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compare the latest products and 24-27 APRIL 1990 details of the top level conference,
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UNBEATABLE PRICES

GREAT OFFERS ON TRIED AND
TESTED USED EQUIPMENT

DIGITAL & LOGIC ANALYSERS Phi PM 6654 120MHz Counter £ 950
HP 1630D:A 100MHz Logic Analyser £ 1,750 Phi PM 6666 Counter - Timer £ 675
HP 1630G 100MHz Logic Analyser £ 3,650 Phi PM 6669 1.1GHz Counter £ 69
HP 1650A 100MHz Logic Analyser £ 3,500 Rac 1991 Counter £ 550
HP 16521A Pattern Generator £ 1,650 HIGH POWER RF GENERATORS
HP 16530A Scope Plug in Card £ 750 HP 214B-001 Pulse Generator £ 1,950
o P 391170 Logic Analyser £ 600 4p go11A 20MHz Pulse Generator £ 450
RUITR8EPO BICall oanraer £ HP 81124 50MHz Pulse Generator £ 2,250
Phi PM 8851/20 RS232 + Printer IfF £ 25 HP 8161A Fuise Generator £ 3250
Phi PM 8865 6809E Ana/ysef Adaptof £ 25 HP 81704 Pulse Generator £1 '250
Phi PM 8867 6809 Analyser Adaptor £ 25 Tek 505 Generator Plug in £ 100
Phi PM 8869 Z80A Analyser Adaplor £ 25 Tek 507 Generator Plug in £ 250
Tek 1240 Logic Analyser £ 995 ror 508 Generator Plug in £ 450
Tek 124001 9 Channel D.A. Card £ 550
Tek 124002 18 Channel D.A. Card £ 900 RF SIGNAL GENERATORS
o ADR 7424 Signal Generator £ 6,950
SPECTRUM ANALYSERS Mar 2017-900k 1024MHz Generator £ 2,950
HP 182T Display Unit £ 950 Mar 2019 1024MHz Generator £ 2,150
HP 3580A Spectrum Analyser £ 1950  Mar 2022 1GHz Generator £ 2,150
HP 8559A Analyser Plug in £ 5500 Mar 60568 Signal Source £ 950
HP 8590A Spectrum Analyser £4950  Mar6059A 18GHz Signal Source £ 1,100
Mar 2370-901E Spectrum Analyser 75chm £ 3,500 Mar 6159 18GHz Signal Source £ 1,350
Mar 2370-015F Spectrum Analyser 50chm £ 3,750 Tek SG503 Generator £ 1,000
Mar 2382 Spectrum Analyser £12,000 SWEPT FREQUENCY
NON MICROWAVE COUNTERS GENERATORS
Flu 1920A Counter £ 250 HP 8340A Sweep Generator £18,000
HP 5316 100MHz Counter £ 650 HP 8350A Sweep Generator Mainframe £ 1,000
HP 5328A Universal Counter £ 650 HP 83508 Sweep Generator Mainframe £ 2250
HP 5328A-010 Universal Counter £ 2,250 HP 83522A R.F. Plug in £ 2950
HP 53348 Reciprocal Counter £ 475 HP 8600A Digital Marker £ 5
HP 5335A-020 Universal Counter £ 1,850 HP 8620L Sweeper Mainframe £ 1,200
Mar 2430-312E 80MHz Counter £ 15 HP 86210A Sweeper Plug in £ 950 N
Mar 2430-900Y 80MHz Counter £ 150 HP 86220A 1.3GHz Sweeper Plug in £ 950 g -
Mar 2431-313D 200MHz Counter £ 150 HP 862420 6.9GHz Sweeper Plug in £ 650
Mar 2432-3132 560MHz Counter £ 250 HPi86260A 12.4-18GHz Sweeper Plugin £ 700
Mar 2432-3132:A 560MHz Counter £ 260 HP 86260A-H85 Sweeper Plug in £ 650
Mar 2432-910F 560MHz Counter £ 260 SYNTHESISERS
Mar 2432-314H 560MHz Counter £ 300 HP 3336A Level Generator £ 1,000
Mar 2435-3032 3GHz Counter £ 950 HP 8904A Function Generator £ 3250
Mar 2437-302R 100MHz Counter £ 400 HP 3325A Function Generator £ 2250
Mar 2438-303J 520MHz Counter £ 400 HP 3325A Function Generalor £ 2250
Mar 2438-900P 520MHz Counter £ 425 HP 33325A Function Generator £ 2350

If your test and measurement requirement is not in our list we would be pleased to quote you using our
brokering service which has world wide contacts.

All prices advertised are exclusive of carriage and VAT. All equipment sold subject to availability.
Warranty period 12 months on all equipment (except computers MDS - 3 months).

WE BUY TOP QUALITY  For further information telephone
TEST EQUIPMENT LONDON 0753 580000
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Appropriate technology

New technology should be treated with
care. Inappropriate technology creates
more problems than it solves. Excessive
technology acts similarly.

The paper-less office is a clichéd
paradox. Its most impressive feature is
the sheer volume of paper required to
make it work. Eachelement of the
system demands a substantial manual,
software particularly so. Evenalowly
laser printer requires an initial set-up
procedure which wouldn’t be out of
place in a computer lab.

Instructions are complicated because

' equipment and software offer so much.

Users, in the main, haven’t actually
requested the diversity of features.
They appear because equipment and
software designers can put them there
atlittle cost. This is the principal
hallmark of new technology - lots for
little.

Features don’t come free. They do
have to be paid for. Perhaps not at the
time of purchase, but as an intellectual
investment later on. The latest version
of your favourite word processor will

| offer far more features than the old one.

But touse them —if you need them — will
require much time spent reading the
manual followed by even more time
wasted in playing around on the

computer. By contrast, you know

everything there is to know about the
old version of the software and can do
99% of what you want in a single pass.

Neither should one be totally seduced
by the argument that it will earn its keep
eventually. The old version was doing
mest of what you want and, while you
may want to use some of the new
features, the basic things which you
were doing easily may well be more
difficult to achieve.

There are occasions when advanced
technology looks beguiling but may be
totally wrong when applied to simple
tasks, keeping track of work in progress
forinstance. A computer in the office
will do the job but a ball-pointand a
duplicate book just might perform the
task more effectively. Too much
technology wastes time.

None of this suggests a Luddite
philosophy. The correct application of
science will deliver proper benefits.
Nobody could argue that wet film
medical X-rays are better than CT
scans, or that mind-numbing, inhuman
production lines should be staffed by
people rather than robots. Simply, our
needs should guide the evolution of
technology rather than the other way
around.

Frank Ogden
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NOW YOU (AN
LEARN ABOUT THE
TRANSPUTER....

The most powerful microprocessor in the world using concurrent processing.

B State of the art technology!
With major computer companies “designing-in” the
Transputer, it is imperative that todays technology
does not remain a mystery.
in short, the Transputer Training System gives you
a unique low-cost method of obtaining practical
experience — fast!

B Saves your time
Unpack, plug in and starf learning. Everything you

need including self feach manuals in one package.

B Saves your money

The complete system costs just £995.00
+ VAT and uses any IBM Compatible PC with
640K RAM and hard disk as the host
computer.

B Now with 2 price course option

Attend our special 3 day course for just £2
extra if order with the system. Normal price of course
is £400.

The unique Transputer Training System has been
designed specifically for education and is therefore ideal
for use in colleges and universities. The excellentself-teach
manuals, included with the package, mean thatitcan also
be used by engineers fo rapidly evaluate the transputer and
utilise its amazing power in real time applications.

P S

The system is supplied with everything you need including:

B Interface card — takes a ‘short slot” in the PC and provides
link infout and control lines.

B Cable — links the inferface card to the Transputer Module.

W Transputer Module — complete T414 based subsystem,
supplied in its own sturdy case.

B PowersLpply —independant power fo fransputer if required

W Development Software — folding editor, OCCAM compiler,
downloader, tferminal emulator and utilities, hosted on the PC.

B Example programs - no less than 28 fully worked examples.
B On Screen Tutorials — learn how to use the system ‘on-screen

B Hardwar2 Manual — full circuit diagrams, timing diagrams
ond circuit descriptions.

B TDS User Guide — self contained tutorial guide to using the
development software.

B TDS User Manual —the reference manual for the development
software.

B Introduction to OCCAM
OCCAM

B OCCAM Programming Manual — the definitive guide fo
OCCAM

B T414 Engineering Data — full specifications for the Transputer.

B CO012 Engineering Data — full specifications for the Link
Adapter.

The Transputer Module houses o 15 MHz T414 with 256K
RAM and is external to the PC, so that the hardware is fully
accessable. The module includes ¢ wealth of fest points, 14

status LEDs, 16 1/O lines, EVENT input, independant

§power supply, prototyping area and four 15 way D

a complete self-feach course in

connectors, which allow access tothe 10 M bits/sec
N> links and control signals.
Full hardware and software support is provided
or multi-transputer applications. Simply plug
additional Transputer Modules into the spare link
connectors using the cables supplied. Inthis way networks
of any configuration using any number of transputers may
be realised! Each module can run one or more concurrent
processes and has access fo its own local 4 Mb RAM and
1/0 system.
The 1/0 connector links directly fo our Applications Board,
which enables the Transputer to control DC motor speed,
temperature, analog input/output, and much more!

R
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Telex: 477389 FLIGHT G Fax: 0703 330039
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RESEARCH NOTES

A computer model for studying the
brain has unexpectedly produced - on
its own - eclectrical waves like those
actually found in the brain itself. The
supercomputer-based model gencrated
this result in tests conducted recently by
its developers, IBM scientist Roger
Traub and Columbia University re-
earchers Richard Miles and Robert
Wong.

The computer model was designed to
simulate 10 000 cells in the brain’s hip-
pocampus, an arca essential for the for-
mation of new memories and the origin
of many epileptic episodes. Using the
model, the scientists can simulate how
the hippocampus works and study, in a
controlled environment, some of the
medical benefits that the increased un-
derstanding of epilepsy could bring.

Perhaps the most startling aspect of
the waves — technically known as popu-
lation oscillations — is that no one under-
stands precisely how they are generated
either by the supercomputer model or
by the brain. The fact that the waves
spontaneously arose in the supercom-
puter model, however, gives the scient-
ists potent evidence that the model is
accurate in its simulation of brain activ-
ity. The next step is to use the model to
discover the waves’ cause and function.

The rescarch began 10 years ago as an
attempt to understand epilepsy and has
already yiclded valuable and unex-
pected insights into the disease. For
example, the study provided a surpris-
ing answer to the long-standing puzzle
over what starts an ‘interictal spike’, an
abnormal burst of activity in a group of
neurons. It indicates a tendency for that
group of neurons to initiate an epileptic
seizure. Traub’s computer model re-
vealed that an impulse from a single
neuron may under certain conditions
start a chain reaction that can quickly
excite an entire population of brain cells
into the synchronised firing that consti-
tutes an interictal spike.

In future, Traub and his collaborators
believe, the model could provide insight
into certain aspects of how the brain
works and help solve some of the myste-
ries of how people think, learn and re-
member. For example, the scientists
have recently discovered that the way
neurons respond when stimulated can
change if the stimulus is applied repea-
tedly. These changes may be at the heart

of how memory works.

DrRoger Traub of
IBM, whose
supercomputer-based
model
spontaneously
produced the
“brain waves”’.
The screenand
printouts display
rhythmical
activity in two cells
chosen froma
large population.
Picture courtesy
of IBM.

Built into the computer model of the
very complex mammalian brain are
descriptions of both the anatomy of
single neurons and the way any pair of
connected neurons is likely to interact.
This approach differs from studies that
concentrate on the whole organ or on
details of the activity of single, ran-
domly selected neurons. By examining
the interconnections between neurons,
Traub is trying to work out how large
collections of brain cells must work in
concert.

A mammal’s brain contains billions of
neurons, and each neuron may be
linked to hundreds or even thousands of
others. The apparently random ar-
rangement has long baffled scientists - a
mammal has too few genes, in fact, to
specify every connection in its brain.

Even for a small part of a mammal’s
brain, a precise wiring diagram showing
the exact, cell-by-cell workings is im-
possible to work out. There are simply
too many cells, too many connections,
and too many impulses racing from cell
to cell ina seemingly chaotic interplay.

It is a relatively simple matter,

‘Computer hasa brain-wave

B

e
!
however, to record measurements of
any or all of a few electronically-
simulated neurons. And although
Traub’s first computer model contained
only 100 neurons arranged in a grid, |
even this small-scale simulation was
able to reproduce certain real-life brain
functions.

One was a phenomenon called a
double burst. In the brain, after an im-
pulse triggers a group of neurons to fire,
ashort lull follows. Then a second flurry
occurs as a new group of neurons re-
sponds to the initial burst of activity.

Wher Traub discovered his 100-
neuron simulation doing this same thing
as living brains, he felt he was on the
right track. Since then the model has
been improved considerably. one refi-
nement being the addition of “field ef-
fects” — the electrical fields that arise
when large numbers of neurons begin
firing in unison.

Now Traub and his team plan to use
the improved model to explore what
regulates the complex rhythms that are

part of the regular activity of the healthy
human brain.
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Electronic Design Software

PC CARDS

PC cards can be the solution.

NPN TRANSISTOR )
L3

AL Qo 4

Whatever your application — IEEE or analogue
interface, industrial control, data acquisition or digital
1/0 — Flight has a product from the leading
edge ofi technology.

Flight Electronics’ extensive PC card range
provides across the board expansion.

I &3 ) v wp - Adsol
« r""ﬂ ) = lz :v Q: 3276 v

B Low cost 8 to 16 bit data acquisition
B 1 to 12 channels '
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RESEARCH NOTES
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Scanning the February and March issues
of EW&WW, it's difficult to remain
unaware of the growing concern that’s
being expressed over the safety of elec-
tromagnetic and electric fields. As with
the latest research linking nuclear radia-
tion to leukaemia, a point is reached
when, despite the weak statistical corre-
lation, common sense dictates that
something must be afoot

Conversely, I believe, it’s necessary
to apply that same faculty of common-
sense to avoid unnecessary public panic.
Most ordinary people do not under-
stand statistics and are apt to assume
that there's no smoke without fire
Scientists and engineers, trained not to
speculate, add fuel to that fire by stick-
ing firmly to the line that nothing is
proven until a direct causal link is establ-
ished.

Journalists (mea culpa) undoubtedly
highlight this communication problem
by selective amplification of dangers
which, in engineering terms, are right
down in the noise. Yet, selective that
amplification must be unless our
newspapers and journals are to become
infinitely large (or infinitely boring!).

Suchethical dilemmas are highlighted

even further when reporting effects that
arestill in the realms of supposition. AC
fields are probably (un)safely in the
arena of legitimate concern, but what
about steady fields, especially of the
magnetic variety?

Investigations at the Jilich Nuclear
Research Centre in West Germany,
have drawn attention to mechanisms by
which strong magnets can disrupt biolo-
gical systems. The details are wrapped
in complex biochemistry and have been
worked out only in mice. Nevertheless it

Why is the universe so lumpy?

Evidence emerging from a satellite
called COBE (Cosmic Background
Explorer), launched last November,
seems to confirm the now well-
established view that the Universe was
created in a Big Bang about 15,000 mil-
lion years ago. But COBE’s instru-
ments, which have been measuring the
so-called microwave background - rad-
iation left over from that primaeval fire-
ball - have, if anything, heightened
another great cosmological mystery;
why the Universe is so lumpy.

Scientists at the Goddard Spaceflight
Center, who've been collecting data
from COBE, say that all the measure-
ments indicate that the cosmic micro-
wave background is absolutely uniform
in all directions, both in intensity and
frequency.

In one sense this is gratifying because
it confirms all the measurements made
from the ground and from space using
less sophisticated equipment. On the

other hand it’s hard to understand in the
light of what we now observe when we
study the heavens.

The problem is that a uniform micro-
wave background implies that the Uni-
verse expanded smoothly and evenly in
the time following the Big Bang. Had
the Universe expanded in fits and starts,
then the background radiation would be
similarly uneven in its characteristics.
Of course there’s no reason why the
initial expansion of the Universe should
have been irregular; in fact the observed
regularity is much more consistent with
the Big Bang theory than any other. The
only problem is that something must
have changed subsequently to make the
Universe the lumpy affair that it is
today.

Recent astronomical surveys, cov-
ering more than 30,000 galaxies mea-
sured in three-dimension seems to indi-
cate that matter is spread very unevenly
indeed. The latest, by Geller and

seems that strong steady magnetic fields
can altes the alignment of certain dia- |
magnetic molecules that exist in all |
animal cell membranes, including our |
own

Using enzyme probes to analyse cells
taken from the bone marrow of anaes-
thetised mice exposed to strong magne-
tic fields. the Jiilich researchers found a
significant temperature-dependent ef-
fect. Ineveryday terms, theysay that the
effects of fields up to 1.4T at 37°C
(human body temperature) for around
30 minutes are comparable to the effects
of minor radiation doses or lack of Vita-
minE.

Lest this discovery be reproduced in
the tablecids as ‘Magnets can harm your
health’, it’s worth pointing out that
fields as high as 1.4T are not usually
encountered in everyday life. Nor do
these latoratory tests point to any life-
threatening disease. Nevertheless, in
the same way that DC theory is helpful
in understanding AC theory, a study of
the biological effects of steady-state
magnetism may well help elucidate
some of the controversial effects now
being attributed to sinusoidally varying
magnetic fields.

Huchra of the Harvard Smithsonian
Center for Astrophysics, shows galaxies
arranged in a sort of tightly-packed
sheet which has been dubbed the ‘Great
Wall’ in space. Either side of this sheet,
there are huge regions almost devoid of
matter.

So what was it that changed the Uni-
verse from being uniformly smooth? Or
as someone graphically asked: what put
the lumps in the cosmic porridge?

At the moment, there don’t appear to
be any convincing answers. It could be
that, in spite of COBE’s observations,
there are still tiny irregularities in the
cosmic background that could, over a
period of 15,000 million years, have
grown tc become the large irregularities
we see today. Or it could be that what
was once a smooth expansion of the
Universe suddenly became lumpy
because of some subsequent catacylsmic
event of which we have no knowledge at
present.
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Gyroscopes inaspin

A controversial experiment undertaken
by two Japanese physicists suggests that
aspinning gyroscope can weigh less than
a stationary one. According to their
report (Physics Review Letters vol 63,
no 25) Sakae Takeuchi and Hideo
Hayasaka of Tohoku University set up
three  gyroscopes in  evacuated
electromagnetically-screened boxes on
accurate laboratory balances. These
gyroscopes were set spinning elec-
trically and then disconnected from the
source of power.

According to all recognised laws of
physics the gyroscopes should have
weighed exactly the same as they did
while stationary — approximately 175
grams. Yet the Japanese claim that the
gyroscopes  became  progressively
lighter by up to 10 milligrams as they
were spun to a maximum 13,000 rpm.
Even more curious was the subsequent
discovery that this reduction of weight
occurred only when the direction of
rotation was clockwise as seen from
above. Anticlockwise rotation pro-
duced, not the opposite effect, but no
effect whatsoever.

So odd is this finding — and especially
the lack of reversibility — that Physical
Review Letters, not surprisingly, spent a
year and a half deciding whether or not
to publish the paper. Eventually, and
with no ceremony, they did publish,
much to the puzzlement of the scientific
community.

A comment published soon after-

E £
Super-fine wires
Ammeter
(including
polarity
Electr?des [ swifch)
= Standard I
Strobe | |7 &1 .weightrs' Voltage
| {esE |: ' amplifier
7 o
V/acuum \ '\ Leak value
. Gyro rotor
container
Gyro frame

wards in Nature (vol 343 no 6254) spelt
out the dilemma of an editor when faced
with a seemingly crazy conclusion.
Should he publish uncritically, which
may do science a disservice; should he
suppress what may turn out to be some-
thing new and exciting or should he do
what Nature itself did some time ago:
conduct a detailed on-site investiga-
tion?

The Japanese research undoubtedly
raises more questions than it answers.
Why, for example, is the effect non-
reversible when every other force in
physics is symmetrical? And what could
cause an effect which even the authors
say cannot be explained by any of the
normal theories?

John Maddox, the Editor of Nature,
suggests that the best bet would be some
sort of coupling between the spin of the
gyroscopes and the spin of the Earth, as

“This guaranteed weight loss doesn’t last very long!”’

might be allowed by some versions of
Einstein’s theory of General Relativity.
Maddox admits, however, that a weight
loss of 10 milligrams would be uncom-
fortably large to fitinto the mathematics
of Einsteinian gravitation.

There this controversy might rest but
for the views of veteran gyro experi-
menter, Eric Laithwaite, former pro-
fessor of electrical engineering at Lon-
don’s Imperial College.

Laithwaite scorns any suggestion that
the weight loss in the Japanese exper-
iments is due to mysterious outworkings
of Einsteinian relativity theory. He
believes that the effect is a consequence
of the gyroscopes being essentially fixed
to the Earth. As the Earth rotates onits
axis, the axis of the gyroscope is forced
to move, albeit a tiny amount. Laith-
waite explains that any gyroscope when
pushed in one direction will respond by
moving in another. The weight loss in
the Japanese experiments could there-
fore be nothing more than an upward
translation of the rotational force im-
parted to it by the Earth’s movement.
On that basis, says Laithwaite, there’s
no need to invoke mysterious forces or
any necessity to tinker with the laws of
physics.

What is necessary, he says, is for
scientists to develop the maths needed
to explain complex gyroscopic behav-
iour. At the moment, theoreticians can
only describe how a gyroscope behaves
when all the forces acting on it are
simple ones, mutually at right angles.
Eric Laithwaite claims that it’s relatively
easy to create other conditions in which
gyros behave in a way that no one can
yet explain.

So, however puzzling the Japanese
findings and however incomplete the
published work, there’s still, as Laith-
waite believes, a case to answer. Not all
such answers, though, are likely to cast
very much light on the subject. Referr-
ing obliquely to the scientific lunatic
fringe, John Maddox says he expects the
months ahead to reverberate with the
endless noise of the devotees of per-
petualmotion andlevitation. [ |

Research Notes is written by John Wilson
of the BBC World Service science unit.
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Don't miss half
the picture!
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See it all with
Gould's transient
capture capability.

Don't miss the real shape of your
transient event. An ordinary DSO with a
low sampling rate shows you only part
of the picture. The extraordinary 4080
series from Gould lets you see it all. With
a digitising rate of 800 Megasamples
per second, you see what's happening
every 1.25 nanoseconds!

Combine this performance with

2 or 4 channel operation, comprehen
sive waveform analysis and a built-in
4 colour plotter and you have a very
powerful system

CIRCLE ENQUIRY NO. 130 ON BACK PAGE

May 1990 ELECTRONICS WORLD + WIRELESS WORLD

For a full picture, dial 100 and ask for
FREEPHONE Gould Electronics.

Gould Electronics Ltd.,

Test & Measurement Sales Division,
Roebuck Road, Hainault, liford,

Essex IG6 3UE. Telephone 01-5001000.
Telex 263785. Fax 01-501 0116.

=: GOULD

Electronics

369



Boeing sued over cancer

A case currently making its way through | employers, the Boeing Companys, is still

the US courts brings into sharp relief
the alleged connection between cancer
and exposure to electromagnetic fields.
It concerns a Boeing employee, Robert
Strom, who contracted a rare form of
leukaemia while working on an
examination of the effects of nuclear
electromagnetic pulse on avionics
equipment.

Strom’s work entailed frequent
exposure to pulsed RF fields, a type of
radiation which has been designated as
harmful in a number of separate
research studies. Although filedin June
1988, Strom’s case against his former

waiting to be heard.
The essence of Strom’s case is that,

having been employed by Boeing for 22

years, he was asked to start work on an
EMP test project as part of the MX

Peacekeeper missile program. This was

in1983. Within a year, Strom had
become ill with chronic myeloginous
leukaemia and was given only 42
months tolive.

He filed a compensation case in 1986.
The information obtained in preparing
the case resulted in his filing alawsuitin

June 1988 alleging fraud,
misrepresentation, violation of human

Giotto ends four year sleep

The ES A spacecraft Giotto has woken
in response to a series of commands
from the European Space Operations
Centre in Darmstadt.

ESOC has been preparing the
reactivation for the last two years, the
spacecraft having been made inactive
shortly after its rendezvous with
Halley’s cometin April, 1986.
Confirmation of the reactivation was
obtained when a signal from Giotto,

which is now 65 million miles from

370

Earth, was picked up by the Madrid
tracking station of the NASA Deep
Space Network on February 19.

The DSN station sent commands to
Giotto from the 100kW transmitter and
70m dish in Madrid. Signals from
Giotto were minute, and a series of
manoeuvres must now be performed to
bringits high-gain antenna face-to-face
with Earthto increase signal strength
and provide telemetry.

rights, negligence, civil conspiracy, and
unconsented human experimentation.
Defendants are the Boeing Company

| andothers.

In November 1988, prompted by
Strom’s lawsuit, Boeing issued a letter
toits EMP employees. The company
denied that it intentionally exposed
workersto simulated EMPs in human
guinea-pig experiments. Without
federal regulations, Boeing has
gradually relaxed its in-house standard
for EMP exposure. It was increased

from 0.4kV/m in 1970 to 5k V/m; in 1977 '

the limit was raised further to 50k V/m
and Boeing is said to be considering
another increase to match the United
States Air Force standard of 100k V/m.

The first suggestions of a link
between EMP testing and disease were
made more than 20 years ago. In 1968
the Boeing Company was given a USAF
contract to test the effect of nuclear
EMP on missile systems. Boeing soon
became aware of safety questions when
anumber of leukaemia and skincancer
cases developed among technicians at
its test site. To quote one of the
technicians: “Boeing never told us that
EMP exposure could be dangerous and
they were asked many, many, times,
especially whenwe saw the guys start
dying. They were monitoring us about
once amonth”.

In 1970, Boeing participated in a
conference on EMP biological effects.

Aspartof its research effort it agreed to |

monitor the health of people
conducting EMP tests. The object was
to evaluate the acute, chronic and
long-term biological and health effects
of exposure to EMP. This, it is claimed,
was done without the knowledge or
consent of the people concerned.

Shortly after this, Dr Sam Milham, a
Washington State epidemiologist,
advised Boeing to doan EMP
worker-related study. He said that
three leukaemia cases out of 160 among
Boeing EMP employees represented
almost 50 times the expected rate.

By 1983, Boeing already had some 15
years of experimentation with EMP and
is alleged to have known that EMP was
suspected of causing serious health
problems. Toquote Strom: “I was in the
room with it. No one told me anything

continued over page

May 1990 ELECTRONICS WORLD + WIRELESS WORLD



4\ E0SYS DIGIMASTER  {F

EXISTING
ARTWORK

From Artwork to Gerber CAD Format. Scan, Vectorize, Dcwn Load

VIEW EDITING

DIGIMASTER
SOFTWARE

SCANNER

DRILLING TAPE

CIRCLE ENQUIRY NO. 128 ON BACK PAGE

Pnn' ON/ »
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affordable price; - Yes complete -
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SPICE- AGE

Non-Linear Analogue Circuit

Simulator £245 complete
or £70 per Module

Those Engineers have a reputation for supplying the best value-for-money in microcom

puter-based circuit simulation software. Just look at what the new fully-integrated SPICE
Advanced Graphics Environment (AGE) package offers in ease-of-use performance

and facilitles,

SPICE e AGE performs four types of analysis simply, speedily, and accurately

@ Module 1 - Frequency response @ Module 3 - Transient analysis

@ Module 2 - DC quiescent analysis @ Module 4 — Fourier analysis
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1 Frequency response

SPICE®AGE provides a clever hidden
benelit. It first solves for circuit quiesc-
ence and only when the operating point is
established does it release the correct
small-signal results. This essential con-
cept is featured in all Those Engineers’
software. Numerical and graphical (log &
lin) impedance, gain and phase results
can be generated. A ‘probe node’ feature
allows the output nodes to be changed.
Qutput may be either dB or volts, the zero
dB reference can be defined in six ditfer-
entways.
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Frequency response of alow pass filter
circuit

2 DC Quiescentanalysis

SPICE®AGE analyses DC voltages in
any network and is useful, for example, for
setting transistor bias. Non-linear compo-
nents such as transistors and diodes are
catered for. (The disk flibrary of network
models contains many commonly-used
components — see below), This type of
analysis is ideal for confirming bias condi
tions and establishing clipping margin
prior to performing a transient analysis.
Tabular results are given for each node;
thereference node Is user-selectable.
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3 Transient analysis

The transient response drising from a
wide range of inputs can be examined. 7
types of of excitation are offered (impulse,
sine wave, step, triangle, ramp, square,
and pulse train); the parameters of each
are user-definable. Reactive components
may be pre-charged to steady-state con-
dition. Up to 13 voitage generators and
current generators may be connected.
Sweep time is adjustable. Up to 4 probe
nodes are allowed, and simultaneous
plots permit easy comparison ol results.

Impulse response of low pass filter
(transient analysis)

4 Fourier analyses

SPICE®AGE performs Fourier trans-
forms on transient analysis data. This
allows users to examine transient analy-
sis waveforms for the most prevalent fre-
quency compongants {amplitude is plotted
against frequency). Functions as a simple
spectrum analyser for snapshot ot tran-
sients. Automatically interpolates from
transient anaiysis data and handles up to
512 data values. Allows examination of
waveform through different windows.
Powerful analytical function is extremely
easytouse
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Spectrum of rectangular pulse train
(Fourter analysis)

it your work involves designing, developing or verifying
analogue or digital circuits, you will wonder how you ever
managed without Those Engineers circuit Simulation
Software.

A good range of properly supported and proven programs is
available and our expert staff are at your service

| Telephone: Charles Clarke on 01-435 2771
for a demorstration disk.
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about a hazard of being in that room. |
was not informed in any way. | was
exposed to high levels of EM radiation.
They told me that the work was
perfectly safe.”

Strom had been given what he
thought was a routine company physical |
after he started working with EMP and
he got aclean bill of health. “Then the
next year when I went back for another
physical, the doctor told me that I had
an abnormal lymph blood count. I had a
rare form of leukaemia — bone marrow
cancer —and itis fatal. When I heard
about the deaths at the Montana test
site all those years before, I didn’t feel
that it was chance, me going towork in
an area and getting the same rare
disease.

“The Boeing doctor told me that the
company had a concern about
leukaemia and reproductive effects. I
was amazed. I said to that man: ‘I have |
got what you are looking for!’, and his
words were: ‘You have a valid reason
for saying that as your previous physical
was OK.” '

In 1986, Strom filed a worker’s
compensation claim. This enabled his
lawyers to obtain various documents
from Boeing. “Working my way
through all this evidence, I saw the truth
revealed. | saw that we had been used as
human subjects. My wife sat in the
kitchen typing what I wrote, crying. I
could hear saying ‘Damn them! Damn
them!” For we knew then what had
really happened; what the company had
reallydone.”

A spokesman for Boeing, Seattle,
told Electronics World: “The remedy
has been pursued through a workers’
compensation claim. As a result, there
has been no connection drawn between
the employee’s work and this claim. It
has been appealed. That appeal has
been denied also.

“The case is now in a civil process
and, while it is in that process, there is
nothing more I canadd.”

References
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Satellite mini-receiver. Astec’s
receive-only module covers 950 to
17750MH?z, the downcoverted European
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Getting the message?

Out of date before it starts, Telepoint looks like
a marketing nightmare. Richard Wilson
of Electronics Weekly reports.

There is a British revolution in mass

| mobile communications. You may have |

seen symbols of the revolution, strange |
green and blue triangles on the wall of
your local bank or railway station. But
you can only find them in London and
you must be vigilant. Is this a revolution
or justaminor uprising?

Where you see a triangle you can
make a call on a new low-cost public
mobile telephone service called
Telepoint. Britain has other mobile
telephone services, but Telepoint is the |
newest, and is supposed to herald the
new age of mass market mobile
communications. Were we expecting |
too much toosoon? 1

After promising so much, Telepoint,
which is based on a digital cordless
telephone (CT-2) pioneered in Britain
in the 1980s, has been an early
disappointment. This disappointment
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has been worsened by the rip-roaring
success of its illustrious cellular
communications predecessor, which
now has a million users in the UK after
five years. Telepoint will be lucky to
reach 5000 after 12 months.

Indeed, it was the very success of
cellular which prompted the
Government to make a number of
initiatives in the late 1980s which were
intended to revolutionise mobile
communications over the next decade.

Telepoint was the first of these and
the Government licenced four public
service operators at the beginning of
1989. 3ut within 12 months, three more
licences were awarded for yet another
form of mass market mobile
communications, personal
communications network (PCN).

The Government maintained that
there was no conflict of interest
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between the two systems. Telepoint,
based on the CT-2, was always intended |
to be alow-cost system which enables
users to make telephone calls while
standing in the street. PCN will be, [
whenitislaunchedin 1992, amore
sophisticated service allowing users to
receive and make calls at home, in the
office or when travelling in the same
way as current netsworks. PCN will
have the network capacity to support
many more users than cellular. This it is
hoped, will drive down equipment costs
and make PCN the mass market service
which cellular cannot be.

However, some observers believe
that the Government has taken two
bites at the cherry: Whenit realised that |
technical and marketing limitations
would severely restrict the role of
Telepoint, the Government was forced
tobring PCN forward by as much as five
years.

The equipment on which Telepoint is
based has yet to prove itself as a core
technology for a public communications
system.

Derek Rowe, a founder of National
Telephones and a designer of cordless
PABX, claims that CT-2 “is a hype of
sorts. [t takes up an enormous amount
of bandwidth to do very little. Itis an
over-engineered and therefore
expensive replacement for your
cordless telephone”. Using 100kHz
radio channels, the system was designed

{ in the mid 1980s for use in the home

with afew handsets addressing a single
base station, like the analogue CT-1 it
was intended to replace.

In a public telepoint system the base
station must service a large number of
users and Rowe believes systems will
soon experience congestion. He says no
attempt has been made to optimise the
bandwidth of the radio channels. These
are unusually wide, says Rowe, because
the design is based on a signalling
scheme developed by Motorola for
wired systems.

It has been estimated that by the turn
of the century 50 per cent of all
telephone calls will be made by people
on the move. Telepoint and now PCN
are the UK Government’s answer to the
problem of meeting this demand.

The existing analogue cellular
networks are expected to reach capacity

| inbusy urban areas within the next few

years; indeed some are already showing
signs of strain. Digital cellular networks
based on the European GSM standard
will alleviate capacity problems when
they are ready for service next year, but
for how long?

Ed Candy, previously with Philips
Radio Communications and now
technical director of the UK telepoint
operator, BYPS, believes Europe will
have four million analogue cellular

| usersinthe early 1990s. “The GSM

system will alleviate capacity problems,

i

| “I'vegotthissetto STUN and if you

can’tshow me your TV licence, 1
won’t hesitate to use it.”

The “stun gun” is actually a
television detector of Swedish origin,

| which scanschannels 21-68 and

VHF. Sensitivity is settable to
restrict coverage to asingle house.
There are, we are told, over 10 000
unlicenced television receivers in the
Bristol area, where the photograph
was taken,

PCN

“One of the features of changing techno-
logy is the liklihood of better things around
the corner. Mobile radio Is no exception.”
—the UK Government.

Personal communications networks
(PCNs) will start the process of combining |
cellular carphones, domestic cordless tel-
ephones and the cordless office together '

on a single mobile communications net-
work with a universal personal communi-
cator.

Todo this they wili need enough capac-
ity for up to 20m users in the UK alone, so
they will operate in the spectrum available '
in the 2GHz frequency band. Apart from
the operating frequency PCNs will look |
very much like digital cellular networks
based on the GSM European network
standard.

Pan-European digital cellutar networks
based on the GSM standard will be In
service in 1991 and will gradually super- '
cede existing analogue cellular networks
such as Celinet and Vodafone in the UK. ‘
The GSM network will be more reliable
and, because it is based on a European
standard, users will be able to make calls
onone handset across Europe.

The planis that PCNs shouid be operat- |
ing from the mid 1990s onwards. They will
make use of technologies such as GSM
cellular and DECT. Implementing them on
the one network will offer wide-area cover-
age using macro-cells (2 to Skm) and high I
density coverage in offices and homes
using pico-cells (20 to 100m).

The dream is that PCNs will replace )
both celiular networks and even the fixed
telephone networks by the turn of the |
century and each user will carry their per-
sonal communicator which could cost as
little as £50 in the year 2000.

| butitwill reachits limit of 15m users by

the end of the century,” he warns.

What will then be needed is a high
capacity system which can satisfy a mass
market of current cellular users
together with residential and business
users.

The low-cost CT-2 clearly has
technical limitations. It only offers
coverage up to 200m, and cannot [
receive calls. What isneeded is a more
sophisticated but inexpensive product.
A group of six European manufacturers
including Ericsson of Sweden, Siemens
of Germany and the Dutch company
Philips, have spent the last year creating
aspecification for just such a product,
the digital European cordless
telephone, DECT.

Dector CT-3, asitis called by some
manufacturers, is not a cellular
telephone. Its 10mW transmit power
limits coverage to 250m, but unlike
CT-2, it will offer a two-way service and
will provide call ‘handover’ so calls will
not be lost as a user moves from one cell |

Continued over page » ,
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On special
offer:

All digital multimeters offer V, A and Q. Instruments
from ELECTRONICS WORLD+WIRELESS
WORLD can also give you Hz, uF and °C on
selected models with up to 42 digits of precision.
At prices you wouldn't believe.

Our special reader offer, negotiated with South
Korea's technology driver, GoldStar, brings you a
choice of four top quality digital multimeters. Each
instrument has specific facilities to matzh your
needs. Simply chocse the model which suits you
and fill in the coupon below. Alternatively, use your
credit card to orde- the model of your choice by
phone.

The GoldStar DMMs are handheld, battery
powerec precisior instruments with large, clear
liquid-crystal displeys. All measure DC voltage to
1000V, AC voltage to 750V, AC and CC currert to
10A anc resistance to 20MQ. Instrumants are
suppliec ready for us2 with battery, test leads and,
where applicable, calibrated thermoccuple prodes.
GoldStar multimetars carry a one year guaraniee.

Please note that quoled grices are fully inclus ve of VAT
postage and packing

GOLDSTAR MULTIMETER ORDER FORM

Please send me model numbe- Price €

| enclose a cheque/PO to the value of £ made payadh to Reed
Business Publishing Ltd

Please debit my credit card

Expiry date

Access Barclaycard/Misa American Expiess Dir.ers Club
Name. Mr, Vrs, Miss (Initials nust be supplied
Address

Phone number Signature

Please retur1 to Electronics World +Wireless World, Room L301. Reed Business
Publishing Group, Quadran House, The Quadrant, Sutton, Surrey SM2 EAS. Phone
orders to Lirdsey Gardner on 01 661 3614 (mornings only)

Otter applies to UK only

CIRCLE EMQUIRY NO. 124 ON 3ACK PAGE

Hz, uF and °C@

DM 6133

¢ 32 digit display
¢ 0.3% accuracy
¢ £46

DM 7333

¢ capacitance to 20uF

¢ fraquency to 200kHz
(10Hz resoiution)

¢ transistor hge test

¢ extra large 32 digit
display

¢ £67.87

DM 8433

¢ temperature
measurement —20 to
+150°C

¢ capacitance to 20pF

¢ transistor h.. test

¢ extra large 32 digit
display

¢ £72.45

DM 8243

¢ 42 digit display

¢ 0.05% accuracy

¢ capacitance to 20pF
(0.1pF resolution)

¢ frequency to 200kHz
(1Hz resolution)

¢ transistor hge test

¢ £88.55



to another. And Dect will operate in the

2GHz frequency band where there is
plenty of spare capacity.

Dectis viewed by many as the
ultimate cordless telephone and the
obvious choice for anyone wishing to
build a personal communications
network (PCN). The Government
recognised this and proposeditasa

possible handset technology for the new

PCNs.

But there are two problems
associated with Dect: itis a low power
handset and so cannot be used in the
large 15 km cells of a digital cellular

DECT

“In the UK one refers to the European
digital cordless telephone (DECT) stan-
dard as CT-3 technology, to stress that it
could be regarded as the next generation
of the CT-2 concept.” — European CT-3
manutacturer.

CT-3 unlike CT-2 does not exist as a
product yet. But when the European
digital cordless telephone (DECT) stan-
dard is created, CT-3 will describe equip-
ment conforming to that standard.

Dect CT-3 will operate in the 1.8GHz
frequency band where there is spectrum
available to support tens of millions of
users across europe over the next ten to
twenty years. It is a low-power (30mW)
access technology which will enable it to
be used in small - typically 50 to 100m —

Like CT-2 it is likely to use a single
two-way speech channel, but CT-3 will
make more efficient use of the frequency
spectrum and could have up to twice the
capacity of CT-2. DECT/CT-3 will be able
to transter callers from cell to cell. Thisis a
feature of current cellular telephone
systems and is called ‘handover’.

Manufacturers such as Ericsson and
Siemens are developing CT-3 principally
for use in offices where it would be able to
replace existing hard-wired extensions
and create the concept of ‘the cordless
office’. But DECT/CT-3 will also be able to
provide small high density ‘pico-cells’ as
part of a larger GSM digital cellular net-
work, raising the possibility of the personal
communicator which can be used at

network. Secondly, although one home, in the office and while travelling.

manufacturer, Ericsson, claims to have
developed ‘Dect-type’ equipment
already, the Dect designis not likely to
be finalised by the European standards
body before the end of the year.

This means that UK PCN builders
must use the GSM digital cellular
network architecture to provide the
wide area coverage which will compete
with cellular servicesin 1992. But to

high density cells in offices, homes and in |
| the street. |

make PCN more than just another
cellular service with a low cost handset
and sophisticated call routeing, indeed
asensible alternative to telephonesin
the home and the ‘cordless’ office, Dect
will have to be incorporated into the
system.

| According to Hans Boom, of

creation of PCNs. But will the uniquely
British CT-2 play its partin the
revolution before it is squeezed out by
the next generation of equipment? The
answer is probably to be found in the
strange green and blue triangles which
will bloom in Britain’s high streets. ‘
Keep looking!

