The only problem is how to
compute the additional bits needed to dis-
tribute valid words evenly throughout
Hamming space. But first, some essential
terminology.

Coming to terms
A very common situation, for example a
7-bit Ascii character protected by, say, an
even parity bit, can be described in FEC
terminology as “even-parity (8,7)”. This
gives the following information: “Each

transmitted word, consisting of data plus
protection, has 8 bits, of which seven bits
are the data and the rest protection.
Protection bits are computed by even pari-
ty.”

The complete 8-bit word is called the
codeword, the 7-bit block of data being
the message; the remainder, in this case
just 1 bit, is the suffix. The description
before the brackets indicates how the suf-
fix is computed. In this case, it is by even
parity.

Even-parity (8,7) can only detect a sin-
gle-bit error in each 8-bit codeword. It
cannot correct errors, so it isn’t an FEC
code. In contrast, there is a real and very
powerful FEC code called Golay (23,12),
in which the data to be transmitted must
be split up into 12-bit messages. An 11-
bit suffix is then added to each 12-bit
message to make a 23-bit codeword. The
complete set of valid codewords has the
remarkable property that their minimum
Hamming distance is 7. If you mentally
expand Fig. 2, you will see that this
allows correction of up to three errors in
each codeword.

Computing the suffix
In a datacomms specification using Golay
(23,12), the error protection is likely to be
defined something like this:

“Error protection is provided by Golay
(23,12) coding having a generator
polynomial G(x) given by

G(x) =x"4x104x04 x5 x44x24x0

The suffix F(x) is computed such
that x''.M(x) + F(x) is a multiple of
G(x), where M(x) is the message poly-
nomial.”

This is the kind of thing which can be
confusing if met unexpectedly. In fact,

the computation is not particularly diffi-
cult. Since “Golay (23,12)" means that
data will be transmitted in codewords of
23 bits, of which 12 bits consists of the
actual message, an 11-bit suffix must be
added. (In practice an extra dummy bit is
usually thrown in to make the codeword
up to the more convenient size of 24 bits,
or 3 bytes, but ignore this.)

The next thing is the value of the gener-
ator polynomial G(x), in which the use of
“x"" may need explanation. It is often
retained because the original maths allows
arithmetic to any base. In a binary world,
x = 2, and thus G(x) is the binary value

110001110101

or the 12-bit value C75 in hex.

Message bits are always transmitted
first, followed by the suffix. So, consider-
ing first the message, here are the 12 bits
written in transmission order:

abcdefghijkl

The “a” is transmitted first and, in data-
comms, it is normal for data to be trans-
mitted in increasing order of significance,
so that “a” will be the least-significant bit
of the actual data.

However, in the maths used to calculate
the suffix, bits written in transmission
order are taken in the normal sense of
most-significant on the left. So, while
computing the suffix, treat the message
purely as a string of bits. Ignore meaning,
and treat “a” as most-significant.

To add the suffix, make space at the
least-significant end of the codeword.
Provisionally, do this by adding 11 zeros,
so the prototype codeword, now the cor-
rect length but not yet the correct value, in
transmission order, looks like:

abcdefghijkl 0000000000

Adding 11 zeros at the least-significant
end of a binary number is equivalent to
multiplying it by 2",

This is the origin of the term x''.M(x)
above: it is simply clearing space for the
suffix.

Now, to compute the actual suffix, the
23-bit prototype codeword as above must
be divided by the generator polynomial
G(x). The remainder, when this division
is completed, is the suffix, and is used in
place of the 11 zeros.

RO HZ1

Fig. 3. Harware coding for Golay (23,12)
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INTERFACING
WITH C

HOWARD HUTCHINGS

Interfacing with C can be obtained from Lindsey Gardner, Room
L333, Quadrant House, The Quadrant, Sutton, Surrey SM5 2AS.
Please make cheques for £14.95 (which includes postage and
packing) payable to Reed Business Publishing Group.

Alternatively, you can telephone your order, quoting a credit

card number. Telephone 081-661 3614 (mornings only, please).

A disk containing all the example listings used in the book is
available at £25.50 + VAT. Please specify size required.

C HERE!

If you have followed our
series on the use of the C
programming language, then
you will recognise its value
to the practising engineer.

But, rather than turning up
old issues of the journal to
check your design for a
digital filter, why not have all
the articles collected
together in one book,
Interfacing with C?

The book is a storehouse of
information that will be of
lasting value to anyone
involved in the design of
filters, A-to-D conversion,
convolution, Fourier and
many other algg)lications,
with not a soldering iron in
sight.

To complement the
published series, Howard
Hutchings has written
additional chapters on D-to-
A and A-to-D conversion,
waveform synthesis and
audio special effects,
including echo and
reverberation. An appendix
provides a “getting started”
introduction to the running
of the many programs
scattered throughout the
book.

This is a practical guide to
real-time programming, the
Erograms provided having

een tested and proved. It is
a distillation of tﬁe teaching
of computer-assisted
engineering at Humberside
Polytechnic, at which Dr
Hutchings is a senior
lecturer.

Source code listings for the

rograms described in the

ook are available on disk.
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Modulo-2 arithmetic

The only thing you need to know, which is sometimes
explained and sometimes assumed, is that division must be
according to the rules of modulo-2 arithmetic. Since divi-
sion can be accomplished by repetitive subtraction, we
only need to define modulo-2 subtraction.

Modulo-2 works on the principle that there are only two
numbers in the Universe, namely 0 and +1 (not even -1).
Thus there are only four possible subtraction sums, which
are:

0-0=0
0-1=
1-0=
1-1=0

Digital hardware engineers will recognise this as the
exclusive-Or function. It is also the same as modulo-2
addition, represented by the “+” symbol in circuit diagrams
to follow.

Back to school — long division

To calculate a sample Golay (23,12) codeword, assume
that the data to be sent is the current year, 1991, expressed
as a 12-bit binary number. Written with the most-signifi-
cant bit on the left, this is 011111000111 transmitted, in
normal datacomms practice, least-significant bit first. So
because, in FEC maths, the first bit transmitted is the most
significant bit, write the prototype codeword with the bits
in reverse order and followed by 11 zeros:

11100011111000000000000

11100011111000000000000
110001110101

100100101100
110001110101

101010110010
110001110101

110110001110
110001110101

111111011000
110001110101

111010110100
110001110101

101100000100
110001110101

The complete 23-bit codeword will
now. of course. be an exact multiple of the
generator polynomial. as required by the
above sample of a typical specification.

It is this mathematical process, by
means one can just view as magic if it
seems too much like hard work. which
arranges the valid Golay (23.12) code-
words nicely spread out in Hamming
space. with a minimum separation of 7.

Hardware implementation
For real-time datacomms you normatly
need to generate FEC codewords in hard-
ware. using shift-registers and Ex-Or
gates in a circuit which implements the
long division process. In Fig. 3 there are
eleven shift registers RO to R10 and six
Ex-Or gates, indicated by ™+,
is left-to-right through all of these. The
ganged double-pole. double-throw switch

Now divide this by 110001110101. Using the modulo-2
rules, this can be done by the old-fashioned school method
of long division. Unlike 10-base arithmetic, in each col-
umn position the number being subtracted can either be
subtracted once, or not at all. This depends purely on
whether the most-significant bit of the previous subtraction
is 1 or 0, respectively. Thus, after each subtraction, ignore
leading zeros and just move the generator polynomial
along to the next position, starting with a 1, pulling down
enough digits to cover it.

Replacing the fast 11 zeroes by the remainder now gives
the correct suffix, and hence the valid Golay (23,12) code-
word to transmit the decimal number 1991 is

11100011111011101110001

To confirm that this is a multiple of the generator polyno-
mial, you should be able to divide it by 110001110101
and get a zero remainder.

Software implementation

The above division process can easily be done in software.
Because in a real situation there will be many messages to
code but only one generator polynomial, it is easier to bit-
reverse the generator, which only has to be done once, and
to process each message with the first bit to be transmitted
in the least-significant position. This means swapping the
above scheme left-to-right. The kernel of the task can be
written in C as shown in the software Golay (23,12) cod-
ing:

int i; /* loop counter */
unsigned long buf; /* working buffer */
unsigned long poly = Oxae3; /* bit-reversed */
/* generator poly */

buf = message; /* load message word 97
/* note: higher bits = 0 where suffix will go */

for (4 = 0; 41 < 12; 1i++) /* do 12 times: */
{ 4if (buf & 1) /* 1if leading bit = 1 %/
buf “= poly:; /* subtract poly */

buf >>= 1; /* shift word for next */

/* (if required) X

/* assemble complete */

buf =« (buf << 12) | message; /* codeword */

Figure 4. Software Golay (23,12) coding.

Rather than shifting the generator polynomial along the
word, shift the word through the buffer so that, at the end
of the For-loop, only the suffix is left in the buffer. [f the
complete codeword is needed, it can be re-assembled by
shifting the suffix 12 places to the left, and Or-ing the mes-
sage back into its original position.

represents gating. Starting with RO-R10
all cleared to zero and the ganged switch-
es as drawn, the twelve message bits are
applied in transmission order to the input
and the registers and transmission hard-
ware are clocked for each (twelve clocks).
Then the ganged switches are moved to
the other position, and a further eleven
clocks will output the suffix and simulta-
neously clear the registers for the next

Datatlow
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codeword. Thus codewords can be gener-
ated continuously.

How does it do it? First, note that the
positions of the Ex-Or gates coincides
with the Is in the generator polynomial,
written with the least-significant digit on
the left, except for the first 1. It might be
worth mentioning here that generator
polynomials always start and end with a 1.

Second, when the signal on the “bus” is
a 1, clocking theregisters will do a modu-
lo-2 subtraction of the generator plus a
shift of the result one place to the right.
When the bus signal is zero, only the shift
occurs.

Third, the bus value comes from the
Ex-Or gate on the extreme right, which
performs a modulo-2 subtraction between
each message bit in transmission order,
that is decreasing significance, and the
most significant bit of the result of any
preceding subtraction and shift.

With this under your belt, and remem-
bering the bit-reversal, it is not too diffi-
cult to see that Fig. 3 implements a modi-
fied form of the modulo-2 division (see
box), in which each message bit is dealt
with by itself, as illustrated in Fig. 4. It
wouldn’t work in 10-base arithmetic, but
it produces the same result (as shown in

Fig.4. Calculation using the “hardware

prototype codeword 11100011111000000000000
message bit O 1
generator 110001110101
subtract & shift ------------
100011101010
message bit 1 1
just shift = = = cecccmmeme-oo
000111010100
message bit 2 1
generator 110001110101
subtract & shift  --—-—-——-————-
101101000010
message bit 3 o}
generator 110001110101
subtract & shift = ------------
111001101110
message bit 4 0
generator 110001110101
subtract & shift = = -ccccmee---
010000110110
message bit 5
Just shift 0 0 eemmemo
100001101100
message bit 6 1
just shift === 0 —e-e——meeeo
000011011000
message bit 7 1
generator 110001110101
subtract & shift = = = ---eo---eeen
100101011010
mcssage bit 8 1
Just shift === 0@—e-eeeemeea-
001010110100
message bit 9 1
generator 110001110101
subtract & shift = = = = cececememoo
110110000010
message bit 10
just shift =000 —eeceeeeeo
101100000100
message bit 11 o]
generator 110001110101
subtract & shift = = 00 —c-ece—eoee-o
remainder 11101110001
hence:
valid codeword 11100011111011101110001

the box) where there are no carries
between columns.

The calculation is repeated in Fig. 4,
using the method followed by the hard-
ware, with each stage identified. The
decision whether to subtract and shift, or
just shift, depends only on the most-sig-
nificant bit at each stage, as controlled by
the right-most Ex-Or gate in Fig. 3. If
you care to draw up a table of all register
contents for each clock pulse in Fig. 3,
you will find that they contain the remain-
der at each stage.

Decoding
There are various ways in which an FEC
codeword can be error-corrected in soft-
ware. A very simple “brute-force™
method would be to generate a look-up
table for every possible codeword, all 223
of them, for Golay (23,12). Although
there are several refinements to this sort
of approach, none has the elegance of the
most widely used technique, the so-called
“syndrome” method. Like the coding pro-

Detecting and correcting errors without knowing the right answer depends on a spe-
cial data coding. The Golay system multiplies a dataword and codeword at the trans-
mission end, followed by a reciprocal factorisation on reception. The rigid pattern
thus imprinted on the transmission stream can be sorted into predictable slots, even in
the presence of errors.

cedure, this relies on the remarkable fea-
tures of modulo-2 maths, and can be read-
ily implemented in either software or
hardware.

Look first at the basic maths of the syn-
drome method. To make this less cum-
bersome, we will forsake the Golay
(23,12) example for the time being, and
turn to a much smaller code. This has
(7.4) structure, and the generator polyno-
mial is binary 1011,

Figure 5 shows two modulo-2 division
calculations. The first takes the message
1000 and computes the suffix 101. The
second takes the codeword 1000101 but
with the third bit errored so it is 1010101,
and performs g division to see if the
remainder is zero.

It isn’t: the remainder after dividing the
incorning codeword by the generator
polynomial is 110, indicating at least one
errored bit. The syndrome procedure is
now as follows. The division continues,
with additional bits being supplied at the
least-significant end of the word. These
additional bits must be (s when they cor-
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DATACOMMS

tha "bus”

RO

respond to non-errored bits in the code-
word. and ls when corresponding to
errored bits. In this example, since the
third bit is errored and the rest are good,
add two Os and then a I. The | reduces

Message = 1000

prototype cocdeword = 1000000
divide by 1011 1011

1100

1011

1110

1011
remainder = suffix = 101
valid codeword = 1000101
Errored codeword = 1010101
divide by 1011 1011

1101

1011
Non-zero remainder 110 0010000
so continue with 101 1
additional bits ——- -
indicating position 11 10
of errors 10 11

1 011
1 011

Zero remainder after 0 000
last or only error = m==

Fig.5. Two division sums, the second
with the third bit in error. Is the remain-
der zero?

the remainder to zero and the example
need not be taken any further.

Now the remarkable property of the
maths at this point is that the remainders
at each stage of the second division pro-
cess map without ambiguity to the posi-
vons of the original errors.  For instance.
the last error in the word, wherever it
comes. will always leave a remainder of
101. This is the tirst three bits of the gen-
erator: the last | is supplied. and thus the
remainder goes 10 zero. I there are two
consecutive errored bits, anywhere in the

Fig 6. Arrangement of Fig.3 modified to decode and correct Golay (23,12) words.

codeword. the penultimate remainder will
be 010, and the last 101 as before. All
remainders which require a 1 to be sup-
plied. and which thus indicate an errored
bit. are a unique function of the errored
bit’s position and the error pattern relative
to the last errored bit in the codeword.

It is thus possible to supply the addi-
tional Os and 1s for the repeat division
from a look-up table or rom, and this can
be “programmed” by running software
which gencrates a test codeword with
every possible combination ot 2- and 3-
errored bit patterns, relative to the last bit
of the codeword, plus the one-error case.

Figure 6 shows how Fig. 3 can be mod-
ified to decode and error-correct Golay
(23.12) codewords. The array of shift-
registers and Ex-Or gates, which performs
the modulo-2 division, is exactly as
before. The 11 address lines of the 2048
by 1-bit rom are driven by the register
outputs. Note that if you are using this
hardware division system, the rom must
be programmed with the remainders
which appear in the bit-by-bit method
illustrated n Fig. 4. This can be simulat-
ed in software just as easily as the “bit-
parallel” division shown in Fig 5 (and the
box).

In operation, the registers must be
cleared to all zeros and the input code-
word applied bit-by-bit, in transmission
order. with the gating switch as drawn.
The registers and the 23-bit delay register
are clocked 23 times to put the complete
codeword through the first division pro-
cess. If the codeword contains errors the
registers will now hold a non-zero value.

In practice, the second division would
be run even for a zero remainder, since
this is casier than omitting it. Thus after
the complete codeword has been clocked
through the registers, the switch is moved
1o its other position. and the system is
clocked 23 more times. During this sec-
ond process, the register contents will
select Os and s as required, according to
the crror pattern. The same bits are used

rt b+ r2 Hir3 1 R4 RS 87 b{r8 b{rs H{+Hr1o0 .
i
adéress
O/F -0
2048*1 ROM
ok
23-bit -|T| Carrected word
Input >» delay U >> out

to correct the original codeword. delayed
by 23-clock periods.

Since it takes 46 clocks to correct a 23-
bit codeword. the system needs to be
duplicated to correct continuous code-
words. With a litle extra gating, the rom
and 23-bit delay can be shared between
both halves of such a system. but the rest
would have to be doubled-up.

Can we draw any conclusions?
Well, for improved completeness a few
comments can be made:

There is a great deal more to FEC
methods than the very short treatment
given here.

The FEC suftix is sometimes called a
cyclic redundancy check, or CRC.

A suffix computed from a generator
polynomial can also be used for very effi-
cient error detection. without correction.
In these cases the message is much longer
than the suffix. or even of indeterminate
length.

With a computer and a lot of time, you
can go searching tor efficient generator
polynomials yourself. Choose a generator.
and codeword and message sizes, com-
pute the sutfices tor all possible messages,
and find the smallest Hamming separation
between valid codewords. You'll be lucky
to be the first to find a useful code. but
who knows?

Apart from that, in my opinion FEC
codes are great fun. [ also find it fascinat-
ing to think that the underlying maths is,
and always has been, part of the Universe,
waiting to be discovered and put to use.
At least. that’s what I think. Some would
say that it didn’t exist until someone first
thought about it. Either way. | have enor-
mous respect tor those who did.

Editorial survey: use the information
card to evaluate this article. Item
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CIRCUIT IDEAS

Absolute-value differencer

Using a single battery supply. the outputs
of these circuits are (V_-V,) or V-V

whichever gives a positive answer, which D4
is the magnitude or absolute value of (V,- Va
V).

b) D2

In the simple version (top), the more
positive input. selected by D, and D, — a
“highest wins™ gate — to the non-invert-

ing input. Diodes D, and 1)3, which form D3
a lowest wins” gate, select the smallest
input and feed it to the inverting input. Dy
The output is therefore the larger of V_ or VB
V,, minus the smallerof V or V.
One disadvantage of the Fig.l circuit is
the forward voltage drop of the diodes. An R
improvement is the lower circuit, in which AN
the diode gates are replaced by analogue VA
switches controtled by an ALD2701 op-
amp comparator, which has a good com- 6
mon-mode input vol}uge range u.nd output 7 Vo
swing and is therefore very suitable for 5 e
battery-powered circuits. If a fast op-amp
or a dedicated comparator 1C were used in
this position. a degree of hysteresis would R
be needed to avoid oscillation at the VB
switching point.
M. Neal
London SW15
[ ] [ ] [ ] [ ]
High-frequency digital oscillator
Needﬁng a high-t'requepcy digilu'l crystal oscillz}lor for use Vec *5V Vee -52V
in a trequency synthesiser, | decided to save a few compo-
nents by using a comparator as the oscillator to produce a r—* *’_j
square wave directly, instead of using a sine-wave oscillator 100n 100n
and squaring the output with the comparator. I cer. Ice 2
The circuit is similar to other oscllators of this type using
one inverting gate, but not many gates can match the speed
of the ADY68S, which I used to produce ECL levels; for 11‘\;\f *+ O/p
TTL levels, I would suggest the ADY686. A 10MHz wave- [lJ
torm is obtained reliably. but I see no reason why much 3 \8‘
higher frequencies should not be obtained, perhaps with 8:;\/ 12
component value changes. Pay particular attention to the L AD 9685 o
loading of the crystal. Using the 9685 gives the facility to LE
drive a 50€ load if the output is properly terminated. []._‘ /Fr
Since the 9685 will oscillate at over S00MHz, a large. Sunny
low-inductance ground plane is needed. as are short lead 10-000MHz Vv “ + O/p
lengths and decoupling capacitors close to the supply pins. S6p = 110k ;“70 0
Analog Devices advise against the use of IC sockets. T L T ¥
Phil Denniss
Department of Plasma Physics
University of Sydney
Australia Vee Vee
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CIRCUIT IDEAS

40W voltage doubler

A cheap audio power IC, the TDA
2004/5, will serve to make a regulated
voltage doubler giving up to 4A at 20V
from a 12V car battery. The original cir-
cuit was designed to power a car radio
amplifier, which needs an 18V, 4A(pk)
regulated supply.

With a few extra components, the IC is
used as a switching H bridge that
inciudes thermal and overvoltage shut-
down and current limiting. Since the

transition times are 200ns when the IC is
driven by more than 10V, switching rates
of up to 300kHz can be used. In this cir-
cuit, the frequency is 35kHz: standard
85°C electrolytics give 2A continuous in
an ambient temperature of 50°C or less.
For higher temperatures, use 105°C, low-
ESR capacitors.