CT2

“Itit has not made an impactin 12 months

time it is probably a dead duck” — British
CT-2 manutacturer.

CT-2 describes digital cordless tele-
phone technology developed in the UK in
the mid 1980s to replace analogue cord-
less telephones (CT-1) commonly used in
the home and at the office.

CT-2 operates in a continous 4MHz
band of spectrum between 864MHz and
868MHz divided into 40 duplex radio
channels - frequency - division multiple
access (FDMA). When making a call the
handset selects a vacant channel which
then is used to carry speech in both direc-
tions. This full duplex speech path is
acheived using a time - division duplex
(TOD) technique, sometimes call ‘ping
pong’, where alternate 1ms time slots are
used to carry the digitised speech packets
in two directions.

CT-2has a 10mW transmit power which
enables it to operate up to 200m from a
radio base station.

When operating in the home or office as
a cordless extension to a fixed telephone
line, the CT-2 can both receive and make
calls. But when used on one of the UK's
four low-cost mobile public telephone net-
works (telepoint) the CT-2 can only make
calls and not receive them. To enable
CT-2s from different manufacturers to
work on all the telepoint net-works an
equipment specification called the com-
mon air interface (CAl) has been created.
Two companies, Orbitel and GPT, land to
offer CT-2 equipment to this standard be-
fore the end of the year.

Ericsson, Dect will revolutionise our
use of the telephone. For example, if a
GSM carphone were connected to a

Dect handset and terminal, Boom says

| users would carry their personal

communications system with them, and

they would be able to use it at home

with the car parked in the garage and at
work using the car as a Dect base station

when parked in the office car-park.

“Dect is the ideal solution for PCN and

itis already technically possible,” adds
Boom:.

Isthere a place for CT-2in Europe’s
mobile communications networks of
the 1990s? If UK manufacturers can
produce compatible handsets that are

reliable and low-cost, CT-2 may have a

five year life in the home oreven in

public telepoint networks. But it is only

amatter of time before something
betteris commercially available, and
many Europeans now believe that it
won’t be long coming.

As Dr David Balston, technical
director of mobile equipment maker

Orbitel, points out, “We must recognise

that Dect is an important technology
and we should not be seen to be solely
focused on CT-2 inthe UK”.

There isa revolution in mobile
communications taking place and
Britain is forcing the pace with the

Richard Wilson
Electronics Weekly.

Building satellites: the communications
section of Intelsat VI. The completed
satellite, launched on March 14, can
carry 120 000 telephone calls and three

TV channels. There willl be five Instelsat
Vi spacecraftin orbit by the end of 1991.

l
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 Pilots test the water for ice sensors

Faced with build up of ice on rotor
| bladesor around air intakes, a
helicopter pilot, given enough warning,
can either switch on anti-icing
equipmentor turnround and go home.
But air conditions can be extremely
unpredictable, and there are several
examples of pilots who have crashed
| because they have been givenno time to |
take appropriate avoiding action. '

Ice warning systems are already fitted
to many helicopters, and do give pilots a
certain amount of information on the
likelihood of ice formation. But their
disadvantages are that they only trigger
when ice has formed, so cannot predict
when conditions such as those around
an air intake may lead to local icing; or
have complex electronics and
themselves need de-icing with
associated periods of inoperation.

Plessey reckons to have found a
solution to the problem by exploiting a
new use for a PTCR (positive
temperature coefficient of resistance)
ceramic material to measure liquid
water content (LWC). By carefully
controlled strontium doping of
semiconducting barium titanate, a
ceramic material can be produced
having a very steep change in resistivity
over asmall and selectable temperature
range.

Passing a voltage through the ceramic
will resistance-heat it until that very
rapid increase in resistivity causes a

Smallest squarial

| STCclaims asignificant breakthrough
in the design of the squarial — aflat.
square aerial specified by BSB and
intended to keep the planning people
happy

Developed by engineers at STC,
Paignton, Devon, the squarial
measures 38cm x 38cm and 2cm thick
and is said to provide good quality
reception of test TV signals from the
BSB satellite. The company has
received an initial contract for 50,000
squarials for delivery in the first half of
1990. To meet this and future
requirements, STC is sctting up an
assembly line in its Paignton factory
capable of producing 10,000 units per
week. Some new jobs will be created 1o
undertake the assembly work.
Negotiations for further orders are
under way with four receiver suppliers
{ nominated by BSB.
S

|
i
.i
‘

High-temperature epoxy-resin
insulating fill

|
|
l
l
!

Solder 3 _Copper
joint b’ discs
Soider
o W‘ PTCR
¥—1 > ceramic

< toroids

Tinnad copper w1r§s
l Threaded copper base

current drop, stabilizing the ceramic at
aparticular temperature. Any
alteration in surface cooling will
produce a sharp change in current as the
ceramic naturally regains its
equilibrium. So the material is
effectively aself stabilizing measure of
any external changing cooling rate.

In the Piessey probe the barium

strontium titanate has been modified to
demonstrate a 100 000 times rise in
resistivity between 50°C and 100°C with

| anequilibrium temperature of 70°C. At

constant conditions, the cooling rate is
proportional to atmospheric water
conter:t. In a helicopter the probe’s
power consumption can be combined
with velocity, temperature and pressure
data to calculate the atmospheric liquid
water content.

The system can then trigger awarning
to the pilot or can switch on anti-icing
equipment automatically when icing
conditions are encountered. The probe
will work above and below freezing
point and can respond to LWC changes
in less than one second.

Caiculated dimensions for the probe
are 40mm long witha4.5mm diameter,
but this would demand a far higher ,
voltage than the approximately 30V
which is acceptable in this application.
Plessey’s practical solution is to ,
manufacture the sensor from a number
of ceramic toroids wired in parallel but

| stacked on top of each othertoforma

probe with an overall resistance of3.5Q
and an operating voltage of 28V.

Rzaction of helicopter pilots who
have tried the system is said to have
been “extremely encouraging” and it
has been proved in MoD winter trials on
Lynx, Wessex and Chinook machines. |

Price is expected to be under £10 000
per installation.
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ISSCC report

The US Institute of Electrical and
Electronic Engineersheld its 37th

annual International Solid State
l Circuits Conference in Februaryin San |
Francisco.

The world’s foremost platform for
announcing developmentsin integrated
circuittechnology has now decidedto |
make San Francisco its permanent
home. The propinquity of Silicon
i Valleyand the easier journey forthe |

Japanese were the deciding factors in
cutting out the alternate yearsin New |
York. |

Microprocessors showed the most
dramatic advances in the various chip
sectors at the 1990 ISSCC. According to
the chairman of the microprocessor
session, Jim Slager of Sun
Microsystems, “The power of VLSI ,
microprocessors continues to explode.
This year’s papers describe chips with a
two-fold increase in number of .
transistors and performance over last |
year'schips and a six-fold increase over
chips from three yearsago . . .
microprocessors seem to be improving
faster than other kinds of chips. Why?" |

Slager offered five reasons.

Whereas a few yearsago the
microprocessor market looked sewn
up, with traditional vendors Intel and
Motorola dominating through their
installed software basc and marketing
clout, now the market is wide open.

— Because of the many different
approaches currently being adopted to
microprocessor design. from ECL
chip-sets to single-chip c-mos devices
with large internal cache memories to
VLIW (Very Long Instruction Word
i.c. longer than 64 bit) micros. This year
saw the first version of a VLIW micro to
be presented at ISSCC. The paper came
from Philips and described a micro for
embedded control, using a 200 bit
instruction word.

— Because higher frequencies are '
pushing performance. The frequencies
of the 1990 ISSCC micros “start where
last year's left off" said Slager. They
ranged from 40MHz 10 9OMHz (typical
performance).

— Because, increasingly. micros are
being designed for specific systems, :
which inevitably means greater variety |
of approach.

— Because the 5V power supply
standard has been breached. This year's
ISSCC hasa 3.6V device from IBM and
a3.3V device from DEC. Itis uncertain

|

whatnew voltage will emerge as the
standard, but it will undoubtedly be

below 5V.

Allthese factors have led to the
perception that the microprocessor
market is opening up both to new
comers and to new ideas. with the result
thata number of companies are putting
considerable resources into developing

micros.

That, in turn, probably accounts for

the current exploding power of the
micro. And, if the micro’s performance
increases, then so must the
performance of all the other chipsiif the
maximum benefit is to be achieved in

the final application.

One example of the other chip

to match the increased power of
microprocessors is the eprom.

Dramatic advances have been made in
the access time of eproms, where read

speeds have halved since last year.
A 16ns I Mbit eprom paper came

from Toshiba and a 55ns 4Mbit eprom

was presented by Hitachi. This
considerable improvement in speed has
come from the adoption of new chip

architectures, double metal processes

and the use of polycide. It also comes

from new-found capabilities in scaling

the eprom process. The first 16Mbit

epromto be presented at the ISSCC -

by NEC this year - had a cell size that

occupied 30% of the area occupied by
the first 4Mbit eprom presented at the

1988 ISSCC. So eprom processes are
showing a renewed potential for

scaling.

Oneresult could be that, if eprom
access times continue to go down faster
than s-ram access times.
microprocessors could be used to
interface direct with eprom without

using cache memory.

The Exploding Power of Microprocessors*

| categoriesimproving their performance

1990 1989 1987 ]
transistors | 580,000 | 283,000 | 150,000
frequency 61MHz | 32MHz | 16MHz
MIPS rating 58 29 13
linewidth | 0.95 | 1.4 1.6
micron | micron | micron

* Averaging out the characteristics of
microprocessors atthe ISSCCs of 1990, 1989

and 1987.

The world’s fastest silicon transistor?
IBM researchers claim to have produced

| abipolar transistor structure which
| operates at 75GHz, nearly twice as fastas |

|

|

existing devices.
Thedevices, known as bipolar

heterojunction transistors, were built [
using an alloy of silicon doped with a [

small quantity of germanium to enh
the transistor’s electrical properties

ance |
inthe

critical region. Processing was carried
out using an ultra high vacuum chemical

vapour deposition.

But eprom technology will have to

run fast to catch up with the currer

uscd for cache memory - static ram.
Whereas the fastest eprom at ISSCC for
the [Mbit density level was 16ns. the

fastest | Mbit s-rams were Sns and
from Fujitsu and NEC respectivel
The twos-rams were made in
BiCMOS technology, which mear
they have a memory array made w

by peripheral circuitry made with
bipolar process technology. Comi

¢-mos process technology surrounded l
|
|
[

1t chip

6.5ns
y. |

1S
ith

ng

from two Japanese companies, the

s-rams demolish the mvth that the

Amecricansare pre-eminent in fast [
statics. It also means that US companies
which have grown to prominence on the

back of a superiority in fast s-rams like
Integrated Device Technology, Cypress

Semiconductor and Performance
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Semiconductor will have to start |
looking for new products to maintain
their traditionally high margins. Once |
the Japanese focus on a product area it
usually follows that prices tumble as
markets become over-supplied.

As well as thesc super-fast s-rams at
the ISSCC were some very dense
devices. NEC. Toshiba. Mitsubishi and
Hitachi gave papers on 4Mbits-rams
which caused considerable surprise
among the delegates: The chips had
very low standby power—in the
sub-milliamp range — which suggests
thay had been designed specitically with
portable equipment in mind: they were
made using c-mos technology. whereas
many people were expecting ‘
mainstream s-ram processes to go to
BiCMOS for the next gencration of
density; and they were very fast
ranging from 15ns to 23ns.

C-mos has surprised everyone with its
ability to “stretch” the performance it
delivers especially in terms of speed
The 4Mbits-ram papers will make
everyone in the chip industry think
again about the necessity tomove to
BiCMOS to achieve new generations of |
performance.

The limiting factor with s-ram
development is the physical limit of the
size of the chip itself. Thisis because
s-ram technology. unlike d-ram
technology. has not found any way to

increase its density levels, except by
scaling and using more physical space
on the silicon.

D-ram technology. on the other
hand. has found ways of building
transistors on top of other transistors —
“stacking” —and of digging into the
silicon substrate to locate the capacitors
in grooves called “trenches”. These
techniques make it possible to foresee
new density levels for d-ram which do
not require larger chip sizes.

But trenches and stacks don’t work
fors-ram, or not yet. and the
conference reckoned that s-rams could
be limited toa top density limit of
{6Mbit unless they went tosome kind of
3D structure or tosilicon-on-insulator
technology.

D-rams are usually the flagship
papers of the ISSCC, since d-ram
technology is commonly regarded as the

| chipindustry’s “technology driver™;

however, thisyear wasa
disappointment. Last year saw the first
of the 16Mbit devices and there was no
advance on that at the 1990 ISSCC. Itis
expected that the 1991 ISSCC will see
the first of the upcoming generation of
64Mbit chips.

“Ifeprom access times
continue to decrease
faster than s-ram,
microprocessors could
interface directly with
eprom without need for
cache memory.”

However, at an informal evening
session, the Japanese
telecommunications network operator
NTT revealed that it had developed a
0.25 micron process which could puta

| billion devices on achip. The company
reckoned that such devices (for instance)

1Gbit d-rams would be “mainstream
electronics technology early in the next
century .

Finally. the exotica. This year, for the
first time, these had a session all to
themselves under the name “Emerging
Circuit Technologies™. Top of the bill
had to be the neural networks from
AT&T’s Bell Labs and Matsushita.

| Neural nets are silicon chips designed

| on the same lines as the neuron cells
|

which make up the human brain. It was
pointed out that only now has
chip-process technology advanced to
the point where it makes it worthwhile
to make a neural net in silicon rather
than justimplementingit insoftwareon |
acomputer. The Matsushita paper
coined the expression ‘neurochip’to |
describe such circuits when I
implemented insilicon.

The main difference between neural
nets and other types of chip is their
“connectivity” - their points of |
connection with each other are much
greater than with conventional chips.
That makes them useful in tasks
requiring massive parallelism like
pattern recognition. ‘

For instance, the Bell Labschiphad |
256 neurons. each of which had 128 [
connections with its surrounding
neurons. [t was made using c-mos
process technology and reconfigurable

. cells. The Matsushita neural net was

made using BICMOS analogue process
technology. Itincorporated 64 neurons,
capable of 10° multiplications per
second. |

Finally, among the exotica wasan
8bit digital signal processor using 23,000 |
Josephson junctions which could
perform 10° operations per second |
(1Gops) while dissipating 12mW. The
paper was given by Fujitsu.

The vast expense of developing all
this technology came under scrutiny at
the 1990 ISSCC. Professor Bill Quchi of ‘
the University of California nutshelled
the problem in two propositions: first. it
was so expensive that only nationwide
R&D consortia could handle it
(Sematechin the USA; JESSIin |
Europe; SORTEC in Japan); second, it
was “leaky” —as soon as it was
developed everyone knew everything
about it. That made the expense
unjustifiable to nationa! governments
seeking advantage for their national
industries. [

Ouchi proposed a world where R&D
collaboration would become global, so |
that “competition. no longer salient
between companies or national .
economies, would instead be between |
individual scientists and engineers”
Ouchi wenton to envisage “a
worldwide monopoly on research funds
controlled by . . . . the World-Wide
Semiconductor Technology
Sccretariat.” n

i
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TELEVISION

MAC

VISION

he launch of BSB’s direct

broadcasting service on April

29 will fuel curiosity in the UK

about MAC. Much confusion

surrounds the new standard
and lack of technical competence in
most of the media has done nothing to
help; the anti-BSB lobby has also
fogged the issue somewhat. Most ordin-
ary people can’t understand why there
aren't MAC decoders on the market,
just like all those FilmNet ones, or why
DMAC receivers cost more than a night
out with Pamella Bordes and are less
casy toget.

There is a simple answer: MAC is
Jolly Difficult Stuff. In the last few
months many satellite-oriented ma-
gazines have published articles toclarify
the subject, but all have either con-
tained significant inaccuracies or not
much about anything at all.

Whatis MAC?

[t is still not understood that MAC is a
television transmission system, not just
a scrambling technique. Like PAL,
NTSC or SECAM, MAC (Multiplexed
Analogue Components) is a method of
encoding television signals for transmis-
sion and is as different from these three
existing systems as they are from each
other.

Itis also generally believed that MAC
uses digital transmission for the entire
signal. In fact only the audio and data
signals are digitised; the video wave-
forms are transmitted in analogue form,
although differently structured from
conventional PAL or SECAM. A
simple sum shows that even a low defini-
tion, 6-bit digital television signal has a
bandwidth of well over 50MHz. which is
just a little bit big for a standard 27MHz
DBS transponder. The video signal is
digitised in the receiver/decoder for pro-
cessing, but that’s another topic alto-
gether.

NTSC, PAL and SECAM are all fun-
damentally black-and-white systems
dating from the earliest days of televi-

Tom Woodford fights
his way through the
undergrowth of
confusion encircling
the various MAC
systems of television
transmission.

Philips high-definition television
demonstrator using the MAC system

sion, with “extras” added to include
colour information while retaining com-
patibility with monochrome receivers.
MAC was specified for colour transmis-
sion and was originally intended to be-
come a candidate for a World television
standard for the future.

Commercial and political interests
were unlikely to welcome such a global
standard, and rival systems (such as the
Japanese/American High Definition
TV system) sprang up as alternatives. In
Europe, where consumers had come to
expect sophisticated facilities like Tele-
text and reasonable quality both of pic-
ture and content, MAC was scen as the
best solution for future development.

Short history of a camel
A camel, it has been said, is a horse
designed by a committee. MAC was
conceived as the perfect “horse” and
was to become the ultimate camel. [t
was pioneered by the IBA in the UK and
was developed as an alternative to PAL,
SECAM, to exploit the full 27MHz
channel bandwidth allowed by WARC
77 for the future Direct Broadcast by
Satellite (DBS). MAC could offer
greatly improved picture quality, with
many extra features and facilities.

The new MAC system was formally
adopted by the UK in 1982 as the British
DBS standard and in late 1983 the Euro-
pean Broadcasting Union, unable to
think up anything more complicated by
themselves, accepted MAC as the “cho-
sen” future standard for Europe.

Since MAC was (even at the beginn-
ing) highly complex, it had a tendency to
be treated as something “for the fu-
ture”. It developed in the belief that IC
technology would, in due course, provi-
de the hardware for the paper specifica-
tion to be achieved in reality. MAC
became a “wish-list” for the lunatic
fringe of television research, and deve
loped only as additional items appended
to a specification document deep in the
Library of the EBU. A few part-
working prototypes could be found in
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development laboratories scattered
around Europe.

More recently, the practical and com-
mercial aspects of television broadcast-
ing started to influence MAC develop-
ment and the specification began to
fragment into various derivatives so that
MAC could be actually used for some-
thing. The ephemeral concepts were
frozen before practical circuit designs
had been realised. This has lumbered
TV receiver architecture with a large
overhead of V2LSIz(very, very LSI in-
deed) for the foreseeable future. It has
eradicated any commercial advantages
the early introduction of MAC stan-
dards may have achieved for Europe.
Had the specification been developed
alongside working silicon designs, as
was the case with NICAM, MAC would
by now be in everyday domestic use.

Why use MAC?

PAL, NTSC and SECAM use fre-
quency-division multiplex to combine
chrominance and luminance informa-
tion into one signal. The colour infor-
mation is carried along with the
monochrome picture using a subcarrier
added to the main black-and-white
signal. This encoding technique causes
problems with cross-colour and cross-
luminance (colour fringing and band-
ing), particularly where the transmis-
sion distance is great.

In the MAC system, the analogue
luminance and colour-difference infor-
mation are time-multiplexed - they are
transmitted sequentially one after the
other for each line of the picture.
Because they are kept separate in time,
the cross-modulation problems of FDM
systems like PAL are eliminated.
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MAC systems in use

The major players are C-MAC and D-MAC,
because they use data rates of 20.25Mb/s.
This aklows easy conversion (in either direc-
tion) from the digital studio standard CCIR Rec
601, which samples luminance at 13.5MHz
and chrominance at 6.75MHz. These are the
equivaient frequencies obtained when the time
comprassion (3:2 and 3:1) for MAC at
20.25MHz is applied.

Such high data rates use a lot of bandwidth,
s0 C-MAC and D-MAC are unsuitable for ter-
restrial distribution by cable or conventional
UHF transmitters. B-MAC and D,MAC use
lower ciata rates to overcome this.

C-MAC is the original EBU MAC transmission
standard. It is capable of giving an instanta-
neous data rate of 20.25Mb/s when no video is
transmitted (blank lines) or a continuous aver-
age data rate of 3Mb/s. This could provide the
equiva'ent of eight CD-quality sound channels,
but there is great flexibility for alternatives in
sound and data services.

Frequency modulation is used for the video
portion, with phase modulation for the audio
and data periods. This complicates the re-
ceiver, since two demodulators are required.

C-MAC is used by NRK in Norway and was
planned for several other DBS broadcasters,
although D-MAC may eventually be chosen.

For transmission, an energy-dispersal
triangular waveform is added to the video
components of the C-MAC signal.

B-MAC reduces the bandwidth requirement
to about 6MHz by using a multi-level data-
coding method to reduce the data rate. This
reduces noise immunity significantly for the
sound/data services, requiring greater car-
rier:ncise ratios at the receiver and offering
little tolerance to weak signals. B-MAC signals
can be re-distributed using conventional ter-
restridl means without transcoding and is in |
use by many cable services in Canada and
Australia.

For a long time, the only available system
offering conditional access control and (to
date) unbreakable scrambling, B-MAC is used
in Europe by American Forces Broadcasting
ag by SIS, the UK betting Iriformation ser-
v

Scientific Atlanta have a virtual monopoly on
B-MAC equipment.

D-MAC uses duo-binary encoding to reduce
the bandwidth requirement without significant
loss of noise immunity. The whole D-MAC
signal is frequency modulated for transmis-
sion 2nd so only a simple, conventional FM
demodulator is required in the receiver. The
most important aspect of D-MAC is its compa-
tibility with the proposed European high-
definition system, Eureka 95.

D-MAC, in common with C-MAC, uses
instartaneous data rates of 20.25Mb/s and so
can aiso support eight 15kHz audio channels,
or their data equivalent.

The chosen system for BSB, D-MAC will
probably be used by W.H. Smith in due course
from their Astra transponders.

D-MAC gives a video bandwidth of 8.5MHz
and requires 10.5MHz of RF bandwidth when
transmitted conventionally by AM vestigial
sideband, which is too wide to be carried by
most European cable networks.

D,MAC is a sub-set of D-MAC, intended to
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To split the picture information in
time, some form of time compression
must be used; the signal for broadcast is
sampled and stored at one rate and then
read out for transmission at a higher
rate. In addition, the sound information
has to be added to the picture by tagging
suitably encoded signals to the end of
each compressed line. The overall infor-
mation rate is therefore higher than for
FDM and MAC needs more bandwidth
thanits PAL or SECAM ancestors.

This greater bandwidth requirement
is reduced somewhat by exploiting the
human eye’s tolerance of reduced col-
our resolution. The colour difference
signals are only transmitted on alternate
lines of the television picture and the
receiver interpolates between lines to
restore the original colours. Research
showed that compressing the luminance
by a factor of 1.5 and the chrominance
by a factor of 3 offered the best compro-
mise for utilisation of the available 64
microsecond line period.

The video component of the transmis-
sion thus occupies 52/64 of each line,
leaving 12us per line for audio and other
services. This is adequate capacity for
eight digital sound channels, each of
Compact Disc quality. However, this
digital transmission could carry many
different services, so a wide range of
options exist on how the data capacity
can be used. Teletext, data, and condi-
tional addressing are simple to execute
in theory, although in practice are prov-
ing complex even to specify.

Similarly there is a variety of ways in
which the MAC signal can be trans-
mitted or broadcast, with different op-
tions being suited for different applica-
tions: DBS, terrestrial TV, cable. It is
these differences in transmission modu-
lation which give the sub-sets of MAC:
A,B,C,DandD,

Growing importance of MAC
The original intentions for MAC, as a
Jolly Nice System to be developed at
leisure, were overtaken by the pheno-
menal speed of development (and
reduction of cost) of domestic consumer
satellite reception equipment. The
operators of the most recent DBS satel-
lites have chosen MAC for their trans-
missions, since that is the intended
European future standard. Indeed, the
EBU recommended in 1986 that “all
future television receivers should be de-
signed to be usable with all members of
the MAC packet family...” and also that
“... all receivers ... must contain the
descrambling circuits described. ..in the
EBU specification”.

The EBU spec was seen as so over-
complicated that few consumer electro-

L

nics manufacturers took much more
than a passing interest. In a market
where a 58cm colour TV receiver could
be manufactured for about £100, it was
incomprehensible that “all future re-
ceivers” should contain decoder and
descrambler circuitry costing at least
three times this amount. The result was
that only a handful of engineers in the
whole of Europe were doing any serious
work on MAC systems. Component
manufacturers were basing any dev-
elopment effort on small-volume runs of
the necessary ICs and using fabrication
technologies suitable for the anticipated
low-volume, low-growth market.

In recent months, the capability for
over-air addressing for conditional ac-
cess systems (“pay us and we’ll turn you
on”) has become seen as the only future
route for subscription-funded or
restricted-market broadcasters. Service
providers in the United States were
amazed by the technical lengths to
which hackers would go to crack
scrambling systems and much egg-on-
face happened over so-called unbreak-
able systems.

Thus SSP’s (satellite service pro-
viders) originally using soft - scrambling
or other low-level techniques are now
making serious moves towards MAC-
based systems. This has justified the
original intentions of the EBU specs, if
not their eventual complexity. These
SSPs are only interested in MAC for its
scrambling facilities — the improved per-
formance is relatively academic. As a
result, D-MAC and D,MAC have
emerged as  de-facto  standards
somewhat sooner than anticipated by
the original developers. The result is a
severe shortage. not just of suitable rec-
eption equipment, but also of any
means of making some.

Rules of operation

To shorten development times and get
usable products to the market more
quickly, various D-MAC users defined
simple rules that they would obey in
their transmissions. These “Rules of
operation” indicate to designers the fea-
tures of the MAC specifications which
will (or will not) be used. With pre-
defined service information, the de-
signer need not include provision for
unused or non-variable facilities. For
example, if the type of audio, error
correction, companding laws and (most
importantly) the packet addresses for
the sound data are fixed in advance.
then several man-months of software
development can be saved in a receiver
design.

The EBU stated in the MAC specifi-
cation appendices (rather obviously)

overcome this problem by using only
10.125Mb/s data rate to offer half the data/
audio capacity, i.e. four 15kHz audio channels
or equivalent. D,MAC occupies only 7MHz of
conventional AM VSB bandwidth. It is gb-
viously simple to transcode from D-MAG by
discarding half the data packets, and D-MAC
datais arranged in two sub-frames to allow for
this.

Like C-MAC, D,MAC has an energy-
dispersal waveform added to the signal for
transmission; but to the whole baseband, not
just the video component.

There are currently in existence two other
variants of the MAC packet specifications.

A-MAC was a very early system in which the
data/sound was frequency multiplexed onto a
sub-carrier at 7.16MHz. A-MAC offered very
fittle benefit except to prove that MAC could
workand is now history.

S-MAC s a version for studio use which uses
a bandwidth of 11MHz to maintain the original
sync and colour-burst signals for transcoding
to PAL or SECAM. It is of academic interest
only in this article.

Scrambling and other confusion
Much contusion comes from misunderstand-
ing of the word “decoder”. To receive MAC
pictures you need a MAC decoder. This takes
the incoming MAC-format transmission and
turns it into signals to drlve a television re-
ceiver. Your domestic receiver now contains a
PAL decoder, unless you live in France or
Russia. This "decodes” the incoming PAL-
format transmission and turns itinto signal. To
receive PAL you use a PAL decoder; to receive
SECAM you use a SECAM decoder; o receive
MAC you use a MAC decoder.

I you are a broadcaster, you can scramble
your picture signals or sound, or both, so that
only viewers equipped with an appropriate
descrambler can enjoy your broadcasts.
Because a MAC signal can contain data, as well
as sound and picture, a broadcaster can well
and truly scramble the picture and sound.
Then, he sends data along with the signalto tell
“authorised decoders” how to unscrambie
them. The authorisation can itself be trans-
mitted along with the signals, to switch on
group, or even individual decoders. The funda-
mental advantage of MAC, apart from the great
improvement In picture quality, is that the
decoder can also be the descrambier. To rece-
ive FilmNet you need a PAL decoder, a FilmNet
descrambler and a rat's nest of connecting
leads. To recelve BSB you will only need a
DMAC decoder/descrambler; no more rat's
nest, in theory.

Unfortunately, life is a little more compli-
cated in reality, but then life tends to be like
that.

Complexity of D-MAC

The development of new receivers is greatly
complicated by the extreme compliexity of the
MAC encoding concept. Very sophisticated
software has to be written in order to make the
system work at ail.

Apart from time- instead of frequency-
multipiexed signal components and fully
digital sound transmission, the other major
difference between MAC and PAL/SECAM is
with sync.processing. There are no conven-
tional sync.signals; instead the first six bits of
each line’s data burst Is a horizontal sync.
“word” (001011) which s transmitted in true

>
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You might well ask because we've been
making one or two giant leaps of our own
recently . ..

In response to developments in the electronics
industry, we have made a number of changes to the
magazine. The journal has been redesigned and its
appeal broadened to meet the new demands of our
readers.

For instance, we now carry regular reviews of PC
based software tools plus features on specialist PC
hardware for electronics engineers.

Our recent feature on the killing fields of electro-
magnetic smog aroused a great deal of interest both
inside and outside the industry.

But of course the strength of Electronics World is still
its editorial excellence.

We will report on the industry events of the 1990% just
as we covered the first man on the moon in 1969.

Because although times may change,
standards don't.
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that “It would be helpful, especially to
manufacturers. if all organisations due
to commence their DBS services were to
make known their intentions about the
details of the facilities they propose to
transmit from the start and the timescale
in which they may have plans to add to
the facilities transmitted...”. It would
have been rather more helpful if the
EBU had outlined a minimum MAC
data standard rather than leave indi-
vidual members to their own devices. If
defined packet addresses for the main
sound channel and primary teletext ser-
vice had existed then, we would now be
reading about third-generation (not
first-gencration) decoders. The present
situation is a bit like a motorway where
each driver can choose which way he
goes up which lane. The motorway is
defined; how to yse itisn’t.

France and Germany described their
chosen D-MAC and D;MAC facilities
and configuration in 1985 in an adden-
dum to CCIR document 10—115/182.
The same document gives rules of ope-
ration for sound transmission and
decoding for use in first-generation rec-
eivers.

These reduced specifications and
rules of operation have become known
as the Blue Book. Using the Blue Book
rules, designers can develop receivers
for D-MAC and D-MAC broadcasts for
any transmission conforming to the
Franco/German standards. This in-
cludes all now available, except BSB,
which has its own rules of operation.

EBU interface
The same set of interpretations des-
cribes the use of the Eurocrypt encryp-
tion standards, allowing the definition
of a standardised interface to a future
access control module (ACM) for con-
ditional access. The ACM design can be

left until required, for eventual ficld
retro-fit, as long as the interface be-
tween the MAC decoder and the ACM
is defined in advance. Again, the Blue
Book rules define one, known as the
EBU Interface.

Hence, a receiver designer could no-
tionally ignore ACM requirements and
include an appropriate interface for fu-
ture use, allowing design of decoders for
all current and future European MAC
transmissions.

The stasis over Eurocrypt standards
shows that to be a fatuous notion.

Features and facilities

One of the grey areas of MAC is the
provision for teletext. Open-access text
is an important aspect of DBS to provide
customers with scheduling information.
With the latest VCRs offering pro-
gramming from text screens, this is
increasingly significant. For multi-
lingual SSPs, teletext is vital for subtit-
ling, especially for low-budget US ma-
terial where dubbing is uneconomic.

The MAC specs allow for text trans-
mission in the video blanking interval
(as with PAL) but this method provides
no facilities for one of the main Euro-
crypt features — sclective blanking and
messaging. This allows the system to
display messages on specific users’
screens, perhaps when subscription
renewal is due. This facility’s main use is
for selective broadcast. For example, a
channel broadcasting to the UK and
Eire may want to blank the Irish screens
during contraceptive advertisements.
The Eurocrypt facilities allow this, but
some screen message saying “inten-
tionally blank™ needs to be displayed to
avoid thousands of perplexed telephone
calls; similarly, for blanking the naughty
bits in steamy movies to preserve deli-
cate English sensitivities.

Fig. 3. D2MAC line structure — baseband, unscrambled signal. Clock frequency is

20.25MHz.

4 Clock period transition

15 Ciock periods for clamp

11 Clock period transition

6 Ciock period transition

or inverted form on alternate lines to allow the
decoder to recover correct colour after an
interference burst. There is also a 64-bit ver-
tical sync. word at the start of fine 625.

The fundamental problem is of the dynamic
configuration capability. D-MAC has the data
capacity to support burst data rates of
20.25Mb/s; D ,MAC haif this rate. Each line of
the picture contains one (D,) or two (D) blocks
of 105 bits of data — the 6-bit sync. word plus
99 uncommitted bits. These bits may be sound
packets, pure computer data, teletext sent as
data or over-air addressing information.

The data bits in lines 1 to 623 are assembled
into 82 or 164 packets of 751 bits; the odd bits
left over in line 623 are thrown away. Each
packet starts with a 23bit header word com-
prising a 10bit packet address, 2bit continuity
index and an 11bit protection suffix. This
header is followed by an 8bit packet-type byte
to allow the decoder to identify sound and data
packettypes. The packet headers are four-level
Golay error protected and the following 720
data bits are interleaved with a distance of 94
bits to minimise the consequence of bit error
bursts. Additionally the data is scrambled by
adding it to a pseudo-random binary se-
quence, which is cyclically re-initialised by the
first sync.bit in fine 1. This scrambling is done
only to shape the spectrum of the broadcast
signal, but knowing this doesn't make the data
any easier to decode!

Having identified and extracted it, the sound
data may itself be full or haif bandwidth, linear
or NICAM encoded, stereo or mono, on each of
up to eight channels. The sound data may be
Hamming or parity error-protected as indi-
cated by the coding mode bits in the packet
address word and must be decoded as necess-
ary.
In addition, D-MAC will support ditferent
picture width:height ratios: conventionat 4:3
and wide-screen 16:9. To maintain some com-
patibility between large and small screens,
“panning vectors” are contained in, and must
be extracted from, the data stream to map the
smaller “window"” onto the larger picture.

Line 624 is used for analogue reference
levels peak white, peak black and a few chunks
of grey to give the decoder something else to
play withif it gets bored.

Line 625 contains no picture information but
instead carries 648 (1296) data bits giving
frame sync., time, date, satellite position in-
formation and data defining the overall confi-
guration of the sound/data packets to be rec-
eived and the default error-correction mechan-
ism to be applied. This service information
must be decoded and interpreted within the
receiver/decoder to know what it is supposed
to be doing with the incoming signals. Packet
address “0” also contains service informa-
tion, so that decoders can be re-configured
“onthe fly” in mid-frame if required.

— £ r  f— In addition, on a scrambled system, the
! de-scrambling aigorithms must be applied to
date b 3:?;::':?5 896 clock sound, picture and data. Worse still, the confi-
sync colour T 'porllodl - guration or service information data may not
difference pk-p Ay e actually be valid, but could only contain
v p i . ,
S - ke pointers to data in other lines where the confi-
p . == guration information may actually be found.
vi— -l A D-MAC decoder is not something to be |
i | knocked up” inan afternoon!
1204 206 238 584 590 1288 1294 Eurocrypt and EuroCypher
SRECHENERS & The principies of MAC encryption scrambling
are simple. The analogue (chroma or luma)
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which are then swapped before being broad-
cast, effectively rendering the resulting picture
{ garbage. If only the luma signal is cut this is
“single-cut line-component rotation”. If both
chroma and luma are cut it is “double-cut...”.
Obviously, double-cut rotation is far more
secure, and single cut was only introduced in
case redistribution by terrestrial cable Intro-
duced line tilt problems as predicted by theory.
Again, If the spec had been written after a little
more practice, a lot of work (and silicon acre-
age) would have been saved. Subsequent mea-
surements show that line noise masks all the
predicted amplitude/phase cable effects and
| single cut s no better than double cut.
Whichever scrambling technigue is used, to
restore the original picture the decoder merely
needs to know the cut points and reverse the
process. Since a MAC decoder digitises each
[ line of signal and stores it as 1296 samples in
[ ram, this form of scrambling and unscramb-
fing is easy to achieve as a standard function.
The key to the system is knowing where the cut
polnts are. That “key" is the clever part thatthe
broadcaster only provides to authorised
decoders, i.e. those whose owners have paid
the necessary subscription. The key can be
provided over the air (in the MAC data stream)
or in the form of a smart card (through the
post). However the key is supplied it is
| matched against a local “private” key built into
the decoder at manufacture to unlock the cut-
! point algorithm. Similarly, the sound channels
are easily scrambled by changing the pseudo-
random sequence used for the data energy
| dispersal to a different pattern, or restarting
| the sequence at a different sync. point. Again,
| only authorised decoders would “know” the
algorithm to regenerate the audio correctly.
Note that the audio Is scrambled as part of
D-MAC transmission anyway; all decoders
know the standard rules to unscramble since
they are a published part of the EBU specs.
There is a strong lobby for all MAC video
transmissions to be scrambled using similar
“standard” rules and for all decoders to in-
clude a standard-rule unscrambier. Such open
access scrambling gives enormous benefit to
broadcasters, who merely change the rule for
their transmissions to render them scrambled

[
| signals on each line are “cut” into two pieces,

to non-authorised decoders. The EBU specs
include detalls of “open access” scrambling
standards, with the recommendation that all
manufacturers should include such facilities in
alt future decoders, for this purpose. This is
the Eurocrypt system.

Sadly, various vested interests have inter-
posed additional facllities into this “open”
standard, so that there are now twe rival
Eurocrypts. The differences between them are
mostly in the facilities they provide and their
external interface.

Eurocypt “M” is the standard adopted by
France and Germany. It uses an 8-bit parallel
data interface between the decoder and its
Access Control Module (ACM), together with
about 10 other housekeeping and clock
signals. The facilities offered are flexible and
sophisticated, which is probably why no
broadcaster is using the system yet.

Eurocrypt “S” is the standard propcsed by
the UK and Scandinavia, and uses a 9600 baud
serial interface. The facilities provided are less
well defined than in “M™, but no less complex
to implement.

Note that, with these rival systems, you can
kiss goodbye to the “EBU Interface” concept.
Because of the quasi-static state of Europcrypt
induced by the warring factions, BSB, heavily
committed to conditional access, were forced
to use a different system to get their service off
the ground in time. BSB is using Eurocypher, a
MAC-ised version of General instruments’s
Videocypher It. This uses an add-on, off-the-
shelf ACM card piggy-backed into the
decoders.

Gl and BSB have a joint venture company,
ETEL, to market Eurocypher in Europe and may
well end up with another inadvertent defacto
standard on their hands.

Some broadcasters, unprepared to wait
while: Eurocrypt becomes availabie, have
adopted cruce forms of “soft scrambling” to
protect their MAC signals. For example, Scan-
sat is using a simple technique to scrambie its
D,MAC Astra transmissions TV3 and TV1000.
Their security is maintained, not because the
system is difficult to crack, but because there
are too few D,MAC decoders around to crack it
with.

Fig. 4. ITT’s DMA2270 D2MAC decoder block diagram ~ first in the field
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Such screen messaging has to be in-
serted by a local teletext generator, and
thus teletext capability is an essential
part of a D- or D;MAC decoder — more
software, more development, more
cost. One of the differences between
Eurociypts “M” and “S” is how these
selective blanking and text messaging
features are provided, yet again a result
of no defined minimum universal stan-
dards

The capacity for different sound-
channel structures lends further scope
for non-standardisation. A sport chan-
nel may wish to offer medium-quality
sound for commentaries in eight diffe-
rent languages. A movie channel may
want four CD-quality channels for
surround-sound effects. Apart from the
software complexity just to decode
these different requirements, some user
interface has to be provided so the
viewer can select the service or language
required. A remote control covered in
buttons is less practical than on-screen
menu selection. Yet more features must
therefore be incorporated into a “basic”
decoder just to make it usable at all.

Progress and future

It may appear that MAC is a solution
chasing a problem, while creating many
more problems of its own. After all, if
viewers cared much about picture qual-
ity they would all have expensive Yup-
pyvisions, not a cheapo Rentaset. FM
sourd on conventional television broad-
casts is already of very high quality, but
average sets reproduce only a distorted
squawk.

Thne vast majority of sets in use cannot
accept RGB inputs. The short-term
price of MAC decoders will put them
beyond reach of most consumers. Until
television  receivers  with  inbuilt
decoders become available at reason-
able prices, the initial market will be for
set-top transcoders with composite PAL
video or UHF outputs. Most viewers
will be quite unaware of MAC’s picture
quality advantage. Perhaps herring-
bone tweed and gingham should be-
come compulsory wear for TV pres-
enters!

The main drive towards MAC is from
the SSPs in the new medium of DBS. To
secure program material at reasonable
cost, the SSPs are forced to limit their
coverage to specific groups of viewers.
Although PAL-based systems such as
Videocrypt exist, they impose logistical
and commercial overheads to distribute
the “smart cards” required. The only
secure way to achieve simple condi-
tional access is with MAC.