Efficiency is 80% for loads of S00mA to
1.5A; Schottky diodes could be used for
higher efficiencies, but are expensive.

The output voltage stays within 0.1V
from no load to 2A and ripple is about
0.1Vpk-pk: no-load current is only
10mA. Thermal shutdown occurs after a
few seconds when the output is loaded to
4A ona 13.5V supply.

lan Hegglun

Manawatu Polytechnic

New Zealand

¢ L"%069

-1
T G 1 1
! <10k T100n
| ]
| te——— el - =- A
\ 1
Iy S %ﬂ[} o e— :

IN 914

@A ()
SA  +12V input

i

lL1()00}1
L

-

= 100p

+18Vregulated
-0

Optional regulator circuit — (to omit, leave 1Cz2pin3 floating
and ground 1Cq pinsq1g13 withypgrof loating)

On-board transistor tester

This instrument will test transistors with-
out removing them from the printed
board. A 555 multivibrator oscillates at a
frequency of 1kHz. its output being taken
to a 7474 D-type flip-flop connected as a
toggle, which produces complementary
square waves (Q and /Q) at S00Hz.
Diodes Dg and D are red and green leds
in the same package. Base drive for the
transistor under test comes from the mid-
point of the Q and /Q potential divider.

With no transistor connected, the
bicolour led appears amber, since both
leds switch on and oft at SO00kHz. If a
good p-n-p transistor is connected., it is on
when Q is low and /Q is high, since its
base/emitter is forward-biased:; in this
condition, neither led lights since a low Q
reverse-biases Dy and the voltage across
Dy is equal to V(. - which, for a good
transistor is 0.1V. During the next pulse,
Q becomes high and /Q low and a good

transistor at the terminals will be off: in
this condition, D is off because it is
reverse-biased and Dy is on. The opposite
effect applies if a good n-p-n transistor is
connected.

A good transistor has a collector/-
emitter voltage of around 0.1V and a
silicon diode drops about 0.6V. Each of
the two loops formed by D, , and D, ,

Continued on page 425
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MONITORS

MONOCHROME MONITORS
THIS MONTH'S SPECIALI

There has never been a deal Ilke this onel
-] Brand spanking new & boxed monitors

from NEC, normally selling at about £1401
These are over-engineered for ullra
reliability. 9° green screen composite input
with etched non-glare screen plus switch-
able high/low impedance input and output
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautifui high contrast screen and attractive case with
carrying ledge. Perfect as a maln or backup monitor and for
quantity usersl  £39.95 each (n) or 5 for £185(g)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

Zenith ZVM-1240-EA brand new & boxed 12° amber flat screen
with optlonal swivel and tiit base. Sunflex filter with dark tint.
Standard TTL PC compatible. 18 mhz bandwidih. Very aftractive
“state of the art™ tapered grey case. Standard 9 pin D plug
{supplied) on 1 metre cord and malns cord terminated with IEC
connector. 240 volts complete with operatlons manual. Free
swivel/tiit base. An absolute gift at: £59 (D) 10/£500 (G).
COLOUR MONITORS
Decca 16™ 80 budget range colour monitor, Features a PIL tube,
beautitul teak style case and guaranteed 80 column resolution,
features usually seen only on colour monitors costing 3 times
our pricel Ready to connectto most computers or video outputs.
7542 composite input with integral audio amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 90 day
full RTB guarantee. ldeal for use with video recorder or our
Telebox ST, and other audio visual uses. £99(E) IE275(G)

20", 22" and 26" AV SPECIALS

Superbly made UK manufacture. PIL all solld state colour
monifors, complete with composite video 8 soundinputs. Attrac-
tive teak style case. Perfact for Schools,Shops,Disco, Clubs.

In EXCELLENT litte used condition with full 90 day guarantee.

20"....£135 22"...£155 26"...£185 P

HI-DEFINITION COLOUR MONITORS
Brand new 12° mutlltinput high definition
colour monitors by Microvitek. Nice tight
0.31° dot plich for superb clarty and
modem metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with either Individual H &8 V syncs
such as CGA I1BM PC's or RGB analog
with composite sync such as Atarl, Com-
modore Amiga, Acomn Archimedes & BBC. Measures only 14" x
12° square. Free data sheet including connection information.

oy £145

E

Brand new Centronic 14" monitor for IB(l) PC and compatibles
at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitor in attractive style moulded case.Full
90 day guarantee. Only €129 (E)

NEC CGA IBM-PC compatlibie. High quallty ex-equipment tully
tested with a 90 day guarantee. In an attractive two tone ribbed
grey plastic case measuring 15°L x 13°"W x 12°H. A terific
purchase enables us to pass these on at only... £79 (E)

9d/lzZ4 14" Colour

Multisync/Multifunction

Never before has such a deal been struck to bring you this
quality Japanese manufactured multisync, multifunction
professional grade monitor at an unheard of low pricel! The
Electrohome ECM1311 with its host of inputs will connect to
most computer systems Including: IBM PC/XT/AT/PS2 (CGA,
EGA, PGA, VGA modes) Atad, Archimedes (up to SVGA),
Commodore, BBC and many more. Many other features Include:
RGB analog & TTL inputs, separate horizontal, vertical, com-
posite and sync on green Inputs; auto 15 to 36khz operation;
0.31mm tube dot pilch; tinted non glare etched screen & 30 mhz
bandwidth makes this ltem an absolute snipll Current makers
list price over £900 [ Each supplied with connection data. fully
tested In used good condition, some may have screen
blemishes. Complete with full 90 day RTB guarantee. Quantity
discounts avallable. Wilt also function as quality TV withour RGB

Telebox. Full Technical Manual £15. £1 49
(€)

Only

00 BAUD MODEMS

er Systems 2/12 microprocessor controlled V22 full duplex
1200 baud modem. Fully BT approved unit, provides standard
V22 high speed data comm, which at 120 , €an save your
phone bill and connect time by a staggering 75%! Ultra sltm 45
mm high. Fult featured with LED status Indicators and remote
error diagnostics. Sync or Async use; speech or data switching;
built in 240v mains supply and 2 wire connection to BT. Units
are in used but good condition. Fully tested prior despatch, with
data and a full 90 day guarantee. What more can you ask for -

and at this pricell ONLY £69 (D)

22

THE ORIGINAL SURPLUS WONDERLAND!

IBM KEYBOARD DEALS

A replacement or backup keyboard, switchable for IBM PC,
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard
84 keyboard layout. Made by NCR for the English & US markets.
Absolutely standard. Brand new & boxed with manual and key
template for user slogans on the function keys. Aftractive
beige,grey and cream finish, with the usual reiractable legs
undemeath. A generous length of cury cord, terminating in the
standard 5 pin DIN plug. A beautiful clean piece of manufac-
turers surplus. What a deall (B) S£175 (D)

Brand new and boxed 84 key PC/XT type keyboards in standard
IBM grey with very attractive mottied finish and “dicky” solid feel
keys. 10 function keys on side. Englishlayout and € sign. Green
LEDs tor Caps, Scroll 8 Num locks. £20.95 (B) 5£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

FLOPPY DISK DRIVES

Superb Quality 6 foot 40u

19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made In UK
by Optima Enclosures Ltd. Units feature
designer, smoked acrylic lockable front
door, full height lockable half louvered back
door and removabte side panels. Fully ad-
justable internal fixing struts, ready
punched for any configuration of equipment mounting plus ready
mounied integral 12 way 13 amp socket swilched mains distribu-
tion strip make these racks some of the most versatile we have

ever sold. Racks may be stacked side by side and therefore
BARGAle GALORE ! requirz only two side panels or stand singly. Overall dimensions

NEW 5V inch from £29.95! are 77-1/2°H x 32-1/2°D x 22"W. Order as:

Masslve purchases of standard 514" drives enables us to Reck 8 Complete with removabie side panels...... £375.00 (G}

VOVEVEdIvevsvvovey

3" 02020800008000005¢F
7 eoesaseseesseresine,

present pfime product at Industry beating iow prices! All units Rack2 Less side panels e —— .. X0 ] (€]
(unless stated) are removed from often brand new equipment
1o y0u whh  80/dzy POWER SUPPLIES

and are tully tested,allgned and shirged
guarantee and operate from +5 & +12vdc, are of standard size Power One SP
and accept the standard 34 way connector.

TAN TM100-2A IBM compatible DS £39.95(C)
CANON,TEC otc.DS half helght.State 40 or 80T £79.00(C)
TEAC FD-55-F.40-80 DS half height. BRAND NEW £79.00(C}

% Sgeccata!

TEAC FD-55 half height sedes in your choice of 40 track
double sided 360k or 80 track double sided 720k. Ex-equip-
ment fully tested In excellent condition witk 90 day warranty.

rder TE-36 for 360k £28.95(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCH!
Shugart 800/801 SS returbished & tested £150.00(E)
Shugart 851 double sided refurbished & tested £225.00(E}
Mitsubishi M2894-63 double sided swilchable
hard or soft sectors- BRAND NEW £250.00(E)
SPECIAL OFFERS!!
Duai 8" drives with 2 megabyte capacity housedin a smart case
with built In power supplyl
Ideal as extgr?or drivepsﬁ"y Oty £488.00.(F)

L200-5200P 200 watt (250 w peak).Seml open
frame giving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC inpul selectable for 110/240
vac. Dims13° x 6° x 2.5”. Fully guaranteed RFE. £85.00 (B}

Power One SPL130. 130 walts. Selectable for 12v (4A) or 24 v
(2A). 5v @ 20A. £ 12v @ 1.5A. Switch mode. New.  £58.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a.6-1/4" x 4" x 1-3/4" New £19.95(8)
Greeadale 19ABOE 60 walts switch mode.+5v @ 6a,212v @
1a.415v @ 1a. RFE andtully tested.11 x 20 x5.5cms. £24.95(C)
Convar AC130. 130 watt hi-grade VDE spec.Swilch mode 45v
@ 1%a,-5v @ 1a,212v @ 6a.27 x 12.5 x 6.5cms.New.
£49.€5(C)

Boshert 13090. Switch mode.Ideal fordrives 8 system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29 95(8)
Famell G6/40A. Switch mode. Sv @ 40a.Encased £95.00(C)

Please specify 110 or 240 volts for AC fans.

End of line purchase scoop! Brand new NEC D2246 8" 85 3 inch  AC. 112" thick £ 8.50(B)
megabyte of hard disk storagel Full CPU control and industry 3V2irch AC ETRI slimline.Only 17 thick. £ 9.95(8)
standard SMDInterface. Ultra hi speedtransfer andaccesstime 4 inch AC 110/240v 112" thick. £10.95(B)
leaves the good old ST506 interface standing. In mint condition 4 inch AC 112" thick £ 9.95(B)
and comes complete with manval. Only.......................E399(E) 10Inch  AC round. 312 thick. Rotron 110v £10.95(8)
10inch  As above but 230 volts £24.95(B

MAINS SUPPRESSORS & FILTERS [Pt iy tP e P U PN = ppsct 1
Roxburgh SDC 021 2 amp mains RF| filter. Has anextrawide 80 mm  DC 5 v. Papst8105G 4w. 38mm. RFE. £19.95(A)
frequency range of 150 khz to 30 mhz. Can type, solder lug gzl el gg :gv :g:‘:"‘/g_"fr':d( g;_ggssz

. Qual f ndards. Di el Y

connection ity manufactured to BS 613 standards. Dims 4inch DG 24v 8w, 17 thick. £1450(8,

1-1/2°’D x 1-3/4"H.......... £3.95 or 3 for £10 (A) 10 for £28 (B)
Roxburgh SDA 013/25. Simllar to above rated at 1-1/2 amps.
Dims 1-1/2°D x 1-3/4"H....£3.25 or 3 for £8.50 (A) 10 for £25(B)
Suppression Devices SD5 A10. Exira compact general pur-
pose suppressor. Plastic moulded case with single bolt fixing

THE AMAZING TELEBOX!
onverts your colour monitor Into a

QUALITY COLOUR TVt

and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/4 I TV SOUND |
x1-1/8°W x&8"H............ £3.95 or 3 for £10 (A} 10 for £28 (B) 5 4 & VIDEO
Belling-L ee type L2127 3 amp mains RFi filters. Has a bullt in " L TUNER!

malns cable (English coding), and a three pin miniature non-re-
versiblie socket and a mating plug, to go to the equipment. Ideal
for those who are bugged by RF Interference. Very compact. S
Dims 3-1/8" x2.5°x 1.5".............. £3.95 each or 3 for £10 (A)

RECHARGEABLE BATTERIES

LEAD ACID
Maintenance free sealed long lite. Type A300.

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner

ter. Unit simply connects to your TV aerial socket and colour
deo monitor tuming same into a fabulous colour TV. Dont worry
it your monitor does’nt have sound. the TELEBOX even has an
Integral audio amp for driving a speaker plus an auxlllary output
for Headphones or Hi Fi system etc. Many other leatures: LED
Status indicator, Smart moutded case, Malns powered, Built to
BS safety specs. Many other uses for TV sound or video etc.

12 volts 12 volts 3 amp/hours E13.95(A) g\ niled BRAND NEW with full 1 year guarantee.

6 volts 6 voits3 amp/hours € 9.95(A) 1, x ST for composite video input monitors.......

12 volts  Centre tapped 1.8 amp hours. RFE. £ 5.95(A) yorabox STL as ST but with integral speaker

12volts 12 volts 38 amp hoyrs.7-1/2°L x6"S.RFE £35.00(B) 101 0x RGB for analogue RGB monitors................ £65.95(B)
NICKEL CADMIUM RGB Telebox also suitable for IBM multisylne monitors with RGB

Quality 12v 4ah cell pack. Onginally made for the Technicololor
video company. Contalns 10 GE top quallty D nicad cells In a
smart robust case with a DC output connector. tdeal for portable
equipment. Brand new. 9.95(B)
Ex-equipment NICAD cells by GE. Removed from equipment

analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

BRAND NEW PRINTERS

TEC Starwriter Model FP1500-25 dalsywheel printer renowned

andin good, used condition: D size o ed g‘g? for Its reliabllity. Diablo type pAnt mechanism gives superb
F size 7ah i y registration and quality. On board microprocessor gives full
SPECIAL INTEREST Diable/Qume command capability. Senal RS-232C with tull

2750 handshake. Bldirectional 25 cps, switchable 10 or 12 pitch, 136
€ 470 cpl in Pica, 163 in Elite. Friction or tractor feed. Full ASCII
including £ sign. Font and ribbon Diablo compatible....... €199(E)
DED DPG21 miniature ball point pen printer plotter mechanism
£2950 With tull 40 characters per line. Complete with data sheet which

Tektronix 1751 Wavetorm/Vector monitor

Trio 0-18 vdc bench PSU. 30 amps, New

DEC VAX11/750 inc. 2 Meg Ram DZ and tfull docum-
entation, in brand new condition

Fujitsu M3041 600 LPM band printer

Includes circult diagrams for simple driver eiectronics..... €49(B)
83&:::3&?;3:?’“"‘ 3 pen plotter g ;553 Centronics 150 series. Always known for their reliabilty In
Thurlby LA 160B logic analyser € 375 continuous use - real workhorses In any environment.-Fast 150
1.5kw 115v 60hz power source € 950 cPs with 4 fonts and choice of interfaces at a fantastic pneel
Tektronix R140 NTSC TV test signal standard. £ 875 1584 Serlalup to 9.57 paper, fan fold tractor..............£ 99.00(E)
Sony KTX 1000 Videotex system - brand new € 790 1504 Serialupto 9.5 paper. tractor, roll ors/sheet.....£129.00(E)
ADDS 2020 VDU terminals - brand new € 225 152-2 parallel up 1o 14.5° paper, tractor or s/sheet.....£149.00(E)
Sekonic SD 150H 18 channel Hybrid recorder £2000 CALL FOR THE MANY OTHERS IN STOCK.

Trend 1-8-1 Data transmission test set
Kenwood DA-3501 CD tester, laser plickup simutator

=4 VISIT OUR SHOP FOR BARGAINS

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AvVAILABLE - <AlLL NOwI

-Electronics-

MAIL ORDER & OFFICES
Open Mon-Fri 9.00-5.30

Dept WW, 32 Biggin Way,
Upper Norwood,
London SE19 3XF.

Al prices for UK Mamiand. UK customers add 15% VAT to TOTAL order amount. Minimum order £10. PC orders from Governrsment, Unives sties Schools & Local Authorties
welcome-minimum accourt order £25. Camage charges (A)=£2.00. (B)=f4 50. (C)=£8.50. (D)=£11 50. (E)=£14.00 (F}=£18.00 (G)=Call . AN goods supplied subject to our
standard Condbons of Sale and urdess otherwise stated guaranteed for 90 days. All guarartees on a retum D ba se basis We reserve the nght to change prnoes & spechcations
without prior notice. Orders accepted subject to stock. Quotatons willingly given for higher quantitios than those stated. Bulk surplus always required for cash.

LONDON SHOP
100’s of bargains|
Ope

DISTEL © The Original
Free dlal-up database!
{ 1000’s of ltems+info OnlLine
300 bd 081-679-1888,
1200/75 bd 081-679-6 883,
1200/1200 bd 081-679-876§

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

n Mon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood,
London, SE25 .
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Leader Signal Sources

-

ooses L 4

-
13

The Leader range of signal sources covers

audio generators, video generators, basic

RF generators, RF generators with audio/
video modulation, standard synthesised
generators and Swemar generators.

THURLBY
THANDAR

the comprehensive range:

LAG-126 Low Distortion
5Hz-500kHz

The following lists just a few items from

LAG-27A  Audio 10Hz-1MHz

LSW-115 Audio Resp. Tracer £4965
LBO-115M Monitor £894
LSG-17A RF 100kHz-450MHz  £122
LSG-3215 Standard Synth.
100kHz-140MHz £1793
LSG-3220 Standard Synth.
100kHz-1300MHz £5459
£138 LSW-251B Swemar 2-310MHz £549
LSW-358A D.B.S. Swemar
£486 0.8-1.8GHz £4743

Thurlby-Thandar Ltd., Glebe Rd., Huntingdon, Cambs. PE 18 7DX. Tel: (04€0) 412451 Fax: (0480) 450409 Telex: 32250
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ONE OF THE FASTEST EPROM PROGRAMMERS ON THE MARKET

MODEL 200 — £295 (other models from £195)

" NEW ADAPTERS NOW AVAILABLE |
FOR MODEL 200

[ 8 PIN SERIAL EEPROM ADAPTER
FOR MODEL 200

87C751 87C752 [ J F;eads & programs over 50 devices |

| 87C054 87C451 87C552 l ‘ @ 1“C (M8571, X2402), 9306. 2506 etc. |
87C51FB 87C51FC £95
In both DIL & PLCC packages From £75 | As used for security devices in many car radios.

mobile radios, cellular phones & security
| | systems

5 1
28 & PIC 16C5X FAMILY ADAPTERS

Adapters available also include |

FOR MODEL 200 @ 8748/41 tamily £75

@ All Security Functions Programmable @ 8751 family £75
@ Manufacturer approved algorithms @ 40-pin EPROMs up to 4 Mbit £75
From £75 ® 63701/5 from £95

@ 32-pin PLCC EPROMs £100

1 @® 647180 £150

The Model 200 now has a parallel interface option.

@ Includes MSDOS driver software,
parallel or serial lead,
comprehensive manual, 32-pin ZIF
socket and universal object file
editor/converter.

@ Programs virtually all EPROM
devices currently available
including micro-controllers {over
700!},

@ Easy to set up — not a plug in board.

@ Compatible with our EPROM
Emulator.

® 12 Month Guarantee. Money back if
not completely satisfied.

@ Designed, manufactured and
supported in the UK.

We also sell Bipolar and Gang Programmers, EPROM Emulators and ]
Erasers and a universal cross-assembler for IBM PCs and compatibles.

Write or phone today for Free Information Pack:
Phone: (0666) 825146 Fax: (0666) 825141

m m MQP ELECTRONICS LTD., PARK ROAD CENTRE,

MALMESBURY, WILTSHIRE, SN16 0BX UK

Digitron A/S, Alesund, Norway
Phone 071-45890 Fax 071-45453
German customers please contact
Synatron GmbH, Grasbrunn B. Munchen, Germany
Phone 0838/4602071 Fax 089/4605661

VISA

Scandinavian customers please contact:
CIRCLENO. 113 ON REPLY CARD
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KESTREL
ELECTRONIC
COMPONENTS LTD

¥z All items guaranteed to manufacturers’ spec.
¥ Many other items available.