The operating cost of a satellite TV

|
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A
\i - |
y 2wl USER
v R €8y INTERFACE
interface § CONDITIONAL
+ - - ACCESS
data, control & addresses i CONTROL l
MRAOSO
Multistandard MAC decoder
MAC silicon D,MAC frame structure
ITT were first in the market with their DMA decoder/decrypters. Elsewhere in Europe tines per picture 625
2270 IC. Specifically for D,MAC, thisICcomes  Philips, Tandberg, Grundig and Luxor offer ~ datalines ALL
in a68-lead PLCC package, for use with the ITT D,MAC receiver/decoders for TDF1, Olympus ;’"r’:f 2382 3?,?;3&,?%&622
Digit 2000 series of digital TV chips. Thereisa  and the MAC Astra channels. L Uin odd fines: Vin even lines
companion chip, DMA 2275, to handle cut-line Norsat, in Canada, recently won a contract interlace 1 .
rotation scrambling and other encryption func- to develop and supply BSB's Datavision pro- aspect ratio 4:30r16:9(5.33:3)
tions. The iTT chip-set is used in virtuaily all fessional data receivers, which are believed to luma compression
commercial D,MAC decoders currently avail- be using the Philips/Plessey chip set. 3:2
able. in the UK, most MAC design expertise exists chroma i
Philips and Plessey have developed a 5-chip in Eldon Technology, an independent design COmD[eSS'?” gd 12 MH
solution, based on the NordIC architecture, and development operation in Bingley. ggg;:g?egcock ‘ 0-125 Mgls

using 12C and 12S bus Interfaces. These ICs,
together with other standard items from the TV
IC catalogues, provide C-MAC, D-MAC and
D,MAC decoding, with descrambling facilities
inbuitt.

Major design activity for the UK has centred
around BSB receivers, with Tatung, Ferguson,
Salora (ITT) and Philips producing receiver/

channel is high, and SSPs must maxi-
mise revenue somehow. For
advertising-funded channels, the most
obvious way is to expand the audience;
W.H. Smith are understood to be mov-
ing to D-MAC for the multi-language
capability. Secondly, significant income
can be generated by selling spare chan-
nel capacity to third parties. BSB will be
exploiting the data and conditional-
access capabilities of D-MAC through
their Datavision subsidiary to provide
private data and vision services. These

The retail price of a D,MAC receiver/decoder
is upwards of £500, with BSB “boxes” shortly
available for about £400 (including dish or
squarial).

D,MAC transcoders, with baseband input
and RGB outputs, are available in France for
around £275, and in Germany for £375.

are expected to make a substantial
financial contribution.

Although D,MAC is the standard
adopted by all other SSPs at present,
this choice was forced upon them by
their cable distribution customers, who
could not handle the extra bandwidth of
D-MAC. The only available silicon has
been the ITT chip(s), but the appea-
rance of the Plessey/Philips/Nordic chip
set will allow development of receivers
for both D-MAC and D,MAC.

It is likely that, as cable networks are

samplesperline 1296

chromasamples 349

luma samples 697

bits per burst 105(99 + 6 bitsh. sync.)
line 624 Data plus analogue ref. levels
line 625 648 data bits

6 bit horizontal sync. word)
32 bits clock run-in)

64 bits vertical sync. word)
546 bits service information)

renewed over the next decade, more
operators will take advantage of D-
MAC’s greater capacity, facilities and
upward compatibility to HDTV stan-
dards. As costs to maintain terrestrial
transmitter chains escalate and the price
(and size) of domestic satellite equip-
ment falls, DBS will become the normal
method of delivery for TV broadcasts.
Although a lot of political Euro-blood
must yet be shed, D-MAC will probably
emerge as the future standard for Euro-
pean DBS. ]
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HAPPY MEMORIES

4116 150nsOnlypulls 1.00 2716 450ns5volt
4164 100ns64Kx1 1.25 25321450ns Only pulls
41256100ns 256K x 1 2.25 2732 450ns
41464100ns64K x4 2.75 2764 250ns

44256 100ns 265K x4 7.50 27128250ns
41000100ns 1024K x 1 6.95 27256 250ns

6116 150nsLowPower 1.45 27C256250ns

6264 120nsLow Power 245 27512 250ns
62256100ns Low Power 5.95 27C512250ns
SIMMS 100ns 1Megx9 75.00 and 80ns

~J

OWaBRENNMNDNWW
ONNLBEN=aGIN
S noo

Please call for prices of other chips, same chips but different speeds, quantity discounts etc. Second-hand
(Pulled) chips available for many of the above devices at substantially lower cost. Call for availability and

price of these and otheritems. Full list available upon request.

Low profileICsockets: Pins 8 14 16 18 20 24 28 40
Pence 5 9 10 11 12 15 17 24

We always have a large quantity of surplus computer equipment for sale; printers, disk-drives,
add-on boards, monitors etc: Please ask for our price lists or call with your requirements as stock

changes so frequently the listis never up to date!

Please add 50p post & packaging to orders under £15. VAT to be added to total. Creditcards orders by
‘phone or mail welcome. Plc, Government & Educational orders welcome for minimum invoice value

of £15 net.

Happy Memories (WW), FREEPOST,
Kington, Herefordshire. HR5 3BR.
Tel: (054 422) 618 Sales, 628 Fax

(No stamp needed unless first-class required)

M

CIRCLE ENQUIRY NO. 121 ON BACK PAGE

A Toroidal

RANSFORMERS LTD Transfo rmers

UNIT 3A/9, 25 RANDALSTOWN ROAD, ANTRIM,

As manufacturers we are able to offer arange

CO ANTRIM, N. IRELAND. of quality toroidal and laminated transformers
Telephone: (08494) 66734. Telex: 74667. B g e O
Fax: (08494) 68745 Toroidal Price List
Manufacturers and designers of high quality Quartity pricks ExcidB VAT 5 sartiage
5 o = VA Mail Order 1-5 6 16- 25 50 100
toroidal transformers to specifications VDE i 27 a7s e e sas 5w s
0550, BS415 Class 2 and IEC65 Class 2. % LT 3B T g B sE 29
100 1258 Ve 1% o rm  ere o
Prices quoted are lots of 100 (VAT not = Fed e 2 Lo 1§ = oy
included). Prices firm to October '89. 2% 1822 a2y w3 10z ss  em
300 20.18 18.16 13.32 12.61 11.40 10.59 10.09
500 2688 A R o+ S B i B
15VA-£4.70 120VA- £6.70 625VA-£13.80 7% 342 T% % ;. hm o nar year
30VA-£5.18 160VA— £7.57 750VA-£22.60 4 r B Da e BE B i
50VA-£5.52 225VA—- £8.40 1000VA-£37.20 1 o SIS o
80VA-£6.00 300VA- £9.40 2500 1098 ne RS UR OGN s s
1 OOVA — £6-56 SOOVA — £1 2-50 These prices are for single primary with two equal secondarie with 8 colour coded fly leads.
Prices quoted e ngr priénazf; voltage 110, TSB8.22.028 35035 0058 S48, 5.4, 45045 0058 11, 22, 240,
120; ] 23 i 0 Primary 240 volt.
For additional primaries please add 4% to
price for the following:
120/120, 220/240, 110/110, 115/115,
110-120/110/120. Air Link Transformers

AGENTS WANTED - ALL COUNTRIES

Unit 6, The Maltings, Stetion Road, Sawbridgeworth, Herts.
Tel: 0279 724425 Fax: 0279 724379

CIRCLE ENQUIRY NO. 122 ON BACK PAGE CIRCLE ENQUIRY NO. 123 ON BACK PAGE
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PHONE
0474 560521 P.M. COMPONENTS LTD TELEX
FAX SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
0474 333762 SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

MBOT9 600 | QQ3204250 | KNPLZ 250
selection from our MB0S2 750 | Q006404500 | XR1/1600A 2500

stock of branded valves | = 32| Gpm 19| ns

)4 6400A
M8096 4
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»

o P B
SRRES82SE

25.00
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350 : I S 2 I ‘ ! 250
072 | M1 | i 1 ! 3 I 350 250
150 | Mgl ! 0 ! S : 6DK6 1.50 1.95
095 | M8l . f 1 2 ! 6DQ5 GE 11.95 295
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ACIZ2 5975 . 14 200 | me25 3. R 400 | 2803 I ! 1 5.50
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hen they introduced

the compact disc. Phi-

lips and Sony claimed

“perfect reproduc-

tion”. 1t was a rash
statement, undermined by the manufac-
turers themselves after a succession of
refinements to CD players’ digital
processing over the past seven years
Meanwhile, the players’ analogue out-
put stages have changed little, if at all. It
should come as no surprise that the digi-
tal processing of even the cheapest
player is relatively perfect while, in
every case, sound quality is principally
let down by the poorly executed analo-
| gue outputstage.

Ben Duncan points
to deficiencies in the
output arrangements

of CD players and

presents a method

| The Philips/Marantz recipe
Phitips's first players employed [4-bit

D-to-A converters; the use of four times 0
oversampling enabled them to meet the Of overcomt ng
16-bit standard. 1t also shifts unwanted them .

sidebands upwards, so brick-wall filter-
ing is not needed. Figure 1 shows the
analogue output stage of Marantz’s
CD-450, one of the first 16-bit players,
introduced in 1986, again, it is four
times oversampled. The same circuit
appears (with cosmetic variations) in
nearly every Philips, Marantz and Mag-
navox player made from 1983 to date, as
' well as in most of the “badged” brands

based on the Philips/Mullard OEM
parts'. This includes virtuatly all players
made by companies in the UK, in
Europe and in North America. Broadly
similar circuitry also appears in many-of

Fig. 1. Common type of output circuit
used by Philips and Marantz, which
has deficiencies of noise rejection and
distortion due to unbalanced opera-
tion.

R106
De-emp——"/V/

ANALOGUE DESIGN

MPROVED CD
ELECTRONICS

the more recent upmarket models bear-
ing well known Japanese names.
For brevity “P/M” will be used to sig-

nify the generic Philips/Marantz circuit. |

The only significant group of players
which does not (and cannot easily) use
this kind of circuit relies on Sony’s origi-
nal approach. Players in this group are
almost invariably of Far Eastern origin,
do not employ over-sampling and
depend on brute-force filtering —
ceramic or LC filter blocks (or both)
rather than Sallen and Key RC filters.
Our investigation of the standard P/M
output stage begins at the DAC output.
Philipss TDA-1541 (astereo DAC) and
its precursor, the TDA 1540 (a mono
device), are universally used in P/M
16-bit and the older 14-bit machines
respectively. Both are unipolar. For a
bipolar audio output, the DAC receives
and decodes offset binary, which con-
tains the polarity code. Under quiescent
conditions. the DAC output is arranged
to sink 50% of the tull-scale current into
IC,q, virtual earth, swinging to zero for
maximum negative voltage excursions,

|
.
o €103 Rys
| | o ' g I-W A
| RI012 R092 ] r____f}%r_w !
[ }——, '[ L G0z i ! 'C_V‘_Bl, Mute control
oac  Rmes
:i ?:II; :0; i i l-ww $ stm .
el BCK AG L—;——I Ci(;7 Ci05 (106 Tk
—erws i ¢ —i I 1101
~Wosmwe (R A R10< -
TDA1541 C1on -dr: A5y —b= =
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ANALOGUE DESIGN

and to double the quiescent current
(21g) for full positive excursions. The
music signal rides on this half-scale cur-
rent, which is typically 1.95mA for any
P/M player.

Left to its own devices, the current
forces 1k8X1.95mA =3.5V to appear at
IC,q, output, which ties in with the CD
standard’s maximum output of
3.5%0.707=2.2V RMS. The second
stage (1C,y,) has unity gain, so the offset
was left to run along in the earlier ver-
sions of the P/M circuit, until it reached
the output DC blocking capacitor, Cg.

On the surface, this is fine, provided
Ci is correctly polarised and doesn’t
leak. However, both op-amps are
biased away from their centres. For the
maximum output of 2V RMS, IC,;
inputs are swinging from 0 to +7V,
instead of 0 to £3.5V. In effect, IC,y, is
being subjected 1o twice the common-
mode voltage it would otherwise see.
Both op-amps are potentially operating
under large-signal conditions for posi-
tive audio peaks, then approaching
no-signal conditions for negative-going
peaks. Consequently, a variety of dis-
tortion and error mechanisms will be
non-monotonic, i.e. lopsided.

In the more recent players, R,
have been added to introduce a can-
cellation current. However, there is no
provision for adjustment against DAC
tolerances and a significant offset volt-
age of up to 100mV can still develop, so
an output capacitor, C,y, is still
required. Also. the supply rails from
which the current is derived are noisy,

while C,y, offers at best only -48dB of
rejection at IkHz, and much less (if any)
at RF.

The op-amp IC,y, performs current-
to-voltage conversion and acts as an
integrator to smooth out the rapid cur-
rent transitions. J-fet Tryq, introduces an
extra RC integrator to compensate for
pre-emphasised recordings. The two
op-amps are always in a dual package;
early P/M players employed Philips’s
own NES5532 (made by their Signetics
subsidiary in the US and second-sourced
by Texas, Raytheon and others), but by
the National Semiconductor LM833 and
a Japanese equivalent appear in some
machines.

All three are broadly similar, with an
unexceptional slew rate of 7 to YV/us, a
moderately high gain-bandwidth pro-
duct of 10MHz, low noise (5SnV/V/Hz at
1kHz) and low THD. Power supply
noise rejection is average, loop gain at
100kHz is only 40-45dB, signal isolation
between the two halves is distinctly poor
atextreme frequencies and settling time
is never mentioned.

The next stage is plainly a Sallen and
Key filter with an added inductor, L,
to produce a notch at 176kHz.

The average CD player’s supply is
noisy, since it also supplies digital cir-
cuitry, as well as the servo control for
the laser. The makers have attempted to
improve the noise rejection by creating
RC filters with series resistors (R 110)
in line with the supply. By using a single
un-damped and un-bypassed electroly-
tic capacitor, the filtration breaks down

above 20kHz, where it is needed most.
Equally, the two halves of the dual IC
are now forced to modulate each other’s
power rails, leading to error-feedthrough
whenever the instantaneous current de-
mand cannot be immediately and fully
satisfied by C,; 4.

Other than buffering capacitive loads
(the 5532 is quite well behaved in this
department), R,;,, provide shunt
muting in conjunction with Tryg 5. The
collector/emitter capacitance of the
transistors, which varies with signal
magnitude is a potential (if subtle) dis-
tortion mechanism. The lack of noise
decoupling on the base drives is equally
disturbing. It is an act of commercial
“corner cutting”, the earlier (mainly
14-bit) P/M players being muted and
de-emphasised with reed relays.

Upgrade explored
Figure 2 shows the upgraded circuit,
employing the cream of analogue com-
ponents. The precision 7V reference,
IC,, is the LT1031 made by Linear
Technology and works in conjunction
with the surrounding entourage (R,;
PR;, C, ) to produce a highly stable and
adjustable current source with ultra low
noise and high supply-noise rejection.
By using a buried (subsurface) zener, it
is around ten times quieter than ordin-
ary bandgap regulators; raw output
noise is —96dB over most of the audio
band.  Capacitors C, , reduce output
noise further, as well as improving the
nett noise rejection, especially where it

vellag. reg B o
m e-emphasis RY4 (8 R9
v I (v '15 P e .
GND R1 S 2K53 R L 7 $——oTPy Fig. 2. Duncan’s new circuit. Output offset is
L71031D § S less than 1mV, needing no blocking capacitor,
Ry 332 L6 g and noise and distortion are both reduced.
332 Re P2 |
VW
G kTS
DCNull
PR} 33D +VARY voltge reg
RT 2k
VST test point ——AAA—— = = = = = - = - = = —g
1%8 LK1 Audio out
3 25 SKTy
—oi aotpf—&
—DIR  AORf—,
~HUsck AP
'
—erws !
~2681Twe LT RHch
TDA1541 .
Standard Philips OvA
DAC
Groundlift res
Lk7 1w CF
Mains earth = »See text
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is beginning to fall off, at mid to high
audio frequencies. Power supply noise
measured across C, is now many orders
better than the original, as well as being
below 16-bit audio’s best SNR. The sig-
nificance of measuring across C, is that
the voltage present here appears more
or less unchanged at the output of 1C,.
The trimmer PR, trims the current sup-
plied to match the standing current of
individual DACs for complete DC
cancellation.

The first stage takes the brunt of the
higher-frequency  noise.  Current-
to-voltage conversion is best handled by
a fast-settling opamp with a (low trans-
conductance) Bi-fet or degenerated
bipolar input. These types are able to
settle in under 500ns. and their slew rate
is in excess of 50V/us. Owing to the
unity voltage gain configuration, a high
gain-bandwidth product (>10MHz) is
less important than having adequate
loop gain at frequencies over 100kHz.
In view of the integrator action of 1C,,
an output current capability of greater
than 25mA is also highly desirable. Low
noise is way down the agenda, con-
sidering that the CD standard’s own
noise floor is equivalent to 80nV/VHz.

Suitable types for the 1C, position
include the PM1 OP44 and OP42; the
AD ADB845 and 744 (all Bi-fets) and the
Harris HA 2525 (which has a degener-
ated Darlington input) and HA 5137.
These models have been arrived at after
extensive evaluation.  High-perfor-
mance op-amps of this genre are almost
invariably available solely as singles,
which provides the opportunity for
100% power rail isolation. In turn,
power supply noise rejection in the op-
amp is less important.

Series resistors R, ;o have been added
to the integrator capacitors to set a limit
on the minimum loading seen by IC,
when provoked by high-frequency
noise, preventing needless erosion of
IC, loop gain --just where error-correc-
tion is in shortest supply. Without feed-
back control, C, becomes more of an
HF bypass, rather than an integrator
capacitor. With loading limited to a few
hundred mainly resistive ohms, the nor-
mal integrator/filter action can be
pushed up to slightly higher frequen-
cies, along with the unhealthy inter-
modulation products associated with
near open-loop conditions.

De-emphasis switching is carried out
simply with a sealed reed relay. The
relay costs more, but has none of the
error mechanisms associated with a sim-
ple j-fet switch. The model chosen
avoids the long term unreliability of
gold and other historic contact platings

when used for dry switching?. This is
important because i1 may not be used
very often; pre-emphasised Compact
Discs are mainly limited to Japanese
and US Audiophile releases. If you do
not need the facility, RLY,, Rggand C; 4
can be omitted.

In the second stage, the Sallen and
Key filter’s implementation has been
modified. The inductor has been om-
mitted because parasitic elements will
ultimately cause a notch, followed by a
sharply rising response, rather like a
Cauer filter, with accompanying step
changes in the phase and group-delay
curves. Also, unless shielded, an in-

circuit arrangements.

ductor will be prone to pick up the RF
fields emanating from the CD player’s
digital circuitry.

Instead, the filter’s principle rolloff
has been increased to - 18dB/octave by
inserting a passive RC section, Ry,
Co ; the resistor is set at the lowest value
commensurate with not loading IC; too
heavily. In turn, the values of Ri1,12and
Cio,11 2 have been rescaled so the pass-
ive section is not loaded. Finally, C;) has
been tweaked (by iterative analogue
simulation — the quickest way) so the
overall response at 20kHz and 100kHz is
similar to the P/M original at —0.8dB
and approximately —24dB respectively.
Higher up, the modified filter’s res-
ponse is superior. When parasitics are
included, analogue modelling predicts
—84dB of attenuation at IMHz, com-
pared to the original’s —58dB.

The op-amp chosen for IC; is less
critical than IC1, with Rig, C ¢ taking
out residual HF products before the
signal meets the negative-feedback net-

work via Cio. All the unity-gain stable
opamps listed for IC) are suitable; that
is, all but the OP44 and HAS5137.
Builders who insist that good steady-
state distortion figures are the keynote
indicator of sonic quality may prefer to
fit NES534, the single 5532.

Trimmer PR3 sets the output offset to
below ImV. Considering the op-amp’s
unity-gain configuration, it is unlikely to
be needed unless you fit an NES5534,
HA2525 or other op-amp lacking DC
precision. If used, be aware that nulling
pin connections, supply polarity and the
need for a series resistor vary from op-
amp toop-amp.

I

i R
Hitachi’s DA-006 CD player. Designers are now paying more attention to ouput

Outside resistor Rys buffers the out-
put from capacitive loads, and, much
like the original circuitry, provides a
modicum of final HF filtering for any
rubbish picked up inside the player,
working against the output cable’s
lumped capacitance.

The relay provides shunt muting
immediately after power is applied,
while discs are being loaded and at
switch off; keeping the contacts out of
the signal path enables a cheap “tele-
com” relay to be used. The contacts are
wiped every time the player is switched
on and off. If the player is left on at all
times, or not used for some time, the
contacts may tarnish, but the worst that
can happen is that the muting depth is
diminished. If the circuit is left powered
up and muted without being connected
to the DAC, the resulting 3.5V output
offset causes 1C, to run warm, since it
drives 25mA into R,s. So, for the sake of
IC; longevity, R s should not be omitted
or decreased .
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Powering and interfacing
Figure 3 focuses on the local power reg-
ulation and the interfacing arrange-
ments for the de-emphasis and muting
relays. Since IC, must handte fast-
changing current steps, while both
op-amps’ power supply noise rejection
is diminished at mid to higher audio fre-
quencies, let alone HF, each op-amp is
provided with individual regulation.
Incoming power is uncritical; with VR ,
set for + 18V, any unregulated or regul-
ated supply giving +23V 10 +30V at
120mA or more will do'.

The output stage upgrade operates
from the player's own regulated supply
by reducing the regulator settings to lie
comfortably below the player's own
+15V, that is, by changing the regula-
tors’ lower arm resistors (Ry.y) 1o
1kQ,to give just bclow +12V. Resistors
R 35.4 need scaling down and RLY,
changing to 12V to accommodate the
lower voltage.

External powering is strongly recom-
mended. since aseparately shielded and
isolated supply stands a much higher
chance of being free from insuperable
RF noise. This approachovercomes any
risk of ground loops. as only one 0V
connection is needed per channel to the
player’s circuitry. It also allows the
op-amps to be run close to their maxi-
mum voltage of 18V to 20V. enhancing
their slew limit and gain/bandwidth
product, and hence loop gain.

Fig. 3. Power supply and interfacing circuit for muting and de-emphasis relays.

National Semiconductor’'s LM317/
337 series of adjustable regulators have
long been a favourite with audio de-
signers for their consistenly low and
almost pure white noise output.
More recently, Linear Technology have
revamped the design. Linear’s
upgraded 317/337 (prefixed LT) have
slightly lower output impedance at mid
to high audio frequencies and tighter
setting tolerance. The passive RC input
filtering (R5,C,3. etc) is included
because regutators (like op-amps)
depend on feedback for proper oper-
ation, have finite loop gain and cannot
be expected to cope with HF rubbish
which could easily be present on the DC
supply cables. The circuit also shows the
local decoupling deployed around each
IC.

The circuitry controlling relays
RLY,, has been designed to interface
with the most common kinds of muting
and deemphasis control used on P/M
players over the past seven years. For
the more recent players employing BJT
transistor muting. as in Fig.1, link inter-
face terminals 1 and 2, then connect pin
3 to the mute control voltage which
appears at the muting Tr,y,,,, bases in
Fig. 1. Earlier 14-bit players employ a
S5V retay.

The upgrade circuit presented here has
developed over four years and has
already been tested by over 200
audiophiles, many of them profes-

sionally involved in audio. The most
upmarket oversampled CD players
(e.g. Sony’s 337-ESD) have benefited
no less than the humblest Philips or
Marantz. There has been a distinct con-
sensus on what the improvements to
sonic quality are: there is none of the
stridency and ‘metallicity’ associated
with bad CD players; the sound is more
‘'open’: it is much easier for the ear to
focus on specific instruments; and most
of all, it is possible to listen for long
periods without the fatigue or boredom
that is the hallmark of poorly executed
audio.

Even if classic steady-state analysis of
audio signals fails to see the difference.
the results are very real and also make
sense in the bigger chaotic and statistical
scheme of things. Music is an intensely
chaotic signal. The last thing it needs is
to be processed by a chaotic system. |
Anything we can easily do to make an
audio circuit’s actions more consistent
and less likely 10 become chaotic can ’

only help. n
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Repetition: unconditional
jumps
Repetition occurs prominently in many
programming applications: C provides a
number of particularly attractive and
elegant constructions. In Fig. 1.8. we
require the main body of the program
(which is largely made up of the pre-
vious program fragments) to be re-

Set port A as output

Road keyboard

Output to port A

Read and orint
denary output

L

Fig. 1.8 A simple loop mirrored by listing
1.6

INTERFACING
WITH C

PART 2

The second part of Howard Hutchings’
series on C for electronics engineers deals
with loops and data conversion in
software.

peated indefinitely. One possible con-
struction which avoids using the infa-
mous “goto” is:

for(;;)

CCODETOBE EXECUTED
INSIDE INFINITE LOOP

The program in listing 1.6 is designed
to read a number from the keyboard, to
output the binary value to leds attached
to port A and to read/display the con-
tents of port A. Repetition is illustrated
by the flowchart Figure 1.8.

Listing 1.6

L Y T P T Y]

* REPETITIVE WRITE-*
“ READ DISPLAY LOOP *

P T T T P T T P 2 Y

#include <stdio.h>
#include<conio.h>
main()

{

int port-A = 768;
intcontrol-reg = 771
intx;

intword = 139;
outp(control-reg, word);

I =L
DELCARE VARIABLES AND
INITIALIZE PORT A

printf(“Enter a No.n");
scanf (“%d",&x);

I/P NO.FROMKEY
BOARD

outp(port-A,x);
)
)

Connecting the data display circuit
Figure 1.7 demonstrates the effect of the
program. Alternatively this program
construction successfully controls the
speed of a small d.c. motor. A suitable
circuitis shown in Fig. 1.9.
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Integers O to 15, input from the key-
board are processed through the 4-bit
d-to-a and power amplifier to provide 16
unique speeds. This simple uni-
directional open-loop control system
provides the basis for more advanced
closed-loop control.

Named constants # define

Listing 1.7 generates a squarewave of
approximately SVp-p at a frequency of
500kHz, by causing PAo to go repea-
tedly high then low. As a programming
exercise it demonstrates how to replace
names for constants, improving the rea-
dability of the program. Most C pro-
grammers use upper-case letters when
naming a #define constant: this helps to
distinguish variabies from defined con-
stants. Notice that the constants are
defined outside the main program and
not terminated with a semicolon.

Infamous goto

The primative, repetitive nature of this
program provides an excuse to demons-
trate an unconditional jump;using the
goto statement. Many of the erudite
books written about C insist that it
should be avoided, or used with extreme
caution. This is good advice, since its use
encourages unstructured programming
and makes programs difficult to read.
Not wishing to be contentious: we show
how the structured infinite for-loop, can
be replaced by the unstructured goto,
without loss of readability (in this
example). When the goto statement is
executed, control is transferred to the C
code following the label (in this case
start). The label is always terminated by
acolon:

listing 1.7.

‘/.......Q.‘.‘...

e

* SQUARE-WAVE *
*GENERATOR*

.

anaaaaaaa.nnaaa/

#include<stdio.h>
#inculde<conio.h>
#defineON 1
#define OFF 0

main ()

intport-A = 768;
intcontrol-reg = 771;
intword = 139,
outp(control-reg, word);
start;outp(port-A, ON);
outp(port-A, OFF);

goto start;

121 6| 5| 13

Bo ————~———i-E3

Pig.
(or output part)

Fig. 1.9 Hardware for computerised speed control is simple: most of the work is done by

software.

For-loops in greater detail
— abinary counter

Educationally listing 1.8 is particularly
rewarding, because it demonstrates a
number of different loop constructions
in a single program. Connecting the
data indication circuit Fig. 1.7 to port A
configured as an output, provides a bin-
ary representation of the current status
of the count. The denary status is dis-
played on the monitor using the

printf function. Counting from 0 to 255 is
achieved using the post increment
operator (i++), a versatile construction
meaningi=i+1.

listing 1.8

/
* BINARY COUNTER*
/

#include<stdio.h>
#include<conio.h>

main()

{

int portA = 768;

int controlreg = 771;
intword = 139;
intik;
outp(control_reg,word);
for(;)

{

i=0;

while(i++ <= 255)
LS

{

outp(port_Ai—1);
printf(“%dn",i — 1);

for(k = 0k <= 1000;k++)

3PARTS OF LOOP
INITIALISE:TEST:INCREMENT

/

Inspection of the structure shows the
program consists of a number of nested
loops; the outer loop

for(;})

{

ensures that the procedure is continued
indefinitely. The actual count is con-
trolled by the construction.
while(expression)

{

/* C CODE TO BE EXECUTED AS LONG AS
THE EXPRESSION IN WHILE REMAINS
TRUE*/

)

The terse nature of the expression: i++
<= 255 deserves further explanation. It

means test if “i” is less than or equal to
255 and then add 1 to it. Two useful
features of C are the increment and
decrement operators, meaning i =i + 1
andi = i- 1. The versatility of C allows
you to test the value of “i” and then add
1 to it - post increment operator i++. Or
add 1 and then test, the - pre-increment
operator ++i. A similar construction is
provided for decrementing. To produce
an observable display it was necessary to
introduce a significant time delay into
the loop. This is exploited to demons-
trate the for-construction in greater de-

tail.
for(expression 1;expression 2;expression 3)
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{
/*C CODE TO BE EXECUTED PROVIDED
EXPRESSION 2IS TRUE */

The for-loop construction is particularly
elegant in C, succinctly combining the
three loop parameters (initialise, test
and increment) in a single bracketed
term. Expression 1 initialises the count.
Expression 2 indicates the condition for
the count to continue and expression 3
denotes what is to be done at the bottom
of the loop. Referring to my example
program, notice that k is incremented
after the main body of the for-loop has
been executed.

Initialization:
expression 1

Evaluate :
expression 2

Execute main body No
contained in braces

Evaluate expression 3 in
preparation for the
next iteration

Fig. 1.10. For-loop flowchart

Monitoring port A with

a do-while construction
In this example, listing 1.9, the program
monitors the switches on port A and
displays the decimal value on the
screen, before latching the binary value
to led’s on port B. Including the condi-
tional do-while statement ensures the
body of instructions are always executed
at least once, before the test is made.
Thereupon, looping continues until the
result of the test is false. Observe how
the test monitors the input port and
compares the current contents (called
newcontents in the program) with the
oldcontents. When this expression is false
(the double equal signs == mean equal
in C) control transfers to the instruction
following the while-statement.

listing 1.9
/

*MONITOR STATUS OF *

* PORT A:PRINT DECIMAL *
*VALUE:WRITETOPORTB*
/

#include<stdic.h>
#include<conio.h>
main()

{

intport_A = 768;

intport_B = 769;
intcontrol_reg = 771,
intword = 153;

unsigned intold_contents;
unsigned int new_contents;

DECLARE VARIABLES
AND ADDRESSES

outp(control_reg,word);
for(;;)

{
old_contents = inp(portA);

printf(“Port A contains % dn",0ld_contents);
outp(port_B,old_contents);
do

new_contents = inp(port_A);

Set
port A as input
port Bas output

|  Readporta |

Print on the
screen decimai
values of port A

| Output to port B |

Has
input changed
on port A?

Fig. 1.11. Flowchart for listing 1.9

The versatility of C provides an alterna- |
tive while-do construction, which tests l
an expression, and.if true, permits loop-
ing to continue until the result of a test is
false. At this point control passes to the
next jnstruction in the program. These
structured flowchart constructions are
shown in Fig. 1.12. (FIG 1.12)

DO
A A
°° @
{a) (b)

Fig. 1.12, The anatomy of structured '
control I

Light chaser effect — write your own
functionsin C

This program listing 1.10 is designed to
produce the effect of a light running
repeatedly across the leds connected to
port A, which is conditioned as an out-
put. It works by taking powers of 2 and
writing the byte to the port. Don’t ima-
gine this is frivolous, it does have a
serious side, demonstrating how to
write your own functions using C. Ob-
serve how the structure is composed of
the main function which controls the
flow of the program. Together with an
external function called power(x,n) that
can be invoked and executed by a single
statement in the main program. Further
details of the origin of this program are
to be found in The C programming
language, by D. W. Kernigan & D. M. |
Ritchie, page 22 (published by Prentice- |
Hall).

listing 1.10

*LIGHT CHASERWRITE *
*YOUROWN FUNCTIONS *
*USINGC*
oot
#include<stdio.h>
#include<conio.h>

main()

{

intport_A = 768;

int control_reg = 771;

intword = 139;

unsigned int contents; [
inti,k;

outp(control_reg,word); |
for(;;) \

for(i=0;i<=7;i++)
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| CALLING FUNCTION

outp(port_A,contents);
for(k = 0;k <= 6000k + +)
{

/
TIME DELAY IMPROVES

RAISE X TON-THPOWER:N 0
i/

power(x,n)
intx,n;

inti,p;

p=1;
for(i=1i<=ni++)
p=p°x;

return{p);

Communicating with
peripherals

The C language has no purpose built
statements to perform input or output
operations. Functions must be written
to communicate with external peri-
pherals. We have already made extens-
ive use of the functions scanf, to read
data from the keyboard and printf to
display data on the monitor. When a
programis compiled and these functions
are encountered, the linker portion of
the compiler will search the function
library for its definition. Hence the
requirement to include the standard
input-output header file stdio.h in most
programs.

When Microsoft wrote the C compiler
for use with the IBM PC (or any 8088
type system), it clearly recognised the
additional requirements of port mapped
1/0 access and thoughtfully provided
the necessary functions. Since typical
users are unlikely to be skilled assembly
language programmers, the importance
of this software cannot be overstated.

The majority of programs in chapter 1
have used the functions inp and outp,
contained in the header file conio.h to
access I/O devices.

Associating an address with a device
in a memory mapped system, using C,
requires an address operator. The col-
lective construction is made up of a
pointer, together with an indirection
operator. Listing 1.1 which reads and
displays the contents of specified me-
mory locations, uses such a structure.
To understand the anatomy of the pro-
gram consider the fragment of code list-
ing 1.11.

listing 1.11

* ADDRESS OPERATOR*
* USING POINTERS *

int *port_x;

unsigned char contents;

o

*port_xISAPOINTER DECLARED
AS AN INTEGER. THE VARIABLE

contents IS AN UNSIGNED CHAR

*/

port_x = (int*)768;

THIS CONSTRUCTION ESTABLISHES
THE ADDRESS OF THE POINTER
*/

*port_x = 255,
I

WHEN AN ASTERISK * IS USED AS A
PREFIX TO AN INTEGER VARIABLE
NAME IT BEHAVES AS AN INDIRECTION

OPERATOR
*/

contents = “port_x;
K

USING THE INDIRECTION OPERATOR * WE
RECOVER THE VALUE AT THAT ADDRESS
*/

Referring to the program we notice that
int *portx; is a pointer declared as an
integer. Pointers always point to some-
thing, in this case the address of memory
location 768 (denary). The required
construction is: portx = (int*)768. When an
asterisk is used as a prefix to an integer
variable name it behaves as an indirec-
tion operator. It follows that the expres-
sion *portx = 255; will load 255 into ad-
dress 768. In Basic the analogous state-
ment would be POKE 768,255. Reading
the data contained at this address is
simply achieved by assigning the vari-
able “contents” to portx ie. contents =
*portx. The analogous Basic statement
would be CONTENTS = PEEK(768).

Analogue to digital systems

and circuits
Interfacing an A-to-D converter to a
computer does not necessarily require a
detailed knowledge of the circuit oper-
ation. Indeed if the interface is con-
figured carefully. it will be virtually user
transparent.

However, effective data conversion
requires more than simply connection
of an A-to-D converter to the PC bus.
Certain minimum design criteria should
be acknowledged: notably loss of sig-
nificance. resolution and sampling rate.
Potential users should question the type
of signal which may be successfully pro-
cessed. One should also consider the
limitations which the data conversion
will impose on the accuracy and useful-
ness of the digital output. in short. don’t

ignore the obvious.

Many /O board manufacturers spe-
cify the full scale input voltage to their
boards in the ranges: 0-2.5V, (0-5.0V,
0-10.0V or their bipolar equivalents.
Avoid loss of significance by matching
(as nearly as is possible) the maximum
input voltage to the maximum input
range of the A-to-D converter. This is
naturally tied in with the required reso-
lution. Will 8-bit resolution suffice or
should 12, 14 or even 16-bits be
employed? What limitations will this
word length impose on an 8-bit data
bus? Consider carefully the implications
of accessing the contents of the con-
verter in two parts, particularly in the
context of high speed. real-time applic-
ations.

Sampling rate. determined by the
converter chip system architecture is
likely to be an important factor in the
choice of converter. The majority of low |
cost chips use either ramp generator or
successive approximation. Flash con-
verters can perform 8-bit conversions in
under 50ns.

Counter-ramp A-to-D
converter

The system diagram of a counter ramp
A-to-D converter is shown in Fig. 2.1.
When interfaced to a computer, a start
conversion pulse initiates conversion by
resetting the counter to zero. The ana-
logue output of the D-to-A. connected
to the inverting input of the compara-
tor, is also zero. Each subsequent clock
pulse increments the counter. The digi-
tal signal is processed by the D-to-A
converter generating an analogue stair-
case waveform. When the amplitude of
this waveform exceeds or equals that of
the input signal, the output of the com-
parator changes state, generating an
end of conversion pulse which stops the
clock. The digital equivalent of the ana-
logue signal is now available in parallel
form at the output of the counter.

A fundamental limitation of this sys-
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converter
| [ XIYRRIE:I
aEnE a
Comparator =
| (=]
Analogue H—1I 5
nput WSy :‘é,
MS8 |tss) ©
Clock and
control logic[™] Counter
Fig. 2.1 System diagram of a
counser-ramp A-to-D converter
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tem is the relatively long processing
time, particularly for large amplitude
input signals. The conversion time T is
proportional to the amplitude of the sig-
nal input V.
The conversion time is given by:
Vv, 20

T.=——
¢ Vmax Fclk

Where n is the number of bits, V, is the
amplitude of the input signal, V. is the
full-scale input voltage and F, is the
clock frequency.

1 0 Conversion
Mo request
0 — 1 Comparator

D.C. input voltage output

D/A converter output voltage

6WLI’LI'LI‘IJ‘LI‘U"JU‘IJU’LI’U’LC'°C"
lo_Conversion time _~
e =®)

Time

Fig. 2.2 The conversion time of the
counter-ramp A-to-D converter depends
upon the amplitude of the input signal

Successive approximation
Replacing the counter in the feedback
loop with a successive approximation
register, SAR, (Fig. 2.3) allows much
faster conversion rates. Initially the
start conversion pulse resets the con-
tents of the SAR to zero. The next pulse
enables the most significant bit allowing
the D-to-A converter output to change
to half its maximum value. If this volt-
age is less than or equal to the input
signal the output of the comparator gen-
erates a logic signal causing the most
significant bit to remain at logic one.
Conversely if the D-to-A output is
greater than the input signal. the circuit
sets the corresponding bit to logic 0. On
each subsequent clock pulse this process
is repeated on the remaining bits, until

Digital-to-analog
converter

(T i Imss] _
| 3
s
=)
ss) ©
Clock and Successive-
control logic approximation
register

Fig. 2.3 System diagram of successive
approximation A-to-D converter

Bit 6+bit 5>analogue input
Anclogue - - bit5 turned off
lnput}+____+___ L
3 Bit 6 alone i S YTz
3 <analogue input | @ =|® @©
= .".lefton <
“ —t. =
| @ :
D-to-a o |
‘ converter 5 :
‘ output v .
; | . ;
d bi | N
I:?J%nb" N Tested bit released
Comparator ! !
output i ‘\
Digitaloutput | 1 101 1] 110l 1

at s.a. register

Fig. 2.4 Successive approximation speeds
ap conversion time with conversion rates
that can stretch from 400ns to 25s. The
number of conversion steps required is
equal to the number of bits in the data
word plus one

all the bits in the register have been
tested.

In summary, an n-bit successive
approximation A-to-D converter
requires one clock cycle to clear the reg-
ister, followed by n clock cycles to test
each bit. Hence the total conversion
time takes only (n+1) clock cycles, and
is independent of input signal
amplitude.

Flash conversion
As shown in Fig. 2.5 this method of
A-to-D conversion abandons all sub-
tlety by using an array of 2"—1 com-
parators to digitise directly an n-bit
word. Since only one step is necessary to
complete the conversion, this pro-

cedure is very much faster than cither
the counter-ramp or successive approx-
imation methods.

Half-flash conversion offers a com-
promise. The architecture shown in Fig.
2.6, employs only 31 comparators. The
analogue input is first digitised to a 4-bit
level by the 4-bit MSB flash converter.

Latch input
Analogue input 8-Bit flash A/D
Reference
input
s Comparator bank
3 1 wse
- )
2 9 ]
< b —0
< ) = =0
s 5
- 3 _ [ais
.EDH 255-10-8f [®- B P 3
i encoder latch o2
t 8
< ! - atl
s 'I é
> 2 2 =
s # Lo
! LSB

Fig. 2.5 8-bit conversion converts in one
cycle.

Fig. 2.6 Half-flash conversion. AD7820
Sfunctional block diagram

Voo

4-Bit

2

-

| (4LSB)

Timing and control
circuitry

—— L
s Three DBO-DB7
T state data out
% Drivers pins 2-5,14-17
AD7820
OLE

GND

(——D—E—B—E—3

Mode WR/RDY CS  RD

INT
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PROGRAMMING

While the output from the A-to-D is
latched, the digital signal is reconverted
to analogue form for a second conver-
sion with a 1/16 weighted network to
make up the least significant bits of the
8-bit output word.

Synchronisation and
software control

Synchronisation is the key to disciplined
digital design. Hardwired systems often
rely on clocked flip-flops to provide the
digital glue to stick asynchronous
peripherals together. Real-time digital
signal processing systems usually
require that the time interval between
captured samples remains constant and
that enough samples are captured tosat-
isfy Shannon’s sampling theorem. Since
A-to-D converters require externally
generated start conversion pulses and
themselves generate end of conversion
signals upon completion, ingenious
software is required to bring these
peripherals into synchronisation with
the computer program. Successful
interface design, even for trivial uses,
acknowledges these axioms.
Synchronised software control of the
A-to-D converter requires a rigid oper-
ating protocol. This normally comprises
a start-conversion pulse followed by a
test to determine completion. These
housekeeping operations require a
good working knowledge of the charac-
teristics of both the A-to-D and pro-
grammable interface or PC bus.

Address Function
Base
76543 2 1 0 Mutiplexer channel
select BO-84
s in select B5-86
Gain  Channel Somel
select select
00=x1 (0t023)
01=%10
10=%100
Base +1

76543210
Start conversion

Any value
Base +2
76543210
T T T T " |Lower B-bits of data
Data (bits 7-0)
Base+3
765
i

Data
ADC Busy (bits 1-8)
O = Not busy
1 = Busy

43210
= ' ] Upper 4-bits of data
—————B0-B3.A-to~d end
of conversion flag

B85S

Fig. 2.8 Port map and programming
model

j¢———————————130mm short-~card format

¥

DC/DC
Conv.
o - §\
w~ On = c o
HIERIEA LN
88|28 | |83 |28 d_g 5
o2 5= Fl 22 ] 2= 7
eeHeEHEEMEE ME ]
a2l |28E||ss| |E5]]E g
- o [ [ L= 34
oo a =2 c O M
o6 a < 8
-— N 4
Address . g
~ \ ;
m Latch b
Select - — - .
Ribbon
cable
Bus interface logic
AT

IBM-PC/XT/AT compatible 62 way bus

Fig.2.7 AIP-24 functional block diagram

Furthermore, strobing the A-to-D con-
verter followed by polling a loop takes
time. This restricts the sampling rate
and reducing the usefulness of the digi-
tal signal processor.

12-bit A-to-D conversion

Twelve bit conversion implemented
with commercially available PC cards is
straightforward. This series uses the
Blue Chip Technology multiplexed
A-to-D, data acquisition card AIP-24 as
an example. The architecture is shown
in Fig. 2.7.. The board may be located in
any expansion slot, but must be setup to
appear at a specified address in the port
map. As usual bus contention is avoided
by making the base address selectable.

Software controlled multiplexers
based on this card allow up to 24 ana-
logue input signals to be connected to
the board. The appropriate channel is
defined by the status of the lower five
bits of the multiplexer-select port 0,
located at the base address. The
selected differential signal feeds an
instrumentation amplifier, which con-
verts the signal into single ended drive
before application to a programmable-
gain amplifier PGA102. The gain is con-
trolled by bits 5 and 6 of the multiplexer
channel-select port (). Fig. 2.8 contains
the necessary details. The output is then
taken to a sample and hold amplifier
ADS85, which freezes the signal during
conversion. Conversion is completed in

25ns, using the industrial standard
AD574A 12-bit successive-approxima-
tion chip. See Fig. 2.9 (over page).

IBM-PC AD574A interface
The AD574A successive approximation
A-to-D interfaces to the IBM PC bus as
shown in Fig. 2.10. Designed to be port
mapped, its address is decoded from the
address lines A0-A9. The address must
be gated with AEN to mask out internal
DMA cycles using the same 1/O space.
This active low is applied to CS. IOR and
iOW are used to initiate conversion and
read data by suitable gating to CE.
A0 selects two contiguous memory loca-
tions which store the eight MSB’s and
four LSB’s of the left justified data.

Synchronised 12-bit A-to-D
conversion using AD574A

Program listing 2.1 synchronises the
operation of a unipolar A-to-D, con-
ditioned to process signals in the range
-10V with a data capture and display
routine. Because the AD574A gener-
ates a 12-bit data word, care must be
exercised when reading the data which
needs to be accessed in two parts. The
computer may be used to recreate the
data word using the algorithm:

word = ((15 & upper . bits) * 256) +
lower _ bits;

The complete protocol is explained in
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45V Supply (7] 2g|tatus
Viosic —1® [ I i
Data mode select ij =
12/82 ;sa £Tioan ua
Chip select l Control = I —
Byte add C§E_I—-| Ji
yte address
short cyclelz l ‘ 3 ’E "EDBQ
Ao A
Read/convert S
L Clock SAR 12 ;——_”EDBB
Chip enable g e[ Hz3Joer
CE 3% ~Jcomel (127 | of ¥ Digital
#2415V Supply 1 = Ul 8 Hz2JoB6  }data
Vee | D Kz T| 8 outputs
+10V Reference oV — H
REF out L8I"T] Ref 3 s [2oss
Analog common -
g gL e
Reference input E L
REF inL12. El N oo
o R
Rl sae (i) s E {78]082
Bipolar offset
BIP off LI2 c [leet
10V Span input LSBL]
i ol
20V Span input Digital common
zov,,,[E :E[ﬁ?

Fig. 2.9 AD574A block diagram and pin configuration

4 |D8-DN
4 |D4-D73
DBO-DB3

R/C
AD574A
=D

1BM PC
card slot

AO
| Address p—{TS
decode
SR %
12/8
;

Fig.2.10 IBM PC - ADS74A interface

the program. When [ initially wrote the
program my main concern was sim-
plicity. Consequently, I intended to
restrict the software control of the
A-to-D to strobing, followed by two-
stage reading of the processed data.
However, C is fast and the program
reads the data ports before conversion
has been completed, with disastrous
consequences. Rather than simply
waste time waiting for the end of con-
version signal, I elected toinclude a pol-
ling routine to monitor the state of bit 5
(for e.o.c) located at address (Base +
3). Logically AND-ing the status of the
flag with a mask (denary 32), inside the

do-while loop ensures the test is made at
least once. When the flag is set, it exits
from the loop and the converted data
may be read.

Listing 2.1 Program to synchronize
A-to-D and print decimal value of input
signal(0-10V)

AR T T
/

* SYNCHRONIZED 12-BIT AD *

* CONVERSION USING AD574A *
#include<stdio.h>
#include<conio.h>

BASE ADDRESS OF PORT-MAPPED
MULTIPLEXED A-to-D

DUMMY VARIABLE: START CAN BE
ANY VALUE: REF FIG(2.8)

unsigned int
lower _ bits,upper _ bits,word,fag;
for(;:)

{
outp(BASE,0);

INITIATE CONVERSION

-

do
{
flag = inp(BASE+3);

while(32 & flag);

lower _ bits = inp(BASE+2);
upper _ bits = inp(BASE+3);

word = ((15 & upper _ bits) * 256) +
lower _ bits;

CONDITION 12-BIT WORD, ACCESSED IN
2 PARTS

-

printf("Digital value:%d\n",word);

}
}

Programs usually exist to be re-writ-
ten. For example rather than simply
print the denary integer equivalent
(0-4095) of the analogue input, it would
be more constructive to display the
actual voltage. Simply modifying the
format of the printf() function achieves
this.

printf("Volts = %f\n",(float)10 * word/4095);

Scrolling the screen can be distract-
ing. A more structured control of printf()
is required to modify the display only
when the input changes. Not duplicating
effortis an axiom of software writing. The
problem may be solved through the
do-while construction used in listing 1.9.

Select channel
no.(0-23)

Start conversion

Print digital
value of i/p

l

Fig.2.11 Flowchart of listing 2.1

An interesting modification to the
A-to-D program is to add a warning dis-
played on the screen when the analogue
input exceeds a pre-determined thresh-
old. Look at listing 2.2. In this example
we have set the threshold at +2.0V
using

#define DANGER 2.0.
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Listing 2.2 software based comparator

* SOFTWARE COMPARATOR *
" USING AD574A *

------- Weewrentstseany

#include<stdio.h>
#include<conio.h>

#define BASE 512

#define START O

#define DANGER 2.0

main()

unsigned int lower _ bits;

unsigned int upper _ bits,word,flag;
float volts,

outp(BASE,0);

flag = inp(BASE+3),

}
while(32 & flag),

L FLAG RAISED?

lower _ bits = inp(BASE+2),
upper _ bits = inp(BASE+3);

word = ((15 & upper _ bits) * 256) +
lower _ bits,

{

printf("Dangerw1”);

else

{

printf("Voltage = %f\n",volts);
}

}
}

The conditional jump structure is sim-
ply achieved by the construction

if (contents >= DANGER)
{

printf("Danger'n”);

}

else

{
printf("Voltage = %f\n,volts);

)

Initigte
conversion '

Display
input

Read analogue-to
-digrtal converter

Is
nput > danger
?

Yes

Display “danger”

.

Fig.2.12 Flowchart for listing 2.2

Part 3 examines screen graphics modes,
transducer linearisation and software
noise filters

TELECOMMUNICATION
TRAINING EQUIPMENT

Full range of Training Equipment including:

e ANALOGUE & DIGITAL COMMUNICATION
® SIMULATORS
® FIBRE OPTICS
® MICROWAVE
e TELEPHONY

® RADAR NEW

For more information contact:
LAB-VOLT (UK) LTD.

4A Harding Way,

St. Ives Industrial Estate

Huntingdon,

Cambridgeshire

PE17 4WR

Tel: (0480) 300695. Fax: 0480 61654

CIRCLE ENQUIRY NO. 104 ON BACK PAGE
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The Question of all SWL and HAM’s:

what's about all the ‘strange signals’ you hear on'LW and SW but can't
identificate? A few of them you'll know as CW and RTTY, may be Packet,
butall the other ??

There are some well known CW/RTTY-decoders with their limited
facilities and high prices, high-priced PROMs for upgrading etc. and
there is Code 3 from Hoka Electronic!

It's now on you to make a choice, and it will be very easy if you know more
about Code 3:

Code 3 works on any IBM-compatible computer with MS-DOS, having at
least 640 kB of RAM.

The hardware of CODE 3 includes a compiete digital FSK-convertor with
built-in 230 V-power supply and RS 232 cable, ready to use, and, last but
not least you'll get the best software ever made to decode all kinds of
data-transmissions, so you will have the most scphisticated decoder
available for an unbeatable price, which may be the best news of all: just
L249.-ex VAT

Following modes are included in the base-program (with exact protocols):

Packet Radio AX 25, 50to 1200 BD

Hell synchronous/asynchronous, all speeds

Fax Weather Charts, Photos with gray tones, 60/90/120/180/240 rpm
Morse automatic and manual speed with indicate of Wpm

Press DPA
Wirtschaftsdienst
Sport Information
Autospec Bauer

F7b spec 300 Bd ASCII
F7b spec. 300 Bd ASCil
F7b spec. 300 Bd ASCII
ITA2including the 2 modes

SPREAD 21 and SPREAD 51

DUPLEX ARQ Artrac ITA2

TWINPLEX F7b-1 and F7b-2 Duplex ARQ

ASCII

Baudot ITA 2 plus all kinds of Bitinversion,
any speed

ARQ CCIR476,CCIR 625 mode A

ARQ-S ARQ1000S

ARQ-Swe CCIR 518 variant

ARQ-E ARQ 10001TA 2-p Duplex

ARQ-N ITA 2 Duplex

ARQ-E3 CCIR5191TA3

ARQ-6 5/6 character 90 and 98

TDM 242 CCIR 242 2/4 channels

TDM 342 CCIR 342 2/4 channels

FEC-A FEC 100(A) ITA 2-p FEC Broadcast

FEC Sel-FEC CCIR 625 476-4 mode B Sitor Amtor

FEC-S FEC1000SITA3

Allmodes in preset and variable user-defined speedrates and shifts.
There are 3 Options available:

1) OSCILLOSCORPE, displays the measured frequency versus time,
splitscreen, storage and non-storage mode, L25.-
Everybody wants it, but only we have it:

2) PICCOLO MK VI, the well known muititone-mode, L60.-
3) Long-time auto-storagein ASCH, up to several days, L 25.-
Alotof other special codes available, P.O.A.

Besides this the analysis-part offers you a wide choice of unique facilities:
built-in LF-Spectrumanalyser for shift measurement and tuning,
precision-speed measurement up to 0.001 Baud resolution.

Character Analysis, Autocorrelation of MOD- and RAW Signal, Bit
Analysis are some other state-of-the-art features of CODE 3 and may be
very helpfull for the more experienced user.

All options available from main menu, saving or loading to or from hard
disk or floppy in ‘Bit-form’ (no lost of unknown signais), hardcopy with
printer, on-screen-tuning-indicator and Help-files, very easy to use.

The actual use of part of this program may be illegal in some countrles, any liabiiity Is
disclaimed!

To order:

Phone us for more details or send cheque, payable to
HOKA Electronic
Netherlands

Please specify disk size 3 2 or 5 ¥a” when ordering!
All prices ex. VAT and shipping, but including 6
month software updating free of charge!

st LANGREX rse
SUPPLIESLTD

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, diodes, 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. Telephonef/telex or fax despatch within 24

hours on stock items. Accounts to approved
customers. Mail order service available.

LANGREX SUPPLIESLTD

1 Mayo Road, Croydon, Surrey CR0O 2QP.
Tel: 01-684 1166
Telex: 946708
Fax: 01-684 3056

CIRCLE ENQUIRY NO. 106 ON BACK PAGE

CIRCLE ENQUIRY NO. 105 ON BACK PAGE

KESTREL W/

d
\ ELECTRONIC ¢
COMPONENTSLTD.

» Allitems guaranteed to manufacturers spec.
* Many other items available.
‘Exclusive of V.A.T. and post and package’

1+ 100+ 1+ 100+
28530 1.00 0.50 2732A 2.40 175
Z80A CPU 0.80 0.65 2764A.25 220 1.50
Z80B CPU 0.90 0.70 27C128.25 2.40 1.95
Z8OACTC 0.70 0.35 27128A.25 220 1.70
Z80BCTC 0.7 0.5 27256.25 2.40 1.70
Z80A P10 0.80 0.50 27C256.25 2.40 170
Z80B(CMOS)CTC 1.00 0.80 27C512.25 4.00 3.25
741502 0.13 0.06 6116LP.150 1.00 0.85
741532 013 0.07 6264LP.150 2.20 1.85
741583 0.16 0.10 6821P 0.70 0.50
7415123 0.18 0.12 6850P 0.68 0.48
7415125 0.14 0.10 8251A 1.20 0.30
74L8138 0.14 0.0 8255.5 1.20 0.95
7415148 0.30 0.20 82CS5A 1.30 1.00
7418154 0.28 0.15 6502pP 2.20 1.56
7415174 0.16 0.12 6522P 2.00 145
7415240 0.22 0.14 6551A 2.80 175
74HC32 0.12 0.09 LM324 0.16 0.10
74HC86 0.16 0.12 74HCT00 013 0.09
74HC132 0.20 0.4 74HCT125 0.18 0.13
74HC153 0.18 0.12 74HCT373 0.30 022

Allmemory prices are fluctuating daily, please phone to
confirm prices

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 01-668 7522, Fax: 01-668 4190
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CIRCUIT IDEAS

Programmable sinusoidal oscillator

There has been a lot of interest in
designing digitally programmable oscil-
lator circuits which are compatible with
monolithic IC techniques.

But, because external capacitors are
eliminated and design methods are
based on resistance ratios, active-R cir-
cuits exploiting the frequency depen-
dence of the op-amp gain are attractive
for monolithic implementation. As an
example, active-R circuits have been
developed using op-amps and resistors
only.

By connecting three amps in a ring
configuration, making one of them pro-
grammable, it is possible to control the
frequency of oscillation through control
of the current in the programmable
pole.

By obtaining the control voltage from
the output of a passive D/A converter,
formed only of resistors, a digitally pro-
grammable, electronically  tunable
active-R sinusoidal oscillator is feasible.

—— \N—Dg — D"G'_*;_im&l_ | Frequency

k (03 [ oz [0, [00] KM |

1 0 ¢ | 0 Aeg '
] 1 o | 1 46

3% D'g";’l 1,0 488 .
L [ el e B
1 1 :
20k J 1 1| ¢ 1 615
ST B T R T 95-2
D ' g

on 2 1Lt 111 1000

The circuit has been tested using the
741 op-amp, the CA3080 operational
transconductance amp and a passive D-
to-A converter. For a digital input from

' Controlling small DC motors

These two circuits were originally de-
signed to drive an amateur astronomical
telescope. The Fig. 1 circuit uses a 4046
PLL IC and the Fig. 2 circuit a low
power 555 1C.

In Fig. 1, accurate speed control can
be realised with feedback from a multi-
pole ferrite rotor used as an encoder.
The speed signal is picked up using an
ordinary tape recorder head with the
gap widened. This is amplified by Tr,
and compared with the VCO signal in
phase comparator Il of the IC. Negative
phase pulses (pin 13) are amplified by
Tr,and Tr; and used to drive the motor.

Some problems with loop stability
may occur at very low speeds, but these

1000 to 1111, the frequency of oscilla-
tion varied as shown in the table.
Muhammad Taher Abuelma’atti
University of Bahrain

1 Vee 18 10 20V)
1 16 rs AAA cc 18 ta2
—1 _— 560
A%
l i 15k
560k
HEF Try Tr
RN | ! 2 10 pote
Es —m/\/\/\—-@ t_ﬂ“ ferrite
:{J-n— rotor
] k
| 4 Tone
head
— 330k %m L
8 9
| Controt
L\ ]vo tage

Fig. 1

Vee (Ston2v

L |

I
M) DJ
i

Try
Rz <00k 02
R4

S6k

Control voltage

1 &
XR
555
— Low power
L b 5

0n

Fig.2

can be overcome by placing extra rota-
tional mass on the motor axis.

The circuit in Fig. 2 uses the induced
voltage of the rotating DC motor as a
feedback signal for speed control. As
the motor slows down, the induced volt-
age drops and the filtered feedback volt-
age rises. When it reaches the trigger
level, two thirds of V., on pins 2 and 6,
the discharge circuit in the IC is acti-
vated.

The discharge transistor (pin 7), buf-
fered by emitter follower Tr,, drives the
motor, and the voltage at pins 2 and 6
falls back to one third V.. '
Stajcar Bojan
Zagreb
Yugoslavia

o
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CIRCUIT IDEAS

Chatter pulses

/88 Noisy input

Clean output

Digital noise
canceller

Thiscircuit canstop noise pulses giving a
false digital output. It can clean up noise
from any digital signat provided the tim-
ing details of the signal are known.

The corrupted digital signal is input to
an anp gate and the output of the gate is
uscd to trigger a negative edge triggered
monostable built using a 556 timer.
When the logic signal goes low, the
monostable is triggered and the output
stays high for a time T,. The rising edge

the arbitration D flip-flop to zero.

When the output of the flip-tlop goes
low, the anp gate G1 is disabled. Until
one-shot | times out, further transitions
at the input due to noise cannot cause
any change in the output. After T,, the
positive edge of the input triggers onc-
shot 2 at the negative edge and the
inverted output of one-shot 2 pre-sets
and thp-flop to a high state.

This disables Gl and the inverted
output from one-shot 2 inhibits ann gate
G2. Since both gates and the flip-flop
are disabled, spurious noise cannot give
a false output at J, which is the flip-flop
output.

The times T4 and Ty of the one-shots
should be chosen such that both are less

low but their sum is higher.

V. Lakshminarayanan

Centre for Development of Telematics
Bangalore

India

cdge of one-shot | resets the output of |

4 +*5V
R1§
1 Output
Wl 1] 2 2 G | Rz (0)] {clean)
Input Mono 1 2= 10n I
{noisy) 556
]
LL ©
ek o
12{ ‘l l %74
1 =
- Q ~Ho o aph
Mono 2 1 @
—"4 A
9 (F)10n > ® r
7 00 J

‘Signal envelope detector

than the time when the digital signal is |

It is often necessary to use an accurate
envelope detector when, for example,
signal-processing data is recorded on an
analogue tape recorder. This circuit im-
plements such a precision detector and
provides accuracy beyond 100kHz.

Two LM301 op-amps connected as
precision rectifier use two-pole frequen-
¢y compensation for increased slew
rate. A LM307 op-amp connected in a
Butterworth filter configuration sub-
jects the rectifier output to a low-pass
filter. It is possible to determine filter

INGIS3
00p

10k

cut-off frequency (a function of the
specific application) by using the equa-
tionsf, = 1/2aRC,and C, =C,/2.

The DC offset in the low-pass filter
becomes an important design considera-
tion because maximum detector-output
linearity is required for a low-level
signal. An external-offset adjust is used
to compensate the DC offset of LM307.

The filter has a cut-off frequency near
10Hz. Detector accuracy is better than
0.5dB over a 60dB range. For additional
low-pass filtering, it is possible to
cascade the LM307 filters to form a
higher-order filter.

Frantisek Michele
Barvicova
Czechoslovakia

Qutput

100k 3M3

:
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MAKING ELECTRONICS C.A.D. AFFORDABLE
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] EASY-PC BRITISH

PCB CAD AWARD
: only £98.00 1989

SCHEMATIC and DESIGN

“[Excellent - EASY-PC does many things  Already used in -

that our other £3.000 package doesn’t!” 206 Colleges. Universities etc.
“IU'sdelightfully casy touse! A really use- 38 Government Establishments
full product.’ 37 British Telecom Depts.

DESIGN AWARD™” over 40 countries worldwide.

“FASY-PC really descrves its BRITISIT  and in thousands of companics in

SMITH CHART PROGRAM —

CIRCUIT ANALYSIS BY COMPUTERJ | .

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.

Y I~ WAVELENGTHS TOMARDS :

——
A ‘—-—,% GENERRTOR=8. M423
N

RNGLE:149.57 DEG -

149 /( - X

SHR=6.42 < /l’\/ L0RY=8, 4577
e AL SN

REt .COEF.=0.131

N ¢ ) KEYS ¢
R/§ CIRCLE

~
P /¢ co1NT

e
Nenries

NORMALISED!
0.1674§0.263
IWPEDANCE-vhns:
8.3434§13. 244

20~58 OHM ><
FRED=100 Wiz b
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Z-MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the standard
Smith Chart.

Provides solutions to problems such as TRANSMISSION
LINE MATCHING for AERIALS and RF AMPLIFIERS
with TRANSMISSION LINE, TRANSFORMER and STUB
MATCHING methods using COAXIAL LINES
MICROSTRIP, STRIPLINE and WAVEGUIDES.

The program takes account of TRANSMISSION LINE
LOSS, DIELECTRIC CONSTANT, VELOCITY FACTOR
and FREQUENCY.

Z-MATCH is supplied with a COMPREHENSIVE USER
MANUAL which contains a range of WORKED
EXAMPLES

£130 ex VAT for PC/XT/AT etc.
£65.00 ex VAT for BBC B, B+ and Master

For IBM PC/XT/AT and clones inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.
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“ANALYSER Ii'" — Analyses complex circuits for GAIN,

PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE
and GROUP DELAY over a very wide frequency range.

Ideal for the analysis of ACTIVE and PASSIVE FILTER
CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER

CROSS-OVER NETWORKS, WIDE BAND AMPLIFIERS.

TUNED R.F. AMPLIFIERS, AERIAL MATCHING
NETWORKS, TV |.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by “breaking the loop™.

Can save days breadboarding and thousands of pounds
worth of equipment.

£195 ex VAT for PC/XT/AT etc.
£130 ex VAT for BBC, B, B+ and Master

Number One Systems Ltd.

Telephone: 0480 61778 (6 lines)

Write or "Phone for full details:- 1 Which Computer STAND 5620

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

ACCESS, VISA, AMEX Welcome.
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Data converter

This circuit can convert 8-bit binary data
to decimal form for data acquisition
quickly and accurately and display the
result in digital form.

Binary data is applied at the input
port via P2. The unit is powered via pin
1+2(+5V)and 19 +20 (0V) of P2 from
the host unit or it could be powered
separately by a +7.5V or greater via P1.

The rest of the odd numbered pins are
used as data lines, pin 3 and 17 being
MSB and LSB. respectively; even-num-
ber pins are grounded.

The eight signal lines from P2 are con-
nected to IC, and IC; for buffering
before the binary-to-BCD conversion is
carried out by IC,, IC; and IC,, which
are converter chips derived from the
MSI 256bit roms. Unused inputs and
outputs of the ICs are connected to logic
1 and 0 as required.

Since the integer range of the 8bit
binary data is 0 to 255, only three BCD-
to-seven-segment decoder/drivers, 1C,,
ICs and IC,, need to be used. Three
packs of seven serial-in-line resistor net-
works have been used as pull-up resis-
tors to make the display brighter.

K. Miah

RGB to composite video without power

Video RGB signals can be converted pacitor to produce a 1.5V supply for the

into monochrome composite video
without a separate power supply, even
when both the incoming sync. signals
are short positive pulses (4us for line
sync. and 200us for frame on several
different PCs that I tried).

The trick is to use diodes and a ca-

— AA—e

sync. pulse pedestal. There is no need to
shift the output as most, if not all,
monitors are capacitively coupled in-
ternally.

We have tried the circuit with EGA
graphics and text on several combina-
tions of PCs and monitors.

Ron Davis
Mount Eliza
Victoria
Australia

All diodes 1N914

H A\t
Wexham SE " 1 e s Load %75
Slough Cormmﬁj TW}J r\
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" give your PC

ol .k.-f- '
T more muscle!
2\ oy
- Install our plug-in 170 cards in your or workmanamip
PC/XT/AT compatible and transform it into
a powerful data acquisition and control
system.
With a comprehensive range of analogue and
digital input and output cards, your PC can be
expanded to perform Herculean tasks and you
. can monitor or control almost anything!

Prices start at £125.00. We also produce an
’ : All models usually
equivalent range of cards for Micro Channel available from stock
Architecture (MCA).
Why not invigorate your machine NOW!

- All Blue Chip Technology
o= products are designed, made

: ﬁ and supported in the UK.
‘ Call us free on

&FREE 0800 838 184

for literature detailing our full

range of plug-in 1/O cards for BLU E C H I P

data acquisition and control

Ash also for information aboul féa]_N OLOGY

our industrial computers and
complete ruggedised systems.

.4

AKEMITRON GROUP COMPANY

Blue Chip Technology, Hawarden Industrial Park, Manor Lane, Deeside, Clwyd CHS 3PP
Telephone: (0244) 520222  Facsimile: (0244) 531043 Telex: 61471
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(C.W.0. Post Free U.K.)
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The world is at your fingertips with ICOM’s new IC-R9000 radio
communications receiver with continuous all mode, super wideband range
of 100KHz to 1999.8MHz and a unique CRT display that shows frequencies,
modes, memory confents, operator-entered notes and function menus. The
revolutionary IC-R9000 features IF Shift, IF Notch, o fully adjustable noise
blanker and more. The Direct Digital Synthesiser assures the widest range,
lowest noise and rapid scanning. 1000 multi-function memories store
frequencies, modes, luning steps and operator notes. Eight scanning modes
include programmable limits, automatic frequency and time-mark storage

of scanned signals, full, restricted or mode-selected memory

scanning priority channel watch, voice-sense scanmng and a

selectable width around your tured frequency.
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T
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SCIENCE

LIGHTNING
LOCATION

The Electricity Council’s monitoring
equipment, described by Laura Scott, uses
the Earth/ionosphere waveguide cutoff to

separate signals from horizontally and
vertically polarized lighting flashes

amage caused by lightning
to the UK electricity sup-
ply distribution system
costs around £4 miilion a
year. Despite this signifi-
cant damage, lightning has been vir-
tually unquantified in terms of the loca-
tion, time and strength of each flash. If
such information were available, it
would allow equipment failures and the
performance of protective devices be
related to lightning occurrence. This
information would, in the long term,
provide a more secure electricity sup-
ply. Knowledge of the location of light-
ning would facilitate overhead line
working and increase the safety of per-
sonnel during such operations.
Damage is caused by cloud-to-ground
flashes which form about a third of what
is normally called “lightning”’. The
remaining two-thirds comprises intra

and inter-cloud flashing. It is important
to discriminate between these types of
flash.

The requirement was therefore to
provide a real-time monitoring and
warmng system which would log cloud-
to-ground flashes. Measured para-
meters were to be location, time, mag-
nitude, multiplicity (number of flashes
within 100ms in the same place) and
polarity (positive or negative charge
lowered to the ground). To facilitate
supply-system operations, a VDU map
display of the flash location (with pan
and zoom) was required.

Radio direction finding techniques
applied to the electromagnetic radiation
from lightning (sferics) were well
known. The alternative technique (time
of arrival or TOA), where the arrival
time of a *sferic at several receiving sta-
tions is used to deduce the source loca-

tion was considered but, because of the
problems in establishing and maintain-
ing a time reference within a few micro-
seconds at remote unattended receiving
stations, was considered too complex
for the limited resources available.

Automatic direction finding

Work was therefore started on an auto-
matic direction finding (DF) system
operating at a frequency of 10kHz and
bandwidth of 1kHz. This frequency was
chosen largely for historical reasons, the
British Meteorological Office having
had a manually operated cathode-ray
direction-finding system (CRDF) in
operation for about 40 years at 9kHz
centre frequency.

Four remote 10kHz DF stations were
set up, covering the southern half of the
UK and connected by telephone (data)

408
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lines toacentral computer. Propagation
times of the data lines were stable to a
few milliseconds and the times at which
flash data were received from each DF
were correlated to establish tlash iden.
tity. The tangent of each flash bearing
was sent together with a quadrant
identifier

DF aerials at each station were a pair
of orthogonally mounted loops on
square frames of 0.3m sides, each aenal
being mounted on a wooden pole 10m
high. Loop signals were bandwidth-lim
ited, amplified, rectified and applied to
electronic circuitry to determine the
tangent of the bearing angle

Results with this system were poor
Error triangles formed by the inter-
section of bearings from three stations
were tens of kilometres to a side and
there was often negligible correlation
with known storms
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It was considered that the poor results
were probably due to the presence of a
horizontally polarized downcoming
wave component, produced by an inter-
mediate reflection at the ionosphere,
which was interacting with the ground
wave in the direction-finding loops

This effect has been analysed and is
depicted in simplified form in Fig. 1a
where GW is the surface wave and AW
a component of the anomalous (i.e
reflected) wave. H, H, and E, are
the respective electric and magnetic
field components of GW and AW
Component AW lies directly above PV
the Poynting vector of GW at the earth
surface. The angle § between 0° and PV

Fig. I. Wave vectors incident on
orthogonal loop pair are shown at (a),
the plen view at (b) showing bearing
error due to wave component x.
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is the desired bearing of GW with
respect to the orthogonal loop pair A
and B. Component H,. being normal to
the Poynting vector of AW _ has a com-
ponent x 1n line with GW at the earth
surface. This is shown in plan view in
Fig. 1b. The addition of H, and x pro-
duces R which, acting in loops A and B.
gives an erroneous bearing *.

Thus the horizontally polarized com:-
ponents of anomalous waves were the
probable cause of the bearing errors and

develops in Lancashire.
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Pictures above are of lightning strikes in
Wales, showing programmable overlays —
in this case the 400kV overhead power
linesin blue, 275kV in red and 132kV in
white. Lower picture of central Wales
shows Electricity Board boundaries in
green.

Fig. 2. DF aerial with three loops at
120° apart, mounted on a §5m mast wiih
the head amplifier near the base.

means were sought to overcome the
problem.

Reduction of anomalous
component

Following waveguide theory' it
seemed that increasing the operating
wavelength to a value equal to or
greater than the earth-ionosphere
waveguide cut-off wavelength would
greatly reduce the magnitude of hori-
zontally polarized waves propagating in

Fig.4. Replay of lightning activity on 18 October 1988. F. lashes are shown in red, for
10min old flashes, green at 10-20, blue for 20-60min, magenta for 1-2h, white for 2-3k
andyellow at 3-4h. Lightning is seen spreading across N. Wales while a second line
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Fig. 3. Derivation of the error radius,
where the cross indicates the mean of
two station fixes.

the waveguide. Such waves are subject
to high attenuation compared to the
vertically polarized wave components.
Thisattenuation is significant in the con-
text of horizontally polarized waves
produced at the ionosphere. due 1o
interaction with the geomagnetic field.

Horizontally polarized waves caused
by horizontal str.ctures in the source
lightning flash are greatly attenuated by
earth coupling losses and are insignifi-
cant at ranges beyond a few tens of
kilometres.

Choice of operating
frequency

The effective daytime height of the
ionosphere for VLF waves is 75km
which suggests a cut off at 2kHz for the
horizontally polarized components

An experiment was set up to check
the feasibility of 2kHz operation. This
comprised a vertical orthogonal pair of
Im square loops with a horizontal loop
of similar size mounted below in such a
way as to have negligible coupling with
the vertical loops. The purpose of the
horizontal loop was to detect the pres-
ence of vertical magnetic fields caused
by anomalous waves. Electronic cir-
cuitry was included to measure. time
and store the voltages induced in the
loops by the lightning discharges.

The experiment was run during a
summer season and the bearings were
compared with the locations of known
storms. Good correlation was observed.
Signals in the horizontal loop were less
than 2% in magnitude compared to
those in the vertical loops. There was
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thus a basis for a 2kHz direction finding
system and effort was directed to this
end.

DF aerial design

Conventional orthogonal DF loops.
as shown in Fig. 1a, require the associ-
ated electionics to handle a very wide
range of signals, since the bearings vary
between 0 and 90° with respect to each
loop. There are also problems with
phase measurement, which is needed to
determine the bearing quadrant. Thusa
new configuration using three loops
mutually at 120° has been used. With
this arrangement, two of the loops
always have a relatively large signal and
the contribution of the third loop is
downweighted as it approaches zero sig-
nal. Quadrant determination is elimin-
ated. Figure 2 shows a DF aerial
mounted on a Sm pole with the head
amplifier box near the base of the pole.

System realization

During 1985 a network of three DF
stations was completed, forming a basic
cell giving primary coverage to the
southern half of the UK.

Stations are separated by 250 to
350km this being dictated by the geogra-
phy of the British Isles and the need to
maintain large subtended angles from
flash locations to the DF stations for
best accuracy.

Each DF reports bearings, flash
strength and flash polarity as primary
parameters. Flash strength is in 1.5dB
increments within a signal range of
48dB. Analogue and digital signal over-
loads and the ratio of horizontal-to-ver-
tical loop voltages are also sent with
each flash report.

Dedicated data lines are used
between the DF stations and the central
computer, each having a known delay of
around 10ms. Coincidence of time of
flash from each DF to within 4.5ms is
used to identify the flashes. Each DF
can handle up to 40 flashes a second.

The DF stations have a dynamic
range of 87dB, limited by the noise
floor: external noise is equal to or
greater than the noise floor by 6 to 8dB.

Three stations provide a measure of
self checking, in that there should be
good agreement on flash location from
the three pairs of bearings available. To
quantify this agreement a quality num-
ber was introduced:; this is the radius in
kilometres from a nominal flash loca-
tion. given by the system, inside which
there is a 2/3 probability of the flash
being located. This parameter is known
as the “‘error radius™ and its derivation
is shown in Fig. 3.

Performance

Location is the main requirement of
the system and is the most difficult
parameter to verify. Relative perform-
ance can, however, be judged by refer-
ence to a parameter such as the error
radius. This can be supplemented by
on-the-spot observer reports of light-
ning but, for the most part, these serve
only to identify storm locations. A few
flashes are sufficiently isolated in space
and time that they can be clearly identi-
fied. but these form less than 5% of the
flashes reported by careful observers.

In 1986, working from the error radii,
plus a few observer reports, it was
decided that there remained location
errors of around 15 to 20km. the most
likely cause of these errors being resi-
dual anomalous wave components.

We therefore decided to further
reduce the operating frequency to
obtain better rejection of anomalous
components. The centre frequency was
made 1.1kHz with a bandwidth of
350Hz and the lower passband limit was
fixed by electricity distribution-system
noise fields, which increased rapidly
below 800Hz. The upper limit was set by
the need to maintain a worthwhile
reduction in the operating frequency.

These modifications were carried out
during the winter of 1986/87 and it was
apparent during the first lightning
storms of 1987 that there was a marked
reduction in the error radii. The mean
error radius in the service area had
reduced to 6km. Of the flashes reported
by observers during 1987 five could be
positively identified and were found to
have location errors of 4-7km.

Detection efficiency is controlled by
the attenuation with distance of the
lightning flash signal and the strength of
the flash current at source. It also
depends upon the sensitivity and
dynamic range of the detecting (DF)
stations, but these are not limiting fac-
tors except in the case of unusually high
site-noise levels.

Based on a mean absorption of 2.5dB
per 100km, plus spreading attenuation,
the detection efficiency appears to be
98% at 300km, falling to 96% at 400km.
A lowering of the DF station threshold
level of 6dB would allow a detection
efficiency of 99% at 400km, but would
bring in many more flashes from greater
distances. These figures use the flash
current population due to Anderson
and Eriksson.’

Display units
Flashes are displayed on colour
VDUs which show an outline map of the
British Isles and near continent. Vari-

THE EARTH/IONOSPHERE DUCT

The Earth is surrounded by the
ionosphere, which is a conducting gas-
eous shell with an insulating gap of
50-100km, as ELF waves are concerned.
Radio waves used for communication
purposes penetrate the various ionized
layers up to a few hundred kilometres alti-
tude. Their wavelength is very small com-
pared to the ionospheric gap and it is
usual to consider them as rays which are
refilected back to Earth from the
ionosphere.

At ELF, the ionosphere gap may be
comparable to or less than a wavelength;
a gap of 75km is a half wavelength for
2kHz. Thus, ELF waves generated
between the Earth and ionosphere propa-
gate round the Earth trapped in a two-
plate waveguide or duct.

For the frequencies employed here
(0.9-1.3kHz) the waveguide exhibits cut-
off at all times to horizontally polarized
energy, which therefore does not propa-
gate to any significant extent. Vertically
polarized waves (whose electric fields ter-
minate on the Earth and ionosphere) are
not subject to cutoff and propagate radi-
ally from the source.

The attenuation for waves longer than
cutoff depends almost entirely on the ratio
of the cutoff wavelength to the actual
wavelength and is substantially indepen-
dent of the shape of the guide and of the
guide wall conductivity. Hence, one may
calculate the attenuation for horizontally
polarized waves.

ous programmable overlays are avail-
able. Those shown here contain some
details of the overhead electricity dis-
tribution system. Pan and zoom are
provided, allowing the vertical scale of
the map to represent from 1600km
down to 100km.

A colour printer gives hard copy of
the screen display. Flash data may be
stored for months in the VDU and can
be replayed as desired.

Remote displays are served by BT
data lines, the flashes appearing on the
screen within seconds of their occur-
rence. The photographs in Fig. 4are of a
VDU screen showing a replay of light-
ning activity on 18 October 1988. H
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PROCESSING

Ithough microprocessors
have been around for about
fifteen years (since Intel
{ developed their 4004), sin-
gle-chip DSP devices are a
more recent development. The reason
18 simply the performance required: if a
4004 was slow it didn’t matter—an
adding machine or a teletype doesn't
need to be fast. But DSPs are used in
real-time applications. which can't
"hang on just a second”: a chip with a
cycle time of 10ms is of little use in an
adaptive modem needing a fresh result
every 100pus.
A DSP chip is used where real-time
[ (or mear real-time) performance is
needed. Off-line systems can use any
form of processor that is convenient.
but an expensive DSP chip will only be
considered for applications where fast
response time is required. Early devices

were slow and expensive and were used
in a relatively limited number of applic-
ations. such as seismic analysis. Tele-
communications was the next area of
use: as processing speeds increased.
chips were usable with the 3kHz band-
width telephone system for applications
like modems and echo-cancelling cir-
cuits.

Intel introduced the 2920 in the late
1970s and this is sometimes mentioned
as the first DSP chip. However. it was
very slow. calculating multiply oper-
ations in software. and was never
especially popular. In 1980 NEC
released their wPD7720. which made
the 2920 obsolete—Intel scrapped it and
withdrew totally from the DSP market.
With a dedicated hardware multiply/ac-
cumulator. the nPD7720 can legit-
imately claim to be the first single-chip
DSP device and all subsequent devices

Who's who In
DSP?

Jon Mosely examines popular digital
signal-processing chips and their capabilities.
They are no longer slow and expensive, but
can be used in almost any application where
speed is called for.

have drawn from its design. It was soon
followed by others. most notably the
Texas Instruments TMS32010in 1983, a
stalwart chip that is still popular.

Device speeds and power have
increased dramatically with each gener-
ation of processors, and DSP-based
devices can now be used in a range of
applications that includes graphics. con-
trol and scientific number-crunching.
The new wave of devices is more power-
ful and easier to use than ever
before—if you're designing a system for
almost any fast application then these
chips are well worth considering. A
DSP board can be more useful than a
fast. conventional processor/co-pro-
cessor pair.

There is a huge number of chips pro-
duced by many manufacturers. but here
is a very brief resumé, giving some fig-
ures (which are impartial. I hope) and
some comments (which are not!). Fig-
ure 1 shows how the price and power of
common DSP chips have progressed.

Texas Instruments
It is impossible to discuss DSP without
talking about T1: they practically inven-
ted the subject and have made it their
own. Since its introduction with the
32010 in 1983, the TMS320 family of
single-chip DSP devices has grown to 18

different members in three generations. .

Some are standard parts. some are
optimised for particular specialist
applications—and some are simply
obsolete!

Like its contemporary. the 8088, TI's |

first DSP chip set a standard. Newer
devices have to follow. even though this
sometimes forces the chip designersinto
design compromises to maintain com-

| \ = =
As technology advances, the price / DATA RAM PROGRAM ROM
Dedicated performance EPROM
DSP devices ratio improves 256x16 bits Lkx16 bits
i le Floating point L |
fl?te:_gloru DSP microprocessors - "
FFT chps eg TMS32030 : Py o cUIPRETSE | Fig. 2. Texas’s
. DSP 32 [16 bit barrel smft | [ Timer 0 TMS32014
96000 | 32bit ALY Timer 1 : H
32 bit ACC Watchdog running at
W Integer DSP [ 32bit multiply ot 1/0 | 25MHz:, contains
z2 MICrOProcessors |2 Aux registers Serial port thepenpherals
: s s | neededbya
& . [spssono R iR microcontroller
o . ADSP2100 generation | interface while providing
TMS 32025 L PWM D/A the capabilities of
™S 32010 aDSP chip.
Fig. 1. Relative prices and performance of some
PRICE common DSP chips.
|
]
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[ patibility. The family's instruction set is

now outdated. idiosyncratic and notori-
ously unfriendly, but it lives on. For
example, branching is slow, so engin-
eers try to avoid loops and write every-
thing out explicitly several times
(straight-line code). Consequently, pro-
grams cat memory.

More designers have chosen TI's DSP
family than any other. According to the
industry analysts Forward Concepts, Tl
has at least 63% of the DSP processor
market. However. they are not exciting
devices. If DSP chips were cars, then
the TMS range would be Ford Sierras:
worthy, reliable and popular they may
be. but there is nothing to make hearts
beat faster or turn heads in the street.

The Texas range has the important
attraction that it is a single family of
code-compatible parts. The early, sim-
ple parts such as the 32010 are well
suited for control applications and are
available very cheaply. There is a huge
range of options, including fixed and
floating-point versions, large and small
memory versions, telecoms devices.
controller-oriented chips and devices
intended for a number of other special-
ist applications.