’Exclusive of V.A.T. and post and package’

1+ 100+ 1+ 100+
28530 0.60 0.30 2732A 2.00 1.50
Z80A CPU 0.80 0.65 2764A-25 2.00 130
Z80A CTC 0.50 0.30 27C128-25 240 168
280B CTC 0.60 0.40 27128A-25 210 1.42
Z80A P10 060 0.40 27256-25 210 142
Z280B(CMOS)CTC  0.80 0.50 27C512-25 300 260
Z80A DMA 095 0.80 6116LP-100 1.00 0.65
74LS04 0.12 0.07 6264LP-100 200 1.20
741527 0.11  0.07 62256LP-100ns 360 245
74LS83 0.16 0.10 74HC194 0.16 0.10
74LS86 012 0.07 74HC244 0.18 0.14
7415109 0.16 011 74HC356 0.16 0.12
74L5138 0.16 0.1 74HC541 028 0.20
74LS148 0.18 0.10 74HC574 030 0.20
74LS151 0.18 0.10 74HC640 050 0.30
74LS154 028 0.15 74HC40105 020 0.2
74LS244 022 0.6 8251A 1.10 0.80
7415273 022 0.16 8255A-5 1.20 0.75
74LS373 020 014 6502P 200 1.56
74LS374 020 014 6522P 200 1.35
74LS399 0.18 0.10 74HCT373 0.18 0.14
7415645 058 0.38

All memory prices are fluctuating daily, please phone to
confirm prices

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 081-668 7522. Fax: 081-668 4190
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CIRCUIT IDEAS

between pins 5 and 6 of the flip-flop has
one collector/emitter drop and two diode
drops to impress on the leds which, at
0.1+1.2 = 1.3V, is insufficient to turn on
one of the leds which stays off if the tran-
sistor is good and on if the device has one
shorted junction to make it behave like a
diode: in this case the voltage drop is 1.2
+0.6=1.8V.

Therefore, one led lights if the transis-
tor is good (both p-n-p and n-p-n); both
leds are off for a transistor with shorted
C/E junction; and both are on if the tran-
sistor is bad. Diodes D, , , , prevent false
indications of normality when a transistor
with a B/C short or a B/E short is connect-
ed.

V. Lakshminarayanan

Centre for Development of Telematics
Bangalore

india

Single-phase to three-phase converter

This is a method of deriving a three-phase
sine-wave reference using a frequency
tracking phase-shift network.

In the diagram, the analogue muitiplier
IC,, with R and C. forms a voltage-con-
trolled transfer-function generator, of
which the transfer function is

(V/V, M8) = (Ve ROSV(10+V . RCs)
(1

where V., is the multiplier control volt-
age.

The input signal Vy is half-wave recti-
fied by IC, and the multiplier output V , is
half-wave rectified by 1C; after being

V= Vin | £120deg

Vo

AN
60de

VA=Vin

VC =|Vin | £--120deg

amplified by a factor of 2 in IC,.
Integrator IC, forms a low-pass filter and
high-gain comparator for these two recti-
fied signals, its output being the control
voltage V. of the multiplier. This feed-
back loop maintains the magnitude of the
transfer function at 0.5 and. under this
condition, the phase of the transfer func-
tion is exactly 60°.

The phasor diagram shows how the

state D D,
open C/E flicker flicker
short C/E off off
good p-n-p on off
good n-p-n off on
+5Y L Reset Ds =
*06 e
k2 8 [ 10k %"‘ %’“‘ '
7 2 L D1 D
p S0 FRon
= 555 2 Jer wn
2 S
l [}
'J"100n 10n
I T
Dy, 1N 914

other two phases are derived from the out-
put of the transfer-function generator. If
V, = V,y is the reference phase. V) has
half the amplitude of V, and leads it by
60°. In conjunction with the transfer-func-
tion generator, IC, forms an ali-pass net-
work which doubles the phase lead of V,
while restoring the amplitude to that of
V, to form the second phase V. The
third phase V. is formed by inverting V,
and amplifying it by 2 in instrumentation
amplifier IC,.

Input to the circuit must be sinusoidal

with no DC oftset, although input ampli-
tude is not important. Operation is from
SHz ta 100Hz, distortion is less than 2%,
phase error is better than (.75degrees and
the input should be between 1V and 5V.
Ajoy Raman and K. Radhakrishna Rao
indian Institute of Technology

Madras

Editorial survey. Use the informatiod
card to evaluate this article. Item K.

Va
Ve
Ve
ADSLL
Vin +15V
330k
—VC
offset lN.A 101
gain =2
33k
-15v
Ve
§33k
33k
[ —i—¢
A A e
33k
AD6LL

15k

15k I
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RALFE - ELECTRONICS
36 EASTCOTE LANE, S. HARROW, MIDDLESEX HA2 8DB
TEL 081-422 3593 - FAX: 081-423 4009

BOONTON 1028 AM/FM signal generator £1000
SPECTRUM ANALYSERS COLE mains check set £100
FARNELL SSG520 signal generator AM/FM 10-520 MHz £950
HP182C 85588 0.1-1500MHz £2500 | FARNELL AMM automatic modulation meter £325
HP182T'8559A 21GHz system £5000 | FLUKE 80208 handheld DMM £125
HP3582A 0.02Hz-25.5kHz £3500 | FLUKE 540B/A54-2 thermal transfer standard £1250
HP3585A 20Hz-40MHz £7500 | GITRONICS GU1240A signal source 0.01-4GHz £1250
HP1417/8552B/85538 1 10MHz system £2000 | GOULD J3B audio oscillator £350
HP1417/85528 85548 1250MHz system £2250 | GOULD OS4035 digital storage oscilloscope £750
HP 1417/8552A/8555A 18GHz system £3250 | JJLLOYD PLA4 single-pen chart recorder £325
TEKTRONIX 2754 21GHz £8500 | NATIONAL VP-7750A wow & flutter meter £225
TEKTRONIX 491 £1000 | PHILIPS PM3244 4-channel 50MHz oscilloscope £375
MARCONI 2370 110MHz £3000 | PHILIPS PM3262 100MHZ dual-trace dual TB scope £400
PHILIPS PM5534 standard pattern generator NTSC £2500
PHILIPS PM5545 colour encoder PAL £1000
! PHILIPS PM5597 VHF modulators £250. PM5598 UHF £500
M A RCO Nl | N STR U M E NTS PHILIPS PM5580 |.F. modulator £1500
PHILIPS PM5712 pulse generator tHz-50MHz £375
PHILIPS PM6613 250MHZz counter/timer 8 digits £150
PHILIPS PMB8202 recorder with 9874/01 temp’ unit £450
PROSSER 400N digital phase meter £100
RACAL 9081 signal generator 5-520MHz synthesized £850
RACAL 9082 signal generator 1.5-520MHz synthesized £950
RACAL 9084 synthesized signal generator to 104MHz £650
RACAL 9105 RF micro-wattmeter 0.02uW-200mwW £250
RACAL 9300 RMS voltmeter - 80dB to +50 £195
I RACAL 9301 RF milii-volimeter £350
RACAL 9301A RF miili-voltmeter £450
| RACAL 9905 200MHz counter timer £150
2017 signal generator uP-controlled GPIB £3500
2019A synthesized signal generator 10kHz-1080MHz g2500 | BACAL 9915M trequency counter 560MHz 150
2091C/2092C white noise receiveriransmitter. paw £1750 RACAL Store 7DS instrumentation tape recorder £1750
2177 RF amphtier 3W 40db gain 1o 1 GHz £750 RIKADENKI 3-pen chart recorder : £250
2356/2357 level oscillator level meter £1000 ROBERTS & ARMSTRONG fibre-optic end-angle measur2 £500
2370 spectrum analyser 1 OMHz £3000 ’ SCHLUMBERGER 4010A mobile radio test set £1500
2380 82 400MHZ spectrum analyser £11000 SCHLUMBERGER 4021 mobite radio test set £1500
Y
2430A 80MHz frequency counter €95 | SCHLUMBERGER SRTG-GA63 selectlve call test set £1500
2431 A 200MHz frequency counter £110 SHIBASOKU 217A/33 SECAM colour bar generator £325
2432A 560Mhz frequency counter £150 SOUND TECHNOLOGY 1000A FM stereo sig gen Band Il £500
2501 RF power meter 0.3W DC-1GHz £150 ! SYSTEM VIDEO TV vectorscope/wavetorm monitor 19 £600
2503 RF power meter to 100W DC-1GHz £200 SYSTRON DONNE R410 sweep/function generator £150
2828A/2829 digital simulator/analyser £1500 TELEQUIPMENT CT71 transistor curve tracer £250
2833 digital in-line monitor £250
2870 data communications tester £1000
2955 test set with GPIB option (1 only in stock) £3500
6460 microwave power meter with head 6421 £300
6460/1 microwave power meter with head 6423 £350
60568 2-4GHz signal source £850
605X -series complete range available ca. £850
OA2805A PCM regenerator test set £750
TF1245A Q-Meter with 1246 and 47 oscillators £500
TF20028/2 1708 88MHz signal generator £300
TF2006 FM signal generator 10-1000MHz £500
TF2011 FM signal generator 130-180MH2 £150
TF2013 FM signal generator 800-960MHz £350
TF2015/2171 10-520MHz AM/FM signal generator £500
TF2104 uttra-low distortion oscillator 10Hz-110kHz £125
TF2162 audio attenuator £100
TF2163S UHF attenuator DC-1GHz 0-142db £325
TF2175 AF power ampiifier 2-500Mhz 27db gain £250
TF2300 modulation meter £200
TF2300A modulation meter £300 ~. T
TF23008 modulation meter £400 WANTED: TOP QUALITY
TF2500 audio frequency power meter £100 y
TF2600B vudeovoltmel:r 1mV-300V fsd £125 TEST EQUlPM ENT. pLEASE
TF2807A PCM multiplex tester £400
TF2905/8 sine squared pulse & bar generator £275 p Ho N E O R FAX U S .
TF2908 blanking & sync mixer £150
TF2950 mobile radio test set £600
TFB93A audio power meter £50
TM4520 -ndum‘:)r g £250 PLEASE NOTE: ALL OUR EQUIPMENT IS NOW
CHECKED TO MANUFACTURERS® SPECIFICA.
TIONS BY INDEPENDENT LABORATORY TO
BS5750. Certificates of calibration to this standard
VAR'OU S T& M EQU | P M EN can be supplied at very reasonable cost. All items
guaranteed for 3 months {90 days) and 7-days
A.W.A. type F242A auto distortion & noise meter £325 return for full refund” warranty. URGENTLY
ANRITSU MN9S5D fibre-optic attenuator 0-65db £250 REQUIRED FOR STOCK - "high end’ test equipment,
:xg 33‘156‘:)' 53?":9‘::::“'; ;::’" cap’ bridge ’g;g cash waiting for first-quality second-user instru-
AVO RM215L-2 ac/dc breakdown tester to 12kV £695 U}:—ﬂs Gl ZReES SUBJECTITONNDDIMONAL
BRANDENBURG Alpha Il 507R 0-5kV £300 :
BRUEL & KJAER 2609 measuring amplifier £650
BRUEL & KJAER ZR0002 AND ZR0004 25db pots each £250

TEXSCAN VS60C 1000MHz sweep generator £1100
TEXSCAN VS30A SMHz-2400MH2z sweep generator £850
TOA PM-30R RF volt-meter 1mV-10V fsd £150
WILD HEERBRUGGE microscope for /o cable £500
WILLIAMSON ViewTemp infra-red thermometer 50-300°C £150
WEW INSTRUMENTS 2-pen chart recorder £500

HEWLETT-PACKARD |

10529A logic comparator/probe/chp £200
116028 transistor fixture for S-parameter test set £395
116658 modulator (use with 8755C. 8756A etc) £200
117108 down converter {to 10kHz) for 86408 sig gen £500
11720A pulse modulator £1000
1417/8554B/8554B 1250MHz spectrum analyser system £2250
141T/8552A/8555A 18GHz spectrum analyser system £3250
1417/85528/8553B 110MHz spectrum analyser systems £2000
1610A loglc analyser £250
1645A data error analyser £1500
182T analyser main-frame £600
2671G thermal graphics printer £150
334A distortion meter £350
3400A voltmeter 10Hz to 10MHz 1mV-300V full scale £250
34111A HV divider probe for 10M ohm multi-meter 40kV £50
3581A wave analyser 15Hz-50kHz £1000
3585A spectrum analyser 20Hz-40MHz £7500
400F voltmeter 20Hz-4MHz. 100uv-300V fs. 14 ranges £225
400FL voltmeter as 400F but with inear db scale £225
4204 A decade oscillator 10Hz-1MHz Fx accuracy +0.2% €175
4342A Q-meter. 22kHz-70MHz Q-range 5-1000 £1000
435A/8482H RF power meter £650
4948A (004) in-circuit transmission test set £3000
50058 signature muitimeter programmable £1750
5006A signature analyser £500
5036A microprocessor lab £250
5300A/5302A 50MHZz counter-timer £125
53638 time-interval probes £750
6113A power supply 0-10V 0-2A £175
64438 power supply 0-120V 0-2.5A £325
6516A EHT power supply 0-3KV 6mA £250
6824A power supply +5010 —~50V. 0-1A £150
70158 XY recorder with timebase £650
7040A X-Y recorder option 006, 012, {1V/inch) £200
80138 50MHz pulse generator £750
B8327A test set selector £500
B8405A vector voltmeter £1250
B8406A comb generator £1000
85538 141-serfes 110MHz analyser plug-in unit £750
85588 1.5GHz spectrum analyser in 182C mainframe £2500
8559A 21GHz spectrum analyser £5000
8600A digital marker generator £325

B8620A sweep generator systenv862 1B x 2 plug-In units covering

1.7-4.3 GHz and 8-12.4 GHz £1500
8620C sweep generator '86290A 2-18 GHz £3500
8640A AM/FM signal generator 0.5-512 MHz £850
86408 AM/FM signal generator 0.5-512 MHz (OPT 001) £1500
8733A pin modulator £100
8750A storage normaliser £750
8954A transceiver interface £750

TEKTRONIX EQUIPMEN

1485R PAL/NTSC TV wavetorm monitor £1950
2225 50MHz dual-trace oscilloscope £400
2225ST digitai-storage version of 2225 o'scope £550
2336 ruggedized 100MHz oscilloscope £950
2754 21GHz spectrum analyser £8500
475 250MHz oscilloscope dual-trace dual timebase £550
4696 colour ink-jet printer {with 4510A) £750
7623A/7B53A/7A18A (x2) 75MHZ 4-trace stoage o'scope £1250
7904/7A19/7A15A/7870/7871 500MHZ 0 'scope system £1500
576 transistor curve tracer £2500
AKO2 SMA-adapter kit £350
CT71N curve-tracer plug-in (7000-series based) £850
FG504 function generator £650
PGS502 pulse generator £650
PG506 calibration generator £500
Scope callbrator - TM503/SG503 TG501/PG506 £1750
TM503 3-siot maln-frame £250
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DESIGN

n discussions concerning picture-tube
performance and transmission stan
dards for high-definition television, it
i1s important also to consider the
means of switching and routeing auxiliary
signals from various external equipment.
Even now. the consumer is presented with
a large selection of possible information
and entertainment sources (video
recorders, laservision players, home com
puters), all competing for the same dis-
play medium.
It is with the need tor a flexible inter-
face to external equipment in mind that
this device has been developed.

DG894

The device is a monolithic, wide-band
switch, capable of switching analogue or
digital signals of up to 100MHz7: it com-
prises fourteen switches. as shown in
Fig.1. For convenience. these are labelled
for RGB plus tast blanking signals,
together with luma (Y) and chroma (C),

Better video
switch chips?

Video routeing places
special demands in
semiconductor
switches. Siliconix
has produced a
special device for the
job.

Switch configuration
The switches are fully bilateral, allowing
signal transmission in either direction
when closed, with an RDS(ON) of less than
100£€2.
Switch control may be either direct by
parallel DC addressing, or serial via the

Philips 12C bus, as appropriate. The
Philips two-wire (data and clock) bus
structure has been widely adopted for tele-
vision and two addresses have been allo-
cated for use with DG894.

As can be seen from the truth table of
Fig. 2, with Serial Mode (SMO) selection
pin at logic 0, the address to which
DG894 responds will be determined by
the logic state of the SEL (SELect) pin.
This allows two of these devices to be
used simultaneously on any 12C bus sys-
tem, while retaining independent control.
Two turther addresses have been allocated
by Philips, so that a second version of the
device, with different metal-mask, could
allow simultaneous operation of four of
these switch arrays. if desired.

The truth table also shows the eight
selections possible by DC address control
where the 12C bus is not implemented.
Note that in this mode the SEL pin dou-

TRUTH TABLE

which is the S-VHS signul .inpuL Y o a e SMO SEL SDA SCL FUNCTION
However, these could be other video or C <o P
w.ide-hund or even uudiq signals as conve- Y my T 0 X 12C Bus Operation
nient. It comes in a 28-pin DIL package as Conny Y I
standard and is intended for operation Y, e 1 0 0 0 All Switches OFF
over the -40°C 10 85°C temperature range. c, —| i | 1 0 o 1 Y.C
B o s 1 0 1 0 Y1.C1
! ~ ] T ur 1 o 1 1 Ya.C2
Signal capability Rz — - yp 0 9 B SCARN
. : ST _ Gy g™’ Sy s 1 1 0 1 SCART2
Signal-handling capability is 4V pk-pk: oy y 1 1 0 SCART1.Y1.C1
for single-.supply‘ 12V operation. this (;2 = _O/°A 1 1 1 1 SCART.Y2.C2
allows an input of OV 10 4V. By using 1 T ~ Bour . —— - =
dual supplies of +12V and -3V, the input B; ———o" X = Don't care
signal range may be shifted. allowing FBy o s ] FBour
input voltages between -2V and +2V 1o be FBy ——0"" Fig.2. Truth tahle. With SMO at 0,
applied. This is how the device has been SDA —¢- T SMO DG894 responds to address set hy SEL
characterised. but these supplies would SCL — o9 SEL pin.
allow a signal swing of between -3V and
+4V, if desired. Crosstalk is -70dB at Fig. 1. Arrangement of switches in the
SMHz. DG89S.
427
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DESIGN

plus Scartl; Y1,CI plus Scart2 are possi-
ble).

Applications
The chip can obviously be used singly, for
example. to switch between two Scart
connections and/or three S-VHS connec-
tions.
Alternatively, Fig.3 shows an application
which uses two DGR94 plus some stan-

V-

H

sync output.

Process

The device is fabricated using Siliconix’s
d/cmos process. allowing optimisation tor
high-frequency signals. while maintaining
low on-resistance and tow capacitance.
On-chip cmos circuitry provides the nec-
essary level shifting. logic interface and
latching functions to case system design.

Should even higher bandwidths and/or
lower crosstalk be required, this is possi-
ble by the construction of T switches.
together with the necessary control logic,
on chip. Figure 4 shows a cross section of
an n-channel device made with the d/cmos
process. incorporating dmos and pmos
transistors. The tabrication of the T switch
1s shown; the short channel feature of the

g:ﬁg‘r >—*’_‘D°1 Fig4. Cross section of n-channel device made with the
Circuit — DICMOS process, which incorporates dmos and pmos

transistors, showing fabrication of T switch.

T
| | I |
I 1 ! |
| | I |
; I bstrate |

{ [ | I |
1
| n-Channet : : n-Channel : PMOS FET }—
| DMOS ‘T’ Switch | | DMOS FET | |

~ — -
Complementary MOS
- Metal (L) [l - Gote Oxide (SIO,) [l - Polvsiicon Gaw [ ] - Field Oxide

428

ELECTRONICS WORLD + WIRELESS WORLD May 1991

E
DEMOD
LLMA DELAY
Ltegons) |
—o0o o0
Y/C [ "0 - oo
NTSC/PAL ——|  SEPAR -~ — e
—-o0—"0 oo
o ane sws [ T2
00 o0 c
GlY) ‘v‘o——I "’o—]
oo o0 8
BlU) I oo
ye7 - o/’l\ R
REV) ] = I_ I_.._._._o/o__I
Tin I =0
o |22 ) I
.. 5D S0 — ———smA
e o o
DCESALA) e
sNC.
bles as one of the address lines. so min-  Fig.3. DG894 used as multi-standard
imising the pin count. converter, switching a number of input INPUT DG894[A] DG894 [B]
It should also be pointed out that the  formats to RGB plus sync output to the SMO SEL SDA SCL SMO SEL SDA SCL
number of switch-state selections is only  receiver. PAL/NTSC 1 il O 1 0 1
limited to eight by the number of address S-VHS 1 1 0 0 1 1 SRR |
lines available: in the 12C bus contro!  dard circuit blocks to switch a variety of RGB 1 1 0 1 119 o B
mode, further combinations such as Y.C input standards to a common RGB plus YUV 0 A0 of W At d dE o %



DESIGN

BLOOK DIAGRAM

INL IN2 IN3 IN4 INS I"BJ;? INS
PQPPQOQ OO0
t T
T
<o To—4— DUt
)
B X 4 SWITCH MATREX | | oro—t Ot
i
—+—1 o7 o—+— 0UT3
| )
: —-1T o0——) OUT4
l
- i AN S

DECODE LOGIC, SWITCH DRIVERS J——O 4 DISASLE JUTPUTS

QUAD PACKAGE ONLY

5

dmos devices offers 8 10 10 times less
channel capacitance than a conventional
lateral nmos transistor for a given
Rpscony

The p-n junctions would become for-
ward biased if input signals were more

negative than the p substrate; for this rea-

Fig.5. Wide-band 8 x 4 cruss-point switch, using DG894.