32010 was the first successful DSP
chip and has been very widely used. but
the series is now essentially obsolete.
The exception to this is the 32014, a
spin-off part released last year and
intended for control applications. The

What makes a processor
into a DSP chip?

This is one of those tricky questions without a
definite answer.

DSP chips are simply processors that are
designed to execute a particular type of pro-
gram very efficiently. In general, the
algorithms are fairly simple; there is often a
fixed program that receives data, performs an
operation on it and outputs the transformed
data. It then grabs the next chunk of data and
performs the same operation ad nauseam.

Conventional devices generally examine
the data and decide what to with it; there is a
bias to conditional sections of code, with
alternatives and branches. DSP algorithms
are more single-minded: often there is only
one path, through which all data is passed. As
a result, DSP chips are almost risc-like in the
simplicity of their instruction sets, with very
few operations supported.

The distinction is not a clear cut one; some
high performance microprocessors can per-
form DSP tasks better than some of the
devices mentioned here and some people say
that some of the above devices are better
treated as fast microcontrollers, rather than
DSP chips. The older TI chips are now being
promoted for these applications: the docu-
mentation describes how they can be used in
control applications such as anti-fock braking
or engine management systems.

block diagram is shown in Fig. 2. The
idea is that the device has the spced and
numeric ability of a DSP chip, together
with the on-chip peripherals of a micro-
controller. It runs at 2SMHz, which TI
claims makes it the world’s fastest
micro-controller at 5 to 10 times faster
than conventional l6bit devices,
although 1 doubt that this is still true
with the release of the new risc-based
controllers. In addition to its standard
CPU core. the chip has five peripheral
blocks, including four timers (watch-
dog. baud rate generator and two gen-
eral-purpose blocks), 16 general-pur-
pose /O pins, a versatile serial channel
and an event manager for fast pulse cap-
ture and generation. It is intended for
use in embedded applications which
would benefit from sophisticated con-
trol algorithms, such as robotics. engine
management systems or fast servo-
motor control.

The 32020 range was released next,
with an enhanced set of 109 different
instructions. indexed addressing and
more on-chip memory: in many applic-
ations, these devices offer more than
twice the speed of a 32010 part. The
initial 32020 is now out-dated, but the
subsequent TMS32025 (Fig. 3) is the
staple product in the DSP world. While
significantly faster and more powerful
than its predecessors, it is pin and code
compatible with the 020 and its code is
upwardly compatible with the 010.

It is made in what is now a mature
1.8micron c-mos process. It is a 16bit
device. with a single, standard 32bit
multiplier and ALU. Internally. this
chip has a modified Harvard architec-
ture (separate buses and memory spaces
for program and data) with 544 bytes ot
on-chip data memory and 4X internal
program space; however, it doesn’t
extend these externally to its 128K
address range. sharing the busces. It has
24 instructions more than the 32020,
and an additional eight registers.

A weakness of the device is that it
does not have dedicated multiply
accumulate hardware in the processor.
This operation (a=bxc+d) is a funda-
menta) one in DSP technology and is
extremely important. For the 325 to
calculate this operation it needs to use
the separate multiplier and ALU, mulu-
plying in one cycle and adding in the
next (although pipelining can overlap
these two in repeated operations). It is
inetficient and slow.

For FFT applications. a DSP chip
needs some very versatile memory-
addressing modes: ideally the addres
generator should allow linear. modulo
and bit-reversed addressing. with off-

Data width and dynamic range.

Very early devices were all 8bit chips; now
most have a 16bit data width. in conventional
processing, the word size is primarly in-
creased to speed up the processing and
handle more data in a given time — the
increased precision is rarely required for any
fundamental reason. DSP is different; the
numbers that the chip is processing repre-
sent analogue signals in the real world. If they
are held to a low precision, then quantisation
errors will be introduced and the usefulness
of the DSP system will be severely com-
promised. An 8bit system has a dynamic
range of only 48dB, which is totally inade-
quate for any practical purposes.

For the majority of signal processing
applications a 16bit word length is more than
enough. This gives 96dB of dynamic range,
which is pushing the limits of attainable per-
formance from the analogue circuitry, even
with rounding and guantisation errors reduc-
ing this. Alithough few applications need more
than this, the 32bit fixed-point devices are
being mtroduced to meet the ever-growing
demand for processing power and increased
performance; these are the flagship compo-
nents of the industry. Very few users will
directly need the full 32bit resolution of these
devices (192dB) but this huge word width has
other advantages.

in particular, 16bit device users have to be
careful about rounding errors or numeric
overflow at intermediate stages of the calcu-
lation. Checking that this doesn’t happen and
scaling the values accordingly all takes valu-
able execution time. By increasing the word
size so dramatically, this intermediate scaling
and checking process becomes redundant
allowing even 16bit applications to benefit.
Motorola decided this was an extravagance,
their mass-market device is the 24-bit
DSP56000.

Floating-point devices have an essentially
infinite dynamic range. They are intended for
ditferent applications: primarily for scientific
number crunching, rather than traditional
DSP applications. While the numbers associ-
ated with, say, the stresses in a finite-element
mesh program will have “sensible” values at
intermediate times, the results of the calcu-
lations could be very much larger or smaller
than could be handled using a fixed-point
representation.

sets. The TMS32020 was notoriously
weak in this area; although it did have
an address ALU. this was limited to
modifying just one address register by
+1 or the contents of a register. 1t has
no modulo or bii-reverse capability: this

PROCESSING
|

lack of address-generation facilities sub- '
staptially limits its performance for |

FFTs. The 32025 had several improve-
ments, including bit-reversal facilities.

This has always been a weak point of T1 |

chips: the 023 is better. but the competi-
tors are better still!

TMS32030 is a 32bit tloating-point
device and is the latest chip to be
developed for the TMS320 familv. 1 am
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not entirely certain how substantial its
existence is—there are many rumours
as to availability. Itis a very fast device,
offering a 32bit floating-point multiply
in only 60ns, giving 33Mflops!.

A significant improvement over the

320201is that the 32030 has two powerful
address ALUs, which can operate inde-
pendently and also support DMA oper-
ations. However. the core of the
machine is still compatible with the rest
of the family. It is a modern chip, with
more than 700 000 transistors, which
give it twice the integration level of the
Intel 386 and allow it to take advantage
of the latest developments in silicon
design, such as cache storage (a 64-entry
instruction cache on-chip). Unfor-
tunately, its floating-point representa-
tion is unique to TI, so is incompatible
with any other devices.
Summary. Some nice chips; the 32025 is
the de facto industry standard, the
320C14 is an absolute natural for fast
control applications and the 32030 is set
to become the obvious power processor
of the 1990s. They are very popular,
with standard software and good sup-
port. On the down side, they are not as
fast as they might be, they have a nasty
instruction set. and use memory like it’s
going out of fashion.

Analog Devices

This company is most famous for its pre-
cision analogue components; op-amps
and the like. With a tradition of man-
ufacturing A-to-D and D-to-A convert-
ers, it obviously seemed logical to join
the two by developing a DSP chip,
which they have done in the AD2100
series, which is a straight-forward 16bit
integer-only processor. It is based on
Harvard architecture. with all buses
extended off-chip, as shown in Fig. 4.

The 2100 has two parallel 16bit arith-
metic units; the ALU and the multi-
ply/accumulator. They have similar
structures, with four registers arranged
in pairs (AX0, AX1.AY0, AY1), oper-
ations using a register from each bank at
the same time as transfers to or from the
other pair. As a result, up to three
op-codes can execute in parallel:

AR = AX0+ AY],
AX1=DM(10,M0),
AY0 =DM(I1.M1)
which adds two registers and loads two
more from data memory (DM). Simul-
taneously the multiply/accumulator
could be executing an instruction using
its own internal registers:
MR = MR+MX0*MY1
MX1 = DM(10.M0).

Program bus

. 3
Data bus %16 %
/ _}
=
16 {16 16 16
Scaling TR(16) MUX
[ i e— shifter jo——— ()
Multiplier J6 J
SFEL(0-16)
PR {32}
<32 32
SX J SFR{6) 32 S FL{14) 0
732 32
MUX
I 32 i P ks
| MUX
|
32
[ . 32
| |
| A B
ALU(32)
SXor0 -
k7]
c I-——-r accH 16) | AcCL (16) 0
£16
32
SFL (0-T7) SFL{0—T) 0
16 16 16 %
| - .

Bata bus

Fig.3. TMS32025 arithmetic section. Well established, but suffering from lack of a
multiplylaccumulator (MAC) and inelegant architecture.

MY0 = DM(I1,M1)

This will perform to indexed data trans-
fers and a 16bit multiply-and-accumu-
late operation in a single 80ns clock
cycle. Typically, the ALU will be used
for incrementing and loop control,
while the MAC executes a DSP func-
tion—an FFT, for example. The loop-
ing is tested and implemented without
inflicting an overhead on the maths
functions—very neat.

This type of fast processing and con-
current operation is at the heart of DSP;
doing these things, and doing them fast,
is what makes a processor into a DSP
processor.

2100 is most interesting because of its
use in an unusual application: Atar, are
using it as the heart of their latest arcade

machine  “Hard  Drivin’”,which
attempts to simulate driving a racing-
car. I have never driven a racing car, so |
don’t know how accurate it is. but it
seems realistic and is certainly good fun!
The AD2100 is used as fast number
cruncher to handle the 3D trigonometry
involved in the simulation and polygon
transforms for the display. 1tis used as a
co-processor with a 68000, while a Tl
graphics chip handles the screen; a
novel use for a chip. but one that works
very well.

Summary. This is a chip from a com-
pany which understands the other end
of the signal processing-tield; a nimble
and well designed chip. with a clear
instruction set. Unfortunately. it is star-
ting to look a bit long in the tooth and
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Fig. 4. Analog Devices ADSP2100 has dedicated MAC and straightforward arithmetic

.section.

perhaps somewhat out-dated. As you
would expect from Analogue. the docu-
mentation and application support is
superb.

Motorola

This company has entered the DSP
arena late, evidently preferring to bide
its time and wait until the market has
matured and designs settled down. This
has given it the enviable luxury of taking
its time and designing a device from
scratch, rather than being constrained
by the need to remain compatible with
an old architecture—an advantage it has
exploited to the full. These chips also
benefit from being the newest on the
market; they are big devices and consid-
erably more modern and more powerful
than their competitors. There are two
processor ranges: the DSP56000 is a
well designed 24bit integer device,
which is becoming increasingly popular,
while the 96000 is a 32bit floating-point
chip to be released in early 1990.

DSP56000 is a very nice device. Itisa
24bit fixed-point device, with an
unusual architecture which is very well
suited to the needs of DSP applications.
Conventional micro-processors have a
von Neumann architecture, with a sin-
gle memory space accessed by an
address bus and a data bus, which is
shared between data and code. A pure
Harvard architecture has four buses to
separate memory spaces entirely; one
contains the program code, while the
other is used exclusively for data. The
attraction of this is that program reads
can happen at the same time as data
memory accesses, making things much
more cfficicnt. It is used in several DSP

devices and risc processors.

56000 extends this idea by having a
program memory and two separate data
memory spaces. This is very well suited
to DSP apglications; the two can carry
the real and imaginary parts of a com-
plex number. X and Y coordinates for a
graphics system or the data and coeffi-
cients of a digital filter implementation.
A classical approach would require two
cycles to fetch these data pairs, with
consequent delays. The 56000 can
access both simultaneously, while also
reading an instruction from the code
space. This is shown in Figure 5. Whilst
this is the case for internal memory,
pinout limitations have imposed an un-
fortunate compromise: there are three
external memory spaces (code, X and
Y) but one bus pair (address and data),

Fig. 5. Motorola DSP56000 bus structure, which has program memory and separate
data memory spaces; data pairs such as XY or Re/lm can be fetched at once.

which is multiplexed. Consequently,
internal data can be accessed with maxi-
mum concurrency, but external data
needs two accesses.

The chip is also unique in having a
24bit data width. As applications
become more demanding. the limita-
tions of 16bit calculation become
apparent, as has been seen in the con-
ventional microprocessor market.
However, for most DSP applications,
32bits could be regarded as overkill. [t
simply s not possible to measure or gen-
erate a real signal to that precision;
when did you last see an analogue cir-
cuit that had a 192dB dynamic range?.
Motorola decided to compromise and
produce a 24bit device, argueing that
this provides most users with the power
they need while keeping the costs down.

Interestingly, the chip has two ALUs;
both of them 56 bits wide: conven-
tionally, a 24bit chip would have a 48bit-
wide multiply/accumulator unit. The
attraction of the 56000 is that it allows
for an additional 8 bits of word growth
during calculations. This increases the
chip's dynamic range to 336dB; reduc-
ing the need for scaling and cutting the
risks of overflow.

This chip is very widely used in audio
applications. Indeed, it is often cited as
the de facto standard. At a recent AES
conference there were 24 papers on
DSP; all but one of them described
work using the 56000. Motorola has a
lovely demonstration using the chip as a
digital stereo ten-band graphic equal-
iser. The DSP board takes the digital
output directly from a CD player and
implements the twenty filters on the
44.1kHz data stream, before passing it
to a converter and then to a power
amplifier.

16 y Address bus
% x Address bus
Address 16 Progeas. oddress s
generation I MUX |————— Extornal
1
Bootstrap Program | x y
ROM RAM ] ®AM RAM
3224 §12x26 I 56x246 256u24
Look up table Look up table
On chig u/A low Sine
peripherals ROM ROM
P°0. SSi £56=26 25626
etc
] y Data bus 24
internal by t
transfer ri0atalbus 2o
and it Program data L2 MUX po—————me External
man ipulation deta bus
Giobal data bus 2
ALU
26x24256 256 bt MAC

Two 56 bit accumulators
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Big brother of the 56000 is the 96000,
which is due for full release early this
year. It is a phenomenally powerful
chip, offering 32bit floating-point oper-
ations that are forecast to run at
40Mfiops peak speed.

As with its sibling chip,the 96000 has
a double Harvard bus structure, with
one code memory space and two sepa-
rate data memories. However, this chip
remedies the failing by having two gen-
uine external 1/O ports, allowing simul-
taneous access to both data spaces.
Both of these ports have a full 32bit data
bus, a 32bit address bus (allowing
4Gword addressing) and DMA
capability. The obvious application for
this is to access complex numbers in one
go, but it has uses in, for example,
graphics applications: reading from a
frame store and writing transformed
image data to local memory.

Its ALU follows the standard repre-
sentation for floating-point numbers
(IEEE 754-1985) which makes it easy to
use the chip as a very powerful co-pro-
cessor for standard devices such as the
68040. The ALU is actually 96 bits wide
(Motorola, rather cheekily, claim that
this makes it a 96bit chip).

Finally, the device supports one other
neat feature: included on chip is a circuit
emulator, which is an enhanced version
of the Joint Test Action Group standard
test circuit. Not only does this allow
testing of the 96000, but it also allows
hardware engineers full control of all
parts of the processor, enabling them to
exercise and check any other circuit in
the system.

One of the major strengths of these
chips is their family background;
Motorola has exploited its presence in
the processor market to develop and
support them. The instruction sets are
compatible, and both draw heavily on
that of the 680x0 family, with the same
elegance and very similar op-codes.
This commonality gives users the
benefit of familiarity and good develop-
ment tools, since it is comparatively
easy for Motorola to adapt their existing
systems.

Summary. The 56000 is a fast, elegant
and useful 24bit chip that is deservedly
becoming very popular, particularly in
digital audio applications. The 96000 is
due to be released early this year. These
are powerful devices; they are more
modern than the competition and it
shows. Finally, they are produced by
one of the largest and most professional
processor companies in the world—and
that shows, too.

AT&T

Best known for its telecomms strength
and for having invented C, AT&T also
has a set of DSP chips. These were orig-
inally developed for their in-house use
and accordingly have a very strong pro-
duction base. Because of their back-
ground, they are widely used in high-
speed modems, data comms links, tele-
phone exchanges and other communi-
cations applications.

AT&T first released its WE DSP16
processor several years ago. This has
now effectively been replaced by the
WE DSP16A; a faster device with some
extra features. It is a fast, modern pro-
cessor which uses a 16bit fixed-point
architecture with two 36bit accumu-
lators. In a similar way to the Motorola
parts, this allows for word growth dur-
ing operations, increasing the chip’s
dynamic range. It is an amazingly
speedy chip, with an instruction time of
only 33ns.

On chip there is 2K of fast data ram
and 4K of program space; enough for
most DSP applications, which need high
speed and data rate, rather than size. If
more is required, both rom or ram can
be expanded externally up to 64K bytes.

As well as its obvious territory for
telecoms usage, the DSP16 is well suited
to control applications, with some very
flexible I/O. It has five interrupt
sources, which can be masked for dif-
ferent applications. It also has a fast
serial port  (synchronous or
asynchronous) which is used to access
serial peripherals, such as telecomm
CODECG:s or the bit stream from a CD
player, or as a link for multi-processor

systems. Finally there is a 16bit parallel
I/O port accessing peripherals, with a
data rate of up to 30Mbyte/s.

AT & T also has a pair of powerful
32bit floating-point chips: originally
they released the WE DSP32, which has
now been replaced by the DSP32C.
Convention would suggest that a C suf-
fix merely meant the same device but
fabricated in a c-mos process, but the
32C is essentially a new design,
upwardly compatible with the plain 32;
it has an enhanced instruction set, runs
twice as fast and has a different pin-out.

The DSP32C has the major attraction
that it is the only one of the new genera-
tion of 32bit devices that actually exists!
The 32030 is nominally available and
the 96000 won’t be released until Spring
this year. It is a good workhorse of a
device which runs at 25Mflops sus-
tained.

It has two parallel arithmetic units.
There is a core, which runs 16bit or 24bit
integer operations, used for fast
processing or address calculations.
There is also the powerful floating-point
unit, which has a 24bit mantissa and 8bit
exponent. The chip does support the
IEEE-754 standard floating-point rep-
resentation. Internally, there are two
banks of data ram, each 512 words long.
There is also 512 words of code store
which can be ram or rom. If this isn’t
enough, the external memory can
address up to 16Mbyte.

Both of the DSP 16 and 32 have a very
nice instruction set—clean and elegant
and highly reminiscent of C. They are
well supported with development tools.

Summary. Two modern and powerful
chips from one of the world’s largest

T Analog AT&T NEC Motorola
Devices
) 32025 2100A DSP16A 77C25 56000

cycle time (ns) 100 80 33 122 74
dataword size 16 16 16 16 24
prol?n_im wordsize 16 24 16 24 24
ALU size 32 16 36 3 56
ALU registers 1x32 2x40 2x36 2x16 2x56
address registers 8 24 6 2 24
max. external memory 128K 48K 64K none 192K
on-chip ram (words) 544 none 2048 256 2 256
on-chip peripherals 1 serial none 1 serial 1 serial 1 serial
X 1 parallel 1 parallel 1 garallel
interrupt sources 7 4 6 1 1
pins 68 100 84 28 88
process 1.8pc-mos  1pc-mos 0 aw:—mos 7uc-mos 1 .2w:-mos
power consumption 1.4 0.8W 0.4 0.12wW 0.6

32025 AD2100A DSP16A 77C25 56000
1024 complex point 9.1 4.2 25 40.9 2.4
FFT (milliseconds)
codesizeforabove 23636 words 3161 words 2804 words
IIR biquad filter 1000 560 125 1098 296
{nanoseconds)
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electronics companies. The DSPI6A is
a very fast 16bit integer chip that is well
suited to DSP or control applications,
the newest device the DSP32C, a
powerful 32bit floating-point chip.

NEC

When NEC launched its 77C20 back in
1980, it was legitimately claimed to be
the first genuine DSP chip. It possessed
a dedicated hardware multiplier and its
architecture was optimised for passing
data rapidly through the processor. It
used a Harvard-style bus structure,
which separates the instruction and data
paths and allows two fetches to occur
simultaneously. In addition, there were
several pipelines and different process-
ing units could operate concurrently;
conventional now, but umque in 1980,
when its speed was quite striking.

The 77C20 has now been replaced by
the 77C28,; a faster, slightly more com-
plex device which uses the same archi-
tecture. Both devices are intended for
embedded application, in which the
processor is configured as a slave device
with a very restricted interface to the

or prom. Both have three internal me-
mory spaces: program rom, data rom
and data rom of 256 16bit words.

Intriguingly, the instruction rom is
23bit wide. In much the same way as risc
devices, the layout of each instruction is
rigidly defined with a fixed structure; all
instructions are one word long and all
execute in a single cycle. Code memory
is 2048 words long. The data rom is used
to hold fixed coefficients or a look-up
table for a program. In the C20, this was
512 13bit words, but has expanded to
1024 words of 16bits in the newer
device.

The C25 cannot address external me-
mory. While this is not often significant
for code space (very few DSP programs
are longer than 2K), it is a major limita-
tion on the number of data points that
can be processed.

Summary. These devices are showing
their age. Their design (slave-only
mode, no external memory space) sug-
gests that they were developed for a
particular in-house application, perhaps
in telecomms or control, before being

AT&T’s newest 32bit DSP chip, the
SOMHz DSP32C, calculates at 25 million
floating-point operations a second, can
evaluate a single-tap, finite-impulse-
respense filter in 80ns and perform a
complex 1024-point FFT in3.2ms.

Tke picture is of the Burr-Brown
ZPB34, a 32bit floating-point DSP board
for PCs, which uses the DSP32C chip. It
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MONITORS
MONOCHROME MONITORS
THIS MONTH'S SPECIALI
There has never been a deal like this onel
Brand spanking new & boxed monitors
trom NEC, normally selling at about £140}
These are over-engineered for ultra
refiability. 9” green screen composite lnput
1 with etched non-glare screen plus switch-
able highNow impedance Input and output
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high cortrast screen and attractive case with
carrying ledge. Perfect as a maln or backup monitor and for
quarttty usersi £39.95 each (0) or 5 for £185(G)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

- THE ORIGINAL SURPLUS WONDERLAND!

FLOPPY DISK DRIVES

BARGAINS GALORE !
NEW 5% Inch from £29.951

Massive purchases of standard 54" drives enables us to
present prime product at industry beating low pricesi All units
(uniess stated) are removed from often brand new equipment

and are fully tested,aligned and shi

to you with a 90 day
guarantee and operate from 45 & +

vdc, are of standard size

and accept the standard 34 way connector.

SHUGAHT SA405. BRAND N £29.95(B]
TANDON TM100-2A IBM compatible DS £39.95(B
TANDON TM1014 80 Track DS £49.95(B!
CANON,TEC etc.DS half height.State 40 or 80T £75.00(B

TEAC FD-55-F .40-80 DS half height. BRAND NEW £99.00(B!
314 INCH BRAND NEW AT £19.951!

ANALOG to DIGITAL and DIGITAL to
ANALOG CONVERTERS

Brand new and boxed Amdek
ADA-200 analog to digital and
digital to analog converter pack-
ed tull of features: interfaces to
most popular PC's; 2 channel k
Input & output by software selec-

tion; Integral Input/output fiters and address decoder; input
pre-amp; overevel detecter, trigger signal detecter drcuit;
expansion availabliity and more. Input level 25mv to 50v p-p.
Max. sampling frequency ts 44khz and Input galn vadable to
200 $mes. Deslgned for use with almost any personal com-
puter, allowing conversion of analog signals to digital data for

Zenith ZVM-1240-EA brand new & boxed 12" amber flat screen Never before seen price for a 312" drive. Standard size believed
with optlonal swivel and tiit base. Surflex filter with dark tint. :0 gysCano'n. Brargd&mv:zavr; ;::;:(as‘ge:d $|m condition! 40
Standard TTL PC compatible. 18 mhz bandwidth. Very attractive '3 | e A S andard power connec-
*State of the art” tapered grey case. Standard 9 pin D plug tor....Only....... £19.85 or 2 for £34.50(B)

processing by the computer plus conversion back to analog
signals. The 26 page manual supplied includes data on the
corract connection to vardous CPU's including the 8080, Z2-80,
6800, 6502 and 6809 famllies plus data and schematics for user

{suppiied) on 1 metre cord and malns cord terminated with IEC
connector. 240 volts complete with operations manual. An ab-
solute gift at: £50 (A) 10/£500 (G). Swivel/tilt base £4.95.

Very high resolution, tully cased 14° green or amber screen
monitor with non-glare screen and swivel/tiit base. The very
latest technology at the very lowest price! Fully compatible and
plug compatible with all IBM PCs and clones fitted with a high
res Hercules or equivalent card! Enables superb graphics and
resolution, all at a give away price. Has many extra features
including aux +5& 12v DC outputs to power atleast 2 disk drives,
it your PC power supply Is getting hotl Supplied BRAND NEW
and boxed. State whether amber or green screen required.
Amber £79 Green ...c....-. !Eb

Wang green screen 12° chassls monitor with composite video
Input. Adjustable for tilt. Requires 12 vdc. Brand new and boxed
In perfect condition. Only £30 each or 2 for £75 (F)
Motoroia M1000-100 5° black 8 white compact chassis measur-
Ing only 11.6H x 12w x 22D. Igeal for CCYV or cor“auler
applications. Accepts standard composlte or individual H & V
syncs. Needs 12vdc at oniy 0.8a. Some units may have minor
screen blemishes. Fully tested with 30 day guarantee and full
data. £29.00(C)
Fully cased as above In attractive moulded desk standln$

swivel. Dim 12 x 14.5 x 26cm. £30.00(C
JVC 751 ultra compact chassis monitor for 12vdc 0.7a. Dim 1
x 14 x 18cm. Simple DfY data included to convert to composite
video input .Full data. BRAND NEW £65.00(B)
20" Bleck & white monltors by Aztek, Cotron & National. All
solid state, fully cased monitors Ideal for all ?pes of AV or CCTV
appllcations. Standard col site video {nputs with Imtegral
audio amp and speaker. Soid in good used condition - tuily tested
with 90 day guararmee.

COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a Pil ube,
beautiful teak style case and guaranteed 80 column resolution,
features usually seen oniy on colour monitors costing 3 times
our pricel Ready to connect to most computers or video outputs.
7542 composite input with Imtegral audlo amp & speaker. Fully
tested surplus, sold in littie or hardly used condition with 30 day
full RTB guarantee. ldeal for use with video recorder or our
Telebox ST, and other audio visual uses. £99(E) G)

HI-DEFNITION COLOUR MONITORS

Brand new Centronic 14° monitor for IBM PC and compatibles

Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz

90 day guaramee. Only £149 (E)
20",22" and 26" AV SPECIALS

Superbly made UK manufacture. PiL all solid state colour

monitors, complete with composite video & soundinputs. Attrac-

tive teak style case. Perlact for Schools,Shops,Disco, Clubs.

7y x257 %18 £3.95 each or 3 for £10 (A
IBM KEYBOARD DEALS

turers surplus. What a deall
at a lower than ever price| Completely CGA equivalent. Hi-res Brand new and boxed 84 key PC-AT keyboards In standard 1BM

CHOOSE YOUR 8 INCH!
Shugart 800/801 SS refurbished & tested £125.00(
Shugart 851 double sided returbished & lested £165.00(E
Mitsubishi M2804-63 double sided switchable
hard or soft sectors- BRAND NEW

SPECIAL OFFERSIHt

Duali 8" drives with 2 megabyte capadty housedin a smart case
with bullt In power supplyl fo)

ideal as exterior drives| Wiy RSN )

End of line purchase ! Brand new NEC D2246 8° 85
megabyte of hard disk storagel Full CPU control and Industry
standard SMD Interface. Ultra b speed transter and acoess ime
leaves the good old ST506 Interface standing. In mint condition
and.comas complete with manual. Only.......................E399(E)

MAINS SUPPRESSORS & FILTERS

The "Ritan® from Crotan Is a British made high current malns
splke suppressor and RF fliter in one, capable of handling up
to 10 ampsl The attractive case has anintegral 13 amp sacket
tor your equipment plug and a flying lead terminates in a quallty
plug {to BS 1363A standard) to go to the mains socket. There
Is anintemal fuse plus one In the plug. Two LED Indicators, one
forpower on and the other lights If the Internal tuse falls. Dims:6°
x 3" x 2°. Brand new. Distributor’s price - £65.001 Continental
;;:3 version Flit-C. Either only £15.95 eech or 2 for £29.95 (B)

ing-Lee type 12127 malns RFI fliters rated at 250 voits 3
amps maximum. Comes compiete with a built in mains cable
(English coding}, and a three pin minlature non-reversible sock-
et and a mating plug, to go to the equipment. ideal for those
who are bugged by RF interference. Very compact. Dims 3-1/8"

£250.00(E)

A replacement or backup keyboard, switchable for 1BM PC,
PC-XT or PC-AT.LED's for Caps,Scroll & Num Locks. Standard
84 keyboard laycut. Made by NCR for the English & US markats.
Absolutely standard. Brand new & boxed with manual and key
template for user slogans on the tunction keys. Attractive
belge.grey and cream finish, with the usual retractable legs
ungemeath. A generous leng!:z of curly cord, terminating In the
standard 5 pin DIN piug. A beautitul clean &(;ce of manufac-

(B) 54225 (D)

grey with very attractive mottled finish and “dicky" solid feel

bandwidth. A super monitor in attractive style moulded case.Full keys. 10 function keys on side. Englishiayout and £ sign. Greaen
LEDs for Caps, Scroil & Num locks.

£29.95 (B) 5£135 (D)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

RECHARGEABLE BATTERIES

modification of VO filter cut-ot frequencles. Complete wilh 50
way ribbon cable and edge connectorto go to the computer and
power cable. All for a fractlon of the regular pricel  £48.95 (C)

POWER SUPPLIES

All PSUs 220-240vac input and are BRAND NEW unless
stated. Many types ranging from 3v to 10kv always in stock.
Fine OP-8619 20 watts switch mode. +5v @ 2a. +12v @ 1a,
12v@ 0.1a. 5" x 3" x 1-1/2". £15.95(8)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v@0.1a.6-1/4" x 4" x 1-V4". £19.95(8)
Greendale 19ABOE 60 watts swilch mode.+5v @ 6a112v @
1a,415v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode. +5v
@ 15a,-5v@ 1a.212v @ 6a.27 x 12.5x 6.5cms £49.95(C)
Boshert 13080. Switch mode.Ideal for drives & system. +5v@
6a, +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(8)
Famell G&/40A. Switch mode. 5v @ 40a.Encased £95.00(C)
Famell G24/58. As above but 24v @ 5a. £65.00(C)

COOLING FANS

Please specify 110 or 240 volts for AC tans.

3 Inch AC. 112" thick £ 8.50(B)
I2inch  AC ETRI siimline.Only 1” thick. £ 9.95(B)
4inch AC 110/240v 112" thick. £10.95(B)
4inch AC 112° thick £ 9.95(B)
10 inch Round.3 12 thick. Rotron 110v £10.95(B
62 mm DC 1° thick.N0.812 for 6/12v.814 24v. E£15.95(A
92 mm DC 12v. 18 mm thick. £14.95(A)
4inch DC 12v. 12w 112" thick £12.50(B)
4inch DC 24v 8w. 1° thick. £14.50(B)

THE AMAZING TELEBOX!

Converts your colour monitor into a
. QUAUTY COLOUR TVIL

TVSOUND |
s | & VIDEO
— TUNER!

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
system, Unit simply connects to your TV aenal socket and colour

deo monitorturning same Into a fabulous colour TV. Dont worry
If your monitor does'nt have sound, the TELEBOX even has an
imegral audio amp for driving a speaker plus an auxillary output
for Headphones or HI FI system etc. Many other features: LED
Status Indicator, Smart moulded case, Mains powered, Buill to
BS satety specs. Many other uses for TV sound or video etc.
Supplied BRAND NEW with fuil 1 year guarantee.

Telebox ST for composite video input monitors.........£29.95(B)

LEAD ACID Telebox STL as ST but with Imtegral speaker.. £34.95(B)
In EXCELLENT little used condition with tull 90 day guarames. iy ance tres sealed long Itfe. Type A300. Telebox RG for analogue RGE monitors £65.95(8)
£170 26"....£185 (A  y2v0its 12 voits 3 amphours E13.95(A) OT sultable for I[EM or Clone type co oS
STE MS 6 volts 6 volts3 amp/hours £ 0.95(A) PAL overseas version please call. SECAM not available.
SY 12 volts Centre tapped 1.8 amp hours. RFE. £ 5.95§A) BRAND NEW pRlNTERS
TATUNG PC2000. Big brother of the famous Elnsteln. The 12 volts 12 volts 24 amp hours. A200. RFE.  £29.00(B)

son MX-80 F/T One of the most popular printers around!

-directional printing with full logic seeking. 9 x 9 dot matrix for

anlarged,boid,condensed etc. Standard paraliel interface. Brand

label removed from front. Handies tractor,tantold and Individual
aper. OK with IBM PC and most others. A tremendous buyl
ORAUMTED TIME ONLY

TPC2000 Professional 3 plece system con?ﬂses: Quality high
resolution Green 12° monitor. Sculptured 92 key keyboard and

\nth unit contalning Z80A CPU and all control clrcults. PLUS 2
megral TEAC 5.22%0 track double sided disk drives. Generous
other features indude dual 8° IBM format disk drive support.
Seral and paraliel outputs, full expansion port, 64K ram and

NICKEL CADMIUM
Quality 12v 4ah osll pack. Originally made for the Technicololos
video company. Comtalns 10 GE top quallty D nicad cells in a
smart robust case with a DC output connector. Ideal for portable
equipment. Brand new. 9.95(B)
Ex-equipment NICAD cells by GE. Remowved from equipment

DED DPG21 miniature bail point pen p
ready 1o run software. Suppiled complete with CPM, Wgcr'dztar and in good, used condition: D size 4ah 4 for £5(B) with tull 40 characters per line. Complete with data sheet which
and Basic. Brand new and covered by our famous a( F size 7ah 6 tor £8(B) Includes drcult diagrams for simple driver electronics......£49(B

guarartee and backup. Normal
Our

rice of this unit s over £1400
price .... on -.£299 (E)

)
Contronics 150 secies. Always known for their rellabiity In
continuous use - real workhorses In any environment. Fast 150
cps with 4 fonts and choioce of Interfaces.

SPECIAL INTEREST

Hitachi 10 pen A3 plotter - HPGL - New

g R e T Trio 0-18 vdc bench PSU. 30 anpgiNew " €470 150-SN upto 9.5" paper......... £155.00(E)
. 4 r° DEC VAX11/750Inc. 2 Meg Ram and full documentation, in 150-SW up to 14.5° | ST ...£199.00(
Master Systems 2/12 micr controlled V22 full duplex brand new condition! 9 £3900 city wﬁe her serial or parallel required. €)

1200 baud modem - we can now bring them to you at h-lr:dlncl
advertised price! Fully BT approved unit, provides standard

V22 high speed data comm, which at 120 c?s can save your “msl::'b”gc ;goh;\&g:r;:ﬁ

phone bilt and connect ime by a staggering 75%! Ultra slim 45 Keer RA200 audio real time freq.res.analyser.
mm high. Full featured with LED status Indtcators and remote yq Electronics 1033 Teletext Bridge

error dlagnostics. Sync of Async use, speach or data swiching: yeysronice R140 NTSC TV test signal standard.

built in 240v malns supply and 2 wire connection to BT. Units Sony KTX 1000 Videotex system - brand new

are In used but good condition. Fully tested prior despatch, with DEC LS11/02 CPU board

data and a full 90 day guaraniee. What more can you ask for - 4 n1g 2020 VDU terminals - brand new

Calcomp 1036 large drum 3 pen plotter CALL FOR THE MANY OTHERS IN STOCK

INCLUDING DAISY WHEELS.

Visit our Shop - Technicai help always on hand
plus many un-advertised specials. You can buy a
colour television for as litde as £29! Come and
join the gang at 215 Whitehorse Lane!

CALL Now!

L © The Origln
C R e IR IR L onoen s orrices ¥ s orvargans! ] Froa diakup databasel | es s rooror s A4
i l ”‘: ;:‘ §"'§ ’;‘ Dept WW, 32 Biggin Way,
®ose sose Upper Norwood,
Lopdtn BET9:3XP: London, SE25 . 200/1200 bd 081-679-876 Telox- 894502
Al prices for UK Mainland. UK customers add 15% VAT to TOTAL order amourt. Mirimurm order £10. PO orders from Govermment. Universities. Schools  Local Authorities |

and at this pricell ONLY £69 (D)
Open Mon-Sat9-5.30  [1000's of llemssinto On Line}] 081-679-4414
215 Whitehorse Lane, 300 bd 081-679-1888,
welcome-minimum accourd order £25. Carriage charges (A)=£2.00. (B)=C4.50. (C}=£8.50. (D)=£10.00. (E}=£12.00 (F}=£17.00 (G)=Call . Al goods supplied subject to our |
standard Conditons of Sake and unles s otherwiss stated guararteed for 90 days. All guarartess on a retum to base basis We reserve the nght to changs prices 8 specricatons I

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE -
South Norwood, 1200/75 bd 081-679-6183, | Fax- 081-679-1927
| without prior nofice. Orders sccepted subject 10 stock Quotations willingly given for hegher quanties than those ctated. Bulk surplus ahways required for cash

J

CIRCLE ENQUIRY NO. 112 ON BACK PAGE
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_ APPLICATIONS

Wideband video buffers

new monolithic, closed-
toop. unity-gain  buffer
amplifier, the Siliconix

SiS81. features a bandwidth
of 450MHz. signal distor-
tion of —65dB at 20MIz and comple-
ments existing families ot D/CMOS
video switches and multiplexers.
Modern wideband switches and mul-
tiplexers require high-performance
impedance transformation to and from
a 50-ohm or 75-ohm environment with-
out significant transmission loss. To
drive coaxial cables or any reactive
load, the wideband butter may be used
alone or in combination with a suitable
wideband op-amp. Reactive loads
require a low-impedance source (less
than 50€2) to preserve the operating
bandwidth. Features and characteristics
of the new bufter are listed in Table |

Circuit description
The device is fabricated with a comple-
mentary bipolar process which provides
high-frequency n-p-n and p-n-p transis-
tors with gigahertz  transition
frequencies.

The input stage is a complementary
pair of differential transistors connected
in parallel to provide excellent symme-
try, overload recovery, and low noise.
At the input, the n-p-n and p-n-p tran-
sistors have slight mismatches that give
rise to the net bias current specification;
depending on the direction of the mi-
smatches, the bias cyrrent may flow into
or out of the input terminal. The sym-
metrical class AB output stage provides
current sourcing or sinking and relat-
ively constant output impedance during
load excursions.

Forward and reverse gain
An ideal butfer has exact untty gain
from input 10 output, irrespective of
load: the characteristic called forward
gain. An idea buffer also allows a vari-
ety of complex (RLC) loads to be driven
at the output without modifyving the
existing input conditions; this charac-

Fig. 1. Wideband 8X4 crosspoint using
DG338 multiplexers and Si5381 buffers.

Decoupling of Si581s should be same as
that for DGS38

teristic is called reverse gain and should
be zero. Because of the wideband
nature of the bufter. forward and
reverse gain are specified in S-para-
meters. which are reflection and trans-
mission coefficients used to describe a |
linear two-point network in the same
way as Y, Z. or h parameters. Short or
open circuits are misnomers in RF
circles: instead, the network s detined
in terms of incident and reflected wave-
forms. Wavetorms are easier 10 mea-
sure. and the results are more realistic, |

Table 1. Typical characteristics of the Si581 wideband buffer

amplifier (R =100Q)

Parameter Condition

DC output current
slew rate

R.=100 Q

+5 V supplies

—3dB bandwidth (MSBW) Vo=1 Vg,
--3dB bandwidth (LSBW) Vo=5 Vg,
voltage gain V=5 V,
output ofiset voltage V=5 Vyp
input bias current Vo=5 Vg,
dc output resistance Vo=5 Vo
power supply rejection Vo=5 V,,

Ny . —
= 750
820 ;
750 ] oGs3s § » —0 OUT,
[ |
z 47k0
==
IN, 750
820 DGS38 f— o OuT,
750
= 47k
= |
750
| DGS38 O OUT,
47k
]
] 70 |
b DGS33 o OuT,
Ny Si581 |
47k
50 v |
+15V
DGS38 PSU tkQ
Siss1 v
* Bcam
+70 mA + v,
800 V/us 10 uF B P = sV
450 MHz I I
90 MHz = = v 1N4148
0.97
2 mV =
+20 uA 3x 1N4148
2Q
50 dB
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APPLICATIONS

above 50 to 100MHz.

At 500mV signal levels. the buffer’s
forward gain S, is —0.2dB, +1° at
10IMHz. At the same frequency and
amplitude. the reverse gain is —60dB,
+145°,

Video switcher
Figure 1 shows one application for the
Sid81: a wideband crosspoint system for
a broadcast video studio switcher or a
financial data distribution system. The
8x4 wideband crosspoint is formed by

with their inputs connected in parallel.

Each input bus created by the cross-
point represents a considerably reactive
load to the input signals, which would
cause unacceptable signal degradation
if it were connected directly to the 75Q
inputsources. The input buffers provide
astable input termination. a low output
impedance to drive the input bus, and a
high output-to-input isolation. These
features enable the input conditions to

loading.

The output buffers provide a *high’
impedance to the multiplexer outputs,
which reduces the inevitable transmis-
sion loss if the foad resistor is 75Q . The

allows a single series resistor in cach
output to provide a reverse termination
of 75Q2. When correctly terminated, this
resistor causes a nominal —6dB loss at
the output. but also isolates anv load

four DGS38 S-channel multiplexers

remain independent of the multiplexer

low output impedance of the butfers

Table 2. Wideband 8x4 crosspoint using DG538 multiplexers

and Si581 buffers

~3 dB bandwidth

—0.3 dB bandwidth
phase shift to 100 MHz
differential gain
differential phase

145 MHz

50 MHz

0to —97°, linear slope
~0.03% EBU test signal
~0.03° EBU test signat

+5V

llF 750
Sis81  —AAA—O Vour
+1
750
—AN—0 Vour:
Sis81 ' VVVv—0 Vo1,
750
+1

11,0430

20

-5V

—AMV—0 Vours
750

SiS81 DECOUPLING AS PER FIGURE 1

Fig. 3. Multiple-output high- performance buffer

60

NS T

40 4 - :
Rg \ [RRE] [} i 1)1 l“
() T | TEST CIRCUIT T[] [1 |
30 |—— \ HH— i 1
20 —t— N - '
— ]
|
10 > -
10 100 1009

Cy (pF}

Fig. 2. Series isolating resistor and
Ciow selection

capacitance from the buffer output ter-
minal (load capacitance causes amphi-
tude peaking in the passband). The
series 8.2€ resistor at the input buffers
also isolates the switch reactance from
the bufter output. Measured perform-
ance of this system is shown in Table 2.

To prevent the 6dB toss at the output.,
a wideband amplifier, such as the Sis82,
configured for a gain of 2, may be used.

Pertormance depends significantly
upon high-frequency ground-plane
technigues, symmetrical lavout, and the
correct use of the series isolating resis-
tor. Where different capacitive loads
are encountered (e.g.. an 8X2 cross-
point employing two DGS38 multip.ex-

ers), the curve in Fig. 2 will assist in
selecting the correct isolating resistor.
As with all high-frequency work., resis-
tors should be non-inductive.
Inadesignsimilar to thatin Fig. 1. the
Si581 may be used with the DG54x
family of wideband switches to perform
IF and/or bandwidth switching in
numerous receiver applications.

Multiple-cable driver
Feeding several cables from one high-
impedance wideband signal source is
the function of the circuit shown in Fig.
3. For optimum broadcast performance
<0.1% differential gain, <0.05° dif-
ferential phase (EBU) the buffer should
be restricted to driving two reverse-ter-
minated 75Q loads. This would give a
nominal 75Q total output loading.

The input stage is a compound source
follower. It uses a matched pair of
JFETs and equal value source resistors
1o reduce the input-to-output offset
from several volts without correction to
approximately 40mV. The output
impedance of the input stage s
/g + R, which drives the inputs of the
paralleled buffers: the total input-
to-output offset includes the buffers.
For low-impedance signal sources
(50Q. 75Q). the JFET stage is not
necessary. |

ﬁ
|
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Ry Band reject

1 .
D ™.
In —AA, ,-T—I—- . I
—gg— Out ’ { All pass
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- ] ! R AR
——AAA—4 i
| Bandin
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Voo SCR/Ry
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. ™~ l b
S, T\ + SR
A
- AN J
Digitally selectable filter types Ro

Digitally-programmable filter functions

2-High pass A recently developed multiplexer op-amp four digitallv-selectable filter functions,
the LM604 — can be configured to provide namely band-pass. high-pass. all-pass and

Vaour .)s’C"R:,' hand-reje_ct.
V., = K Four binarv values at inputs A and B each

select one of the four filter operations. In all
four cases both the cut-off frequency w, and
Q factor are given by these expressions,

we=1/R, C

and

Q: :Rz.lRl.

Supposing that C and R, are fixedat 0.1nF
and 100k} respectively, the circuit compris-
es only several external components twith a
value of either R, or R». These can easily be
chosen according to requirements, which
makes the configuration suitable for further
integration.

Kamil Kraus
Rokycany
Czechoslovakia

& Band reject

Vour_ 1—sCRi/Ry+s°C’RY
Vin K




GIRGUIT IDEAS

Sampling audio
mixer

This circuit uses a different approach to
mixing audio signals. Instead of taking
the usual continuous sum of all the
signals. it samples each signal at approx-
imately 40kHz in a sequential order.
The bonus of this is a better signal-to-
noise ratio since only one of the mixing
resistorsis switched on at any one time.

Because it is not a continuous sum,
the volume of each input can be set with
greater independence of the other two
inputs. Each counter output runs at
about 40kHz.

When mixed, the signals feed a
second-order low-pass filter with a 3dB
point of approximtely 10kHz to filter
out the sampling frequency. The system
can be expanded for up to ten inputs by
moving the reset input to the next
unused output of the decade counter.
The clock should run at Nx40kHz
where N is the number of channels to be
mixed.

Darren Yates

W% 25 to 40V
2N 3055 complement
100 / output pair
100k J P S/
%“" AL
T T, =100
)
Vi 10k A ] 100k
[
1000y
] H 10k BC182 J_
%“" U i
100k % 1
100

Symmetrical power amplifier

I have built and tested several versions
of a symmetrical power amplifier;
one is included above.

Cross-over voltage is controlled by
the emitter-base turn on of the feedback
sensors, Try . The buffer provides
adequate linearity for very low supply
voltages of 2.5V and drives a 3() speak-
er or titament tamp. For higher supply
voltages the quiescent current in the
output pair rises rapidly so cross-over

French’s Forest
New South Wales
CK
4011 (K
4017 i
0 1 2
3k3
[}
g1 10k ~AAA
10k
Channely
™ 47k
|
At Channel /N
10k
L—. - .
[ _ = -
pm— Channel3 p—AAN
10k

L - -

voltage is reduced further by high cur-
rent cross section diodes from a 2A
bridge rectifier. (I;=17mA at 6V
supply).

Without the diode bridge connected
the “buffer™ gives slightly greater than
unity voltage gain because of the 100k()
lever to the feedback sensor node.

P.J. Ratclitfe
Stevenage
Hertfordshire

+9V

! - Qutput
TLOTG
33y
T %m%aap 10k




12-bit analogue-to-digital converter

This simple design is based on a
bidirectional ramp counter tvpe of con-
verter and is usetul for designs where
costis more important than the stunning
results of readv-made packages.
Starting from the front end. the ana-
logue signal comes into the non-
mverting input of the op-amp. Assume
that input stands at 1V DC. At power-
up, the 0.0tuF capacitor altows a pulse
through to the LoAD point on cach of
the three counters. loading 000 into
cach. This s transferred to the outputs
of the counters and thence through a
resistor network acting as a d-to-a con-
verter, converting the counter value
back to a voltage. Initially, with the

counter at 0000, this voltage 1s zero.
which is ted into the inverting input ot
the op-amp: thus its output is high,
which tells the counters to count up.

The three counters are connected so
that they count synchronously in cither
direction to reduce any lurge errors
while counting. Henee the counters
count up (ata rate of about 4MHz) until
such u point arises that the voltage from
the resistor network is slightlv above the
mput volage. This causes the op-amp to
20 tow_ and start the counter counting
down again. until it goes below the input
voltage and the counter counts up
again.andsoon.

This small ripple is an crror of one in

4096, which is quite smaltand will not be
too serious. Only halt of the 40t s used
in the square wave clock: you might like
10 use the other halt as an added buffer
on the clock output or as a Schmitt
trigger on the output of the op-amp.
The most critical part of the design s
the resistor network. 1 suggest vou use
1% tolerance resistors or smull mini-
pots and measure accurately their
viltues. which must be in the R-2R ratio
foritto work correctly. Layout is critical
onlv in the clock because of the low
vilue capacitor: keep those leads as
shortas possible.
Darren Yates
French's Forest. New South Wales

+9V

§100k

' 11 17 (17
Input eUp L a——=Pp
: N hB/[DU/D Outy o
TLO7! K 4029 T = 4029 4029
1 A B p GNOF— EN 4 B
$100k
2R 2R
R - — —
401 -4 —
3 —0 —4
-
100p g P ey
i H
i AVAY
Lsb Msb
S \/ /
Digital ocutput
ECL-to-TTL converter
lo remove the need for w dual supply  small-signal p-n-p transistors and most
rail. ECL and TTL devices are often ECL gates having complementary out . 5y
driven from the same SV rail. Where  puts. When using the complementary
this is the case.itis possible to make a outputs of a bistable 1€, however. we 220 33
HOK and  [00OK-compatible converter  found that the device mishehaved. so 220 8l -
with just two transistors. this should be avoided.
The Or/Nor gate drives a differentiat This circuit is far cheaper than an  ppgt
ampliticr which provides TTL voltage  equivalent 1C (e.g. Brookiree BtSO1 at
levels at its output. We have used the  about £12) when vou only need to TTL output
crreuit at SOMEz with no probtems  convertone or twosignals. RS W 330 [
although the output should be butfered 100
(c.g.with a T4F244) when drivingalong - P.N. Zaruckiand DrJ. K. Hulbert
ov

connection or i capacitive toad at high
frequencies. 1t should work with most

Electronic Equipments Ltd
Birmingham
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9V
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10k 3k3 Off
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AN £ (red)
iy 1y
™
Off
(red)
™ 1[1(
™
‘ Off
s {red)
™ g
™

Charger for four
dry cells

Benefits of this relatively simple circuit
are that 1t can recharge tour R6 (AA)
size dry cellsin 12 hours. Other size cells
can be accommodated by reducing the
value of the 1W resistors

Direct-current charging of drv cells
can cause leakage and explosion due to

[ steam build-up. This circuit. which re-
ties on a 50% duty cycle square wave,
causes onlv shight cell warming over the
12-hour charge. and has not been the

| cause of anv leakage or explosions.

Charging occurs during one half of the

square-wave cyele and discharging

| occurs during the other. This improves
charge retention

[ Part of the cell voltage is ted back to
the op-amp’sinverting input. When this

[ level reaches about 1.6V, the op-amp

output goes low and output of the

second gate connected to it follows it.

[ Battery voltage drops a little until the
op-amp output returns high. gating the
clock back on and again recharging the

[ cell. This produces a flickering effect

agtiar

Gates a-k 40118
Tr174.BD139 Trg-97:BC54L8

1Cy:LM324

when the cells have reached the set
voltage tor both leds.

When nocellisconnected. the red led
1s constantlv on. When a cell s charging
correctly. the green led flashes and

when the celtis charged. both green and
red leds flash: if the leds flash im-
mediatelv on connection of the cell, the
cellisfaulty.

Darren Yates

Simple but accurate thermometer

Normally, using semiconductors as
sensing elements to measure tempera-
ture has the drawback that accuracy is
limited by op-amp offse1.

In this circuit. offset problems are
greatly reduced since the nine silicon
diodes exhibit a similar characteristic 1o

Output of the circuit ~ which can form
either a switched-range thermometer or
part of a thermostat — is 20mV/°C. The
transistor should have an hge of 100 or
greater.

Salvador Espin Carreras
Balearic Istand

the transistor p-n junction. Spain a
“Vee 7815 * 1
2 68k
% 2 680
100 | 68k« 9silicon diodes
25 =2 eg. INL1LE S 470
---N—@ BC 237 > Range
1 adjust
- A3140 > 21
68k or 741 AN Yl . 180
i ’ 1
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TLHC 4069 TLHE393
ER]
10d( QiLpF— 03u6 B
R
7.HCL020{M
3
T4HC08
p als Output g
a4
TLHC 74
-
Nﬁ‘gﬁp BCD outputy 8CD outputy
f ’|6lZlBl I ls |2 I3 10
G S Ty 5 5 S
0 %‘ ,%U Q@ i 12), ale
%he19e  UDh3 14 JU8 qunci90
wfe RCO E o] I L AL [
3 siln s RCO Q
fo D LDQ . D R Outputg
9l 1o 1 15 o 19 1] 1s] 13
b [
[ A
/RESET 100n 4093 | Lx10k Lx10k
_L_J MSB LSB MS8 LSB
Thumbwheel Thumbwheel
switch switch
' From
I l power up 2 1
reset 13
T4HC 08

Precise minute counter

When timing a precise number of mi- able, one which goes high for the dura-
tion of the count (output A) and one count.

' nutes. the required count is set up on
complemented-output BCB thumb-

wheel switches. Two outputs are avail- (output B).

Binary switch
encoder

In my application, data from this
binary push-button encoder was
latched by other circuits but you could
add an independent latch controlled
either by the falling edge at pin 3 of
the 4011 or the rising edge at pin 1.

F. Miners

University of Exeter

Push switches start

and reset the

e

u} Binary coded output

which goes high at the end of the count S A Young
Bradford
-|r—T— 12v
16
Clock pulses g —L 8
—_— 31 10 Binary counter
6 4060 1"
(LR ) 7 3
gmeaf
One of ~ | e B
these two
signals 0N A.
could 16 10] 13 12
:c:‘m;g; Ag— A7 i
10f-10 decoder
latch \ 4028 ] )
Q1 Q¢ e
w2 15y 1} 6] 7

2N 3705etc
Indicators
-one per
push button
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Variable duty-cycle
frequency doubler wote

Only one IC is used in this frequency T 1.1 W 2
doubler. The monostable multivibrator I Vdd
can be triggered directly by a low-to- 8l
; : . ; rigger
high or a high-to-low going signal. A 10 D
Two RC integrators detect the lead- Input——¢ 4047  Q f————0utput
ing and trailing edges of the digital input w L Shyrigger

signal. Transition spikes of the integra-
tors are used to trigger the monostable 1k
at both edges. eftectively doubling the 100p
input signal frequency as shown in the T
timing diagram.

A potentiometer varies the duty-
cycle of the output pulse train by up to |
100% .

Vsg
7

V Lakshminarayanan

Centre for Development of Telematics
Bangalore 8 \/ \l
India 0]— — - —

TIME

Schmitt trigger with independently-programmable thresholds

Standard Schmitt-trigger comparators — put voltage fevels. Also feedback is  this point (whether signal or reference
suffer from interdependency of upper  applied to the non-inverting input. so  voltage) needs to be kept low. or well
and lower switching thresholds and out-  the source impedance of the voltage on  defined. to preserve hysteresis as in-

tended.
Vee My circuit uses a single quad compa-
H such as \M339. catures
Vih . 21 Stk S rator such as the 1 M339 It teatures
upper 23 imdependent high-impedance inputs tor

upper and lower threshold references.
and complementary outputs compatible
with any standard logic family.

Two of the comparators detect the
signal crossing the upper and lower
Vip =——— 4 thresholds. and the other two form an
SR histable multivibrator. using the

= Cutput

i open-collector comparator outputs for
L wired-AND functions. Hysteresis is un-
: : .
- STt necessary for the input comparators
| because of the latching action of the

bistable device and consequently the

Vth r . T . ) "
lower threshold levels can be set accurately.
the only errors being the comparator

‘ offset voltages.
V"‘Lpper ! Threshold voltages can be taken. for
example. trom op-umps or from D-to-A
Vin converters, opening up the possibilities
of adaptive signal-level detection and
- ] dynamically tracking thresholds.
|
: : BV W lsiacs
Output _l | Plymouth

Output l

oy
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Fast DC-coupled trigger

This broadband trigger is immune to
DC offset and base-line wandering. It
permits high-quality performance over
a wide range of input signals applied to
the 1CL7650 amplifier. 1C,_through the
charge-storage network R, R, D, D,
andC.

Diodes D, and D, quickly charge
capacitor C to the input voltage. Output
of IC, is then compared with the origin-
alsignal at 1C,. Here, hysteresis is set by
two p-channel field-effect transistors,
Tr, 5. wired as diodes in the 1C; positive
feedback loop; R;, Try, and Tr, ensure
that the level of hysteresis is maintained
for any DC offset at the input. Resistor
R, provides a zero level for input signals
whose amplitude is smaller than one
diode drop and R, protects the input
signal source.

In the circuit as shown, the output of
IC, a chopper-stabilized operational
amplifier, is fed back to the internal
oscillator which helps square the output
pulses. That is, the output at pin 10 is
directed to the oscillator’s input at pin

Ramp generator with
wide frequency
range

Only two integrated circuits and a few
passive components are used in this
ramp generator for a signal with adjust-
able level and frequency.

Negative current through R, pro-
duces the ramp’s positive slope and
causes the output of op-amp IC, to
increase linearly toward +15V. Be-
cause the amplifier's output becomes
the comparator’s (1C,) negative input,

100k
Vout

R3 < 27K

Input

13 and a new output taken from pin 12
which is the amplifier's clock output.
Because the oscillator has a divide-by-
two counter the output will be one-half
the input frequency.

The trigger has a reliable triggering
level and responds fast, its speed being
limited only by the time constant
{Rj5,.»+R3) C and can be adjusted to
meet the requirements of practically
any biomedical application.

Kamil Kraus
Czechoslovakia

the comparator’s output transistor
switches on when the negative-input
voltage exceeds the positive-input volt-
age.

Switch voltage of the comparator is
determined by the R,R; divider.
Switching IC,'s output transistor on
forces the junction of R, and R; to OV
(value on negative input of 1C,). Cur-
rent from R, decreases the discharge
time of C, and allows IC,;’s output to fall
rapidly toward —15V. The comparator
remains on until its negative-input volt-
age drops below OV.

Output frequency can be expressed as

X 1
(Von—Vor )15

T| =R|.C|: VON=30

(Rs_
R>+R;

where

)_ ISV, V()FF=OV

Thus R, and R; provide adjustments for
variations in both output frequency and
peak-to-peak value of output voltage,
then R, and C,; for variation of output
frequency only. This circuit works well
in output frequency range from approx.
0.1Hzto over 100kHz.

Michele Frantisek

Barvicova

Czechoslovakia

¥,
ICL7650

Qutput

Extending random
number sequences

I In this method of generating longer
psecudo-random-number sequences
from smaller ones, it is assumed that
sequentially stored samples of a PRN
sequence in a memory when read out
randomly give another sequence.

In the circuit shown, samples corres-
ponding to a 4Kpoint PRN sequence
| are stored in eprom and addressed by a
| 12bit counter. For larger sequencers,

Clock
input
2Lb1t counter (6x76161) gt
Q4-12 Q13-24
Ar-12 B1-12
Exclusive-or gate (3x7486)
Yi-12
Ao-1
4K eprom (2732)
Q7-9
LI‘ Prn output

the most significant bit of the counter
(13th bit onwards) are Exor-ed with the
corresponding least significant bits and
given as the address to the rom. This
way the 4K PRN data is read out in
many combinations and output as a
different sequence for each possible
combination of the most significant bits
of the counter; as a result the sequence
length is increased. This circuit has a
maximum sequence length of 2% clocks.
A. Dhurkadas

Naval Physical & Oceanographic
Laboratory

Cochin

India
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Intro scan for
compact-disc players

When selecting tracks for programming into
a compact disc player, using the track search
button can be tiresome. This design. when
fitted to any player with a subcode output,
allows a scan of the first ten seconds or so of
each track.

Pressing the start button causes IC,, to go
high and operate the play button via 1C,,.
During the scan, IC; latches high. When IC,,
goes high as a result of the first track being
located, 1C5 produces a low-going pulse of
around 10s depending on the RC time
constant. Monostable device 1Cq, triggered
by the rising edge of this low pulse, creates a
400ms pulse which is long enough to trigger
the next-track button but not so long as to
start any auto-repeat facility that may be
built into the player.

Once the next-track button has been
operated, IC;;, will go low while the next
track is located. On returning high, this IC
retriggers the timer.

When ICy, pulses high, IC; is triggered.
This creates a 30ms pulse which is longer
than the time taken for IC,,, to go low after
the next-track button is operated. The end of
this pulse triggers triggers ICy, creating
another 400ms pulse. If at the start of this
pulse IC,, is still high, i.e.. the disc is still
playing because the next-track button failed
to find another track. as would be the case at
the end of the disc, 1C4 will pulse high for
400ms, operating the stop button and reset-
ting IC;.

I have tested the design on a Pioneer
PD5010 unit, obtaining the ‘not-playing’
signal from pin | of the subcode output
socket.

7805
+ In  Out O—
o 'L]_ 100n
o, | 00
100
ey »—'M '\/X\, l @ 6 volt
== 100n < 100n 7
T Com Contr T
— = In Out O—
TIMGUIC
trol terminal. It gives an output from
MOtor COHtYOl —5Vto —12V, resulting in a voltage over

Adjustable voltage regulators make very
good motor speed controllers but devices
such as the LM317 cannot give an output
lower than about 1.35V. In my applica-
tion, motor voltage had to go to zero and
control at low speeds had to be good. This
circuit is my solution.

One side of the motor connects to a 5V
rail produced by a 7805 fixed-voltage
regulator. The 79MG is a four-terminal
negative regulator with a separate con-

Novel RS bistable

Two spare non-inverting gates from a tri-
state IC such as the 74125 can be connected
to form an RS bistable multivibrator.
Assume that o is high. The upper gate is
high impedance so its output resistor pulls o
low. A negative pulse at r makes o go low,
enabling the upper gate. When the upper
gate's output goes high, the lower gate is

the motor from zero to about 7V. Since
the 7805 produces 5V at all times, output
of the 79MG cannot be reduced below
—5V.

Zero motor voltage is set using the
1k} potentiometer, The tab of the 79MG
is connected to the input pin, which is
also ground, so both ICs can be bolted to
the same heat sink without insulating
washers.

L.W. Berry
Manchester

G.J. Aspland disabled and thus q is pulled low.
Bury St Edmunds P.M. Delaney |
Suffolk Wargrave, Berkshire
SV
» play button . % v;exg track Ry
+ utron
| tontacts ” Ry & 30k G Rp212k ,.r—P e B2 G Ry 2 12k
Rg < 1k 470y Ll (3 6T L1y
1C2a 12
10[_“ 1 10[_{] 1 10 10[-“ 1
Start 13 SV —g— 5"‘1’_
i 9 2 2 3 I, 4 A
1’ ol ,"c"” 5 5
35 1.5 ——
1C I 3 IC 6 3 IC 6
N 1Cq, (:5: 1G3 3 5 Q 3 (g O 5 6 7, 0 8 @
~S4r . .
ov
‘Not playing’ 3 4
from subcode 9
output 101:7604
I 8 6 1
Cib 10 D, 1Cy, 102 TLHCL066
1637402
I 8] 9] 1,,.7408
‘e oo IC5-g. 72
» button contacts
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METEX AND TEST LAB INSTRUMENTS

YOU PAY TRADE PRICES

ALL MODELS WITH CONTINUITY TEST [ With Capacitance + Hle test. 0 with 200KHZ Frequency counter}

METAEX PRO

3% a /0K "
ys. wil S. batt

BARGRAPH SERIES’

M36108 3!, Digit 30 Range 0 3°
M36508 3', Digit 30 Range 03 (..
M485034 Dgl30Rauge 05% with

£51.26

£78.22
AUTO RANGE SERIES’
ith [ d and ounte
Ml;O 21mm D smay 20KHZ Counter  £46.04
MB'B‘ m Display True Rms 400 KHZ
£58.22
MBIBB Ve £66.04
NON- BARGRAPH
M3800 32 Range £32.13
M3630 30 Range 3 3 Dngnt 3 £41.70

3000 LCR AC Bridge

M3002A AC Millivolt Meter 1MHZ

2020 500 KHZ Function Generator
4162AD 150 MHZ Fr Gen. Plus 6 Digit
Counter £
2603AD 1 MHZ Af Gen. plus 6 Digit
Counter

TE200 150 MHZ Rt Gen

{450 MHZ Harmonic)

YFZU Dual Scale Sound Level Meter
00B £32.85

225V VHS Video Head Teste

1065 Digital Lux Meter - 3 Ranges

07 Logic Probe £7.63

M625 Logic Probe/Pulser

300 AC Clamp Meter 600A/ 300V

R £3350
M265 Add on AC CI be

f £16.48
501 Electronic Insulation Tester 500V £53.25

504 Eiectr nsulation Tester 1000V £70.88
KOMB TR Dip Meter 1510250 MHZ ~ £41.88
1062 LCD Temperature & datahold  £36.72

302K LCD Temperature Two 1/P £32.00

Edgware Road,

London, W2

*
FESSIONAL
with dcarry
structions. 20A AC/D
M4600 "..:.‘.geA Dign 0.05% witt
£52.13
M4380 Range 4% Digit 0.05% with
£63.43
ALSD STDCKED
M3610 M3650 M1650 M3630B. M46308
STANDARD SERIES
thsoft y git 12mm Dizplays
”laBl?Range 10A[)(. !
M23188 23 Range 10 AD £23.72
M2335 31 Range 10A AC/DC (- £21.74
M2325 32 Range 10A AC/DC (- ) £30.42
M2355 32 Range 10A AC/DC £3457
M2365 38 Range 10A AC/DC (- £31.25

2355/2365 HAVE TTL LDGIC T "’

TE220 1 MHZ Audio Generator
3300 Autorang Dng 1a 3p Meter
6100 Signal Tracer/Inject

5250 150 MHZ 7 Dig 1t Frequency

0ST5M 5 MHZ Bench Scope
243 0/24V 0/3A Variable PS
245 0/24V 0/5A Vaniable PSU
1544/15V 0/4A Vanable FSU

39(I)TD LCD Dmm w m Dwell Angd
£45.17
e Meter £36.20

KT50 DBR& qe 2n3< na
6060 LCD Digital T e Power Meter

6KW 19 £64.00
2070 19 Range Multimeter 10A|

£12.00
2030ET 27 Range 10A AC/DC Cap
ite Temp Buzz £29.30
505DE 41 Range FET mm £26.77
DM5 Wallet Autorange Dmm £17.35
921 Pen Type Autorange Dmm £24.78
850 Mains Phase Tester £21.20

260 1000A Al Dlgll:
261 Add on 1n

amp mete £4025
tester for 26¢  £29.35

Henry's are also instrument
distributors for HAMEG, FLIGHT,
ALTAI, BLACKSTAR, THURLBY,
HITACHI, CROTECH, THANDAR.
Phone for best prices.

Also stocked
Tools, components, CB, public
address, CCTV. security,
communications, TV, video
audio, computer accessories.

Prices correct at Dec 89 . AD?U‘KS‘ONVI@T'
TELEPHONE YOUR ORDER WITH VISA/ACCESS =
GPEN 6 DAYS A WEEK FOR CALLERS CATALUGUES

. IN COLoyR

A : ‘Snscl‘: trlf:;/ems

404 Edaware Road. Londo D :fgr%‘ggr',’g:!ss
L £ dio ! 2 ] Phs ﬂ,sk Henry's fipst
- d ~. g .. .o D :. .. : 8 the Eﬁé’f’;ﬂps:)yk

CIRCLE ENQUIRY NO. 1

Trade

14 ON BACK PAGE

ELECTRONICS WORLD + WIRELESS WORLD

Thurlby
thondor

For Digital
Multimeters

Whatever your need in DMMs, Thurlby-Thandar
can supply it

With prices starting at just £39 + VAT. the range
includes both hand-held and bench models
Display resolution varies from 3"z digits up to 5"
digits and accuracies are from 0.5% up t0 0.01?

Some models offer True RMS AC, frequency
measurement, conductance measurement and
digital interfacing

This low-cost 52 digit bench DMM combines
exceptional resolution and accuracy with
computing power and data logging. It costs
£349 + VAT

Contact us now for full details of all our DMMs

Thurlby-Thandar Ltd
Glebe Rd., Huntingdon, Cambs. PE18 7DX
Tel: (0480) 412451 Fax: (0480) 450409

CIRCLE ENQUIRY NO. 115 ON BACK PAGE
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SOFTWARE REVIEW

1

ike most PC users, [ must con-

I fess to being an avid collector

of public-domain and “share-

ware” software. What makes

the whole thing worthwhile. of
course. are the few (of the many) pack-
ages which one comes across that can be
justifiablv  called  “invaluable™.
Electronic Circuit Designer (ECD)
from Ohio-bused Diatom Software is
one such gem

As its name implies, ECD is aimed at
those engaged in the design of
electronic circuits. The package
provides no less than 49 options and is
suitable for use by the enthusiast work-
ing from home as well as the profes-
sional electronic engineer _ and
technician.

ECD is claimed to offer a “what if?”
facility and the I4 individual sub-
programs provide the designer with a
means of changing component values,
specifications, or operational para-
meters of a number of common circuit
configurations and examining the
effects produced. The program is lar-
gely self-documenting and uses a menu-
driven format.

ECD is written in GW-BASIC and

thus requires the GW-BASIC interpre-
ter to be present in order to operate. As
an experiment, | loaded the program
into GW-BASIC saved 1t in ASCIl for-
mat and then loaded into Microsoft
Basic Version 6.0 in an attempt to com-
pile it. Unfortunately. the module level
code appears to be too long to be
acceptable by this version ot Microsoft
Basic, despite attempts which | made to
reduce the length of the file, which is
well in excess of 65kbyte. Doubitless.
someone else (perhaps even Diatom)
may have attempted thisand been more
successful.

On inspection, the GW-BASIC list-
ing appears to be a tangled web of code
containing no REM statements or other
landmarks. The code is reasonably typi-
cal of that produced by an engineer in a
hurry and is consequently somewhat
lacking in overall structure. Lines such
as
900 GOSUB 14010:PRINT

A1$DSCS"#2":GOSUB12230:LOCATE

13,1:PRINT TH$"A “D$A1$,:PRINT C$"
'YN$"“EN$FR$

provide few clues to what they actually
do! Indeed. those who subsequently
wish to make modifications to the code
will not find the task particularly easy

422

Flectronic

Circuit ;
Designer

Mike Tooley reviews
a software package
which promises to
“take the tedium out

of designing the
more common
electronic circuits”.

Operating environment

Electronic Circuit Designer is supplied on
a 5.25in disk and it should run on almost
any IBM PC or compatible microcomputer
system. | successfully installed the pack-
age on a number of systems, including the
modern AT-compatible machine (DSC
Turbo) in my workshop, the trusty Olivetti
M-24 in my office, and an Atari-ST with a
Condor/Beta Systems Supercharger
which graces my study. In all cases, the
software was installed and operated with-
out hitch using the batch file supplied.

Shareware

Diatom states that ECD is distributed
though the “User Supported Software”
concept. This is Diatom’s way of stating |
that the program is shareware, the soft- |
ware is freely available for examination
and evaluation but users are asked to |
register the product it they decide to |
make use of it (in which case thev |
become eligible for support and
upgrade information). Diatom says that
anvone may obtain a demonstration
copy of the package by sending $10 to
cover the cost of the diskette and mail-
ing.

Alternativelv. would-be users are
invited to “borrow a copy from a friend
and make a copy of The Electronic Cir-
cuit Designer for yourself™. If users find
that the product meets their needs. they
are encouraged to send $25 for a regis-
tered copy of the software and a “User’s
Guide”. Otherwise, potential users can
simply send $25 and register straight
away. in which case they will receive the
fatest disk version together with the
documentation.

User’s guide
The manual consists of 35 A4 pages;
unfortunately, the pages are not num-
bered and no index is provided. Each of |
the main and sub-menu functions is dis- |
cussed and illustrative circuits are |
included, together with a few formulae
The circuits are somewhat more legible |
duplicates of those which appear
on-screen when the program is running.
This is, perhaps. a good argument for |
registering the package and sending for |
the manual! In any event, the owner of |

— — 3
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SOFTWARE REVIEW

the manual will avoid having to dump
the screen to a printer or making a hand
drawn sketch whenever a circuit has to
be remembered.

1 consider the guide to be “par for the
course™ for this type of software. It is
neither worse nor better than that sup-
plied with similar shareware offerings
and probably reflects the state of most
of the embryonic software concerns
which trade collectively under the
shareware banner.

Circuits

ECD is concerned with circuits under a
number of headings, including passive
and active filters, operational ampli-
fiers, power supplies and timer circuits.
The user selects the circuit type from the
main menu and then, in most cases, pro-
ceeds to make further selections from a
sub-menu. The following sub-programs
make up the package.

Passive filters. Fourteen types of pas-
sive filter, including low-pass, high-
pass, band-pass, and band-stop types
based on pi- or T-sections, are catered
for using both the m-derived and con-
stant-k models. The user simply inserts
the desired frequencies and the pro-
gram calculates the required values of
capacitor and inductor. Nothing could
be simpler!

Active filters. Eight varieties of active
filter are provided: active, state-varia-
ble and multiple-feedback bandpass fil-
ters, as well as Wien-bridge and twin-T
band-stop (notch) types. Two forms of
active low-pass filter (simply described
as #1 and #2!) are also included, as well
as the Butterworth-Thompson low-pass
arrangement.

Power supplies. Four power supply
designs offered include conventional
regulated units based on bi-phase
(two-diode)  rectifiers,  full-wave
(four-diode) bridge rectifiers and a
circuit which as dual stablised out-
puts (based on a single bridge rectifier
and a transformer having a centre-tap or
dual secondary windings). Finally, a
somewhat lethal transformerless power
supply is included, of which more later!

Each of the conventional power sup-
ply designs is based upon a three-termi-
nal regulator and the program provides
essential information relating to the
secondary alternating voltage and cur-
rent, the transformer rating in VA, and

s COAPUTEN ASSISTED CINCUIT BEIDER

4 NETS AND ENTER 70 SHIECT s——

The screens are crude but functional. The
program modules are inflexible. Even so,
most analogue designers would find them
of some use: a (small) fistful of dollars well
spent.

the recommended reservoir capacit-
ance. The program also computes the
worst-case voltage developed across the
regulator (i.e. between input and out-
put). This worst-case condition applies
when the AC line input voltage takes its
maximum value and the load current is
minimal.

In the case of the transformerless
power supply, the load is not isolated
from the supply and the circuit is accom-
panied by a “health warning” in the
manual. However, there is no mention
of the fact that the voltage developed
across the 1000pF reservoir capacitor
(of unspecified voltage rating) would
rise to approximately 340V when oper-
ated from a UK mains supply! The
capacitor would almost certainly
explode if the unfortunate constructor
had made use of a conventionally rated
component.

One further option is provided within
the power supply sub-program. This
involves determining the maximum
time for which the AC supply can be
interrupted when given the unregulated
voltage drop. the minimum voltage
drop allowable across the regulator, the
load voltage and load current and the
value of the reservoir capacitor. This
facility is, of course, particularly useful
in computing applications when the
integrity of data within a system may be
atrisk in the event of even the briefest of
interruptions in the mains supply.

Operational amplifiers. ECD can be
used to design two basic forms of oper-
ational amplifier circuit: inverting and
non-inverting. This is, perhaps, one of
the weakest areas of the program and is
one which could usefully be extended to
encompass circuits such as bandwidth-
limited amplifiers, precision rectifiers
and integrators.

Class-A transistor amplifiers. ECD
provides a means of calculating resistor
values for use in a conventional, sta-
bilised, common-emitter transistor
amplifier stage. The program requires
the input of supply voltage, maximum
and minimum values of common-emit-
ter current gain and emitter current,
and then computes the requisite resistor
values and base bias voltage. For any-
one mvolved in the design of class-A
amplifiers, this facility should be instru-
mental in avoiding many repeated
calculations.

555 timer circuits. The 555 timer fea-
turesin ECD in both astable (oscillator)
and monostable (timer) modes. Users
can experiment with values and/or par-
ameters and note the effect on the
output.

Tuned circuits and inductors. ECD

May 1990 ELECTRONICS WORLD + WIRELESS WORLD
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provides a number of sub-programs
which are designed to simplify the task
of producing tuned circuits. The
required input parameters are fre-
quency, capacitance, inductance and
resistance for tuned-circuit design; and
inductance, former diameter, winding
length and permeability of the core
material for inductor/coil design. A
group of sub-programs are provides an
alternative approach to resonant circuit
calculations. Users are encouraged to
experiment with both groups of pro-
grams in order to find the group which is
most appropriate to their needs.
Transformer turns ratio. Transformer
impedances and turns ratios are covered
under this heading. In comparison with
ECD’s other offerings this sub-program
is rather weak and offers no particular
advantage over the use of a basic calcu-
lator with a square root facility.
Bypass capacitor calculation. When
designing transistor amplifiers, it is fre-
quently necessary to determine the min-
imum value of emitter bypass capacitor
to ensure effective decoupling. This
sub-program determines the value of
decoupling capacitor required to bypass
a given emitter resistance at a specified
lower cut-off (—3dB) frequency.
Decibel conversion. ECD converts
ratios of voltage, current and power to
decibels. This again, is fairly trivial and
the program could have been usefully
extended to cope with conversions from
dB to voltage, current, or power and
also from dBm and dBV to power or
voltage.

0o 4 NETS MED ENTEN 79 SELECY

Voltage standing wave ratio. ECD will
compute the voltage standing wave
ratio (VSWR) in a transmission line
when given the forward and reflected
power levels. An option to determine
the reflected power level given the value
of VSWR and forward power would
have been a useful addition.

Capacitive and inductive reactance. The
program can be used to determine capa-
citive and inductive reactances but, here
again, this task could again be very
easily accomplished using nothing more
than a basic calculator.

Resistor calculations. ECD provides
several options which can be useful
when determining the effective resis-
tance of several resistors of different
values connected in parallel. The pro-
gram can also compute the nearest pre-
ferred value of resistor to that specified
by the user.

Wire size and current. This final option
allows the user to determine the mini-
mum wire gauge in AWG sizes which is
suitable for carrying a specified current.
This problem is conventionally solved
by reference to standard wire tables.

ECD in operation
I put ECD through its paces by using the
package to solve a number of simple
problems, including the design of a low-
pass pi-section filter for use with a 6m
VHF transceiver, a 12V 1A DC regul-
ated power supply, a high-Q Wien-
bridge 1.75kHz notch filter and several
inductors for use in a 1 .8MHz aerial tun-
ing unit. The suggested circuits and

Supplier

Diatom Software is at 297 Timber Lane,
Northfield, Ohio 44067, USA. Telephone
USA (216) 468 2230.

The version 2.12 package (with printed
Users' Guide) costs $25, plus $5 for sur-
face mail or $15 for airmail postage to the
UK. The demonstration disk costs $10
plus $2 postage.

component values were checked against
separate calculations and all were found
to be well within normally acceptable
tolerance limits.

The only area in which the software
failed to produce satisfactory results
was in the case of a 555-based 1kHz
pulse generator. With the given par-
ameters and values, the software sug-
gested that the duty cycle of the output
should be 42.3% when, in fact, the
result should be nearer 57%. Since a
555 timer is incapable of producing a
duty cycle of less than 50% (the “off"
time can never be‘less than the “on”
time), it would appear that Diatom has
not used the correct relationship for this
particular parameter.

Overall, the software proved to be
very easy to use, with one or two minor
exceptions. Several of the functions are
of rather limited use and could be
removed from the package without lim-
iting its appeal overmuch. Other facili-
ties could benefit from further refine-
ment to make them more generally
applicable. In this respect, one can only
hope that Diatom will continue to sup-
port the product with upgrades. The
package should certainly have a niche in
the electronics world and it would be a
great pity if it were not to be further
developed.

At the price, one can make allow-
ances for the occasional lapse in presen-
tation and the unpolished “User
Guide™. These will, in any event, be
minor considerations for the designer
who is primarily interested in producing
aquick and accurate result with minimal
fuss. This is where ECD excels; it is not
particularly earth-shattering but, where
most electronic engineers and enthusi-
asts are concerned, it will certainly earn
itskeep for many yearstocome. ]
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LETTERS

Heterodoxy and
scientific
publishing

The recent claim by Fleischmann
and Pons to have achieved cold
fusion has evoked considerable
misgiving among serious
scientific commentators. Their
results were divulged under force
majeure from the lay press and
other publicity media. The
scientists would have preferred
to await further results from their
experiments.

Such episodes as these, when
soon followed by doubts and
disputes, engender a lack of
confidence in the public
perception of science, and only
serve to reinforce a drift to
irrational alternatives.

Another level of disquiet must
occasionally arise among readers
of technical and scientific
journals. I am referring to
articles such as those on “magic
gyroscopes”, or “proving” that
Einstein was wrong.

1find worrying the heterodox
but often plausible ideas
published by scientists and
technologists respected in their
own fields. These generally elicit
responses from supporters of the
orthodoxy, whose counter
arguments appear equally
plausible. As we follow the
ding-dong controversy in the
relevant journal, perhaps for
weeks or months, those of us on
the sidelines become depressed
or cynical, depending on our
degree of involvement and
philosophical outlook.

Take the dispute between
Herbert Dingle and William
McCrae in Nature in the early
1970s over the “Twins paradox”
in special relativity theory. How
many followed the detailed
arguments week after week?
Whose memory nowis of a
victor, if there was one
(McCrae?), rather than of a
disturbing disputatious episode?

At the other extreme, and
editorially excluded from the
pagesof Nature, is the theory of
“morphic resonance” proposed

by Rupert Sheldrake. Its
propagation of the idea that
animate and inanimate matter
can organise itself in a particular
way once a distant prototype has
done so was deemed to be an
outrage against rational thought.
However, New Scientist, inclined
to tolerant curiosity.

Last year, it was Nature’s turn
to be tolerant, at least for a time,
when Jacques Benveniste wished
toreportresults that claimed to
show a positive effect of a solute
atadilution greater than
Avogadro’s number. After
publishing the paper, an
on-the-spot investigation by
Nature led to the journal’s
repudiation of the claim
although Benveniste continued
to upholdit.

The journal that seems to
specialise as an outlet for
unorthodox views is, of course,
EW+WW. Over the last ten
years, and probably longer, it has
hardly been possible to open its
pages without reading, for
instance, ademolition of the
theory of relativity, a rejection of
Maxwell’s concept of
displacement current, or yet
another twist to the “magic
gyroscope” saga.

Iam not criticising either the
dissidents or yourselves for
giving them space; indeed, some
have aired their views in Nature
and New Scientist as well. The
difficulty is in picking out the
wheat from the chaff and being
sure that the discarded chaff
doesn’t contain a few grains of
truth - like the five-dimensional
space proposed in the early 1920s
by the young Soviet physicist
Theodor Kaluza. Kaluza’s
theory, although received
sympathetically by Einstein, was
ignored by the physics
community for some 60 years.
Rediscovered in the 1980s, it was
extended to become the basis of
superstrings, the line-particles
that are invoked to explain
current theories of supergravity.

While the motives of most of
the dissentient authors are no
doubt unexceptionable, there
appears to be a core of

| “Neural” networks

unit described by Douglas
Clarkson (Living Computers,
EW+WW, March) could ever
imitate neuronal action in the
animal central nervous system
(CNS). Input dendritic endings
in living nerves have no means of
distinguishing between a ‘0’ and
a ‘1’ since synaptic action is
known to depend on an
“all-or-nothing” principle. If
such a mechanism exists, it must
reside within the axon or nerve
cell. Even then, information
theory requires a decoding delay

iconoclasts convinced, on the
one hand, of the errors of
orthodoxy and on the other,
hasty and uncritical in their
support of every unconventional
idea that comes along. They are
the scientific analogue of the
doubters of Shakespeare’s
authorship.