- - N ”S
o S CURRENT EVENT urcresD g - 19
s O 1/0 CONTROL SALVE]
LOGIC 1T
81 O —t |
NEXT EVENT LATOHES
80 O—f—
0000 é
1/0 A3 A2 AL AD

son, the negative supply is necessary for
signals which swing below ground.

An example of the crosspoint technigue
is shown in Fig. 5. which is an 8 x 4
crosspoint which utilises the T switch
method to provide 300MH¢ bandwidth,
with -85dB crosstalk at SMHz.

FUNCTION

IN1 IN2 IN3 IN4 INS ING IN7 INS
‘? Qe Q0 Q Q
. 4+——OQourt
- — l N S S T § QO our2
O out3
| O ouT

.

EIGHT INPUIS - FOUR OUTPUTS
ANY INPUT CAN BE CONNECTED TO
ANY ONE/TWO/THREE (OR EVEN ALL
FDUR) DUTPUTS SIMUA TANEOUSLY
WIDE BANDWICTH (30CMHZ)
* LOW CROSSTALK (-BSDB e
ZASILY INTERFACED
§'SALVO’ FEATURE}

.

SMHZ)

Siliconix. Weir House. Overbridge
Square., Hanmbridge Lane. Newbury.
Berks. R914 SUX. Tel: 0635 30905.

Editorial survey: use the information |
card to evaluate this article. Item L.

8051 DEVELOPMENT SYSTEMS

@ Dascal, Cand Assemblers

@ Multitasking support

@® Source level debug

@ Supports ALL 8051 variants

@ DProgrammers including
support for 87C751

ROMEMULATOR

@ ROM sizes from 16 kbit
1o 8 Mbit!
@ Full screen editor
@ High speed parallel download
@ Split and shutle capability
@ Battery back-up shuftle

MICROPROCESSOR DEVELOPMENT TOOLS

EMULATORS - SIMULATORS - COMPILERS - ASSEMBLERS - DEBUGGERS - PROGRAMMERS

77C82 8085 Z8 68000 8051 8086 64180 32010 68-C11 87C752 6301 6502 Z80 V20 3809 740 Series V40 80188 etc.

NEW MITSUBISHI 740 SERIES

s M A RT COMMUNICATIONS

~

Integrated:-
@ Assembler
@& Editor
@ Emulator with Real Time Trace

UNIVERSAL TOOLS

@ Universal Assembler

@ Compilers

@ Simulators

@ Dis-Assemblers

@ Programmers for PROMs, PALs
etc.

IN-CIRCUIT EMULATORS

63HC11 77C82 8051
8086 NEC V Series
63000 Z80 80188 80186 and more

2 Field End, Arkley, Barnet, Herts EN5 3EZ. Telephone: 081-441 3890
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Many Radio Amateurs and SWLS are puzzled.
Just what are all those strange signals you can
hear but not identify on the L.f. and h.f.

frequencies? A few of them, such as c.w.,
RTTY, and Packet you‘ll know — but what
about the many other signals?

Hoka Electronics have the answer! There are some well known
CW/RTTY decoders with limited facilities and high prices,
complete with expensive PROMS for upgrading, etc., but then
there is Code 3 from Hoka Electronic!

It’s up to you to make your choice — but it will be easy once you
know more about Code 3.

Code 3 works on any IBM-compatible computer with MS-DOS
having at least 640kB of RAM

Code 3 hardware includes a complete digital FSK Converter with
built-in 230V ac power supply and RS232 cable, ready to use.
You’ll also get the best software ever made to decode all kinds of
data transmissions. Code 3 is the most sophisticated decoder
available, and the best news of all is that it only costs £249 plus
VAT!

The following modes are included in the basic-program (with the
exact protocols).

Packet Radio AX 25. Any speed up to 480 bai
Hel): Synchronous/asynchronous, all speeds
Fax: Weather charts. photographs with 16 grey
scales at 60, 90, 120, 180, 240 rpm

Morse: Automalic and Manual speed with wpm
indication

Press DPA: F7b spec.. 300 Bd ASCII
Wirtschaftdienst: F7b spec.. 300 Bd ASCII
Sport Information: F7b spec Bd ASC
Autospec  MK’s | and Il with all known
interleaves

DUP ARQ: Artac ITA?

TWINPLEXF7b]  F7b6 Simplex ARQ

ASCI ITA 5 all speeds, parity

Baudot: ITA 2 plus all types of Bit inversion, at
any speed

All modes in preset and variable user-defined baud rates and
shifts.

SITOR Automatic Mode A and B (ARQ and FEC
ARQ: CCIR 476, CCIR 625 mode A
ARQ-6: - 90/98 spec. ARQ variant

ARQ-S ARQ 10008

ARQ-Swe: CCIR 518 variant

ARQ-E. ARQ 1000, ITA 2-p Duplex
ARQ-N: ITA 2 Duplex

ARQ-E3: CCIR 519 ITA

POL-ARQ spec. ARQ-variant

TDM 242. CCIR 242 1/2/4 channels

TOM 342 CCIR 342 1,2/4 channels
FEC-A FEC 100(A) ITA2-P FEC Broadcast
FEC CCIR 625 476-4 mode B Sitor both
collective and selective FEC

FEC-S FEC 1000SITA 3

Five options are available to use with the Code 3 and consist of

1: OSCILLOSCORPE, this facility displays the measured frequency
versus time, including split-screen, storage and non-storage
modes at £25.

2: PICCOLO MK VI (Everybody wants this facility, but it's only on
offer from Hoka), the well-known multitone-mode at £60.

3: ASCII ‘SAVE TO DISC’ Store all decoded text to Disc as ASCI|
£25.

4: COQUELET (Another multi/tone system. Only on offer from
HOKA'}. £60.

5: SPECIAL ARQ/FEC. Various other new ARQ/FEC systems. £80.

Plus many other special codes. Send for details, price on
application.

COMING SOON — THEY SAID IT WOULD BE IMPOSSIBLE BUT
HOKA HAVE DONE IT AGAIN - AUTOCLASSIFICATION OF
SYSTEM. NO MORE TIME WASTED TRYING TO WORK OUT
WHAT SYSTEMITIS — LET THE NEW "OPTION 6
AUTOCLASSIFICATION” TELL YOU!

Along with the many facilities listed above, the analysis section
of the Code 3 offers you a wide choice of unique facilities such as
a built-in AF frequency spectrum-analyser for shift measurement
and tuning, plus precision speed measurement up to 0.0001 Baud
resolution. Other analysis facilities include Speed Bit analysis,
Speed Measurement, Character Analysis, Auto-correlation of
MOD and RAW signal, Bit Analysis. All these state-of-the-art
features are included in Code 3 to assist the experienced user.

All options are available from the main menu, saving or loading
to or from hard or floppy disk in RAW Bit form {no loss of
unknown signals), hard copy with printer, on-screen tuning
indicator and very easy to use online Help-files.

To order, phone us for more details or send cheque,
payable to:

HOKA Electronics
Feiko Clockstr. 31

HOKA Electronics (UK)
84 Church Street
Langford, Biggleswade,
SG18 9QA, Beds

Tel: 0462-700644

Fax: 0462 700893

Please specify disk size 32 or 5" when ordering!

All prices ex. VAT and Shipping; price includes a free 6-month
software update and life-time tech. support.

NL-9665 BB Oude Pekela
The Netherlands

Tel: 010-31-5978-12327
Fax: 010-31-5978-12645
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Wideband Scanning
i and Communication
o Receivers

NEVADA MS1000
¥ MOBILE OR BASE SCANNING RECE!VER
* Covers:- 500 kHz - 600 MHz, 800 MHz
* Receive Modes AM - FM - Wide FM
* 12V DC or 240 V AC Operation.

1300 MHz
£242

FAIRMATE HP200E

WIDEBAND HANDHELD RECEIVER

The HP20OE is a Handheld Version of our Nevada
MS1000 Mobile Scanner.Covering 500kHz 1300MHz

© AM - FM - WFM Reception. ... .€234

ICOM R7000

Covering 25 MHz to 2000 MHz £860
ICOM R72

Covering:- 30 kHz to 30 MHz £520

ICOM R100 WIDEBAND SCANNING RECEIVER
Covers:- 500 kHz to 1.8 GHz

AM - FM - Wide FM Modes £434
ICOM R1

THE SMALLEST WIDEBAND POCKET SCANNER

100 Chan Mem, Extra Wideband Freq

Coverage 150 kHz - 1300 MHz £347
LOWE HF225 30 kHz - 30 MHz Receiver.

All Modes (with options) £369

AR3000 WIDEBAND MOBILE/BASE SCANNER
Covers:- 100 kHz to 2036 MHz £665
PRICES QUOTED EXCLUDE VAT

Established for over 21 years, we are probably the
UK's Largest Stockist of Scanning and Shortwave
Communications Receivers

The above is just a small selection from our range
Contact Mr Paul Martin by Telephone or Fax Now!
WE SHIP WORLDWIDE FAST!

NEVADA COMMUNICATIONS
189 London Road, North End, Portsmouth PO2 9AE
Telephone: (0705) 662145  Fax: (0705) 690626
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HALCYON

ELECTRONICS

Computers, test equipment, video monitors, amateur radio gear,

oscilloscopes, scientific instruments, connectors, printers, power

supplies, communications, disk drives, multimeters, component

bridges, frequency counters, signal generators, semi-conductors,
integrated circuits, etc.

SPECIAL OFFERS

FARNELL E350 VARIABLE STABILISED PSU'S 0-350V 100MA, VA METERS, 6 3V 2A C/T. 0-2.5-5-6 3V 3A
LINSTEAD M28 MILLIVOLT METERS, BATT OP, RANGES 1.2MV-400V AC. 120MV-400V DC
NICAD BUTTON CELLS 100MA-. 6V FLAT PACK STACKS. EX NEW EQUIPT

£49
€9
£2STACK. 10FORE16

FLUKE 931B RMS DIFFERENTIAL VMETER
FLUKE 6160A FREQ SYNTH |HZ-30MHZ

POA
POA

SARTORIOUS 2432 ANALYTICAL BALANCE 2006 POA
PYE UNICAM SP1800 UV SPECTROPHOTOMETER POA

FLUKE 7220A FICOUNTER 9 DIGIT 1.3GHZ POA SULLIVAN & G STD DEC AIR CAP 0-1100PF £495
WESTON STANDARD TWIN CELL TINSLEY £75 HP 3406A SAMPLING BROADBAND VMETER POA
MICROVITEC HL FSTMONSRGB ANAL. COMPO.SND£143  ROHDE & SCHWARZ DPU ATTENUATORS POA

REDPOINT 6E-1 HEATSINKS 1.5C/W BRAND NEW £1.50 NEOTRONICS OTOX91 OXYGEN ANAL. PRTABLE POA

BBC-B COMPUTERS £139 & £179 (00S) LYONS WGT16 16MHZ WORD GENERATOR £245
NELSON ROSS SPECTRUM ANALYSER 0-20KHZ £295 MICROWA ANALYTICAL BALANCE £69
CT491 CABLE TEST SET. 700YDS. CRT DISPLAY £59 HP. 5004A SIGNATURE ANALYSER £95
TEXSCAN 9650 TRACKING SVEEP ANALYSER €695 EPSON PX4 & TF15D TWIN FLOPPY €175
RACAL DANA 9341 DIGITAL LCR BRIDGE £295 WAVETEK 2001 SWEEP/SIG GEN. TO 14GHZ  £1500
AVQ CZ 457/5 COMPONENT COMPARATOR £75 1N4004 6000 OFF (THOMSON-CSF £125
MARCONI TF2300 FMAM MODULATION METER €195 BA&T LAB OVENS 12x13x14 INTERNAL 210C  £195
TEKTRONIX 535A. 5458, 585 SCOPES FROM €65 MARCH DPL300S ELECTRONIC LOAD 60A 40V £175
WANDEL & GOLTERMAN TFPM-43 & TFPS-42 EA  £55 PASCALL BALL MILL, VARIABLE SPEED £95
OLIVETTI 32MB EXT HCRIVE HOU2432 £149 TEKTRONIX 4662 PLOTTERS, GPIB & RS232 €[
ULTRASONIC CLEANING BATH. 5 LITRE £195 OTHER PLOTTERS From £95

UV 200W SHUTTR OP. TIMER. 240V £89 HP COMPUTER 98258. 152634, 98032A OPT. 066 £195
BAK 1019 AUTO VIB EXCITER CONT+HEAD €85 MICROWAVE BY HP. KELTEC. VARIAN, ETC POA
T-SWITCHES INMAC 1863 RS232 2-WAY €40 HITACHI CM2073A'301 20" RGB 64kHz. CADDTP  £495
LEAKSEEKER 46 PORTABLE GAS DETECTOR €95 TECMAR Q1C-60H TAPE STREAMER £95
TEKTRONIX 834 PROG DATACOMMS TESTER €495 LEADER LCG 396 NTSC PATT. GENERATOR £395
AVO 8S Mk2. 5 & 6 From £55 CONRAC 7211 HI-RES RGB MONITOR £395
VARIABLE OUTPUT PSU's From €35 OSCILLOSCOPES DUAL TRACE From 75
TEKTRONIX 520 PAL OR NTSC VECTORSCOPES £475 12" GREEN SCREEN MONITORS From £39
METROHM 9A 250V MEGGERS £7 Cageiod THENSC0R £

OTHER MEGGERS/MEGGER BRIDGES From €15 MQNAL GENERATORS. AF TO 12.5GHz From £20

LIST AVAILABLE, BUT 1000'S OF UNLISTED BAR

QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICE EXC. OF P&P AND VAT

423, KINGSTON ROAD, LONDON SW20 8JR

SHOP HOURS 9-5.30 MON-SAT. TEL 081-542 6383
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TECHNOLOGY

“Multi-media” is the combination of
image, sound and communications and
at least according
10 Microsoft, But turning the concept into
reality on the PC is a difficult task. even
with the much heralded Intel 80486 32-bit
MICTOProcessor.

However many multi-media tasks lend
themselves to the techniques found in dig-
ital signal processing (DSP). including
document image processing. graphics ani-
mation, image compression, speech gener-
ation, speech recognition, processing
sound quality and high speed data comms,
So multi-media tasks could be performed
on a dedicated processor. acting as a slave
to the PC’s central processing unit (CPU).

DSP for multi-media

AT&T. having recognised the future mar-
ket for multi-media PC workstations, has
recently released its DSP3210 which
builds on the DSP32C 32-bit floating
point digital signal processor to satisfy
multi-media needs.

One of its appealing features is the 32-
bit bus master interface allowing the
DSP3210 to be linked with processors
from either Intel or Motorola. To meet
multi-media real-time requirements it has
its own operating system, VCOS, which
supports muititasking, multiprocessing
(several DSP3210s) and allows the
DSP3210 to use the PC’s memory.

initially the DSP3210(s) would appear
as an enhanced processor on expansion
boards which host either the extended
industry standard architecture (eisa) or
IBM micro channel architecture (MCA)
interface bus.

In the first instance multi-media opera-
tion would be transferred to the enhanced
processor board by the system CPU and
run as a closely couptled peripheral.

A reasonable assumption is that most
multi-media applications will be coded in
C — reflected by AT&T providing an
optimised C compiler for the DSP3210.
With this objective in mind, VCOS comes
with its own multi-media function library
for sound and graphics processing.

The first releases of the DSP3210 have
a context latency of 80ns, making the
device eminently suitable for real-time
applications.

The 32-bit bus master on the DSP3210
allows the device to make efficient use of
the PC’s own memory: it can access the
system dram without the intervention of
the CPU by using a memory request and
acknowledgement protocol.

In principle it can execute code from
dram but for real-time processing. data
and program instructions can be imported
directly into the DSP3210°s internal ram
from the PC’s (slow) dram.

DSP3210 brings
music and move-
ment to PCs

Will DSP chips such
as AT&T’s DSP3210
bring animation and
stereo sound to the
PC? Allen Brown
takes a look — and
listen.

DSP3210 advantages

There are three areas of the multi-media
concept where the DSP3210 scores well.

Graphics processing is inherently inten-
sive from a computational point of view.
Manipulating 3-D images requires stan-
dard functions such as matrix multiplica-
tion. and tke DSP3210 is well suited to
performing this type of operation espe-

Closer look at the DSP3210

The CAU contains a 32-bit arithmetic
logic unit, a barrel shifter and a rich
complement of 32-bit registers which
are supported by 32-bit buses.

The DAU on the other hand has
40-bit accumulators for single extend-
ed precision arithmetic and a 32-bit
floating point multiplier and adder
(mac). Thss is able to operate in a sin-
gle machine cycle to perform a float-
ing point mac — an essential feature
for fast signal processing.

It is also able to convert its floating
point numbers into IEEE-754 floating
point format or a variety of other for-
mats including A-law and mu-law for
comms applications.

Other functional elements include
a serial I/O (SIO) unit which supports
multiprocessor interfacing and
comms links, a direct memory access
controller (dmac) with two 32-bit
buffered channels operating with the
SIO unit and a timer.

The times are used for interval mea-

cially since it has support for z-buffering
via the clip-test register in its DAU.
Algorithms for image animation will
also prove to be compute-demanding
since differential and translation calcula-
tions are involved. For image storage and
retrieval, a variety of compute intensive
compression algorithms is needed.

Efficient data throughput is vital to give
the ability to process information quickly.
The DSP3210 with its DMA and S10
facil:ties can engage in rapid access to
mass storage devices or through comms
links to remote data storage sites.

Sound processing whether speech recog-
nition or synthesis, may usc many signal
processing algorithms. Although speech
recognition is proving to be particularly
difficult to implement, speech synthesis is
showing more promise.

|l;'ditorial survey: use information card
\to evalutae this article. Item N.

surement, event counting, waveform
generation and is needed for real-time
interrupts. To make the DSP3210
appear more like a general purpose
microprocessor.

All interrupts and error conditions
are treated as prioritised exceptions,
handled through a relocatable vector
table containing start addresses of ser-
vice routines for the exceptions. |

Block diagram of the DSP3210

i @55 Bus
Bus
2 linter Boot| |Rpami| [RAMO
8 lace HOM
3 4
a
~ 9
> - 1 o
DNAC DAU: 32bt FPU | CAU  32-bit int
* FP Mukiply +Address
2 Generation
S0 @ |. FP Add
~Arithmetic
=| |+ Format Convert
TIMER ip
o + HW Context Save
|
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HIGH POWER AMPLIFIER For your car, it has 150 watts output,
Frequency response 20HZ to 20 KHZ and a signal 10 noise ratio
better than 60db. Has builtin short circuit protection and adjustable
input level to suit youe existing car stereo. so needs no pre-amp.
Works into speakers ref 30P7 descnbed below. A realbargain atonly
£57.00 Order ret 57P1

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 172" woofer 2* mid range and
1" tweeter. Ideal to work withthe amplifier descnbed above Prceper
pair £30.00 Order ref 30P7

PERSONAL STEREOS Customer returns but somplete vdth a
pair of stereo headphones very good value at £3.00 ref 3P83
2KV 500 WATT TRANSFORMERS Suitable for high voltage
experiments oras a spare for a microwave oven efc. 250v AC input
£10.00 ret 10P93

MICROWAVE CONTROL PANEL. Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable)
|deal for all sorts of precision imer applications etc. £6.00 ref 6P18
FIBRE OPTIC CABLE.Stranded opfical fibres sheathed in black
PVC. Five metre length £7.00 ret 7P29

12VSOLAR CELL200mA output ideal fortrickle charging etc. 300
mm square Our pnce £15.00 ret 15P42

PASSIVE INFRA-RED MOTION SENSOR. ~
Complete with daylight sensor, adjustable ights ,)

on timer (8 secs -15 muns), 50° range with a 90

deg coverage. Manual overide faciity. Com-

plete with wall brackets, bulb holders etc. Brand ?‘.
new and guaranteed. £25.00 ret 25P24

Pack of two PAR38 bulbs for above umit £12.00 i !

ref 12P43 sy 7
VIDEO SENDER UNIT Transmit both audio Nivar

and wdeo signals from either a video camera

video racorder ot computer to any standard TV set within a 100"
range! (tune TV to a spare channel) 12v DC op. £15.00 ref 15P39
Suitable mains adaptor £5.00 ref SP191

FM TRANSMITTERhoused in a standard working 13A adapter
(bug is mains dnven}. £26.00 ret 26P2

MINATURE RADIO TRANSCEIVERS A pair of walkkis talkies
with a range of up to 2 kilometres Units measure 22x52x155mm
Complete with cases. £30.00 ret 30P12

/
v

FM CORDLESS MICROPHONE. Small hand held -
unit with a 500" range| 2 transmit power levels reqs PP3 /4 §
battery. Tuneable to any FM receiver. Our price £15 ref
15P42A

10 BAND COMMUNICATIONS RECEIVER.7 shon -

bands. FM. AM and LW DX/local switch, tuning ‘eye’ mains E:@
or battery Complete with shoulder strap and mains lead =~~~
NOW ONLY £19.001! REF 19P14,

WHISPER 2000 LISTENING AID.Enables you to hear sounds

that would otherwise be inaudibie! Complete wth headphones.