Perhaps we need an unofficial,
impartial body of scientists and
engineers to study and report on
these heterodox claims. Such a
body might come from the
increasing number of emeritus
academics resulting from early
retirement and the university
“bulge” of the 1960s, at present
kicking their heels in various
country retreats.

The true impartiality of such a
panel would be ensured by the
inclusion of academic
freethinkers in the mould of Sir
Fred Hoyle, John Hasted and
Eric Laithwaite, along with the
doughty defenders of orthodoxy.
R.V. Harrowell
Cambridge.

Even the mostimpartial panel
must be hamstrung by traditional
thinking. EW +WW will always
give the benefit of the doubt in
publishing. It would be tragic for
atruth to be lost through caution.
-Ed.

I Itisinconceivable that the simple for any recognition process and

this implies that the governing
principle is that of “waiting”, not
“weighting”. In other words, the
animal CNS is phase-modulated,
for which conventional binary
arithmetic is useless. The relative
FSK method described by F.R.
Connor in the December issue is
amuch closer approach to
successful neural networks, since
it takes account of frequency
modulation as well.
B.E.P.Clement

Crickhowell

Powys

Gyroscopes and
contradictions

I'have read Alex Jones' letterin
EW+WW for April 1990, and
feel I must criticise his
experimental technique for
detecting the forces produced
by an orbiting gyroscope. The

| problem with his apparatus is

| that the forces he is attempting

| todetect are very small indeed
compared to the weight of the
apparatus. His “near
frictionless surface” has
significant static friction (due
to deformation of the glass and
balls). A better setupis to
suspend the gyro from a long
thread. Ideally, the thread

{ should be long enough so that
the period of pendulum
oscillation is long compared to
the rate of orbiting. I tried this
using a bicycle wheel as the
gyro: the point of suspension
moved as would be expected
from Newtonian physics.
Geoffrey Rutter
London W9
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Plotted PCB resist

Following the interesting series
of articleson CAD for PCB
design, your readers may be
interested in the method I use.
My work involves system design
and building, from PCB making
to software, data analysis and
final report writing. The PCB
making side is only a small
proportion of the work so we
cannot justify some of the very
nice prototyping equipment now
available.

Iuse GenericCADD, Level 3
to do the artwork for the PCB,
making full use of the layering
facilities to ensure that, for
example, the solder side pads
and the solder side tracks are on
different layers.

The heart of the system is a
Roland DXY-1100 plotter,
which has magnetic rather than
electrostatic paper hold down.
The base copper PCB is placed
on the plotter bed, and held in
place by a steel rule magnetically
attracted to the bed. Blutack can
be used to assist. The etch resist
is plotted directly onto the
copper using an oil-based pen,
0.3mm thick, intended for
overhead transparency plotting.
It is important to ensure that all
plotting is confined to the area
board, as the pen tip will be
damaged by trying to ride up the
board edge. Itis very easy to
make a trial plot on paper first,
using a water-based pen.

Working with material 1.6mm
thick was a rather tight fituntila
file had been applied to the
plastic mould flash on the
underside of the pen-actuating
underside of the pen-actuating
solenoid level. The boards must
be flat; they often seem to be
slightly curved, but can be easily
hand straightened immediately
before plotting. Maximum
clearance is obtained by
operating the plotter in the
near-vertical position.

Plotting is done twice, giving
the ink time to dry between
applications, as one thickness
does not resist the ferric chloride
etchant adequately. For

| can damage the tip of the pen.

Amplicon PC99

Thank you for reviewing our
PC99in your Marchissue. We
were naturally disappointed by
| the negative presentation of the
| production, which I realize is the |
| reviewer’s prerogative.
However, there were a number
of omissions or errorsin the
review to which I would like to
draw attention.
1. The compressed screen (on
VGA)iseliminated if the

l common line switchisset

correctly.

. PC99 workson standard PCs

through to 386/33MHz

| machines, not just ATs

. PC99has 8, not 78, traces.

. There are no anti-aliasing

| filtersontheinputs.

5. The actual sampling rate is
switchable from 2.5kHz to
25MHz.

6. PC99offers simultaneous
generation and acquisition.

7. Arbitrary waves and FSK can
be generated using the
Advanced Wave Generation
Package.

8. The significant advantages

double-sided boards, a couple
alignment holes may be drilled
before plotting the second side
(the Generic CADD wiNpow
MIRROR command is used to
produce the correct handeness
of drawing). Then alayer
consisting only of the
alignment holes is plotted and,
if adjustments to the position
of the board are needed, this
step should be repeated until
alignment is correct. Then the
second layer is plotted.
Etching in ferric chloride is
done normally, and
methylated spirits used to
remove the ink before tin
plating. Following plating but
before drilling, the component
overlay and other information
can be added, but using an old
pen, as the ridges of the tracks

Although, for moderate
production runs, this wouldbe |

that PC99 hasover
convemional instruments is
that the computer can
perform calculations on
measurements made, can
read and write disk files, can
generate arbitrary waves and
acquire simultaneously, can
store set-up states, and can
demonstrate complex maths
functions.

It also seems a pity that the
reviewer d:d not discover the
mixed mode of acquisition and
generation and that he did not
investigate the Advanced Wave
Processing Package, which gives
further benefits to the user. |
would also have expected him |
to suggest an increase in buffer
memory size, a point tha: would
not become obvious unless the
beard was used in a real
application.

The PC99is not intended to
replace an oscilloscope, but to
open up a whole new way of
tackling instrumentation
problems using a PC as a virtual l
instrument.

atedious process, I find it |
suitable for prototypingand |
producing up to 20 boards of
one design. The ease and
flexibility of proofing on paper,
then plotting straight to copper
is most useful during the early
stages of design. Although the
plotter is a moderately
expensive piece of equipmenyt
(advertised at around £600), r.o
UV light box is needed, plain
copper instead of photc-resist
boards are cheaper and no
sodium hydroxide developer
bath is needed. Also, itisso
easy to add a component
overlay. The plotter finds
many other usesin the
computer room’

Stephen J. Temple

Tea Research Foundation

of Central Africa

Mulanje

Malawi

Although we have supplied
substantial numbers of the
PC99 to industrial customers
without returns or complaint,
we are certainly taking your
reviewer’s comments seriously
and will be taking a long hard
look at the product and its
presentation, particularly with
regard to the user manual and
the supply of an input
pre-amplifier, which is already in
design. Perhaps when we have
completed these changes, you
might consider reviewing the
product again.

Although the general opinion
within Amplicon is that your
reviewer has done everything he
can to kill our product, I am of
the firm opinion that there is no
such thing as bad publicity and
certainly appreciate the time and
trouble you have taken to cover
the PC99.

Jim Hicks

Managing Director
Amplicon Liveline Ltd
Brighton

East Sussex

Relative FSK

In the third postulate of my new
theory, (December 1989, p
1189) I used the very important
word effectively, which implied
additional signal processing of
the sum and difference signals to
remove the noise from the
system. The noise correlation is |
due to the fact that the total noise
power in the sum signal gives rise
to a single phase-noise voltage of
random waveform, which
mogdulates the two VCOs in
push-pull. The modulation
produces frequency errors in the
two correlated signals which add
arithmetically.

As the two loops are
connected in a
negative-feedback fashion, the
resultant frequency error, which
is positive or negative, is driven
to an absolute minimum because
of the high gain of the feedback
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amplifier. A mathematical
analysis and a practical
implementation of the negative
feedback system are the only
ways to prove whether the
system will work in practice and
not by any superficial comments
made by casual readers like Bell
and Waiters (February).
Incidentally, with additional
cicruitry, it is also possible to use
negative feedforward between
the sum and difference signals, to
squeeze out any residual phase
noise from the difference signal.

However, in some
applications, it is possible to
transmit a single carrier signal
and to derive two offset carriers
from it by using the stable
frequency source at the receiver.
In this case, the noise in each
channel is highly correlated,
even before employing
correlation processing, because
it is derived from the same
carrier source. A system based
on single-carrier transmission
which uses relative PSK rather
than relative FSK is described
elsewhere!.

Furthermore, Shannon
derived his equation without the
use of a feedback channel. If
Shannon had used negative
feedback, he probably would
have derived another equation’
Itisincorrect for L. C. Walters to
compare unlike with like; he
should compare like with like.
Just as the velocity of light
appears to have a limiting value
in the physical world, so too, the
channel capacity appears to have
a limiting value in the wireless
world. Any attempt to exceed
the Shannon limit might lead to
additional errors due to
intersymbol interference.
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Leukaemia at random

There is one point in your
editorial on leukaemia (January
1990) with which I take issue,
namely that itis predominantly a

childhood cancer. This is true in
the sense that other forms of
cancer, such as malignant
tumours, affect older people of
all ages have died of leukaemia
and deaths of those under 15
have been only 10to 5% of the
total.

The proportion of childhood
deaths has tended to fall.
perhaps because of the
increasing success of medical
treatments such as bone-marrow
transplants and radiation
therapy.

It is not commonly noied that
atall ages there is a small but
persistent sex bias, in the sense
that slightly more males than
females die of leukaemia.

People want to associzate
“clusters” of leukaemia cases
with sources of nuclear or other
radiation. It is very difficult
assess the significance of a cluster
unless one is a professional
statistician (which I am not) but a
simple example of testing for
randomness may help to explain
the difficulty.

Suppose you toss a coin for
“heads” or “tails” many times
then you expect to get
approximately equal numbers of
each and if you do it proves the
trials are unbiased, but does not
prove that the result of each toss
isindependentof the previous
one.

There is no reason why
“heads” and “tails”, should
occur alternately and, if they did
alternate regularly, the sequence
would obviously be declared
non-random.

A long random series will
include groupsof 2,3,4. .andina
very long series groups or
“clusters” for which one may be
tempted to seek a cause.

In the binary seriesit is easy to
calculate the probabiliyt of a
group of givenssize, butitis not
so easy when one has
two-dimensional space plus time
plus human factors plus possibly
unknown factors. Thatis why itis
difficult to identify the cause of a
suspected non-random cluster.
D.A. Bell
Walkington
Beverley

Cooking fields

There seems tobe a need for
more data to assist in
determining the potential
hazards of mains frequency
electromagnetic radiation.

1 propose that information be
gathered on abortion and
abnormalities at birth, in relation
to the type of cooker used in the
kitchen.

Measurements indicate that
the domestic electriccookeris |
one of the stronfest iocalized
sources of low-frequency field in
the home brought about by the
combination of high current and
internal wiring practice.

Chnly in kitchens that “cook
electric” will the foetus be
optimaily located for maximum
field for a few minutes every day.
Douglas Dwyer I
Dolton
Devon

The Riddle of Inertia

Graneau (EW+ WW, January
1990, pp 50-62) sees mysteries
where there are none, and
creates yet more confusion in his
attempts to explain them away.

Galileo’s “stunning discovery”
that a 100lb canon ball takes the
same time to fall to the ground
from a given height as a halfIb
musket ball was contradicted by
Aristotle 2000 years earlier, and
arrived at by Galileo only after
much experimentation on bodies
moving under gravity on inclined
of rates of fall must be so, and.is
independent of any theory, as
the following simple argument
shows.

1f we take two 0.5Ib musket
balls, since there is no difference
between them or between their
respective experiemental
situations, they must fall in the
same manner and so take the
same time to fall.. Similarly for
anyother 0.5lbballs. So 201 balls
released simultaneaously must
strike the ground
simultaneaously with the one
free ball. If the bonding between
the 200 balls is made stronger,
the same will be true.
There is no point at which

| balibe expected to fall more

| non-physical. A fieldisa

different behaviour will occur, as
the bonding is strengthened.
Eventually, if the 200 balls are
melted down and recast to make
a 1001b cannon ball, there is no
reason why this should fall at any
different rate, and so we should
expect it to fall at the same rate as
the remaining 201st musket ball.
It is legitimate to question this
reasoning, but the matter could
be put to experimental test, as
Galileo claimed to have done.
To have obtained the predicted
result seems to me quite
ordinary; I do not understand
why Graneau thinks it
“stunning”.

Why should the more massive

quickly than the less massive
ball? Graneau thinks that some
special force, which he calls
inertia, is needed to oppose
gravity and so bring about the
equality of rate of fall. There is
no such force; the gravitational
force acts equally on two equal
masses, and doubly on the two
when they are joined together to
form one double mass. Thus
gravitational force is necessarily
proportional to the mass of the
attracted object, so causing all
objects to accelerate equally
(assuming no other force is
acting, e.g. air resistance). There
is nothing remarkable in all this.
It could not very well be
otherwise.

Since there is no “force of
inertia” there is no call to
account forit; a fortiori there is
no need to seek to attribute it to
the effects of the fixed stars. t
There is no need therefore, to
discuss Mach any further; he is
irrelevant, asis all theory which
invokes the so-called “Mack’s
principle”.

The concept of field, too, is

convenient mathematical device
for simplifying calculations. So
are the square rootof —1,
conformal mapping, matrices,
etc., but a matrix or —1 are not
physical objects, and when
mapping from one space to
another the physical object of
study does not change its form
accordingly. Likewise, a fieldis a
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mathematical concept whereby if
the force on one body at a given
pointis known, the force on
other bodies at that point can be
quickly and easily calculated.
But a field is not a physical
object, and to attempt to
attribute some kind of reality to
it, as to inertia, creates confusion
and puts obstacles in the way of
understanding.

These and many other
misconceptions over the past two
centuries have caused such
confusion that there is now no
way forward. We must go back to
basic and build up physics again,
with minds free of 20th century
metaphysics and myths. By
succumbing to the force of myth,
Graneau has put yet one more
obstacle on the path to truth.

R. A. Waldron
Dept. of Mathematics
University of Ulster

The article The Riddle of Inertia
written by Peter Graneau in the
January edition has prompted
me to give a dynamicist’s view of
the question of inertia.

Firstly, I would like to make a
few observations regarding any
physical laws. Two major tests of
the acceptability of alaw are:
do predictions made by the law
agree with measured data to
within the accuracy of the best
measuring equipment? And does
the theory give asimpler
appreciation of a phenomenon
than any other theory?

The first is a question of sound
experimental practice but the
second is often a matter of
opinion.
| Intherealm of mechanics the
| classical methods satisfy the first

test, provided that relative
’ speeds do not approach the

speed of light and that the
| concepts of mass length and
|

times are axiomatic. That is that
mass is conserved, space is
Euclidian and time (based on
some periodic system) is

| independent of the motion of the
observer. From these premises
the structure of mechanics is

| developed in accord with
experience.

| The three most commonly

used classical methods are
Newton’s Laws, Lagrange’s
Equations and Hamilton’s
Principle. These are mutually
compatible approaches where
the definition of force is
proportional to the time rate of
change of the moment of
momentum.

Force is regarded as a defined
quantity because it is possible to
set up a system of mechanics
without the use of force.
However, this is rather like
running an economy without
cash and relying on barter. So we
have the definition of force as
being that agency which
produces a rate of change of
momentum, or in more detail:
A force is the action of one body
upon another which, if acting
alone, would produce an
acceleration (relative to an
inertial frame of reference). Now
that the definition of force is that
which produces acceleration
there is no need to postulate an
inertia force to balance the
applied “real” forces. Indeed this
is contrary to the original
definition, Since inertial force
does not fit into the classical
scheme it is not surprising that it
does not obey Newton’s third
law.

Inventing a fictitious inertia
force is a useful device because it
enables theorems in statics, such
as those relating to virtual work
asin D’Alembert’s principle, to
be used. Alsoincases where itis
convenient to use non-inertial
frames of reference the se
ficticious forces are useful, as
seen in the application of the
Coriolis theorem.

The association of force with
matter means that the body
responsible for the force must be
identifiable. Force is to matter as
ahole is to adoughnut: No
doughnut, no hole.

An example of difficulties
which can be generated was
given by a series of lettersina
learned journal on the question
“What keeps the moon up?”
Here the proposition that
centrifugal force (an example of
inertia force) balanced the force
of gravity was one solution

offered but this leads to the
problem of the origin and nature
of this centrifugal force. A
simpler answer is found by first
restating the question as “What
keeps the moon down?” The
answer to this question is quite
simply gravity since, if gravity
were suddenly switched off, the
moon would continue on a
straight line, its distance from the
Earthincreasing. In this case
gravity is providing the
centripetal force to produce the
centripetal acceleration.
Regarding the anecdote of the
jerking subway train, if the
passenger had been wearing
roller skates and had had his eyes
closed he would not have been
aware that the train had jerked;
at least not until he made contact
with the end of the carriage. This
shows that it is the friction force
between the soles of his shoes
and the floor which gave rise to
hisimbalance.

The views which I have
expressed here are, I believe, the
generally accepted views of the
majority of contemporary
dynamicists and is nota
statement of right or wrong. 1
refer the interested reader to
Mechanics, 3rd Ed. by Keith R.
Symon, Pub. Addison-Wesley
1972 and toreferences 10, 12 and
21 quoted therein.

H. R. Harrison

Senior Lecturer Engineering
Dynamics

The City University

London ECI

De Sitter and the
aether

Apropos the recent remarks on
this topic by Busby and Busby!
and by Aspden?, de Sitter’s
suggestion about binary stars has
been stated to be the best
evidence that there is for the
correctness of Einstein’s
invariance postulate. If de Sitter
is shown to be wrong, therefore,
the special the ory would be
shown to be false. It has been
shown that the distances of
binary stars, their orbital
geometries, and other factors are

extremely unlikely, in the case of
visual binaries, to be such that de
Sitter ghosting effects would be
observed. Spectroscopic
binaries, however, are
sufficiently far away, and in some
cases the ghosting effects have
been observed. For further
discussion see references® and*.
Thus de Sitter is contradicted,
and Einstein’s theory becomes
untenable.

However, it should not be
necessary to disprove the special
theory experimentally, for
Einstein’s two basic
propositions, the invariance
postulate (as if a physical theory
couldever be basedon a
postulate!) and the principle of
relativity, are incompatible with
each other. The invariance
postulate contradicts the
principle of relativity, and it is
this fact which leads to other
contradictions such as the
notorious clock paradox,
so-called. This contradiction at
the very core of Einsteins’s
theory does not merely disprove
the theory; it renders it unworthy
of any consideration whatsoever
as a possible physical theorys.

R. A. Waldron
Dept of Mathematics
University of Ulster
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3% 90 % Efficiency
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% All outputs independently regulated

3% No minimum load required
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3% OV Protection

3% TTL Shutdown

%400+ Standard Models available
3% AC input

3% Wide range DC input

¥ Chassis or PCB mount
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3% Dual AC input

% DC inputs from 9.6VDC to 275VDC
%*6U or 3U

3 160mm or 220mm

3*750W, 1000W, 1500W
¥ Single or three Phase input
3% DC inputs from 24VDC to 220VDC

% Power factor correction
% M.T.B.F. 130,000 hours
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NEW PRODUCTS CLASSIFIED

ACTIVE l

Asic

Low cost risc. Samples are now
availabie of the Advanced Micro
Devices AM29005, a pin compatible
additionto the AM29000 family of risc
microprocessors. The AM29005
operates at 16MHz and Is priced at

£44 .50 each in quantities of 1000. Itis
designed to bring risc performance to
low-end to mid-range applications in the
six to nine mips range. The AM29005 is
a32-bit microprocessor with three bus
architecture, and is bulltin 1.m c-mos
technology. Itis available in a 168-lead
plastic-quad-fiat-pack (PQFP)
package. Production is scheduled for
Q2,1990. AMD (UK) Ltd, 0483 740440,

High speed arrays. Tektronix has put
together a family of semi-custom
analogue IC arrays with NPN
transistors capable of speeds up to
8.5GHz. The Tektronix QuickChip 6
family consists of IC arrays of
uncommitted high speed bipolar
transistors, capacitors, resistors,
vanadium schottky diodes, and
P-channel j-fets which can be easily
interconnected. The variety of
components makes possible a diverse
range of applications thatincludes RF
amps, mixers, sample-and-hold
circuits, fast recovery amplifiers, high
speed op-amps, high speed
comparators, and mixed analogue/
digital functions including interfaces.
Tektronix, 06284 6000.

A-to-D and D-to-A
converters

Simple cascade dacs. 2001 Electronic
Components can supply the Maxim |
MAX500, ac-mos quad 8-bit ‘
voltage-output digital-to-analogue

converter (dac). The device includes l

four output buffer amplifiers and input
logic for two- or three-wire serial
intertace that can be cascaded. So with
severat MAX500s, only one serial data
line is required to load all the dacs.
Three reference inputs allow the range
of two of the dacs to be set while the
other two track each other. MAX500
dissipates 500mW single or dual
supplies. 2001 Electronic Components,
0483 742001.

Power saving. Datel has developed
the ADS-193 - an upgraded type 9003
12-bit 1MHz sampling A-to-D converter.
All dynamic specifications measure
—0.5dB below the full scale of the input
range and power dissipation is reduced
by more than 40%. Benchmark

' Feedback laser. The CQF62/D long

parameters include in-band harmonic
specification of —81dB and a total {

harmonic distortion of —78dB. Signal to
noise and distortion is —~70dB with an ,
effective bits specification of 11.25.
Inputrange is +2.5V bipolar or 0 to —5V
unipolar. Datel UK, 0256 469085.

Discrete active devices

Brighter leds. Hero Electronics has
introduced a brighter range to replace |
the Telefunken TLSR3201 and 5201
range which has recently been dropped i
by Telefunken. The leds from Hero

have around flatface and are available
inred, green, yellow and orange witha I
viewing angle of 100° and luminous
intensities up to 3.2mcd at 10mA. The
wide viewing angle combined with high
luminous intensity and flush mounting |
make this led suitable as a front panel
indicator. Hero Electronics, 0525
405015.

Stackable leds. The 3421 range of
stackable right angle mounting leds for
flexible edge-or-board indication from
IMO Electronics, has been designed

with dovetails for easy side by side
stackingin any colour sequence. The
black polypropylene mouldings stack

on an industry standard pitch. IMO ’

| Electronics 01 452 6444,

Power rectifler. Twin-chip
common-cathode Schottky power
rectifier modules 82CNQ025 and
82CNQO30 from International Rectifier
have low forward voltage drops and
load currents of up to 80A (rectangular
waveform) and 72A (sinusoidal
waveform). Peak reverse voltage
ratings are 25V and 30V respectively.
International Rectitier, 0883 713215,

wavelength distributed feedback (DFB) |
laser module from Philips Components
is intended for multi-gigabit digital

applications inthe 1.3um window. The
laser diode s coupledtoa singlemode |

fibre, a monitor diode, a thermoelectric
cooler, atemperature sensor and abias
“T"in apackage pin compatible with a
DIL-14. Bandwidth (—3dB) is more than
4GHz and the eye patternis fully |
openedat 2.5 Gblts/s. Philips
Components, 01 580 6633.

Backiit LCD. Latest Stanley LCD range
available through STC Mercator,
comprises graphic LCD modules, with
cold cathode fluorescent lamp back
illumination driven by a 5V or 12V
supply together with a low-cost inverter.
STC Mercator, 0493 844911

Large character LCD. The Varitronix
single LCD glass of 32 or 4 digits and
character height of Zin can be obtained [
from Trident Displays. VI-50302 (3%
digit) and Vi-50402 (4 digit) can operate {
at—10°Cto +60°Cand ~30°Cto +84°. |
Reflective and trans-refiective polariser
options allow backlighting and the
displays are readabie from 50ft. Trident
Microsystems Ltd, 0737 765900.

Low saturation transistor. A series of
“Super E-line” ZTX transistors offering
high gain but without saturation-voltage
problems is available from Zetex. At
100mA, the collector-emitter saturation |
is 0.1V. Being capable of switching ,

loads of up to 2A when driven directly
from ¢c-mos level signals, the transistors
can be used for intertacing digital
circuits, including microprocessors.
Low saturation voltage also makes
them candidates for batttery-powered
applications. With gains of 500 at
100mA coliector current, the transistors
can handle voltages of up to 120V. At
higher currents, gain falls buta 20v
device still has a gain of 400 when
working atits maximum continuous
collector current of 2A. Zetex plc, 061
627 4963,

| Linear integrated circuits

High speed op amp. Analog Devices' |

Stackable, right-angle moun ting leds by IM ‘

current feedback monolithic op amp
AD9617 offers 190MHz small signal
bandwidth at closed loop gain of
+3V/V, and its AD9618, 160MHz
(+10VNV). These pin compatible op
amps guarantee maximum values of
second and third harmonic distortion at
three frequencies: 4.3MHz, 20MHz and
60MHz. Worst case second and third
harmonic components are ~55dBc and
—62dBc. Analog Devices, 0932
253320.

Sensorless motor controller. Micro
Linear has developed a sensorless
controller for brushless DC motors,
including those used in hard disk drives.
The ML4410 sensorless spindle motor
controller eliminates the need for
Hall-effectsensing devices. Using
phase locked loop techniques, the
ML4410uses the back EMF of three
motor windings to determine the correct
phase angle for commutation. Micro
Linear Corp, (408) 433 5200.

High stabllity regulators. The Seiko
range ofc-mos linear iCs available from
Pedoka, is designed to provide high
stability voltage. Current consumption
is 30pA and is combined with an
input/output differential of 2V on most
models. Pedoka Electronics Ltd, 0493
440047,

Audio T switch. The SSM-2402IC
from PMIis a dual analogue T-switch for
high-performance audio applications. It
features “clickless” audio switching
with low distortion and noise over the
audio range 20Hz to 20kHz, at signal
levels upto 10V RMS. Precision
Monolithic inc, 0276 692392.

Low nolse op amp. PM| has
developedthe SSM-2139, a low noise,
high speed dual audio op amp internally
compensated for gains equal to, or
greater than, three. It is a monolithic
bipolar amp offering a typical voltage
noise pertormance of 3.2nV/VHz.
Guaranteed specification is 5nv/\VHz
Max at 1kHz. Precision Monolithic Inc,
0276 692392

Wideband multiplexer. Siliconix has

| developed the DG534, alogic

selectable four channel or dual
differential multiplexer that can select
one of four RF or video signalsto a
common output. The DG534 provides a
DC to 300MHz bandwidth, low crosstalk
(—97dB at SMHz), a TTL-compatibillty,
and address latches all on a single chip.
Siliconix Ltd, 0635 30906.

Low power PWM. The bi-cmos
TSC18C46/47 series has a maximum
supply current of 2mA at 500kHz. The
low currentdraw means thatan SMPS
can be designed for off-line operation
with fewer and smaller components for
the bias supply. Rise and fall times into
a1000pF load are 150ns max and there
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is a minimum pulse width of 450ns with
200mV step to Ix pin. The ICs are
available with inverting and
non-inverting outputs. Typical pricing
for commercial versions is $2.52 in
10,000 piece quantities. Teledyne
Semiconductor, 01 571 9595.

Switchmode controller. The
TSC9115/9116 is a monolithic
switchmode controller IC from
Teledyne Semiconductor designed for
awide range input voltage, 10-300V
DC, high efficiency implementations of
popular single-ended current mode
SMPS topologies. The TSC9115/9116
have automatic start-up, current-mode
operations, and can self-power from an
output. They are suited for use in SMPS
up to about 100W. Teledyne
Semiconductor, 01 571 9536.

Logic building blocks

Driver/receiver. The uPD471X family
of RS-232C driver/receivers from NEC
aimsto fulfil the complete RS-232C
specification with only a single 5V
power supply. Itincorporates defined
power-on, reset and power off
conditions, eliminating external
switches to the communications lines.
Features include a low-power standby
made. NEC Electronics (UK) Ltd, 0908
691133.

100u.A pal. Philips Components
PLC18V8Z programmable logic device
is available from Quarndon Electronics.
Its standby currentis 100uA; active
currentis 1.5mA per MHz. Standby
mode is automatically selected if there
have been no transitions on any of the
inputs 35-40ns. The chipcomprises 10
inputs, 74 product terms and eight
microcells and is capable of emulating
allcommon 20-pin pals. Quarndon
Electronics Ltd, 033232651.

Shift register. SLS6016/6216 ultra
high speed shift registers from STC
Semiconductors offer 16 parallet
TTL-compatible inputs and
ECL-compatible serial inputs and
outputs operating at data rates up to
450MHz. The SLS6016 operates froma
single 5V rail. The SLS6216 runs from a
dual-rail +5 and =5V for split-rail
ECL-TTL systems. STC
Semiconductors, 01 300 3333.

Mosfet protection. Adaptive
power-control is now available from
Siliconix through its Si9910 power
mostet driver IC. This single-channel,
non-inverting driver adapts to the power
mosfet's operating conditions,
providing mostet protection as well as
optimising gate drive. Use of this
adaptive technique eliminates the need
for designing motor drives for
worst-case conditions or for adding
external devices to guarantee safe
operation. Siliconix, 0635 30905.

| Memory chips

C-mos electronically erasable.
Available from Austria Mikro Systeme is
atamily of nine c-mos Peel devices.
Direct replacement devices are
Jedec-file-compatible replacements for
the 24 pin pal devices and 20 and 24 pin
FLPAs. Superset devices emulate most
ofthe standard 20 and 24 pin PLDs and
also offer designers manry new
architectural and performance features.
Low power is a key benefit. A pal
comparable Peel deviceoffers a normal
standby current requirement down to
10mA, with the active suoply current
typically adding 0.7mA/MHz switching
frequency. AMS Ltd, 0793 537852.

Mask rom. Fast access timesof 150
and 200ns are a feature of the megabit
static c-mos mask rom, type
$631000/5631001 from Austria Mikro
Systeme international; The device is
TTL compatible on allinputs and
outputs and memory expansionis
tacilitated by allowing outputs to be
OR-tied to other devices. AMS Ltd,
0793 537852.

Microprocessors and
controllers

Boosted chip performance.
Mitsubishi Semiconductors has
introduced several new devices to its
range of 8-bit and 16-bit c-mos single
chip microcomputers. The 8-bit
M50747 with 8K rom, 256 bytes ram; 8
input 8 output and 40 /O ports; serial
portand three 8-bit timers on board,
now operates ata clock speed of
12MHz. The M37450 has similar
teatures to the 747 butincludes A/D and
D/A converter circuitry and a PWM
output for control purposes. Mitsubishi
Electric UK Ltd, 07072 76100.

Low-costrisc. Alow-cost 16MHz
version of the 88000 risc
microprocessor family has been
developed by Motorola. The 88100
MPU, with floating point maths and
integer execution units on a single chip,
is priced at$148in 1000 piece
quantities; 88200 cache memory
management unitis $175 in 1000 piece
quantities. At 16MHz, the risc chip set
executes at 13.6mips and thus costs
$11 per mips. Motorola Ltd, 0296
395252.

Hard-disk controller. Up to seven hard
disk drives can be controlled by NEC's
ESDI interface chip, uPD7262.
Designed for direct connection to the
hostprocessor, uPD7262 incorporates
27 commands, significantly reducing
CPU activity during drive access
operations. Data separator and PLL
circuits are eliminated in the ESDI
design, being integrated into the drive
itselt. NEC Electronics (UK) Ltd, 0908
691133.

Passive components

High voltage. The ML high voitage
potentiometer from Citec provides a
voltage proof specification of 2.5kV in
AC condition. The rugged package
offered in arange of linear, log and
inverse log laws from 1000 to 2MQ, or
downto 10QYin the cermet version. itis
tully sealed, and the cermet version will
dissipate a 2W of power at 70°C. Citec,
0793 €11666.

Common-mode choke. In AC power-
line applications, wide-band noise
suppression normally takes twc chokes
—one for the higher frequencies;
another for lower frequencies. PLH20H
series common-mode chokes from
Murata combine the features of both,
providing over 35dB loss from 500kHz
to 10MHz, and 20dB at 50MHz.
Applications include switching power
supplies, digital circuits, monitors, TVs
and analogue signal-processing
equipment. Murata Electronics {UK)
Ltd, 0252 811666.

Flim capacttors. The MKT 1823 series
metallised polyester film capacitors
from Steatite Roederstein are available
in three voltage ranges covering a
capacitance range of 1000pF to
0.47uF. They will replace multilayer
ceramic types. Capacitances of 1000pF
to 6800pF are rated at 100VDC/63VAC,
0.01uF t0 0.01uF at63VDC/40VAC,
and0.15uF 10 0.47uF at
50VDC/30VAC. Steatite-Roederstein
Ltd, 021 643 6888.

Solid capacitors. Solid capacitors,
developed by Sanyo Electric, with
organic semiconductive electrolyte, are
now available from Techmost
Electronics. The OS-CON capacitor
can withstand reverse voltages up to
20% of rated voltage and has high
temperature life of ten times aluminium
electrolytics. Permissible ripple current
is four and ten times higher than
aluminium electrolytics and tartalum
solid capacitors respectively. Techmost
Electronics, 0279 652444,

Connectors and cabling

Miniature connectors. Belling Lee’s
MCX miniature connectors are
designed for minimum board space but
with good screening and signai
transmission characteristics. Rated at
up to 3GHz, the connectors are suitable
for high speed communications
applications. Mountingis by a vertical
style socket with a PC footprintof 3.8 x
7.3mm, or arightangle versior with a
footprint of 6 x 6mm, and a mounting
height of 6mm. Moving contact parts

are beryliium copper, and all parts are
gold plated. Belling Lee Ltd, 01 363
5393.

High density connectors. Fujitsu 210
and 220 series half pitch connectors
have been made available through
Devlin Electronics. High density
mounting is achieved by 1.27mm pitch
contact, two row configuration and
terminals spaced in a four row zigzag
array. They can accommodate double
sided independent PCBs to a thickness
of 1.6mm and are available as two piece
and card edge devices with a range of
contacts. Devlin Electronics Ltd, 0256
467367.

Crystals

BT-cutcrystal. QD is manutfacturing
BT-cutcrystals in prototype and
production quantities. The fundamental
frequency of the BT cut crystal extends
to 35MHz. Its quartz blankis 1.5 times
thicker than that of an AT-cut, making it
economically practical to produce at
higher tundamental frequencies white
at the same time retaining a parabolic
temperature coefficient. |QD Ltd, 0460
74433.

Instrumentation

True RMS muttimeter. High resolution
andtrue readings of RMS AC
parameters are two of the features of
the Man 2000 digital muttimeter from
Advanced Measurement Electronic.
Theinstrument has a 42 digit liquid
crystal display and is able to measure
up to 650V AC, true RMS, 650V DC,
300V at high frequencies, 15A AC, true
RMS, 15A DC, 20Mohm, 1,999.9Hz
and 19,999rpm, Accuracy is rated at
+0.1%, resolution is 0.005% . input
impedance is 10MQ. AME Ltd, 0753
696433.

Solid capacitors from Techmost
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NEW PRODUCTS CLASSIFIED

Interference detector. Chase EMC
has launchedthe CIT-9600 hand-held
interference tracer for diagnostic
sourcing of radio frequency and
electromagnetic interference
(RFI/EMI). Two detector modes,
average and peak, permitidentification
of continuous and intermittent signals.
An audio oscillator providing a pitch
tone proportional to the input signal,
makes interference location easy.
Usable frequency range is from 50Hz to
S500MHz, with a dynamic range of 50dB.
PP3 battery operation gives around four
hours of continuous operation. Chase
EMCLtd,018787747.

Test signal generator. The D2-MAC
substitution-signal iF modulator SBKE
from Rohde & Schwarz produces a
standard video/sound IF test signal to
German FuBK specifications. During
program breaks or failures, this pattern
can be applied as a substitution signal
tothe transmitter section of the
broadband communication systems via
the automatic switchover circuit. Rohde
& Schwarz (UK) Ltd, 0252 811377.

Thermometer strips. Temperature
measurement of electronic
components is the aim of the
Tempscale mini-thermo-strip, from
Specialised Labels. Size of the strip is
3mm x 11mm, available in 10 ratings.
Eachrating consisting of four
temperatures in 5°C intervals between
40 and 260°C. Price per 45 indicators of
eachrating is £3.00. Specialised
Labels, 0332 382421.

Fieid oscliloscope. The compact
Trio-Kenwood CS-3035 portable
dual-trace oscilloscope is available
from Thurlby-Thandar. Despite its small
size (216 x 89 x 298mm) and weight
(4kg), the CS-3035 offers a
professional specification. Itcan
operate from an optional battery pack
for two hours continuously, from an
external DC source of 11.5-13.5V, or
from AC mains. The CS-3035 uses a
rectangular high-intensity tube giving
an 8 x 10 division display, with each
division measuring 6.35mm. Bandwidth
is 20MHz. Sensitivity of SmV per
division is available on both channels
up to full bandwidth. Thurlby-Thandar
Ltd, 0480412451,

Digital tape recorder. Earth Data has
developed a 64-channel version of its
EDR128 instrumentation tape recorder
allowing mixed-bandwidth digital
recording on a standard VHS video tape
cassette. The EDR128 can digitise
analogue signals using either 12-bit
conversion, with a bandwidth of 40kHz,
or 16-bit mode with a bandwidth of
30kHz. Earth Data Ltd, 0703 869922,

Digita! disk recorder. The Instrument
Systems Division of Gould Electronics
has introduced DataGraf, a portable 16

|
|

channel digital recorder. Once stored,
recorded signals can be replayed many
times fromdisk, and can either be
expanded or compressed in time to
achieve the required detail. Gould
Electronics, 01-500 1000.

Magnetic fleld meter. A50Hz
magnetic field meter, model IER-119
with 2 to 2000 milligauss range (0.2 to
200 microtesla) and a bandwidth of
11Hz can be obtained from Perspective
Scientific. The hand-held meter has
LCD display and programmable alarm
(audible and visual), backlightingand a
strip chant recorder output with optional
AC adaptor. Maximum sensitivity is 1
microgauss (0.1 nanotesla).

Linearity creates a +0.1% precision
andrepeatability. Calibration is +2%.
Single quantity price is $595. Integrity
Electronics and Research Inc, (0101)
716886 7283.

Microwave analyser. Marconi
Instruments has launched the 2386

| microwave spectrum analyser covering

the frequency band 100Hz to 26.5GHz
with an extended range of 10Hz to
30GHz. Afeature of the 2386 is its
resolution with spans as narrow as
100Hz and bandwidths down to 3Hz.
Measurement of third order distortion
products at least 90dB downis
possible. To prevent accidental
damage from DC overload, the input
can be switched from DC to AC
coupled. Priceis around £39,500.

‘ Marconi Instruments, 0727 59292.

Rotek’s model 4800A multifunction
calibrator, available from PPM
instrumentation, has been designed for
calibrating analogue, 3'2 and 4% digit
multimeters and many 5% digit models.
Itprovides AC and DC voltage up to
1100V, AC and DC currentup to 1A;
and resistance from 1Q to 10MQ).
Resolutionis 1ppm on all ranges except
ohms. AC frequency range is 40Hz to
50kHz and a digital error percentage
display for the unit-under-testis also
incorporated. Accuracy is better than
45ppmon DC volts, 0.045% on AC
voltsand current, and 0.015% on DC
current. PPM Instrumentation, 0483

| 301333.

Power supplies

DC/DC converter. D Series, 24-pin DIP
DC/DC converters from Amplicon
Liveline provide single (5, 12 and 15V
DC)anddual (+12and +15vV DC)
regulated outputs with shont-circuit
protection and Piinput filtering. Other
characteristics include 20mV p-p ripple
and noise; 300V DC isolation; efficiency
0f50% and switching frequency from
40kHzto 70kHz. Amplicon Liveline,
0273570220.

High temperature ceils. Saft (UK)'s
VTD serigs rechargeable, sealed NiCd
cells has polysulfone insulating seal

| Ltd,019797755.

rings and plastic negative electrodes to
help achieve a maximum operating
temperature of +70°C. The series is
designedforuse in luminaires meeting
the requirements of ICEL 1001 1986
Pant Il and expected life is at least four
years. Rated capacity is 4Ah at 20°C,
nominal voltageis 1.2V and charging
currentis 400mA for 16 hours. Saft (UK)

Computer board level
products

PC diagnostics. The Logimer
diagnostic system from Amplicon has
been designed to speed repair of IBM
PC/XT, 80286 and 80386 compatible
boards. The system comprises a
plug-in card with an alphanumeric
display for tracing “screen-dead” faults
anda replacement bios which can
make more than 1000 individual tests in
less than 60s. Failed chips are identified
saving unnecessary replacement of
other suspect devices during the
normal fault finding procedure.
Amplicon Liveline Ltd, 0273 570220.

16 channel A/D. The PC 27 analogue
data acquisition board from Amplicon is
a 16 channel 12-bit A’D device with a
typical conversion time of 10us, 12-bit
resolution and linearity figures better
than +1 LSB. It features successive
approximation conversion with three
trigger modes; external, an on-board
timer or software. The PC 27 has two
inputranges; +4V and 0to8V. [thasa
4MHz on board reference running one
16 bit counter. Price is £125. Amplicon
Liveline, 0273 570220.

Data communications
products

HF data transmission. Harris Long
Range Radlo has developed a HF data
system for voice and high-speed data
transmission over HF radio channels.
The RF-3266A is a complete
rack-mounted system built around the
Harris RF-3200 HT transceiver, with
data operation controlled by the
RF-3466A universal HF modem. Inthe
FSK mode, the system can operate with
any binary FSK system using data rates
of 50 to 1200bps. Harris RF
Communications, (0101) 716 244 5830.

Software data acquisition. Data
Translation has launched Global Lab, a
high performance, menu-driven data
acquisition and analysis software
package. Globai Lab can perform a
gap-free data acquisition and storage to
disk to the maximum rates of board and

system configuration, up to 250,000
samples per second. No programming

Linear reguiator. Low noise is the aim
otthe L series linear power regulators
from Schroff UK. All the units in the L
serigs have five selectable mains input
ratings, conform to VDE 0875 (curve K)
RFI/EM! emission, are open frame and
are available with single, doubleor triple
outputrails. Output powers range from
1510 116W with over 26 available.
Schroft UK Ltd, 044240471-9.

is necessary. The package runs under
dos and combines the flexibility of
subroutine libraries with real-time
displays and mouse-/menu-driven
ease-of-use. Data Translation Ltd,
0734 793838.