Cased. £5 00 ref 5P179

CAR STEREO AND FM RADIOLow cost stereo system giving

S walts per channel. Signalto naise ratio better than 45db, wow and

fiutter less than .35%. Neqg earth. £25.00 ref 25P21

LOW COST WALIKIE TALKIES. Pair of battery

operated units with a range of about 150°. Our price l l

£8.00 a pair ret 8P50 [} i

7 CHANNEL GRAPHIC EQUAUIZERbIus a 60 watt

Power amp| 20-21KHZ 4-8R 12-14v DC negative earth e

Cased. £25 ref 25P14

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref

4P44 2xC's£4.00rel 4P73 4 x D's £9.00 ref 9P12, 1 x PP306.00

rot 6P35

TOWERS INTERNATIONAL TRANSISTOR SELECTOR

GUIDE. The ultimate equivalents book. Latest edition £20.00 ref

20P32

CABLE TIES. 142mm x 3.2mm white nylun pack of 100 £3.00 tef

3P104. Bumper pack of 1.000 ties £14.00

VIDEO AND AUDIO MONITORING
SYSTEM

o

£99.00

Brano new units consisting of a camera, 14cm monitor, 70 metres of
cable, AC adapter, mounting bracket and owners manual 240v AG
0F i+ T upsranon compiete with ouiltin 2 way intercom £99.00 ret
99P2.

1991 CATALOGUE AVAILABLE NOW IF YOU DO NOT
HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING
OR SEND US A 6"X9" SAE FOR A FREE COPY.

GEIGER COUNTER KIT.Complete with tube, PCB and all compo-
nents to build a battery operated geiger counter. £39.00 ref 3gP1
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM rado. 9v battery req'd. £5.00 ref 5P158

FM BUG Buih and tested superior 9v operation £14 .00 ref 14P3
COMPOSITE VIDEO KITS. These conven composite video into
separate H sync. V sync and wideo. 12v DC £8 00 ref 8P39.
SINCLAIR C5 MOTORS 12v 294 (full load) 3300 pm 6°x4" 174"
O/P shatt. New. £20 00 ref 20022

As above but with fitted 4 to 1 inkne reduction box {600mPm) and
toothed nylon belt drive cog £40.00 ref 40P8.

SINCLAIR C5 WHEELS 13 or 16" dia Inch.ding treaded tyre and
inner tube. Wheels are black, spoked one piece ;oly carbonate. 13"
whee! £6.00 ref 6P20, 16" whee! £6.00 ref 6FP21
ELECTRONIC SPEED CONTROL KiTior ¢5 motor

PCH8 and all components to build a speed controlier -

95% of speed). Uses pulse width modulation. £17.00 ref &

17P3

SOLAR POWERED NICAD CHARGERCharges 4 AA nicads in
8 hours. Brand new and cased £6.00 ref 6P3.

MOSFETS FOR POWER AMPLIFIERS ETC.100 watt mosfet
pair 25499 and 25K343£4.00 a pair with pin out info ref 4P51 Also
avahable is a 25K413 and a 25J118 at £4 00 ref 4P42.

10 MEMORY PUSH BUTTON TELEPHONESThese are ‘cus-
tomer retums* so they may need skght attention. BT approved. £6.00
each ref 6P16 or 2 for £10.00 ref 10P77

12 VOLT BRUSHLESS FAMN1 1/2 square brand new ideal for
boat, cai, caravan etc 15 00 ref SP205

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter. leads and Hook
£15 00 ref 15P43

VIDEO TAPES. Three hour superior quality

tapes made under icence from the famous JVC

company Pack of 10 tapes £20.00 ret 20P20

ELECTRONIC SPACESHIP. Sound and im-

pact controlled, responds to claps and shouts and

reverses when it hits anything. Kit with complete assembly instruc-
tions £10.00 ref 10P81

PHILIPS LASER. 2MW HEUUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10. MAINS
POWER SUPPLY KIT £20.00 REF 20P33 READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4.

SOLDER 22SWGresin cored solder on a 1/2kg feel. Top qualty
£4.00 a reel ref 4P70

600 WATT HEATERS Ideal for air or iquid, will not corrode. lasts
foryears. coiltype construction 3*x2" mounted on a 4" dia metal plate
for easy fixng, £3.00 ea ref 3P78 or 4 for £10.00 ret 10P76.

TIME AND TEMPERATURE MODULE A clock, digital ther-
mometer (Celcius and Farenheit (0-160 deg F) programmable teo
hot and too cold alarms. Runs for at least a year on one AA battery
£9.00 ref 9P5.

Remote temperature probe for above unit £3.00 ref 3P60
GEARBOX KITS |deal for models etc. Contains 18 gears (2 of
each size} 4x50mm axles and a powerful 9-12v motor All the gears
etc are push fit £3.00 tor complete kit ref 3P93

ELECTRONIC TICKET MACHINES These units contain a
magnetc card reader, two matrix printers, motors, sensors and
loads of electronic components elc. (12'x12°x7") Good vaiue at
£12.00 ref 12P28

JOYSTICKS. Brand new with 2 fire buttons and suction feet these
units can be moditied for most computers by changing the connector
otc. Pdce 1s 2 for £5.00 ref 5P174

GAS POWERED SOLDERING IRON AND BLOW TORCH
Top quality tool with interchangeable heads and metal body Fuly
adpstable. nuns on ghter gas £10.00 ref 10P 130

SMOKE ALARMS | hon type 5 year y complets with
battery onty £5 00 ret 5P206

ANSWER MACHINES BTapproved remote message playback.
intergral push button phone. power supply and tape Exceptioral
vaiue at £45 00 ref 45P2

CAR IONIZER KIT improve the air in your car! clears smoke and
helps to reduce fatigue. Case required. £12.00 ref 12P8

6V 10AH LEAD ACIDsealed battery by yuasha ex equipment tut
in excellent condition now only 2 for £10 00 ref 10P95

12 TO 220V INVERTER KITAs suppiied it will handie up to about
15w a1 220vbut with a larger transformer it will handle 80 watts. Basic
kit £12.00 ret 12P17. Larger transformer £12 00 ref 12P41

VERO EASI WIRE PROTOTYPING SYSTEMIdeal for dasign-
ing projects on etc Complete with tools, wire and reusable boasd
Our pnce £6 00 ref 6P33

MICROWAVE TURNTABLE MOTORS. Ideal for window dis-
plays etc. £5.00 ref 5P165

STC SWITCHED MODE POWER SUPPLY220v or 110v input
grang Sv atZA +24v al0 254, +12v at0.15A and +90v a1 0.4A £6 00
ret 6P59

TELEPHONE AUTODIALLERS These units, whentnggersd will
autematically dralany telephone number Onginally made for alarm
panels. BT approved. £12.00 ref 12P23 (please state telephone Ao
reqg'd)

25 WATT STEREO AMPLIFIERc. STK0O43 With the addition of
a handful of components you can build a 25 watt amplifier. £4 00 ref
4P69 (Circuit dia included)

LINEAR POWER SUPPLY. Brand new 220v input +5 at 3A. 412
at 1A -12 at 1A Shont circuit protected. £12.00 ref 12P21

MAINS FANS Snail type construction. Approx 4"x5* mounted or a
metal plate for easy tixing. New £5.00 5P166.

POWERFUL 1IONIZER KIT.Generates 10 times more ions than
commercial units! Complete kit including case £18.00 ref 18P2
MINI RADIO MODULE Only 2+ square with ferrite aenal and tuner
Superhet. Req's PP3 battery. £1.00 ref BD716

HIGH RESOLUTION MONITOR.9" black and white Phillips tube
in chasse made for OPD computer but may be suitable for others
£20 00 ref 20P26

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92, PACK OF 100 £30.00 REF 30P16

CB CONVERTORS.Converts a car radio into an AM CB receiver
Cased with circuit diagram. £4.00 ref 4P48

FLOPPY DISCS. Pack of 15 31/2" DSDD £10.00 ref 10P88 Pack
of 10 514" DSDD £5.00 ref 5P168

SONIC CONTROLLED MOTOR One click to start, two click o
reverse directon, 3 click to stopl £3.00 each ref 3P137
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref B0B27

LCD DISPLAY. 4 172 digits supplied with connection data £3 00 ref
3P77 or 5 for £10.00 ref 10P78.

ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmitters 9v operation. £4.00 each ref 4P81

100M REEL OF WHITE BELL WIREfigure 8 pattern ideal for
intercoms, door bells etc £3.00 a reel ret 3P107

TRANSMITTER RECEIVER SYSTEMoriginally made for nurse
call systems they consist of a pendant style transmitter and a
receiver with telescopic aenal 12v. 80 different channels. £12.00 ref
12P26

CLAP UGHT. This device trns 04 a tuiip at a finger ‘snag’ ek

nicely cased with bulltin battery operated light. Ideal bedside ight etc
£4.00 each ref 4P82

ELECTRONIC DIPSTICK KIT.Contains all you need to build an
electronic device to give a 10 level iquid indicator. £5.00 (ex case)
ret 5P194

UNIVERSAL BATTERY CHARGER.Takes AA's. C's D's and
PP3 nicads. Holds up to 5 batteries at once. New and cased. mains
operated. £6.00 ref 6P36

ONE THOUSAND CABLE TIES!75mm x 2.4mm white nylon
cable ties only £5.00 ref 5P181

PC MODEMS 1200175 baud modems designed to plug into a
PC complete with manual but no software £18.00 ref 18P 12

ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm
(PCB size) gives +5 at 3.75A, +12 at 1.5A, -12 at 0.4A Brand new
£12 00 ret 12P39

VENTILATED CASE FOR ABOVE PSUwith IEC filterad socket
and power switch £5.00 ref 5P190

IN/(?AR POWER SUPPLY Plugs into cigar socket and gives
4,456,759 and 12v outputs at 800mA. Complete with universal

" spider plug £5.00 ref 5P167

CUSTOMER RETURNEDswitched mode powst supplhes. Mixed
type, good for spares of repaw—£2 00 each ref 2P232

DRILL OPERATED PUMP.Fits any dnlland 1s self priming. £3.00
ef 3R+40

PERSONAL ATTACK ALARM.Complete with built in torch and
vanity mirror. Pocket sized, req's 3 AA batteries. £3.00 ref 3P135
POWERFUL SOLAR CELL 1AMP .45 VOLTbnly £5.00 ref
5P192 (other sizes avaliable in catalogue)

SOLAR PROJECT KiT.Consists of a solar cell, special DC motor,
plastic fan and turntables etc plus a 20 page book on solar energy!
Price is £8.00 ref 8P51

RESISTOR PACK.10 x 50 values (SO0 resistors) all 1/4 watt 2%
metal ilm. £5.00 ref SP170.

CAPACITOR PACK 1.100 assorted non electrolytic capacitors
£2.00 ret 2P286

CAPACITOR PACK 2. 40 assoned electrolytic capacitors £2.00
ref 2P287

QUICK CUPPA? 12vimmersion heater with lead and cigar ighter
Rlug £3 00 ref 3P92

LED PACK .50 red leds. 50 green leds and 50 yeliow leds all Smm
£8.00 ref 8P52

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears pus turbo. Working headiights
£22 00 ref 22P6

ULTRASONIC WIRELESS ALARM SYSTEMIwo units. one
a sensor which plugs into a 13A socket in the area you wish to
protect. The other, a central alarm unit plugs into any other socket
elsewere in the building. When the sensor is thggered (by body
movement efc) the alarm sounds. Adjustable sensitivity. Price per
pair £20.00 ref 20P34. Addifonal sensors (max 5 per alamm unit)
£11.00 ref 11P6

TOP QUAUTY MICROPHONE. Unidirectional electret con-
denser mic 600 ohm sensitivity 16-18khz built in chime complete
with magnetic microphone stand and mic clip. £12.00 ref 12P42
WASHING MACHINE PUMP .Mains operated new pump._ Not selt
pnming £5.00 ref 5SP18

1BM PRINTER LEAD. (D25 to centronics plug) 2 metre paraliel
£5.00 reft 5P186

COPPERCLAD STRIPBOARD 7" x 4" of 1" pitch "vero” board
£4.00 a sheet ref 4P62 or 2 sheets for £7.00 ret 7P22

STRIP BOARD CUTTING TOOL.£2 0C ref 2P352

3 1/2" disc drive. 720K capacity made by NEC £60.00 ref 60P2
TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x
125mm. £3.00 a pair ret 3P109

TV LOUDSPEAKERS. 3 watt 8 ohm magnetically screened 70 x
50mm £3 00 a pair ret 3P108

BBC TRACKBALLS Once again in stock only £4.00 ref 4P86
CROSS OVER NETWORKS 8 chm 3 way Japanese made units
Excelient units avalable at only £2.00 for a pair! ref 2P363
SPEAKER GRILLS set of 3 matching grills of different diameters.
2 packs for £2.00 (6 gnilis) ref 2P364

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths. Ideal for reparrs and projects ref 3P91

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Pracut into conventent 1.2 m lengths Ret 2P365

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy fixing £2 00 ref 2P 366

COMPUTER MICE Onginaliy mads fur Fuiure FC's Lt can pe
adapted for other machines. Swiss made £8 .00 ref 8P57 Atan ST
conversion kit £2.00 ref 2P362

61/2" 20 WATT SPEAKERBuIltin tweeter 4 chm £5.00 ref 5205
5" X 3" 16 OHM SPEAKER 3for £1.00! ret CD213
ADJUSTABLE SPEAKER BRACKETS Ideal for mounting
speakers on Internal or extemal corners, uneven surfaces etc. 2 for
£5.00 ret 5P207

PIR LIGHT SWITCHReplaces a standard ight switch in seconds
ightoperates when anybody comes within detection range {(4m) and
stays on for an adjustabie time (15 secsto 15 mins). Complete with

BULL ELECTRICAL

250 PORTLAND ROAD HOVE SUSSEX
BN3 5QT TELEPHONE 0273 203500
MAIL ORDER TERMS: CASH PO OR CHEGUE
‘WITH ORDER PLUS £2.50 POST PLUS VAT.

PLEASE ALLOW 10-14 DAYS FOR DELIVERY

FAX 0273 23077 ( ‘

ybght sensor. Unit also tunctions as a dimmer switchl 200 watt
max. Not suntable for tiourescents £14.00 ref 14P10
2 MEG DISC DRIVES 3 172" disc drives made by Sony housed in
a 51/4" frame 1 2 meq formatted. £66.00 ref 66P1
360K 3 1/2" DISC DRIVES 1/2 height £25.00 ref 25P26
40 CHANNEL TRANSCEIVER 4 WATT OUTPUT,
HANDHELD SQUELCH CONTROL ETC £70.00 )"
EACH REF 70P1
OR AVALIABLE AS A PAIR WITH NICAD
BATTERY PACKS FOR £150.00 REF 150P1
fluminated channel display, 10 section aedal,
Hi-Low power switch, external aenal socket,
DC charger socket, 12v DC power socket.
carrying strap and owners manual

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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A 20MHz top quality
oscilloscope for£270?

This special offer, only available through Electronics World +
Wireless World, represents untelievable value.

We have assured ourselves that t-e Model  To place yo.r order please senc ina Osdlloscope offer, Room L333,
1021 oscilloscope from Japanese cheque fr £31050 (whichinc udes V'AT)to  Electronizs World + Wireless World,
instrument manufacturer, Leader “he address shown. Alternalive y conglete Quzdrant House,

Electronics, more than meets its publisked  ~he coupron with your credit ca-d detai's or The Quadrant,
specification and is of an exceptiorally Figh ~ phone in your credit card osderon 061-661  Sttron SM2 5AS .
bu Id quality. Our judgement is bac<ed Ly 3614 (mrings only). |
an unequivocal gua-antee.

4t £270 (inclusiv= of test probes,
pazkaging and delivery but exduding VAT)
the instrument is ar absolute barzain.

LEADER OSCILLOSCOPE 1021 DRDER FORM — |

@ 20 MHz dual channel operatiom

@ Variable trigger told-off

@ 5mV/div Y1/Y2 sensitivity a- 20MHz
@ ImV/divY1/Y2 x Smag at ?MHz
@ 200ns/div to 0.%/div sweep r=te
@ DC to 500kHz X bandwidth

@ X/Y operation using Y channek

@ X/Y phase shift <3 at 20kHz

@8 cm x 10 cm display area

@ Calibration accu-acy better than 3%
@ 1kHz internal ca ibrator

@ Special video signal trigger modes




- Defining progress to
- HDTV broadcasting

|

Geoff Lewis takes a
| North American view
of the latest
manoeuvres in the
battle to establish an
HDTV standard.

Zenith's "spectrum compatible’ high
definition television (SC-HDTV)
system (left) provides twice the
horizontal resolution and twice the
vertical resolution of conventional
NTSC images.

U the end of 1987 there were two

major contenders for the world

HDTV standard — Japan and

Europe — plus some 23 North
American proposals. North America
would only countenance NTSC-compati-
ble sysiems because of the huge invest-
ment in NTSC by viewers, programme
originators and transmitling authorities.
Additional information needed to extend
services 1o high definition was 10 have
been provided via an augmentation chan-
nel.

But by the end of March 1990, the
Federal Communications Commission
(FCC) had decided that this was wasteful
of frequency spectrum and so it proposed
the alternative of simulcast: a station
could transmit HDTV in parallel with its
normal NTSC service using an alternative
6Mliz channel for the new service.

NTSC-compatibility no longer seemed
10 be a constraint, but where was the nec-

essary spectrum to provide these addition-
al transmissions?

On cable and broadcast. channels can
only be reused if mutual interchannel
interference can be avoided, thus giving
rise to the term “taboo™ channels.

Interference is primarily from the
power distribution within each channel
spectrum, power being particularly high at
carrier frequencies due to sync pulse mod-
ulation. So if the power could be more
evenly distributed throughout each chan
nel. interference should not arise and the
taboo channels could be used for a high
definition service.

Again, this implied a further non-com-
patible change to the TV signal, but
allowed a high definition service 10 be
started without disenfranchising the pre-
sent NTSC users. In the future, the current

NTSC channels would no longer be need- |

ed and so could be released.
The FCC further stipulated that firm

ELECTRONICS WORLD + WIRELESS WORLD May 1991
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proposals by each contesting organisation
had to be lodged by a deadline, resulting
in six proposals being presented by end of
June 1990. These included analogue, ana-
logue/digital and purely digital systems.

During this period a tight schedule of
demanding test procedures was drawn up.
All competing systems were to be demon-
strated under normal working conditions,
with specified test signals and software so
that an objective and subjective decision
could be reached by June 1993 on the best
proposal. This would allow the FCC to
present a firm proposition for the pre-
ferred system to the 1994 Plenary session
of the CCIR, ensuring that there would
now almost certainly be three alternatives
for the world standard title.

The six contenders include a channel
compatible  system from  the
Massachusetts Institute of Technology
(MIT), a spectrum compatible system
from Zenith Corporation, the narrow muse
system from NHK Japan, an advanced
compatible TV system from a consortium
formed by Sarnoff Labs, Thomson,
Philips and NBC (ARTC), the Digicipher
HDTV system from General Instruments
Corporation and super-NTSC from
Faroudja Labs. This was the situation as
late as November 1990.

SC-HDTV

Spectrum compatible high definition tele-
vision (SC-HDTV), the original proposal
from Zenith Electronics Corporation
adopts a new scanning standard to achieve
high definition images. A line scan rate of
787.5 lines per frame with 59.94 frames
per second gives a line frequency of
47.203kHz — three times that of NTSC.

Aspect ratio is 16:9 as internationally
agreed. With 720 active lines per frame
and 1280 active pixels per line, sequential
or progressive scan yields a vertical reso-
lution equal to that of a 1050 lines inter-
laced image.

Complex analogue and digital process-
ing squeezes the video signal into two

channels.

3MHz baseband components. These
amplitude-modulate quadrature versions
of a single carrier using double sideband
suppressed carrier techniques so the trans-
mission occupies a single 6MHz channel.
The carrier is thus positioned in the centre
of the transmission bandwidth and since
there are no carriers or sub-carriers being
transmitted, the spectral power has a more
even distribution.

Possibility of interference with other
channels can be minimised through off-set
carrier techniques. Analogue signal com-
pression is used to reduce the peak trans-
mitted power and the complementary
expansion in the receiver improves the
signal to noise ratio.

The video signal source is typically
RGB format with up to 37MHz band-
width, matrixed to provide fuminance and
two colour difference components.
Luminance is filtered to remove the DC
and low frequency components which are
digitised, time compressed and multi-
plexed with digital audio, data, and con-
trol informaition for transmission during
the vertical blanking interval.

High frequencies of the luminance sig-
nal and the two colour difference compo-
nents are time compressed and multi-
plexed together for transmission in
analogue form. The complex transmission
signal carries vertical and horizontal sync
pulses, but at an amplitude not exceeding
the average video level. Conventional
NTSC techniques are used up to the sec-
ond detector stage so that a standard
receiver with suitable changes of scanning
speeds can be used for display. A few
VLSI circuits (asics) should perform all
the necessarv complementary processing,
time expansion and filtering to restore the
video signal to its RGB format.

During December 1990 i1 became
apparent that the above proposal was just
a place marker. Zeneth Electronics and
American Telephone and Telegraph
Corporations had spent the previous 18
months in extensive cooperative research
to produce an all-digital solution. Since

Digital SC-HDTV transmission which includes error correction
coding to enable transmission at a lower relative power level,
reducing the chance of mutual interference between neighbouring

Faroudja Labs has withdrawn because its
system was not Taboo-channel friendly,
this must now leave the two analogue/dig-
:tal praposals as outsiders.

Technical details of the Zenith-AT&T
proposal is still a little sparse but testing is
due to start in the SC-HDTV time-slot
{October 1991). The basic image format is
retained but the coding which allows the
digital HD signal to be contained within a
6MHz bandwidth is completely new. This
has been achieved by combined efforts in
video compression technology, algo-
rithms, motion compensation and filtering
— all of which take the properties of
human vision in to consideration. The
high speed digital signal processors
{DSPs) which can operate at speeds as
high as 4bn operations per second are
being provided by AT&T Microelectron-
ics. Since the system is digital and
includes error correction coding, it can be
transmitted at a lower relative power
level, so that it will not introduce mutual
interference between neighbouring ana-
logue channels.

The image signal is analysed on a frame
by frame basis! for compression and
motion compensation so it is very likely
that the discrete cosine transform (DCT)
is employed in the coding process.

Although not specifically mentioned, it
is most probable that the digital filtering
will be of the recently developed quadra-
ture mirror filter (QMF)? type allowing
for frequency fold-over and aliasing to
occur in the coding chain.

By using complementary filters in the
receiver decoder, these artifacts become
self-cancelling and allow perfect recon-
struction of the original signal even under
noisy conditions. Furthermore the three-
dimensional filter needed for TV image
processing can be produced simply by
cascading one dimensional filters.

Digicipher HDTV
Digicipher HDTV system, General
Instruments Corporation, is a completely
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digital system. If it performs to expecta-
tions, the technology should last well into
the next century (one of the main require-
ments of any HDTV concept). The system
— described as VHF/UHF-, cable-, satel-
lite- and VCR-friendly — includes ghost
cancelling, encryption and controlled
access with CD quality sound plus a tele-
text/data service.

The modulated carrier frequency can
safely be transmitted on any taboo 6MHz
channel without problems.

The final carrier is 16-QAM digitally
modulated (each symbol represents 4
bits), with a symbol rate of 4.86MHz.
Highly complex signal processing in the
transmitter and receiver is expected to be
performed using asics.

Scanning parameters include 1050 lines
at 2:1 interlace, with 59.94Hz field rate
and 16:9 aspect ratio. A luminance and
chrominance bandwidth of 22 and
5.5MHz respectively provides for a verti-
cal resolution of better than 660 lines.
High definition video input can be provid-
ed in either RGB or YUV format.
Luminance and colour difference compo-
nents are then sampled at 51.8MHz and
multiplexed into a single data stream.
Forward error correction (FEC) bits are
added to give a performance better than
one uncorrected error in 24h,

Bit rate compression is achieved
through a complex DCT which makes use
of the redundancy within a television
image. The image area is divided into
blocks, superblocks and macroblocks of
pixels and the amplitude of each element
is replaced by a DCT coefficient. These
are further processed in a differencing
technique and then coded using a variable
run length code, to reduce the number of
bits needed to define an image.

Incidentally, it is likely that a similar
technique will find its way into HD-mac
in Europe.

Telletra of Italy has been involved with
a data compression codec developed with-
in the Eureka program for various applica-
tions, which also uses a DCT algorithm in
a similar way. Motion processing infor-
mation is coded into the bit stream and
frame synchronisation is provided by the

inclusion of a unique 24-bit data pattern
with line sync being derived by a counter.
The ARTC system previously known as
advanced compatible television (ACTV)
together with narrow muse and super-
NTSC have previously been described?’.

Where next?
Trying to predict three years progress in
the television industry is almost impossi-
ble, but a gambler should weigh up the
following parameters before placing a bet.

Muse has been around for some time
but is a proven technology from the
1970s. Although the muse-to-NTSC con-
vertor has now been reduced to VCR size,
artifacts produced when displaying hori-
zontal or diagonal motion are unaccept-
able.

A muse-to-pal version has been demon-
strated, but the problems are even more
intractable due to the eight field pal
sequence. The all digital systems are
state-of-the-art technology, as yet
unproven, but are probably more compati-
ble with ideas of the 21st century.

The smart money would now seem to
favour the digital system that provides the
highest image resolution achievable. At
present the Zeneth system with its 1575
lines at 30 frames per second, is probably
the digital outsider.

HDB-mac

B-mac (multiplexed analogue compo-
nents) systems have been selling into the
medical, education, training, off-course
betting and racing services, and financial
institutions, in many places around the
world.

Judging by press statements, HDB-mac
is set to follow suit particularly in video-
conference applications. Due to its
10.5MHz bandwidth, it is not being pro-
moted as a North American standard for
HDTV.

In essence the system consists of a
modified standard B-mac encoder with
extended bandwidth filters to cater for the
high definition input signals and a pre-
processor stage. Horizontal and vertical

filtering produces spectrum folding at
7MHz and the encoder then compresses
this and adds the other signal components
to provide a combined bandwidth of
10.5MHz.

At the receiver, a standard B-mac
decoder removes the folded component,
selects the central 4:3 aspect ratio section
and converts the high definition signal
into a standard NTSC signal.

The HDB-mac decoder processes the
same signal but at 16:9 aspect ratio, with
525 line sequential scanning at 59.94Hz
field rate using a field store convertor.
The system provides vertical and horizon-
tal resolutions of 480 and 950 lines
respectively — somewhat below that nor-
mally accepted as HDTV.

Are we ready for HDTV?
Does all this activity bring high definition
images any closer to realisation?

HDTYV only makes sense when viewed
on large brightly-illuminated screens and
so is unlikely to find a place in an average
sized home using a cathode ray tube to
provide the display.

Generally it is agreed that development
of a flat plate-type solid state display is
some ten years away. If this is so, the
driving force in the HDTV market is
unlikely to be the domestic viewer. More
likely the technology will be influenced
by other applications.

The computer industry wants improved
definition images but seems not to be pre-
pared to spend its own money on develop-
ing the necessary CRTs. With this in
mind, why is there the urgency to define a
single world HDTYV television standard?
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Editorial survey. Use the information
card to evaluate this article. Item M.
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Take the Sensible Route! ey el
BoordMoker is a powerful software tool which provides a oame TS 0 ireeen i
convenient and fast method of designing printed circuit BETUIE I e ° o 3s
boards. Engineers worldwide have discovered that it 100" “Smia Tpasnese wsssssssess’o o
provides an unparalleled price performance advantage I ’ oodecoece’ ° O
over other PC-based and dedicated design systems by . NRPEIE S 35 fvenenne |
integrating sophisticated graphical editors and CAM outputs TR 2t e cadesscons
at an affordable price. : g
5 pania s e m In the new version V2.23, full

L el | consideration has been given to | AR TR I W WA, VTN T T A—

allow designers to continue using their existing schematic Full analogue, digital and SM support - ground and
capture package as a front end to BoardMaker. Even power planes - 45 degree, arced and any angle
powerful facilities such as Top Down Modification, tracks with full net-based Design Rule Checking.

Component renumber and Back Annotation have been

accomodated to provide overall design integrity between your schematic package and BoardMaker.
Equally, powerful features are included to ensure that users who do not have schematic capture
software can still take full advantage of BoardMaker's net caoabilities.

[ BoardMaker V2.23 is still a remarkable £295.00 and includes 3 months FREE
;;f: .20 software updates and full telephone technical support.
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Optimizn

BoardRouter is a new integrated gridless autoroute

module which overcomes the limitations normally :
associated with autorouting. YOU specify the track width, o
via size and design rules for individual nets, BoardRouter R -
then routes the board based on these settings in the same | SR
way youwould route it yourself manually. | TERRS

This ability allows you to autoroute mixed technology T
designs (SMD, analogue, digital, power switching etc)in A
ONE PASS while respecting ALL design rules.

A R e S i o)
T GRIDL . No worrying about whether {Optimized placement by displaying ratsnest per
IR A BT L ] tracks will fit between pins. If component. Lines indicate the unrouted nets.

the track widths and clearances allow, BoardRouter will

automatically place 1, 2 or even 3 tracks between pins. | . —

- : . ___ You can freely pre-route any . HIGHLIGHTS 9
& N l tracks manually using B Net llist input from OrCAD, Schema etc.
[ BoardMaker prior to autorouting. Whilst autorouting you m Top down modification
can pan and zoom to inspect the routes placed, interrupt m Forward and back annotation
it, manually modify the layout and resume autorouting. m Component renumber
. . . m Fully re-entrant gridless autorouting
= BoardRouter is priced at £295.00, which m Simultaneously routes up to eight layers
4 '~ | includes 3 months free software updates m Powerful component placement tools
i - and'tull felephone technical support. Asa | o E:}fggr'r‘:elE;Z'gt”o?g'gﬁg‘i‘ikg‘tg
& ~ special introductory offer, BoardMaker m Ful suppport and update Sewﬁ:e
";; -~ andBoardRouter can be bought together m Reports generator
~___ foronly £495.00. m PostScript output
| m SMD support
| = Effortless manual routing
E:irigr(igK) Iﬁ::ge?h P Don't just take our word for it. Call us
ge arc atories today for a FREE Evaluation Pack and
181A Huntingdon Road :
judge for yourself.

Cambridge CB3 0DJ

. Tel 0223 277777
ts1en raxo223 277747

All trademarks acknowledged
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IBM-PC bus

input/output cards

The flexible solution

A PC/AT/386/486 compatible
A Steel cased

A Splash/dust proof

A 8088 to 80486 CPU

A Any disk combination

A Up to 10 free slots By,
Send, or call today for details. BLUJI:CH:'HIP

Telephone 0244 520222 vechunorLocy

Hawarden industrial Park, Manor Lane, Deeside, Clwyd , CH5 3PP Fax 0244 531043

Industrial
‘computers

Designed and made in the UK

A 3 year warranty
A PC/AT and PS/2 cards

Send, or call today for details.

BLUE CHIP
Telephone 0244 520222 vechnoLogy

Hawarden Industrial Park, Manor Lane. Deeside, Clwyd , CH5 3PP Fax 0244 531043

CIRCLE NO. 124 ON REPLY CARD

.. LANGREX s
SUPPLIES LTD

One of the largest stockists and
distributors of electronic valves, tubes
and semiconductors in this country.

Over 5 million items in stock covering more than
6,000 different types, including CRT's, camera
tubes, ciodes, ignitrons, image intensifiers, IC’s,
klystrons, magnetrons, microwave devices, opto
electronics, photomultipliers, receiving tubes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.

All from major UK & USA manufacturers.
Where still available.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch within 24
hours on stock items. Accounts to approved
customers. Mail order service available.

LANGREX SUPPLIESLTD
1Mayo Road, Croydon, Surrey CR0 2QP.
Tel: 081-684 1166
Telex: 946708
Fax: 081-684 3056

CIRCLENO. 122 ON REPLY CARD

Custom metalwork

Pius a wide range of stock products including:
® Nine sizes of standard 19" rack cases
® N2w "Clam” case in any depth
® Eight-card 1U Eurocard case
® Audio, video and data patch panels
@ Rack bianking and ventilation panels

All use the unique IPK extrusion, giving strength
and rigidity with no visible fixing screws.
Rack mounting strips, cable trays etc. from stock.

- IPK Broadcast Systems
I 3 Darwin Close Reading Berks RG2 OTB
- Tel: (0734) 311030 Fax: (0734) 313836

N
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Transistors operating in avalanche mode
exhibit extremely fast switching and pro-
vide much higher current than that obtain-
able from conventional devices. |t has
long been known that tast. high-power
pulse generators could be designed using
these transistors, but suitable devices have
not been obtainable. Zetex. however, now
produce the ZTX415, which will produce

a 10ns pulse at 60A.
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Fig.1. Negative-impedance slope in sec-
ondary-breakdown region

Figure 1 shows the characteristic of an
avalanche transistor. which exhibits a neg-
ative region called secondary breakdown.
in which controtled switching of very high
currents at high speeds is possible. Ouiput
pulse capability is limited by primary
breakdown By cyq. on-state voltage and
mean dissipation.

Avalanche current g, passed in the
secondary breakdown region, depends on
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Fig.3. Circuit producing curves of Fig. 2.

the supply 1o the device and its “on’ slaie
characteristic. Figure 2 shows peak cur-
rent plotied against pulse width for a sine-
squared type of pulse: pulses of more than
60A reduce life span, but there 1s sull the
provision tor about 1000 40ns pulses at
I40A, at worst. A single-capacitor load
arrangement was used 10 derive the Fig. 2
curves, as shown in Fig.3.

For a V. of 250V. avalanche current
lemperature dependence is slight, varying
from 36A at 0°C 10 about 32A at 180°C.

Static voltage characteristics largely
dictate the circuit techniques 1o be used
and the usable range. For a high-voliage
pulse, the transistor must have a high
Bycps and. 1o produce a device with a
minimum of 260V, high-voliage technolo-
gy is used, which makes it possible to
obtain high-current pulses with hittle
external circuitry.

Below a minimum voltage, the device
swilches in a non-avalanche mode. This
“slarting voliage” depends on the exiernal
circuit: tor a simple, single-capacitor
arrangement, starting voliage varies as in
Fig.4. which shows this voltage as a func-
tion of capacitance for difterent drive cur-
rents. A somewhal lower starting voliage

170-260V

ZTXA15

I

%

Fig. 6a.Variation of Fig. 5, using one
capacitor for a 7ns sine pulse.

APPLICATIONS

Avalanche transistor for fast power pulses
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Fig.4. Voltage varving with capacitance.
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Fig. 5. Two arrangements of delay-line
pulse generator.

can be obtained by using a base drive with
a faster rise time.
Figure 5 shows a typical application

a pulse generator, in two configurations,
which uses the reflection from an open-
circuit delay line: the width of the rectan-
gular output pulse depends on the length
and impedance of the line. A similar cir-
cuit. shown in Fig.6a, uses a single capac-
itor 1o produce the 7ns sine pulse of tens
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APPLICATIONS

Fig. 6b. Pulse from circuit of Fig. 6a.
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Fig. 7a. Further variation of pulse gen-
erator to give 80ns pulse.

Fig. 7b. Pulse output from Fig. 7a.

of amps. as in Fig.6b. Pulse-forming net-
works added to the basic circuit will pro-
vide specific shapes: Fig.7a shows two
LC sections used to produce an 80ns
pulse, as in Fig.7h.

Parallel and series connection of the
ZTX415 to produce higher currents or
voltages is possible. as seen in Figs 8 and
9. the stack of devices in Fig.9 needing an
additional capacitor on the lower devices
to ensure avalanche.

Zetex plc, Fields New Road,
Chadderton, Oldham, Lancashire OL9
8NP. Tel: 061 627 5105.
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Fig. 8. Parallel connection of avalanche
transistors for higher current.
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Fig. 9. Series stack for high-voltage
pulses

Instrumentation
amplifier

OPA2107 from Burr-Brown is a dual,
twin-fet operational amplifier, intended
for use in analogue circuitry needing pre-
cision, low-noise performance and can be

172

gﬂ

used as an upgrade for designs currently
using bifet amplifiers. In the new device,
the difet dielectrically isolated process is
used to maintain very low bias currents,
without compromising input offset volt-
age. drift and noise. Quiescent current is
less than 2.5SmA/amplifier Circuits are unity-
gain stable, with good phase margin.

|

A precision instrumentation amplifier, |

shown in the diagram, uses the INA106 as
an output difference amplifier to extend
the input common-mode range to 10V
from the 25V of a unity-gain difference
amplifier. Here. the output voltage is

E,=[1001+2R /R ;) (E4-E )]

= 1000(E,-E,).

Leakage current between closely
packed pins, as in the SO-¥ surface-mount
package. can be a problem, which is
reduced by thorough cleaning of the
board. A further reduction is gained by the
use of guard tracks to encircle high-
impedance nodes with a low-impedance
connection at the same potential — on all
layers of a multi-level board.
Burr-Brown International Ltd,

1 Millfield House, Woodshots
Meadow, Watford WD1 8YX.. Tel:
0923 33837
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APPLICATIONS

High power-factor preregulator

Power factor is the ratio of real power in
watls to apparent power in volt-amps.
When current is sinusoidal and in phase
with the voltage, power factor is unity: it
current is out of phase. less power 1s
transmitted to the load, but the out-of-
phase current plus that needed by the load
must still be carried. the wiring and circuit
breakers thereby being heavier and costli-
er than necessary.

With the huge number of computers
and other equipment using line rectifiers
and capacitor-input filters, the simple
expedient used when the current is sinu-
soidal of placing capacitance across the
equipment to bring the phase back into
line is defeated by the non-sinusoidal cur-
rent waveform.

For use with this type of equipment,
Unitrode have the UC3854, which con-
tains all the active devices needed to
obtain power factors close to unity and

further to make a preregulator capable of
working from any power outlet in the
world, regardless of voltage or frequency.
Two main sections of the circuit are the
control circuit using the UC3854 and the
power section. The power section is a
boost converter, in which the inductor
operates in the continuous mode. Duty
cycle depends on the input/output voltage
ratio and input current has a low switch-
ing-frequency ripple so that line noise is
low. Qutput voltage is higher than the
peak of the highest expected line voltage.
For control. the UC3854 sends PWM
gate-drive pulses from pin 16 to the power
mosfet. the duty cycle of the signal being
controlled by four inputs to the device.
Input V. controls output direct voltage:
I, affects line-voltage waveform: 1/
and Mult out control line current: and
Vs the RMS line voltage. Additional
controls set start-up delay and the duration

of soft-start.

To force the current to follow the volt-
age. a sample of power-line voltage is fed
to pin 6, 1, . where it is multiplied by the
output of the voltage amplifier in the
internal multiplier to generate a reference
signal for the current control loop. The
current-control loop has a very wide band-
width to enable line current to follow line
voltage closely.

Line feedforward keeps input power
constant with varying input voltage. The
multipher divides line current by the
square of the RMS value of line voltage:
its output is a current that increases with
current at pin 6 and voltage at pin 7.
decreasing with the square of the voltage
at pin

Unitrode (UK) Ltd,
6 Cresswell Park, Blackheath, London
SE3 9RD. Tel: 081 318 1431.
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APPLICATIONS

Low-voltage, narrow-band FM receiver

Motorola’s MC3367 is intended for nar-
row-band audio and data communications
up to 75MHz in circumstances that need
low power consumption; a V. down to
1.1V is permissible.

Input RF is converted to 455kHz IF, fil-
tered by a ceramic filter, amplified and
taken to a conventional quadrature
demodulator; modulation bandwidth is 3
to SkHz. There are buffers for audio or
data amplification, active filtering, on-
board voltage regulation, a programmable
low-battery detector and disable circuitry.

MC3367 can be used as a high-perfor-
mance FM IF for low-power, dual-conver-
sion receivers, but is also usable as a
stand-alone, single-conversion, narrow-
band receiver at frequencies up to

75MHz, when image-frequency interfer-
ence is not a problem. In this case, an RF
preamplifier will be needed to overcome
preselector losses.

The oscillator is a crystal-controlled
Colpitts type, with parallel-resonant res-
onators for fundamental-mode crystals
and third-overtone crystals for higher fre-
quencies; two 455kHz ceramic filters are
used for best channel and sensitivity
response, but can be replaced by 100nF
coupling capacitors with some perfor-
mance degradation.

Data buffering provides a voltage gain
of about 3.2 and needs about 250mV of
external bias; a single-pole RC filter on
the buffer input supplies the bias and
some post-detector filtering. This and the

audio buffer (which must be AC-coupled)
can be used to allow simultaneous audio
and very low-speed data reception, or to
receive audio only and provide a noise-
triggered squelch. Application note
MC3367 gives full practical details of the
circuit.

Motorola Ltd, European Literature
Center, 88 Tanners Drive, Blakelands,
Milton Keynes MK14 5BP. Tel: 0296
395 252.

Editorial survey: use the infomation
card to evaluate this article. item O.
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BROADCAST

Picture clears for CCD full-facility cameras

For more than 20 years Plumbicon/lead-
oxide-vidicon camera pick-up tubes and
close relatives such as the Saticon have
dominated the high-quality broadcast
scene. But it now seems likely that the
present generation of tubed cameras will
be the last, with the solid-state CCD-sen-
sor camera taking up the challenge not
only for portable, lightweight electronic-
news-gathering (ENG) cameras but also,
most recently, for full facility studio and
major outside broadcast events.

Broadcasters agree that CCD cameras
are now routinely producing pictures of a
quality equivalent to that of the best pick-
up tube cameras when carefully set up by
experienced staff — a quality which in
practice cannot be maintained on a day-to-
day basis.

But this does not mean that CCD cam-
eras cannol be further improved: in some
respects their introduction has put the
clock back rather than forward. There are
still, as John Wardle (BBC Head of Technical
Investigations and Evaluation) stressed at
an [EE Colloquium “Recent Advances in
Broadcast Television Cameras: Optics,
Sensors and Processing™, quite severe
problems of sensor blemish and reliabili-
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ly. streaking. reflections, flare, camera
ergonomics, including poor weight distri-
bution and the need for strain-free
viewfinders and hoods.

CCD sensors also set more difficult
requirements in limiting the effects of
chromatic aberrations and specification of
the zoom lenses; new glass materials are
helping.

Of the three main types of CCD arrays.
interline-transfer (IT) sensors continue to
suffer from vertical smear produced by
very strong highlights and are used pri-
marily in ENG and for other less critical
cameras.

Frame-interline-transfer (FIT) chips
overcome this problem at the expense of
larger total chip area and complexity.
They are significantly more costly, though
their performance under working condi-
tions far exceeds the average performance
level of tube cameras.

Frame-transfer (FT) cameras use a
mechanical shutter to eliminate vertical
smear and are featured by one manufac-
wurer. The BBC has decided that only FIT
or FT cameras offer high enough overall
quality for studio or OB use.

Initially, the problem that delayed intro-

Broadcasters agree
that CCD cameras
are now routinely

producing pictures of

a quality equivalent

to that of the best
pick-up tube
cameras.

duction of CCD sensors throughout the
1970s was primarily that of achieving a
sufficiently high packing density in the
chip to provide adequate resolution with a
reasonable yield. The number of horizon-
tal pixels. under 100 in 1972 and about
250 in 1980, rose to about 500 by 1986
and currently is about 750-800, represent-
ing some 440.000 to 480.000 total pixels,
all ideally active and providing identical
performance characteristics. A Sony proto-

System Control
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BROADCAST

type 16:9 aspect-ratio, DTV FIT CCD
camera has 1920 horizontal pixels and
1036 vertical pixels (over two million pix-
els) but this requires an extremely large
chip with consequently a much reduced
yield.

The BBC has found that “it is practical-
ly impossible to purchase CCD sensors
without any defects and particularly even
with no defects in the central zone” (spec-
ified for tubes). It has also been found
that, despite claims for infinite life with-
out replacement, CCD sensors tend to
develop extra blemishes quite quickly.
John Wardle says: “BBC experience so
far is not good, with several cameras fail-
ing due to increased blemishes over a
three or four month period, and others
during the acceptance period™.

On camera ergonomics, he suggested
that more of the weight of a camera plus
zoom should be towards the back: adding
that the early-1970s EMI-2001 camera, if
fitted with CCD sensors, “would still be
the choice of many cameramen™.

The morning session was devoted to
camera optics. an arcane subject for many
electronics engineers. Jacques Angenieux
described his patented “intelligent’ lens
and prism with microprocessor control
that can deliver an image virtually free of
longitudinal chromatic aberration. which
has become more important with the
emergence of CCD sensors.

Several speakers emphasised the impor-
tance of the modulation transfer function
(MTF) of lenses involving complex
acceptance tests: the need for in-service
checks to measure MTF degradation:  the
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chromatic aberration.

need for optical manufacturers to provide
more information on and specifications of
their products. An EBU technical docu-
ment “Specifications for film and televi-
sion lenses™ is due to be published shortly,
resulting from some eight years work by
an EBU specialist group on lenses.
Improved optics will be needed for DTV
although the demanding requirements for

Sony's microlens array of the Hyper had
CCD doubles sensitivity, providing equiv-
alent of an extra f-stop.

HA Layer

N+

1st P-Well

N-Substrate

V-Register

Sensor

Channel stop ROG(Read out gate)

these are already met for film-making. A
high-quality zoom can cost up to £50.000
more than the camera.

lan Sheldon (Sony Broadcast)
explained how the new Hyper-had sensor
offers double the sensitivity of the had
(Hole Accumulated Diode) sensor intro-
duced about a year ago. This is achieved
by having an on-chip microlens array that
serves to concentrate the light onto the
photosensitive areas of the array without
introducing any performance disadvan-
tages to the basic had sensor. although
adding to fabrication difficuities. The had
sensor has a heavily-doped P-type region
only two or three molecules thick at the
surface to trap random electrons generated
there. This reduces dark current and dark
noise: also, since there is no need for a
polysilicon electrode, it provides much
higher sensitivity.

Steve Owen (Panasonic Broadcast
Europe) made a strong case for more digi-
tal signal processing within the camera
head. Panasonic believes that future cam-
eras and virtually all broadcast technology
will be digital.

Digital signal processing was first intro-
duced about one year ago in the
lightweight AQ-20 camera in conjunction
with an analogue CCD sensor. Similar
processing is used in the AJ-D310 digital
camera/recorder. shown at 1BC-90, with
480.000-pixel FIT sensors.

Editorial survey: use the information
card to evaluate this article. Item P.
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CIRCLE NO. 136 ON REPLY CARD

TEKTRONIX COMMERCIAL QUALITY
7704A Main Frame Oscilloscope 250MHz VHF/UHF RECEIVER
7904 Main Frame Oscilloscope 5S00MHz

TM506 Main Frame Oscilloscope

2815 Opti Fibre Scope New and Boxed + Used Ones
2225 Digital Storage Scope

7603 Main Frame Scope

SC502 Scope 15MHz

5223 Digitalizing Scope

106 Square Wave Generator

191 Constant Amplitude Signal Penetrator

134 Time Mark Generator

TG501 Time Mark Generator

DM501 |

DM561A | Digital Multimetre

SM502 ! 506 Main Frame

DM5010 Programmable Digital Multimeter

The IC-R7000, advanced tecinology. continuous coverage communications recever

S1 & S2 SAMPLING HEADS J. & M. Computers has 99 programmable memories covering aircraft, marine, FM broadcost,
Plug ins Eight Acres Amateur radio, television and weather satellite bands. For simplified operation
7A13 | 7850 | 7D02 | 7B53A Gt Totham Road. Wickham and quick tuning the IC-R7000 features direct keyboard entry. Precise frequencies
7A18 | 7B50A | 7020 can be selected by pushing the digit keys in sequence of the frequency or by tuning
182k | 8 | 2S5y Bishops Witham, Essex the main tuning knob FM wide/FM narrow/AM upper and lower SSB modes w th
2426, | B39 T Zsi Tel: Maldon (0621) 892701 étuning speeds: 0.1,1.0,5,10,12.5 ond 25kHz. A sophisticated scanning system
Send £1.00 for hst of test equipment Fax: (0621) 891414 provides instant access lo the most used frequencies. By depressing the Auto-M
T switch the IC-R7000 automatically memorises frequencies in use whilst itis in the

J & M Computers specialize in all redundant Electronic Equipment, scan mode, this allows you to recall frequencies that were in use. Readout is

clearly shown on a dual-celour fluorescent display. Options include the

HDIiTe gPaal, B RC-12 infra-red remote controller, voice synthesizer and HP-2 headphones

Computer equipment and peripherals

Components (resistors to IC's) lcom (UK) Lyd. Tel: 0227 741741, Telex: 965179 [COM 6
Test equipment N.B. For Wales and the West contact:
Modems M.R.S. Zommunications Ltd. CardIff. Tel: 0222 224167.

Printed circuit cards

Redundant stocks Please send information on lcom praducts & my nearest lcom dealer. 9
End of job lots | Name/address/postcode:
Cable |
Factory clearances !
If you have redundant equipment now or in the future, would vou
contact us. We would be pleased to price and collect it at our own Job Title: Tel:

expense

Post to lcom (UK) Ltd Dept. WW, FREEPOST, Herne Bay, Kent CTé 8$R°

)
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ARTICLES FOR SALE

Cooke Internatlonal

-

Tektronix 491 Portable Spectrum Analyser 10MH2-18GH2 €£1500
Systron Donner 6057 Microwave Freq. Counter 20H2-18GHe €1200

H.P. 3581A Wave Analyser 15H2-50kH2 {(Mint condition} £2300
H.P. 8620A OscnllalorlSweeper Main Frame (1_250
H.P. 862408 R.F. Plug in 2.4-8GHez £850
H.P. 8630A Sweeper Oscillator Main Frame L_295
H.P. 8690B Sweeper Oscillator Main Frame £345
H.P.8693B B.W.O. RF Plug in for Sweeper 3.6-8.2GH2 £200
H.P.8694B B.W.O. RF Plug In for Sweeper 8-12.4GHz L_240
H.P.8695A B.W.O. RF Plug In for Sweeper 12.4-18GHz . £260
Sayrosa 601 5kHz-180MH2 AM/FM Pro% Synth. Sweep Sig. Gen. €500
Solartron 7055 Microprocessor Digital Voltmeter AC/DC/Ohms £600
Telequipment D83 D/Trace Oscilloscopes DC-50MHz with delay €250

MUCH MORE AVAILABLE IN OUR S/ROOM OR VISIT OUR WALK ROUND
BARGAIN STORE. PRICES FROM £5 UPWARDSI1I1I!
All prices exclude VAT and CARRIAGE

Contact: Cooke International, Unit 4, Fordingbrid, e Sue Maln Road, Barnham,
Bognor Regis, Woest Sussex
Tel: 0243 545111. Fax: 0243 542457

TO MANUFACTURERS, WHOLESALERS,
BULK BUYERS, ETC.

LARGE QUANTITIES OF RADIO, TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, DIODES,
RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, WW, etc. CAPACITORS,
SILVERMICA, POLYSTYRENE, C280, C296, DISC CERAMICS, PLATE CERAMICS, etc.
ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES SCREENED
WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, ETC ALL AT KNOCKOUT PRICES
- Come and pay us a visit ALADDIN'S CAVE
TELEPHONE 081 445 0749/445 2713
R.HENSON LTD
21 Lodge Lane, North Finchley, London N12 8JG.

(5 minutes from Tally Ho Corner)

Technical & Scientific Supplies
“Belden” type cable. IBM 24035777 parr 13mm 0D Mans
Dsturbance analysers Spectrum Anatysers, 35mm Cameras,
J5mm and C-mount lenses, Video Cameras & Camcordess,
8mm/VHS, Tape Recorders Audw. Instiumentation Video
Wave-buoys water current meters, Transducers Telescopic
masts on trailers Outboard Molors, Barographs, Anemometers,
Wire and Cable, Test Equipment. Chart Recorders, Galvano-
meters, Valves Semwduc(m

GOLLEDGE

~= ELECTRONICS —

CRYSTALS OSCILLATORS  FILTERS
C stocks of items. Over
650 slock lines. Specials made to order.
OEM support: design adwvice, prototype quant-
ities, production schedules.

Personal and export orders welcome.
SAE for our latest product information sheets.

Some items “as seen’ ol trade prices
WNEW LISTS NOW AVAILASLE
please write/fax phone (at any Uime)

GOLLEDGE ELECTRONICS LTD  Tel: 0460 73718 B e s sot aal
Merriott, Somerset, TAIE 5NS  Fax: 0460 76340 Tel. (0703) 848 666 Fax (8763) 397 879

VALVES AND C.R.T.s

(also Magnetrons, Klystrons, Transistors)

One million valves in stock. Obsolete types a speciality! Fax or phone for
quote.

Special prices for wholesale quantities.

Orders from government departments, overseas etc. most welcome.
Many other types in stock. Please enquire re any type not listed.

CATHODE RAY TUBES 400 difterent types in stock

Please enquire if your requirements are not listed below. M28 13LG £45.00

1CP1 £29.50 D13611GH £59.00 F16.101GM £75.00 M31182GV .. £45.00

12CSP4 £35.00 D13 630GH £59.00 F21.130GR £75.00 M31184W £55.00

1074H £45.00 D14 200GM £75.00 F3112LD £75.00 M31190GR .  £45.00

3078Q £95.00 D16.100GH97 .£65.00 LF708 £75.00 M31191W £55.00

8931 (W H) POA DG7-5 £45.00 M7.120W £19.50 M31325GH ... . £35.00

CMEB22W £7.00 DG7-6 £45.00 M14100GM .. £3500 M33 100W £59.00

CME 1523w £9.50 DG7-32 £55.00 M17151GVR  £175.00 M40.120W £59.00

CRE1400 £29.50 DG7-36 £55.00 M21 11W £55.00 MV6E-5(Mul) . . £50.00

D9 110GH £45.00 DH3-91 £50.00 M23 112GV £45.00 SESFP31 £45.00

D10 220GH £45.00 E723 (EEV) POA M24 121GH £55.00 T975D £75.00

D10.230GM . £45.00 ECR35 £39.50 M24 122WA . . £55.00 VLS429AG POA

VALVES Prices on application. Please enqulre re any type not listed below.

A2426 ECC804 Maz MB8136 Mul 686

A2521 ECCB1 MB162 Mul z759 6B8M6

C1149-1 ECECB1 Spec Q M5138 2803V 6CH6

C1166 ECCB2 Magggtrons Y644 6CJ6

CCS1 ECCB2 Spec Q PC 1835A 6F33

CVTYPES. Many  ECC83 PCC89 2K25 6L6GC

1n stock. Not all ECC83 Spec Q PD500 3828 6SLIGT

hsted below Please ECC88 PL509 3C/B00E 6SN7GT

nquire ECC88 Spec Q QQvo3-10 3J-160E 128BH7

CV488 ECCB04 QQV03-10 Mul 4-65A 12E1

Cv1881 EF29 QQVO03-20A 4.125A Eimac 13E1

CV2355 EF73 QQV03-20A EEV  4-400A 19AQ5

Cv4p14 EF91 QQV06-40A 4C28 2n

CV4024 EFg2 QQV06-40A Mul 4CX2508 805

CV6087 EF86 Siemens Qv3-125 4CX2508C 807

CV7180 EFS3 Qv4-250 2CX350A 811A

CX1140 EFgS Qvo4-7 1CX1000A 813

DA42 EL24 R10 4CXS000A 4635

DET22 EL38 SU2150 254M 5763

DET23 ELEY TT21 58-255M 6336A

DF91 EL8Y Mul S1e2 58-257M 6973

ESOL EL&4 TDO03-10€ 258M 8056

EB3F EL5070 TY4-400A 504G 8122

EB8CC GYL01 ug 5V4G Sockets:

E180F Klysirons LBC41 BAKEW BYA PCB

EB10F K161 ucLa2 B6A56 BYA chassis

EC158 Y81 uLd 684G Oclal chassis

ECC35Mul KT88/6550 uyas 68H6 Many others
VA222A

Testing to special quality — Military/CV, industrial etc available on request

BILLINGTON VALVES

Unit F2, Oakendene Industrial Estate, Near Horsham, Sussex RH13 BAZ.

Callers by appointment only.

Fax: 0403 865106 Telex: 87271 PRODSS G
Telephone: 0403 B65105
Min. UK order £20 + VAT. Min. Export order £50 + carriage.

ARTICLES WANTED

WANTED

Receivers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,
Computers, Edge Connectors.

STEWART OF READING
110 WYKEHAM ROAD,
READING, RG6 1PL.
TEL: 0734 68041
FAX: 0734 351696

TOP PRICES PAID FOR ALL TYPES OF TOP PRICES PAID FOR ALL
ELECTRONICS EQUIPMENT TYPES OF SURPLUS TEST
EQUIPMENT, COMPUTER
A.R. Sinclair, Electronics, Stockholders, EQUIPMENT, éOMPONENTS

2 Normans Lane, Rabley Heath, Welwyn,
Herts AL6 9TQ. Telephone: 0438 812 193,
Mobile: 0860 214302, Fax: 0438 812 387730

etc. ANY QUANTITY. 103

WANTED

: . WANTED
Test equipment, receivers,
valSes‘? transmitters, SCRAP 9 SURPLUS
components, cable and ELECTRONIC

electronic scrap and quantity.
Prompt service and cash.

M & B RADIO
86 Bishopgate Street,
Leeds LS1488B.
Tel: 0532 435649

EQUIPMENT, COMPONENTS,
VALVES, PCB,S ETC (SENSITIVE
EQUIPMENT SMASHED AND
SCRAPPED). | AM ALL

TRANSMITTER

Serious buyer wishes to purchase
used 50RW UHF transmitter.

WANTED: VALVES TRANSISTORS
I.Cs (cspecially types KT66. KT88
PX4. PX25). Also plugs. sockets and
compicte factory clearance. If possi-
ble. send written list for offer by
return. Billington Valves. phone 0403
865105, Fax: 0403 865106, Sce adjoin-
ing advert.

Please call Mr Parry in New York

212541 4420

Fax: 0532 426881 5550 SQUARED UP
FOR COMPLETE DISCRETION
AND
IMMEDIATE SETTLEMENT
WANTED CONTACT: BERNARD WELLING
Cash paid for all types of Oscilloscopes OF MUNICIPAL METALS
working or not. We also offer a Repair & AND SUPPLIES

Calibration service for Scopes. 21 WILSHAW STREET,

LEN COOKE ENTERPRISES NEW CROSS, LONDON
179 Northolt Rd, South Harrow SE14. 6TN. 081 692 6509.
Middx HA2 OLY

Tel: 081-864 5551 or 0831 630820
Fax: 081-423 6678




APPOINTMENTS

081-661 8640

¢ Government Communication Headquarters

Radio Officer

Government Communications Headquarters {(GCHQ) ore speciolists in all

aspects of communications, from DC to
stoff to undertake a wide range of duties to study these
Id be on essential part of

Radio Officer yc

Wi

ight. We require skilled and motivated
smmunications. As o
r technicol team, and

would be trained to undertake o wide range of duties

® We offer excellent training

@ Atroctive salaries {reviewed annually)

® Opportunities for moves within the
ond overseas

® Job Security

hope t

To qualify you need

HNC/HND) in o Telecommunications, Electronics Eng

® Good career prospects

® Chollenging and various work
K ® Generous leave ollowance
® h Snteib /
Pensio
sbtain o BTEC National Diploma (or

eering or similar

dicipline. Special consideration will be given to applicants holding an MRGC

Certificate. The C&G 777 (advanced
skills would be advantageo

You ¢ spply if av
experience and preferably be capable

minin

Age limit for experienced Radi
do not possess the full range

skill

r other qualification inc
but not essential

m

Hicers

rporating morse

f2 nt

f receiving the morse

aic

de

bperating

andidates who
vack ond

8.45. Age limit fo
-40 (depending

experience). Training Period: Between 29.52 weeks

Salary after training

further promtion. Salaries include an o

ver 5 yeors) £13,756.£19,998 with prospects for

wance for shift and weekend working

GCHQ is an equal opportunity employer

APPLICANTS MUST BE BRITISH NATIONA
further information ond application f ntoct
Re fice. R Q R 1
4?2 9
Ll —
=SSl — IGLHAY
———

——

Tel: 081-574 2444 Ext. 3668.

3EU.

EALING HEALTH AUTHORITY
DISTRICT ESTATES DEPARTMENT

INSTRUMENTATION ENGINEER

£12,000-£14,000 per annum inclusive

We are looking for an electronics instrumentation
engineer to work in the Electromedical Unit of the
District Estates Department.

The work involves repair, calibration, safety and
performance testing on a variety of medical
equipment in use throughout the District Health
Authority. Applicants should possess an HNC, HTEC
or equivalent in electronics engineering and have a
good knowledge of medical engineering systems.

For an informal discussion/further information
contact Mr M. Trand, Medical Electronics Manager.

Job description and application form available from
the Personnel Department, St Barnard’s Wing, Ealing
Hospital, Uxbridge Road, Southall, Middlesex UB1

Closing date for receipt of applications 17 May 1991.
WORKING TOWARDS EQUAL OPPORTUNITIES

( Garibaldi-RF & Microwave |

We are the specialist agency for ‘Radio Frequency' design or test
Engineers working from 1MHz to light! We have hundreds of top
positions throughout the UK, working on RF mobile comms (GSM,
PCN, CT2), opto, satellite, mm-wave & microwave projects.
Please contact our consultant Simon Luttrell MSc on 0494 792592

L160 Bellingdon Road, Chesham, Bucks. HP5 2HF. y

Field Electric Ltd. Tel: 081-953 6009. 3 Shenley Road, Borehamwood,
Herts. WD6 1AA. Fax: 081-207 6375, 0836 640328

SPECIAL OFFERS

EGA 8 bit cards special offer £17.95.
Hi res graphics card IBM PC XT AT & compatible computers. 721x350 Hercules compalible
graphics with software disk & data £2&.New & boxed

5" green screen monitors. Composite video input. 12 VDC approx 1.2 amp uncased. £27.50.
127 swivel & tilt low voltage monitor mono new special offer £31.50.

Philips 12" mono Model 3617-04 new IBM compatible £69.

XT turbo motherboard built in f/disk interface printer + CGA or mono port. C/with PSU on
board clock 720 Kram. Sub assembly frame. No top, special offer £125 C/P £13.

1BM computers with h/drive etc from £285 + VAT.

Tekironix 4658 O'scope 100 MHz in cal: £460 C/P £24.

Tektronix 191 constant amphtude sig-gen £195 C/P £10.

Tektronix standarg amplitude calibratar 067-502 £120 CP £10.

RS sig-gen 17A 611-133 450 MHz £120 C/P £7.50.

H.P. 3406 A broadband sampling voltmeter £150 C/P £10.

H.P. 4328A milliochmeter £460 C/P £19.

H.P. 3400A RMS voltmeter £250 C/P £10.

Farnell G12-10S. 12VDC 10amp. 24071 10VAC input £42 C/P £3.50. Switch mode PSU
Fujisu dot matrix printer 220 characters per second N.L. quality parallel interface I1BM
character set, new £140 C/P £15.50.

We would iike the opportunity to tender for surplus equipment
Official wrders credit card telephone orders accepled with
YiA Access, Amex, Diners, Visa cards. Overseas enquiries
welcome ¢/p rates U.K. mainland only.
Please ring for ¢/p rates not shown.

All prices inc. V.A.T. unless stated. Stock list available.

2

WE HAVE THE WIDEST CHOICE OF USED [y T Eurnl ey i gt 6325
0SCILLOSCOPES IN THE COUNTRY 4 G e F108
i na 45 New 600
i . from £150
:1 ‘:.i 38 2 uul , r.::gg ERISTIC ME i) 300
Y v 1550 BY PSU #1320MD 30V 24 Quad Mod. Digta 200
IMHZ O 0-5 €300
ENTRONIX e 50MNZ Delay £450
H301 v €150
:llio& 4650 WK 323 K46 Logic Analyse 8 -
NBERGER. £650 PMENT CT71 Curve Tra £250
G MARCOM! versal LCR Bridge. Battery tro 028
0 N - £500 S e s
o . £g0 | MARCOM TF 22378 Automatic Distortion Meter 400HL/IKAL £178
& 1250 CONI MOD Wt ] £100
. £230 | RACAL 9915 Freq Counte MK £150
“ £ AY0 8 & AYD 9 MULTIMETERS
QUAL | Good working order — physically not Briliant
om. Small | oW LY £215 Supplied wilh batteries § leads - ONLY €30
e Other availabie Test Set No 1. 3MAS, §Mkb trom €65 1o £120.
€160 | PHILIPS P22 Univer fer BOMHZ 3-digt £1%0
£150 | FEEDRRCK SFLE0E SWHED I GerrSme-Sy o0t HE=tMNZ 2144
ENY €120 K OKHZ €55
5110 Vi v urcase sty! T4 0med
KTRONIL 4 oM, M {Vaive D EL |
Rate 02 |
KTRONIX 50M4Z 20MS/s Sae W n WY SOOKHZ. | m¥-300 £100
Ra 1150 | KIKUSUI AVM2) AC Vmete HI-5G0KHZ 300uV- 100¥ €5
£750 ARTRON 7045 Multimeter 4V2 aigit 30 ranges AutoMan i
: M, £150
54 tai Stora e €50 | BEM PLIE from £40
WTRON 43¢ Cua SMH Tude Storags 250 | Vano fom £25-£400
THIS IS JUST A SAMPLE - MANY DTHERS AVAILABLE
l SOME BRUEL & AER EQUIPMENT ALWAYS AVAILABLE
€400 PLEASE ENQUIRE
RON 1061 Auf ™ Ty £650 |
MARCON! TF 2006 AM FM 10KHZ-510MH uoo|
MARCONI TF 2015 AW 10-5204H, €400 | wame 0PE M pel MH: ase 0197
MARCON €250 | HaMt OPE HM604 Duel Trace GOMHZ Deiay Sw £610
VARCOM AMFM 10KH] 1 20W) €350 | nam ™ ] WH ent Tester £330
MARCONI RN ™ 200 i 510
MARCON o toe pair £950 e od with 2 prodes
; £1000
£600 | BLACK STAR EQUPMENT (PP
N DM -5 25M €00 10 100MHz on
VIV | 2t 100MH {As above o £295
MAR NI SANT oM £400 ¥ COUN 1109
MARCON: SAN o £400 | ¥ COUNT £138
ACAL 3081 Syn oW 0250 | 1 UENCY €1
R Mo L £350 P NCTION GEN {9
| ORION COLOU ENERATOR Pal T¥ vidy £208
TRKTRONIX & 1om £1000-£1400 | | 41/ otner Biack omenirarii
HP T g-n oM B
i HUNG CHANG DM Hand held
W wsle s @ ACC (P4 3950
1 £2500 yrives £33.50
WP 1L ¢ 1100 ea
£2000
N oM £3000 w: 1X10 (P& imn
ON DOV 1350
£600
5 M £500

This Is a vary smafl sample of stock. SAE of telephone for LIST of OVER 700 ITEMS. Please check availability |
L betore ordering. CARRIAGE all units £16. VAT to be added to total of goods and carriage.

STEWART OF READING ﬂ

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Fax: 0734 351696

VISA
PN Tel: 0734 68041

7

lers welcome 9am &

5.30pm MON-FRI {UNTIL 8pm




IBM COMPATIBLE AT MOTHERBOARDS, CARDS etc.
25 MHz 486 Very latest 80486 mctherboard with extra 64K cache Landmark speed approx 100 MHz. Floating
point co-processor built inte CPU. Eight expansion siots SAE for full details. £1295 {carr £5)

33 MHz 386 Top performance matherboard with 64K cache built in. Set up disk, 8 expansion slots. AMI BIOS
memory upgradable to 16 Mbyes Sipps on board and 80387 socket. £799 (carr £5

25 MHz 386 motherboard. 80386 cpu. Landmark speed 33 MHz accepts up to 8 Mbyte Sipps RAM, otherwise
as above €499 {carr. £3.50)

12 MHz AT motherboard, 80286 cpu. 8 expansion slots. full AMI bios w th diagnostics etc., 80287 socket
manual, Landmark speed of 16 MHz, accepts ip to 4 Mbyte of SIPPS RAM on board. £99.00 with 1 Mbyte
RAM, £125 (speciat offer arr £3.50

1 Mbyte RAM for 80286 or 80386 £49.50 {please state Chips, SIMMS or SIPPS)

10 MHz 80287 maths co-processor £99

AT Muiti VO board with 1 parallel serial, 1 game, 2 floppy. IDE hard drive £37.50.
AT VO card, parallel, senial, game £17.50

AT floppy disk controllier £15

e
—_—

———
—_—

MATMOS LTD., UNIT 11 THE ENTERPRISE PARK, e cra bl &) e s
LEWES ROAD, LINDFIELD, WEST SUSSEX. RH16 2LX. MOUSE Microson somitieoard, standard DIN connactor £995 (carr. €350
TEL: 0444 482091 and 0444 483830 (Fax. 0444 484258) A

12 inch Xerox Hercules paperwhize: smart case with tilt-and swivel base, particularly good, user-friendly high

MATMOS 286 AND 386 HIGH PERFORMANCE COMPATIBLE COMPUTERS res. display £59.95 (carr. £6.50

16MHz 286 system: €349 plus VAT 12 Inch Hercules amber: 12 volt supply {psu needed) modern ase with tilt-and-swivel base £29.50 {carr. £5
A quality system using the industry standard 80286-12 processor, running at a Landmark speed of 16
MHz: clock speed 12 MHz. Complete with 1 Mbyte RAM expandable to 4 Mbytes. Serial and parallel MONITORS - COLOUR

(Centronics) ports, 101 keyboard, mono graphics card. 1.2 Mbyte 5.25 floppy drive. floppy 14 inch 1024 ~ 768 VGA Latest multisync. VGA, 0.28 dot pitch. Displays up to 1024 x 768 at a very high
controlier, IOE hard drive controlier (add £20 for MFM or RLL unless purchased with Matmos hard quality. £279 {carr. £10
drives.), eight expansion siots (3 x B bit, 5 x 16 bit). AMI bios with ful setup routine and diagnostics

including HDD formatting. well made styiish case with space for p to three 5.25 drives and two 3.5 HITACHI CAD COLOUR MONITORS

drives; lock. front panel switches and LEDs, fui manual inclyded 20" multisync. CM2085M From VGA up to 64KHz at 1280 by 1024 (ex dem.) £899
20" fixed frequency 48 KHz CM2086A1.D (ex dem €350

33MHz 386 system: £779 plus VAT quency L

Same system as above but with state.of-the-art 386 motherboard. Uses ft spec. Intel 80386-25 20" fixed frequency 64 KHz "M2086A3 EX (ex f""‘ £35

running at a Landmark speed of 33 MHz: clock speed 25 MHz. Not a 386sx but has a full 32 bit CPU 16 """d frequency 64 KHz. CM1686A (new) £299

Comes with 1 Mbyte of RAM upgradable to 8 Mbytes. Also available in quality full height tower case p-0.a. for carnage for above

at £879 plus VAT Carriage on systems £14 plus VAT See below for add-ons and other stock items

LASER PRINTER

FLOPPY DRIVES Acer LP-76 HP Laserjet  compatible, 6 pimin., 300 x 300 DPI. 512K expandable to 4.5 Mbytes. standard
Internal Ccnlvcrt. s interface. with auxiliary paper tray giving paper capacity of 400 sheets or two paper sizes £599
360K §.25 standard quality IBM hal'-?( ight chassis drive £29.95 (carr. £3.50 r g
720K 3.5 Citizen OSD third height drive for XT/Amstrad 1512 or 1640 £2950 {carr. £3
720K 35" Citizen OSDA45 thid haight drive for AT/286/986 £32.50 (e co DIGITISERS (ex dem.)
As above. but XT/AT switchable £33.50 {carr. £3 Hitachi HDG1212D: 12" x 12" PC ompatible industry stand. nterface, supported by all PC applications
1.44 Mbyte 3.5 Citizen OSDA 39C third height drive for ATs £49.50 (carr. £3) packages offering digitiser input £125 (carr. £6
Fitting kit for 5.25 space, suitabie all 3.5° drives. inc cable ad aptors £8.49 Hitachi HDG1717D: 17 17" version of above £175 (carr. £6)
720k 3.5 external cased drive for ATs £39.50. Cable adaptor kit £12 5 Stylus pens. pucks and accessories for above availabie from sto ck
IBM standard flo; disk drive cable £4
: pov ae VGA CARDS
HARD DiSK DR'VES‘ etc 16 bit VGA card, 256K. all emulations, up to 800 x 600, with software to run all major packages. Oak chip set.
20 Mbyte ST125-1 Seagate 3.5 28 msec MFM hard drlve: latest, fast. silent techn ogy £129 (care Switchable for use in XT's £68 95
4] 16 bit 1024 x 768 super VGA card Very h gh resolution with 512K and drivers for Windows 3, Acad, VP et
20 Mbyte Miniscribe 8225 24 msec. Hard drive with embedded controtier and all cab ng to connect Full manuals and disks. Trident chip set, £99. 1 Mbyte version £119 carr. on cards £2
straight to 16 bit AT slot. 5.25, half-heignt £159 (carr. £5). £129 when ordered with 286 and 386 FAX CARD Plug into PC expansion slot. Giving powerful fax features: ATS Cipher BT approved Group Il
systems. intelligent receive/transmit. with mulitple output and call schedulir g. With disks, cables and full user manua
40 Mbyte Quantum 405 Pro 3.5° SCSI hard drive, 19ms £179 (£149 in our systems) {carr £4) £139 (carr. £5)
94 Mbyte Seagate/lmprimus ST2106E haif-height 5.25 16.5 msec. ESDI drive with controller £299 ETHERNET CARD Novell compatibic 16-bit £89 (cars £2
279w our systems. (carr. £5]
£ ur sy POWER SUPPLIES
HITACHI CD ROM DRIVES {ex dem.) Astec BM140 IBM XT/AT compatible 150W: - 5V at 15A. 12V at 5A, -5V at 0.3A, 12V at 0.5A: fan cooled
Internal bus CDR 3600 and 3500, half height, 5.26 with card and cable £259 (carr. £5) rear panel switch, good value at £19.50 (carr £4|
Internat embedded SCSi CDR3650, half height, 5.25 £259 £ Farnell N180 cased 180W: -5V a1 20A, - 12V at 2A, 12V at2A, +24vV at5A and SV at 1A Professionat psu
External cased AT bus CDR1502S, half height. 5.25 with card and cable £299 (carr. £5 £26.95 {carr £3 .
VIDEQ COLOUR PRINTER Hitachi VY25E PAL video inter. Produces high density photographic quality
DISK DRIVE CONTROLLER CARDS colour prints in A6 size from PAL video £299 (carr. £
XT MFM £37.50. XT RLL £37.50 NB # VAT and carriage must be added to all items quotes for carriage overseas)
AT RLL £37.50, AT MFM £49.85, AT IDE £12.95 {carr. £2.50 * Everything new. and guaranteed 6 months unless stated * Access and Visa teiephone service

Matmos Ltd. has been trading successfully since 1976
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COLOURIJET 132

COLOUR INK JET PRINTER

Compatible with:- LOW COST

;«Brrh?;edes . LIST PRICE
Nimbus LT Ve Vi I from £636 + VAT
BBC Micro

Amiga

Apple Mac

(serial version)

drating
Cost
Windows 3

Driver
Available
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EMULATES OTHER COLOUR PRINTERS EG. IBM 3852, Canon PJ1080A, Quadiet
PRINTS OVERHEAD TRANSPARENCIES

EDUCATIONAL DISCOUNTS AVALIABLE

INTEGREX LTD., CHURCH GRESLEY, SWADLINCOTE
DERBYS. DE11 9PT
Tel (0283) 551551

CIRCLENO. 102 ON REPLY CARD Fax (0283) 550325
T/x 341727 INTEGX




PC82 UNIVERSAL PROGRAMMER

& TESTER £395

Universal programmer. The complete designer's kit. This will program EPROMS,
EEROMS, BPROMS, PALS, GALS, EPLD's, Z8 and 87XX microprocessors. A unique
feature is the testing of logic parts such as 74LS393 etc. The PC82 can check and identify
parts. Already programmed are the TTL & CMOS logic test vectors. Software is supplied to
write vectors for most unique chips. One of the most popular programmers in the USA.

TTL, CMOS,DRAM & SRAM TESTING

PC82 can test and verify any TTL/CMOS logic chip, DRAM & SRAM. The software will also
identify a TTL chip. Do you have a few TTL chips aside not knowing whether they are
working?

ADAPTERS FOR PC82

A range of plug-in adapters to expand the
capability of the PC82.

PLCC for Pals, 4-gang Eprom, 4-gang
Gal, & 4-gang Pal are popular examples
from the extensive range.

DEVICE GUIDE PC82 PC84
EPROM N/CMOS 2716-27010 (1 mBit) Vpp 12.5,12.9,21,25

EPROM 27513,27011,572000/4000,8764-87256,CYC2XX SERIES
EEPROM 2816,2816A,2817,2817A 2864A

EEPROM 9306,9307,9346,9356,93CS06,26,44,56,66,28256A
BPROM 32x8 to 4096 x8, incl. 635080,7C28X,29X.

PAL 10,12,14,16,18,20-L,R X,P,1,2,4,8,10 (20824-pin)

GAL 16V8,18P8,20V8,22V10

EPLD 20G10,22v10, EP310,320,600,610,900,310,5C031,32,60,90
CMOS EPAL C16L8,R8,R6,R4,C18v8,C20G10,L8,R8,R6,R4, C22V10
MPU 78,8748,48,50,51,C51,C52,C252. Inc. encryp. lock bits

Device testing TTLU/CMOS logic, DRAM & SRAM

FEATURES ALL MODELS

For the IBM PC, install the interface card and programming socket, load the menu-driven
software and you have a complete design system at your fingertips.

EASY TO INSTALL

The programmer comes with an interface card that plugs into any free slot of your PC.
There is no DMA channel to worry about and it occupies limited I/O space. The
programmer socket box is connected via a ribbon cable to the back of the interface card
so that the socket box is external. After the interface card is installed the PC never need
be opened again.

SUITS ALL PC’s

The programmers will run on any compatible IBM machines such as XT's, AT's, ‘386 and
'486. Whether it be AMSTRAD or COMPAQ the programmers will work. The software is
text only monographic so is compatible with any machine.

SOFTWARE DRIVEN

All software for the programmers is supplied on 54" low-density disks. The software can
be copied onto hard disk using the DOS copy command. Programs are supplied for the
various features and are menu-driven. All programming is done from the menu, no
hardware switches are needed. Just select the type and manufacturer and the
programming is done automatically. Free software updates for new types which are
continually being added.

The menu-driven software is a full editing, filing and compiling package as well as a
programming package. Save to disk and load from disk allows full filing of patterns on
disk, to be saved and recalled instantaneously. Device blank check, checksum, program,
verify, read and modify are all standard features. Hex to bin file conversions included for
popular file formats including Intel Motorola etc. 2 ways/4 ways bin file splitter for 16/32
bit file data. Selection of speed algorithm for FAST, INTELLIGENT, INTEL, etc.

T S el L L L L S S R

1

PC86 HANDY POCKET TESTER £99

Tests all popular TTL 74/54, CMOS 40/
45 & DRAM types, can search and
display type number of unknown/house
marked types. Simple operation. 9 volt
battery operated with LCD display.

2

N1 FAST ERASER £99
NO MORE WAITING FOR EPROMs TO
ERASE. New advanced UV source
gives under 2 minute erasure time on
most types of modern EPROM. Digital
down counter & display plus added
features for simple operation in use.
Large capacity e.g. 1328 pin devices.
Small footprint. Designed for heavy
industrial/workshop use. UK design &
manufacture.

i1

PC84 EPROM PROGRAMMERS
1-GANG €139, 4-GANG £199 &
8-GANG £299

PC84 -1, -4, -8 Eprom programmers
only. The variant is only gang size. The -
4 and -8 gang will program multiple
EPROMs simultaneously. Device sizes
are from 2716 to 271000 both C and
NMOS. ZIF (zero insertion force) sock-
ets are used on all models.

ORDER INFORMATION
ACCESS, VISA or CWO. Official
orders welcome from Government

bodies & local authorities.

Please include £7 carriage by courier, plus VAT on all
UK orders. All pricing includes software, interface
card, socket box and tuil instructions. (Prices do not
include VAT or carriage)

=--razils

CITADEL PRODUCTSLTD

Dept. WW, 50 High St,
Edgware, Middx. HA8'7EP
Tel> 081-951 1848

CIRCLE NO. 103 ON REPLY CARD