Deslign interface. Racal-Redac has
developed the Visula plus CAE system
for schematic capture and simulation of
analogue, digital and mixed
analogue-digital systems incorporating
both ASIC and PCB technologies. The
Visula system allows simulation to be
performed concurrently with circuit
design. Racal-Redac Group Ltd, 0734
782158.

Circuit simulation. Latest release of
the PC-based logic circuit simulation
package, LCA.1, is ten times faster than
its predecessor according to distributor,
Those Engineers. It also offers file
output to other software so that, for
example, ATE programs can be
constructed fromit. LCA.1 memorises
every point and event within a circuit
andallows data to be spooled to
external applications. Those Engineers
Ltd, 01 4352771.

Computer peripherals

Precision plotter. Available ex-stock
from Thuriby Electronics: the 681-XA
digital plotter. Using four pens, it
features aplotting speed of 400mmvs in
the axlal direction and 565mmy/s at 45°.
Acceleration in the axial direction is 1G.
Distance accuracyis 0.3% +0.2mm
with repeatability of 0.2mm and
pen-exchange accuracy of 0.2mm.
Thuriby Electronics Ltd, 0480 63570,

Software

Bus control software. BVM has
developed Target488 software to
accompany its IP488 IEEE488/GPIB
bus controller module. Target488
provides control of the IEEE488 bus
through alibrary of C functions. High
level language for driver software
simplifies production of GPIB bus
applications. The IP488 is based
around the TMS3914A controller chip
andcan be configured, through
software, to be either a bus master or
slave. BVM Ltd, 0703 270770.
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RF EQUIPMENT

LOW NOISE GASFET PREAMPLIFERS

Aligned to your specified frequency in the range 30-1000MHz.
Masthead or local use.

TYPE 9006. NF 0.6dB. Gain 10-40dB variable. In tre range
30-250MHZ ..o v .£85
TYPE 9006FM. As above. Band Il 88-108MHz
TYPE 9002. Two stage Gasfet preamplifier. NF 0.7dB. Gain 25dB
adjustable. High Q filter. Tuned to your specified channels in bands
WorV.. ... ? e 4 et b A £112
TYPE 9004. UHF two stage Gasfet preamplifier. NF 0.7dB. Gain
25dB adjustable. High Q filter. Aligned to your specified frequency in
therange 250-1000MHZ ... £112
TYPE 9035. Mains power supply for above amplifiers .......... ......£43
TYPE 9010. Masthead weatherproof unit for above amplifiers......£13

TYPE 9006 TYPE 9002

WIDEBAND AMPLIFIERS

Monolithic microwave integrated circuits in a fully packaged
microstrip module format. Full-wave shottky diode protected nputs.
Temperature compensated bias circuitry. Voltage regulated local or
remote operation.

TYPE 9007. 100KHz-900MHz NF 2.3dB at 500MHz. Gain 20dB...... £150
TYPE 9008 Gasfet. 100MHz-2GHz. NF 2.5dB at 1GHz. Gain 10dB.
Power output +18dBm, 65mW ... rr...£180
TYPE 9009 Gasfet. 10MHz-2GHz. NF 3.8dB at 1GHz. Gain 20dB.
Power output +20dBm, 100mW . —— £150
TYPE 9011 100KHz-400MHz NF 2.8dB at 300MHz. Gain 30dB.
Power ouput +14dBm, 25mW ... ST ITIEN, £150

4 .

we 9113 TYPE9252

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9113 Transmitting. Converts your specified input channels in
the range 20-1000MHz to your specified output channels in the
range 20-1000MHz. 1mV input, 10mW output (+10dBm). AGC
controlied. Gain 60dB adjustable —30dB. Will drive transmitting
AMPHfIErs GIrECHY ....c.ooioiiieiic it e £396
TYPE 9114 Receiving. Low noise Gasfet front-end. NF 0.7dB. Gain
25dBvariable...................... e 0 K £396

TMOS WIDEBAND LINEAR POWER AMPLIFIERS
TYPE 9246. 1 watt output 100KHz-175MHz 13dB gain

PHASE LOCKED SIGNAL SCURCES

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 9247 and 9051 wideband
linear power amplifiers and the Types 9252 and 9105 tuned power
amplifiers.

TYPE 8034. Frequency as specified in the range 20-250MHz. Output
10mwW. bbbl athom ....£140
TYPE 8036. Frequency as specified in the range 250-1000MHz.

OUPUE TOMW. it e e ...£195
TYPE 9182. FM or FSK modulation. 20-1000MHz. Output 10mW
£248

UHF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range of 250—470MHz.
24V.+ DC supply

TYPE 9123 250mW input, S watts output....................... .£289
TYPE 9124 2-3 watts input, 25 wattsoutput..............on £335
FM TRANSMITTERS £8-108MHz. 50 watts RF outpu

TYPE 9086. 24V + DC supply ....oooooiriiiiiiiiiiiine . .£1,040
TYPE 9087. Includes integral mains power supply ....... ....£1,220
TYPE 9182FM exciter +75KHz deviation. Output 10mW ....£248

TYPE 9263 TYPE 9259

TELEVISION LINEAR POWER AMPLIFIERS
Tuned to your specified channels in bands IV or V. 24V + DC supply.

TYPE 9261. 100mV input, 10mW output.............. .....£218
TYPE 9252. 10mW input, S00m\V output.. .. ......£280
TYPE 9259. 500mW input, 3 watts output. ...£320
TYPE 9262 500mW input, 10 watts output........ = ...£580
TYPE 9263. 2-3 watts input, 15 watts output............ ....£440
TYPE 9266 10 watts input, 50 wattsoutput ... £1,745

See below for Television Amplifiers in bands | & III '

"

TYPE 9158/9235

TYPE 9105

TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz, or your

LyPESHTE TYPE9271 o cified channels in bands | or Iif. 24V +DC supply.
TYPE 9247. 4 watts output 1-50MHz 13dBgain ........................ £135 TYPE 9105. 10mW input, 1 wattoutput................... . ..£250
TYPE 9051. 4 watts output 20-200MHz 13dB gain .................... £135 TYPE 9106 500mW input, 10 watts output...... ...£310
TYPE 9176. 4 watts output 1-50MHz 26dB gain ....... £285 TYPE 9155. 1 watt input, 30 watts output ... ...£360
TYPE 9177. 4 watts output 20-200MHz 26dB gain ..................... £285 TYPE 9158. 5 watls input, 70 watts output . _.£490
TYPE 9173. 20 watts output 1-50MHz 10dB gain ......... £340
TYPE 9174. 20 watts output 20-200MHz 10dB gain .£340
TYPE 9271. 40 watts output 1-50MHz 10dB gain ...................... £680 COMPLETE TELEVISION RETRANSMISSION SYSTEMS
TYPE 9172, 40 watts output 20-200MHz 10dB gain .................£680 AVAILABLE
TYPE 9235. Mains power supply unit for above amplifiers.......... £180 All prices exclude p&p and VAT.
Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG.
Tel: 0303 893631. Fax: 0303 893838
CIRCLE ENQUIRY NO. 140 ON BACK PAGE
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PIONEERS

t is perhaps a little ironic that a

man who was a great experi-

menter is now best remembered

for an idea he was unable to put

into practice and did not live to see
succeed. In the early years of this cen-
tury, Alan Archibald Campbell Swinton
had the extraordinary imagination and
foresight to suggest the basic structure
of an all-electronic television system.
The idea was way ahead of its time and
was not achieved in practice until the
1930s. Though he is remembered for
that now - at least in television engine-
ering circles — at the time his other
successes, such as X-ray photography,
seemed more notable.

Swinton’s ideas on electronic televi-
sion first appeared in print in a letter to
the science journal Nature on the 18th
June, 1908. Even before that there had
been speculation over “distant electric
vision”. This was inevitable once the
three basic properties of television were
known: the conversion of light into an
electric signal; photoconductive proper-
ties of selenium, (1873); the transmis-
sion of electric signals by telegraphy
(1837) and the conversion of electricity
into light (incandescent lamp, 1879).

By the turn of the century, however,
Swinton was aware that the situation
had changed alittle. By then he was well
acquainted with cathode ray experi-
ments and the Braun oscillograph in-
vented in 1897 (the first basic oscillo-
scope). Though nothing seems to have
been published at the time, he revealed
in 1926 that he had experimented with
electronic television as early as 1903/04:
**... not long after the production of the
Braun oscillograph in 1897 ... [ actually
tried ... around 1903/04 ... some not
very successful experiments in the
matter of getting an electrical effect
from the combined action of light and
cathode-ra¥s upon a selenium-coated
surface ...”

With two assistants, he had attempted
to make a camera tube (“transmitting
apparatus”) out of a home-made Braun
oscillograph. The normal fluorescent
screen was replaced by a selenium-
coated metal plate onto which the op-
tical image was focussed by a lens, *...
the end of the cathode-ray beam being
caused electromagnetically to traverse
the projected image™.!

Swinton also attempted to build an
electronic receiver. “Experiments were
also tried in receiving with a Braun tube
... but in its then *hard’ form it proved
very intractable.”' That Swinton had
even thought of using cathode ray elec-
tronic scanning at both the camera and
receiver end of the television chain at

PIONEERS

A.A. CAMPBELL SWINTON
Master Prophet of electronic television

that early date marks his proposals as
the first for electronic television. That
he also attempted some “not very
successful” experiments makes it a
double first. The nearest similar idea
was Rosing’s cathode-ray display tube
atthe receiver (1907).

Swinton’s 1908 letter to Nature was
his earliest simple description of his
ideas. These were elaborated in 1911
during his presidential address to the
Roentgen Society in London, when a

circuit diagram was included of how
electronic television might be achieved.
It was “anideaonly,” he said, “a sugges-
tion of a direction in which experiment
might possibly secure what is wanted.”

Scottish descent
When he died on the 19th February
1930, Swinton was widely known, res-
pected and honoured. He had been
born in Edinburgh on the 18th October
1863 into the landed gentry of Scotland.
He had two brothers and twossisters. His
father was a professor of law at Edin-
burgh University and his family traced

their ancestry back as far as the time of
Alfred the Great. Alan’s great grand-
father’s marriage to the daughter of the
head of the Campbells had introduced
that name to the lineage. His many
distinguished ancestors had married
into other leading families, as did his
father, for his mother was Georgiana
Sitwell.

Alan was brought up at the family
home in Berwickshire. By the age of six
he was displaying his inventiveness and
practical aptitudes and was learning to
use a wood turning lathe. By ten he had
begun his life-long hobby of photogra-
phy, sensitising his own paper and build-
ing his own camera. His first publication
was on his invention of a transportable
darkroom tent.

At eleven, Swinton started his first
formal schooling, which he enjoyed un-
til he transferred to Fettes College,
Edinburgh. There the curriculum was
not to his liking and he looked back on
his three years there “with horror”.

Two years after Bell's announcement
of the invention of the telephone, Swin-
ton managed to build a working model
at school, but was ordered to dismantle
it. It was not long before he persuaded
his parents to allow him to leave the
school. “I never passed, or tried to pass,
asingle examination,” he wrote, “exam-
inations are a woeful waste of time.”

On leaving school he spent nine
months in France perfecting his French
before taking up an apprenticeship with
a ship builder near Newcastle-upon-
Tyne. In his spare time he wrote a text-
book: “Principles and Practice of Elec-
tric Lighting”, which was published
when he was 21, one of the many
remarkable achievements of his life.
Naturally he was asked to introduce
electric lighting to the warships the yard
was then building. He soon extended
the brief to include other electrical
applications, including a gun-firing con-
trol. During his five year apprenticeship
he mastered many types of electrical
and mechanical machinery and even
applied for a dozen patents.
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Atabout 23, he moved to London and
established himself as an electrical con-
sultant and contractor covering elec-
trical supply, lighting installations, tele-
phones and the like. He also found time
to lecture and to begin scientific experi-
mentation, and to become the London
agent for C.A. Parsons & Co. Ltd.
Charles Parsons had produced the first
practical steam turbine in 1884 and
Swinton took a deep interest in it.

The two became friends as well as
business associates and Swinton was
able to contribute to improvements to
the turbine and was a founder-director
of the Marine Steam Turbine Company.
When, in 1897, a turbine-driven boat
sped past the Diamond Jubilee Naval
Review at Spithead at the unheard of
speed of 34 knots, Swinton was on board
and probably enjoying every minute of
the sensation they were creating. His
association with Parsons continued and
he became a director of a new Parsons
company, set up to build torpedo boats.
Years later in 1918 when Parsons lec-
tured on his experiments on the produc-
tion of artificial diamond, he acknow-
ledged Swinton’s (and others’) help.
That particular path seems to have
begun in 1907 when, asone of Swinton’s
experiments, they had turned diamond
into coke. Swinton subsequently made
artificial rubies.

X-Rays

To say that Swinton’s interests were
varied seems a hopelessly inadequate
description. As well as turbines and
electrical contracting, he studied hydro-
electric generation, electric arcs, HF
discharges, a 10kV storage battery
(“care has, of course, to be taken not to
touch the connections”), patented a
new bicycle handlebar and developed
what he called the “new photography” -
X-rays.

W.K. Roentgen discovered X-rays in

Diagram illustrating A.A. Campbell
Swinton’s ideas for “distant electric
vision.”

November, 1895. The following Janu-
ary, Swinton read a report of the discov-
ery and produced X-ray photographs
the same day, his photographic skills
proving invaluable. He announced his
success in a letter in the Evening Stan-
dard on the 10th January.

A few days later he succeeded jn
photographing the bones of his right
hand - using a 20 minute exposure! One
wonders what harm he did to himself
during all these experiments. By the
23rd January, his technique had im-
proved sufficiently to publish the results
in Nature. He also lectured on the sub-
ject to the Camera Club in London and,
on at least one occasion, took X-ray
photographs during the lecture, includ-
ing one of the chairman’s hand. These
were developed on the spot and shown
to the audience. At another demonstra-
tion he X-rayed the Prime Minister’s,
Lord Salisbury’s, hand.

As always, Swinton was quick to per-
ceive long-term uses for the new discov-
ery and speculated on future medical
applications. His own laboratory in Vic-
toria Street was soon being used by the
medical profession. Although Swinton
became an acknowledged authority on
the subject, it was still something of a
fascinating sideline for him, his prin-
cipal business remaining electrical con-
sultancy. One can begin to see why it
was remarked that he was too busy ever
to get married.

The other big novelty at the end of the
19th century which naturally occupied
Swinton’s mind was the arrival of radio
telegraphy. As usual, he was involved
almost from the start, tracing his inte-
rest back to about 1890 when he met
David Hughes, who had experimented

with radio signalling before an un-
derstanding was gained as to what he
had achieved.

When Marconi arrived in London in
1896 seeking a home and funds for his
radio telegraphy system, it was Camp-
bell Swinton who was first to recognise
the potential of Marconi’s equipment
and, indeed the man himself. Invited by
Marconi’s uncle to a demonstration in
London, Swinton was quickly con-
vinced. Knowing of the Post Office’s
interest in a “wireless” communications
system, Swinton wrote to William
Preece, the Post Office Chief Engineer,
to introduce and recommend Marconi.
The rest is, as they say, history. It would
not be unreasonable to view Swinton, in
a small way, as the catalyst of Marconi’s
success in Britain.

It is hardly surprising that a man who
gained such distinction in so many areas
of science and engineering should have
gathered a bagful of honours and public
appointments. They ranged from direc-
torships of companies, including the
electrical manufacturer Crompton and
Company, to Vice-president of the
Institution of Electrical Engineers,
member of the board of the National
Physical Laboratory, Delegacy of the
City and Guilds College, consultant en-
gineer to the Metropolitan Police, Free-
man of London, etc. But the most prized
of all was election to Fellowship of the
Royal Society, which came in May 1915,
the ultimate scientific accolade that Bri-
tain could bestow. Swinton celebrated
with a sketch of himself as a winged
angel clutching an FRS certificate and
accompanied by the words, “Joy, joy for
ever, my task is done. The gates are
past, and heaven is won!”

But his tasks were not yet wholly
done, and would not be until he drew his
last breath in 1930. In the early 1920s he
again unsuccessfully attempted to build
an electronic television pickup tube and
argued with others on the subject
through the letters column of The
Times.

As always, his mind was ever turned
to practical solutions to problems.
When his housekeeper wanted a way to
discourage dogs from urinating on the
front doorstep, Swinton waited for a
warm dry day and put calcium phos-
phide down ... it bursts into flames on
contact with water.

He enjoyed watching one more
successfulexperiment! ]

Reference

1. T.H. Bridgewater, “A.A. Campbell Swin-
ton,” Royal Television Society, London,
1982. This article is largely based on this
monograph.
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ELECTRONICS

IN MEDICAL IMAGING

echnology development in
medical equipment is con-
tinuing at a significant rate.
New terms have arisen during
the last few years that reflect
this advancing technology: computed
tomography (CT), digital radiography
(DR}, radio nuclide imaging (RN), digi-
tal subtraction angiography (DSA) and
magnetic spin resonance tomography
(MR). All are for medical diagnosis.
The advent of such techniques as
computer tomography is improving dia-
gnostic results, such as in the detection
of tumours at an earlier stage of
development and at a smaller size. The
combination of lower X-ray dosages
with higher image qualities, non-invas-
ive procedures (that is without introduc-
ing anything into the patient’s body)
and other benefits are leading to a
quicker and simpler diagnosis and
reduced patient risk and inconvenience.

Roger Dewell
describes the use of
electronics in
non-invasive
techniques such as
tomography and
angiography, which
reduce risk to the
patient and speed
diagnosis

Historical perspective

X-rays were first discovered by Wilhelm
Conrad Rontgen in Wiirzburg, Ger-
many, on November 8, 1895. Rontgen
discovered these rays (using ‘X’ to
denote their unknown nature) while
investigating the effects of cathode rays
through gases at low pressures. Some of
his discoveries during his investigations
were that X-rays affect photographic
emulsions or can cause materials to fluo-
resce when they are exposed to these
rays, and that some materials are more
or less transparent to X-rays than oth-
ers.

These earliest imaging techniques
involved exposing a photographic film
by placing the subject between a pho-
tographic emulsion and a source of
X-rays. The X-rays were absorbed by
the subject in varying degrees, depend-
ing on the composition of the area con-
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Fig. 6. The trend to smaller and more
powerful dedicated computer systems will
allow a specialist to provide consulting
advice without leaving his office. This
system is under active development in the
United Kingdom. See p444.

cerned. Bones absorb X-rays
particularly well; skin tissues very little.
The process, using photographic film or
a fluoroscope. has remained relatively
unchanged ever since.

These kinds of photographic image
have a major disadvantage, in that once
they have been taken they are fixed. No
other information can be gained from
them in terms of the state of the subject.

Electronic technology has greater
potential. Digital imaging equipment,
made possible by the advent of powerful
digital computers, has been with us
since the late 1960s. The first successful
computer tomographic equipment was
constructed in England by Godfrey
Hounsfield in the early 1970s, work that
led to a Nobel Prize in 1979 for
Hounsfield and physicist Allan
Cormack.

The CT scanner was under intense
development during the years 1973-
1976, and its success prompted the
investigations of other computer-based
imaging techniques, such as MRI, DSA
and so on; developments are continuing
today. The earliest scanning technique
was referred to as computed axial
tomography (CAT), since it only took
slices ‘across’ the patient. However,
current techniques allow scans to be
taken in the ‘coronal’ or ‘downwards’
direction as far as the patient is con-
cerned. The head can be scanned
directly in the coronal plane. So the
term has been generalized and short-
ened to CT.

The first magnetic-resonance images
were takenin 1973 by Paul C. Lauterbur
of the State University of New York.
Although MRI images had been taken
some years before, all the information
had been superimposed, and there was
no way of telling from where in the field
of view of the equipment the resonance
characteristics came. Lauterbur’s tech-
nique, however, successfully incorpo-
rated a way of encoding the signals so
that their position could be derived.

The medical fraternity was excited by
the remarkable image quality, and soon
afterwards laboratories in the United
States and Europe were working on the
technique and generating their own
images. Another benefit of MRI, beside
the image quality, was the absence of
harmful radiation, since this technique

is essentially free of any radiation
hazard.

Angiography has been a method of
studying the behaviour of blood vessels
of many kinds for several years. Ini-
tially, the method involved injecting
fairly large amounts of radio-opaque
medium into the patient’s blood stream
by threading a catheter through the
major arteries and taking rapid
sequences of X-rays in many planes to
study the progress of the medium. This
procedure generally requires an over-
night stay in hospital. However, work
done at the Universities of Arizona and
Wisconsin between the years 1976 and
1980 using digital computers demon-
strated that the simple intravenous
injection of small amounts of contrast
material and the use of a digital acquisi-
tion and imaging system allowed
angiographic information to be suc-
cessfully obtained. This improved tech-
nique reduced the risks associated with
catheterization and adverse effects pro-
duced by the radio-opaque substance
itself, and lowered the levels of X-ray
dosage required.

Scanning equipment and
image data

The sight of advanced imaging equip-
ment in hospitals is becoming more
common. These days, 25%—30% of
radiological examinations are done with
digital imaging equipment, making this
type of equipment a very important
component in radiological depart-

ments.Modern image generating equip-
ment allows a specialist to sit at a high-
resolution digital display and review the
image data as it is generated by the dia-
gnostic equipment, as in Fig.1. High-
resolution image monitors provide
1024 x 1024 pixel resolution as standard
equipment and an extensive range of
grey scales is presented on the display
screen for the identification of different
image components. A note of caution
was sounded by Dr Richard Dawood of
St Mary's Hospital in London, who
points out that digital techniques have
reached, but not yet exceeded the reso-
lution of film-based methods.

The kind of image that can be gener-
ated is shown in Fig.2, which shows two
CT scans of a skull. The specialist
selects the required increment of move-
ment of the patient for the feature to be
investigated, and the patientis moved in
a straight line through rotating X-ray
heads, the scanner taking 360+ sections
through the part of the body concerned.
Sections are typically taken every few
millimetres. The image processing soft-
ware displays the successive two-dimen-
sional image slices or, if required, builds

Fig.1. Digitally acquired images reviewed by
radiclogists. High-resolution monitors are
used to display and manipulate the informa-
tion. Images can be rapidly recalled for
examination, three-dimensional construc-
tions performed and radiological image data
efficiently stored or transmitted to other
specialists.
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3D RECONSTRUCTION

Fig. 2. CT scans of skull. The bones of tue skull can be examined in Sfullthree-dimen-
l sional views without any surgical procedures being performed.

Fig. 4. MRI image of blood flow across an
aorta. By being able to vary the intensity
of the MRI signal coming from blood
actually within the vessel, the pattern of
blood flow can be determined and
analysed.

RENENBER

up a three-dimensional representation
of the subject. A second image (of a
section of the spine) using the same
techniques is shown in Fig.3.

Successive complete images can be
built up and sequenced on the screen.
rather like a movie sequence, so that the
specialist can build up an impression of
the area of investigation. He can, there-
fore, form a detailed opinion of the
extent and placement of the radiological
signs before any further exploratory
work is undertaken.

Although it is obviously not possible
to show here a continuously rotating
radiological image such as would be
seen on an viewing screen, imagine the
effect of 50 or 60 images of the type
shown in Fig.2 displayed in rapid
sequence, simulating the actual move-
ment of the subject. Such a manipula-
tion of images requires extensive
software to build up the three-dimensio-
nal information and to simulate the sub-
ject’s movement.

Another technique, magnetic reson-
ance imaging, relies on the properties of
the atoms of the human body when
exposed to a strong magnetic field. Fig-
ure 4 shows an analysis of blood flow
characteristics of an aorta, plotting the
blood flow across the cross-sectional
image of the vessel.

I am told that the characteristics of
colour have not been widely developed
in the imaging of medical diagnostic
data. The colour dimension does not
seem 10 add a great deal of information
to the basic image and can, in fact
prove distracting. One application
where colour has been studied is in the
representation of activity tevels of the
human brain, where the extra dimen-
sion of colour allows relative activity to
be represented. Figure 5 shows this
activity taken with MRI equipment.

The MRI technique has enormous
possibilities for the detection of physio-
logical (or functional) information
about body tissues. The scans of Fig. §
show the various active areas in the
brain and their degree of physiological
activity in various mental states. This
type of information was not possible
before the advent of techniques such as
magnetic resonance imaging.

Fig. 5. MRI image of brain activity. In
these images a high activity level is repre-
sented in red, the least active areas in
blue. These five images show the patient
in five different mental states: looking,
listening, thinking, remembering and

obviously in use in the remembering state.

working. Note the extensive areas that are
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Digital scanners in hospitals

But how is this advanced equipment
being used in the day-to-day working of
a hospital? To assess this, 1 was fortu-
nate enough to be able to talk to Dr
Baddeley, Director of the Paul Strick-
land Scanner Unit at Mount Vernon
Hospital in Middlesex. The scanner unit
at Mount Vernon is equipped with CT
and MR imaging equipment.

During our conversation | asked Dr
Baddeley about the advantages of using
this kind of digital imaging system
instead of more traditional X-ray equip-
ment. He told me that the benefit was in
the ability to differentiate more clearly
the body components contained in the
image. The chest X-ray, for example,
contains alt the information required
(and usually more) superimposed from
front-to-back on the flat image of the
X-ray film.

The ability to pick out areas with
much greater contrast allows more
information to be presented in the digi-
tal image. A problem with traditional
X-ray imaging is that scattered X-rays,
in passing through the body. do strike
the emulsion at skewed angles, causing
blurring of the image. The reduced radi-
ation levels used in digital acquisition
techniques drastically reduces these
effects.

I saw areas of the brain justinside the
skull of a patient injured by a falt. Such
images, taken by CT scan, allow far
greater resolution of brain tissue and
the examination of the status of various
areas than would be seen on an ordinary
X-ray film of the same subject.

Image data is routinely stored and
archived on magnetic tapes for future
reference; however, off-line reporting is
done with film-based media, since it
lends itself to easier identification and
recall for later reference. Dr Baddeley
feels that, even with the advent of
optical-disk technology, significant bulk
data storage problems will have to be
overcome to compete with the hard-
copy image format.

Differences in imaging
techniques
Both computed tomography and mag-
netic resonance imaging are commonly
used digital techniques. So, what is the
difference between them?

In using MR1 equipment, the special-
ist can isolate other components than
with a CT scan. Whereas bone areas
show up very clearly against tissue areas
in a CT scan, bone areas do not show up
at all on an MR image. thereby making

certain tissue disorders more clearly
definable. This is particularly useful for
the examination of areas embedded in
surrounding bone, for example. Multi-
pie sclerosis, apparently, is more easily
investigated, as are tumours in the
lower regions of the brain, by using
MRI techniques, whereas bony and
calcium-containing lesions are usually
better investigated using computed
tomography. CT scans make use of
X-ray tubes. but MR1 uses radio sources
which are non-ionizing—a distinct
advantage of the MRI technique.

TECHNOLOGY

The different signals obtained from
normal and abnormal tissues makes the
MRI technique extremely useful for the
non-invasive diagnosis of many dis-
eases, including cancer. Whereas the
CT scan and previous techniques show
structural features, there is another side
which is missing from such images: the
unctional or physiological information.
This is an area where MRI 1s so power-
ful, in showing the physiological
charges in patients. Very often, the
onset of disease is shown in altered func-
tioning of tissue areas, such as for major

Magnetic resonance imaging

The basic principles of nuclear magnetic
resonance have been used over the last
forty years by scientists to discover com-
plex molecular structures. However, the
use of such techniques in the biological
sphere is relatively recent.

The technique relies on the behaviour of
nuclei when placed in a strong magnetic
field. Normally, the atomic nuclei (of hydro-
gen, or other elements susceptible to MRI
techniques), appear as rotating ‘magnets’,
having a random orientation of their poles,
as in Fig. 7a.in the presence of a strong
magnetic field, these random directions
align themselves (Fig.7b). In the MRI tech-
nique, a simultaneous, small magnetic field
is induced by a pulsed radio wave in a coil
also surrounding the subject. In this situa-
tion, the orientation of the magnetic poles
precess, or wobble, as in Fig. 7c. This pre-
cession induces an extremely small alter-
nating field, which can be detected and
amplified. The secret in coding the spatial
informaton is to graduate the strength of

Subject moves through investigation
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Initially random
nuclear orientation N

{Magnetic pass)

Fig. 7. The orientations of the proton
nuclei are initially randomiy distributed,
as at (a). When the subject passes into a
magnetic field, the magnetic poles tend to
align themselves with respect to the mag-
netic lines of force (b). The radio fre-
quency stimulus of the magnetic
orientation of the bulk magnetisation
direction causes this orientation to pre-
cess, as seen at (c). By graduating the
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the magnetic field (Fig. 7d). This produces a
variable signature, since the nuclei magnet-
ically resonate at higher frequencies in
stronger magnetic fields.

The nuclear resonance signal detectedin
the coil falls away in a characteristic time,
which varies with the presence and distribu-
tion of different surrounding atoms. The fre-
quency of the radio waves can be tuned to
procuce natural resonance in several types
of nucleus, such as hydrogen, phos-
phorous or sodium. Hydrogen is particularly
usetul for study, since it produces a much
stronger received signal, and is present in
much greater quantities in the human body
than are other susceptible isotopes.

MRI studies can be tailored to the particu-
lar tissue under study, or the disease being
to be looked for. The relaxation time, or time
required for the resonance of the atomic
nuclei to cease, varies if the tissue
becomes diseased, or if it is starved ot
blood. .

Increasing field strength

——

(8)

+F Time
—

Received signal  Grading of

strength as magnetic field

resonance dies produces

away ditferent resonance
properties depending
on position

quency of the ringing of the magnetic
poles can be used to determine the position
of the characteristic signals within the

strength of the magneltic field, the fre- field of view of the equipment

May 1990 ELECTRONICS WORLD + WIRELESS WORLD

43




The traditional method of utilizing this tech-
nique involves injecting a radio opaque
substance into the patient’s blood vessels
and taking X-ray images via an image inten-
sifier and a television camera. These se-
quences are stored on videotape for subse-
quent play-back. By watching the progress

Image processed by
digital computer

TV camera

= 7 ,\Fluoroscope

. !

{CT/-:?J\:{ZW

1 =T
\ [
1

F

Source of
X-rays

cessed by a computer

Fig. 8. Digital subtraction angiography
images, from an X-ray source and dis-
played by a fluoroscope, are recorded by a
camera, the image from which is pro-

CT has become a standard method of radiological analysis.

Digital subtraction angiography

of this injected material, the specialist can
evalute the state of these blood vessels.
The problem with traditional methods is
that, for sufficient material to be injected into
the area of interest, a catheter must be
threaded through the patient's arterial
system, whilst viewing its progress on a
fluoroscope.

Intranslating this method to digital techni-
ques, image processing equipment needs
to process data at video speeds, which is
where the computing power of modern
machines makes the system feasible.

To develop a high contrast image, an
initial ‘mask’ image is taken of the subject
area of interest. The radio-opaque material
is then injected intravenously into the
patient, the mask image then being digitally
subtracted from subsequent X-ray images
as the opaque material passes through the
the patient’s system. The images remaining
after each image subtraction process are
therefore only those areas containing con-
trast medium, which highlights the vessel
areas of interest.

One drawback of the DSA technique that
has had to be overcome is the image quality
obtained. The X-ray image is generally dis-
played on a fluoroscope and recorded by a
television camera, as shown in Fig.8. The
original image quality of the technique was
totally dependent on the resoiution of the
video system, a resolution that has been
improving markedly as video technology
has progressed.

psychoses, where brain tissue may
appear structurally normal, but simul-
raneously show functional abnormality.

Data storage and archiving
The problems associated with image
data storage are very significant, since a
single image of 1024x1024 pixels with
10—12 bits of grey-scale resolution will

contain megabytes of data. Currently |

published estimates put the data volume
of an average facility performing 120
procedures a day at 1.5Gbyte. Optical
disk storage seems the only practical
method of manipulating this quantity of
data, but these devices are still not in
widespread use.

The future

In further developing these imaging sys-
tems, manufacturers are working
closely with medical staff in hospitals to
further refine the facilities available.

The image generating equipment and
techniques discussed above lend them-
selves to interconnection, since thev all
generate digital data. Generation
processing, storage and retrieval oper-
ations can be co-ordinated so that a spe-
cialist at work-station in another office,
building or even another country, can
call up these images, discuss them with
local specialists and diagnose remotely.

Such systems, dubbed PACS (Picture
Archiving and Communication Sys-
tems) can represent a powerful radio-
logical diagnostic and image-processing
system. as well as being a significant
teaching aid. Being an integrated
resource, such a system gives the pos-
sibility of being upgraded and can be
nterconnected with other PACS sys-
tems or work-stations by optical-fibre or
other high-speed data links.

Desktop imaging system
In common with most areas of techno-
logy, miniaturisation, coupled with
Increases in processing capacity and a
decrease in costs, is now making pos-
sible the development of a small-scate
system for consultation from a con-

sultant’s office. An installation being |

studied jointly in the UK by Siemens
and Acorn consists of an Archimedes
420/1 risc-based microcomputer with a
high-resolution screen and conven-
tional (low data-rate) modem. This is
shown in the picture of Fig. 6. |

Acknowledgment The pictures for this
article were kindly supplied by Siemens
plc, who also provided valuable product
information.
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REVIEW

PCSIGNAL
ANALYSIS

Hypersignal Workstation 1.2 provides an array of
signal processing and signal analysis facilities.

growing number of applica-

tion programs provides a

wide array of signal-

processing analysis tools.

Although most of them are
commendable, very few of them pro-
vide the opportunity for the engineer to
investigate signal processing in real-
time. The Hypersignal Workstation
(HSW) version 1.2, when combined
with a suitable PC expansion card, does
precisely this.

To review the effectiveness of HSW,
it was used in conjunction with an ex-
pansion card from Loughborough
Sound Images, hosting the Motorola
DSP56001 digital signal microprocessor
(DSMP). The software and expansion
card combination were loaded onto an
OPUS VII 20MHz 386-PC with a VGA
colour display. HSW software comes on
three 1.2Mbyte floppy discs and is easily
installed on the hard disc. After prompt-
ing for the graphics adaptor type, the
program was up and running within a
few seconds.

Hypersignal workstation
environment

HSW works under a DOS MetaWin-
dows environment, which is loaded
from the start-up batch file, and the
layout of the options offered is pres-
ented in three columns. Each option is
activated with a scroll bar which leads to
greater refinement of choice for the cho-
sen option (Fig. 1). HSW options can be
broadly grouped into six categories:
analysis functions, digital filter design,
real-time processing, data acquisition,
instrument functions and system utili-
ties.

HSW is an expanded version of
Hyperception Plus and its ability to ac-
cess directly the features of a range of

Allen Brown investigates.

Hypersignal Workstation version 1.2 is
made by Hyperception In Texas and (s
distributed in the UK by Loughborough
Sound Images, The Technology Centre,
Loughborough, Leicestershire LE11
0QE.

The price of the HSW software Is £695,
plus VAT, and DSPS6001 expansion
card from Loughborough Is £2995, plus
VAT.

DSMP expansion cards makes it a parti-
cularly attractive product. It can be con-
figured as a front-end software interface
for several resident DSMP expansion
cards in the PC and serves as a conve-
nient means for accessing the facilities
on the cards. Other Loughborough
Sound Images DSP expansion cards that
work with the HSW include the Texas
Instruments TMS320C25, the AT&T
DSP32C and the Analog Devices
ADSP - 2100. By choosing the SYSTEM
CONFIG. option from the utilities menu
in Fig.1, the user can assign various
functions to the DSP expansion card(s).

Anexciting feature of HSW is the way
it embraces the power of the DSMP
expansion card by using it as a process
accelerator. Whenever possible, the
analytical processing is performed on a
DSMP card, which is achieved by
assigning the DSMP expansion card to
the status of an accelerator card. This
removes the intensive signal-processing
analysis from the PC’s CPU and the
enhanced speed is quite evident. For
example, a 1024 FFT is performed and
displayed in less than 0.2s.

Analysis functions
The option menus include a range of
signal-processing analysis tools. It is
reasonably comprehensive and contains
the standard FFT, inverse FFT, power

spectral density, phase spectra and con-
volution. However, the speed of opera-
tion of the analytical functions is most
impressive through the off-loading of
the processing onto a DSP expansion
card. On the spectral display in Fig. 2, a
cross-wire cursor, with coordinate mea-
surements, can be evoked which allows
the user to zoom in and expand an area
of interest. Alternatively, if there is a
requirement to examine the spectral
evolution of a non-stationary signal, the
3 - D spectral display can be used to
good effect, as seen in Fig.3.

This device is useful in speech ana-
lysis, as indeed is the spectrograph op-
tion in Fig.4, which gives information
regarding the change of a spectrum with
time where the colour intensity relates
to the signal magnitude. This feature is
rare in DSP analysis programs, but un-
fortunately does not work in real-time.
However, a section of the signal can be
isolated with the cursor and played back
through one of the digital-to-analogue
channels on the DSMP expansion card.

Digital filter design
A not entirely universal method for
designing digital filters is included in
HSW. An engineer who has not expe-
rienced the perils of filter design pre-
vious to using this package will probably
findit alittle bewildering. When design-
ing a low-pass filter, for example, why
should you be asked for a central fre-
quency, which has norelevance.

Setting this aside, FIR (finite impulse
response) filters using either the Parks
McClellan or window design technique
can be evoked and the four types of
recursive IIR (infinite impulse res-
ponse) filter options (Butterworth
Chebyshev I and II and elliptical) are
also available.

May 1990 ELECTRONICS WORLD + WIRELESS WORLD




SYSTEN CONE .G

¥ e

SYSTEM CONFIGURATION—zce

ANALOG CONVERS [0N:

DSP ACCELERATOR:

DIGITAL SCOPE:

SPECTRUM ANALSZER:

MEM BASEADDRESS (SWDS,3B1):
1,0 " (B1,LSf,CAC,ARI,AIS):
XFEF SCHEME (MEM/10AUTD):
88286386 INST. SET CY+N):
DEVELCPMENT DSP (sce help):

FELP for hardware list

KSTATAOH (DSE SOF THA 9

(]
\SPLUSY

syeech
saeech

c

UTILITIES
15156

18156

L8156

15156

Dg98, besa

248,208,388, 33C, 108

10AUTO

Y

156

REVIEW

GPECTROGRAPHIC. ANALYSIS o+

Tine spanncd: 8 1008-256.0mS

468.5

£
f
¢}

28.8 Hz Div

8 SYSTEM CONFIG

help: *

¢ delete: Backsyc  delete: Del  wove:

FREQUENCY

Fik speech
Fs: 8,800 KHz, bin: Rect

fFT Lengths 256
Framesize: 64

column.

|
|
|

!
| |

368.8 Hz /Div
FREQUENCY
&

File}: tuo_lunp L=€29.7 Hz R=1.927KHz

9.897KHz  +1.378KHz
Fsi 7.268 Kz, Vin: Rect

zoomed.

Filter specifications having been en-
tered, the design envelope is graphically
displayed. It can be adjusted in the gra-
phics plane and, when this process is
completed, the required filter can be
constructed (Fig.5)

Performance of the filter is simulated
with an impulse function to give its
transfer function characteristics. A high
degree of control can be exercised over
the filter coefficient accuracy and this
can be used in conjunction with one of
the options in the frequency domain list,
which allows the poles and zeros to be
viewed in both the Z-plane or the S-

Fig. 1. Menu of options — in this case, System Config is highlighted
in the Utilities list and shows its own menu in the left-hand

SPECTRA ANALYSIS n 4 o

Fig. 2. Spectral analysis. Box and cross indicate area to be

ment of a signal.

23)
~28.18

Filel: speech

IFT Length: €12
Guerlap:
Framesize: 239

plane, as in Fig.6. Being able to view the
positions of the poles and their relative
closeness to the unit circle of the Z-
plane gives the designer an indication of
stability of the filter.

Real-time processing

Once a digital filter has been designed
and simulated, HSW comes 1nto its
own. By using the SYSTEM CONFIG. op-
sion, with a named DSMP and the CODE
GENERATOR option, the digital filter
can be realised in assembly language
code for the DSMP on the expansion
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Fig. 4. Spectrographic mode displays a spectrum which changes
with time, a facility often used in speech analysis.

Tine spanned: 8.@0-256.9n5

FFT Length 256
Overlap: L]
Framesize: 64

card. The code is assembled and down-
loaded to the expansion card and run in
real-time. Loughborough Sound Ima-
ge's DSP56001 card has two analogue
inputs and two analogue outputs. With
its input and output channels it can be
used as a stand-alone digital filter unit.
A possible application of real-time
processing would be in the analysis of a
control system where there is a trouble-
some resonance. By inserting the
DSMF expansion card into the closed
loop. the transfer function of the system
could be measured and the resonances
identified with the spectrum analyser. A
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REVIEW
|

IIR FILTER DESIGN

Fig. 5. Design envelope of an infinite
impulse-response filter.

POLE-ZERD ANALYSIS

Fig. 6. Poles and zeros can be shown in
both Z-plane and S-plane diagrams.

REAL-TIME SPECTRUM ANALYZER

Fig. 7. Displays from spectrum analyser
and oscilloscope can be combined in one
frame.

notch filter could therefore be designed
to remove the effect of the resonance
and implemented on the DSMP expan-
sion card, which would become an act-
ive component in the control loop by
shaping the transfer function

448

Data acquisition

Two of the options in the utilities menu
file acquisition and analogue conver-
sion, enable data to be imported from
the ADCs on the expansion card or from
disc files created with other application
programs. To complement this process
there is a binary/ASClI/binary option to
allow conversion between HSW binary
files and ASCII files and the reverse.
Once configured, disc file data is im-
ported into HSW and channelled
through one of the output DACs on the
DSMP expansion card to provide an
analogue signal. The analogue conver-
sion option of HSW has a dual role:
either to output data through a DAC
channel or acquire data through one of
the ADC channels on the DSMP expan-
sion card.

Once the required number of samples
has been defined, the samples can be
partitioned into different frames, each
containing the same number of samples.
Subsequent analysis will therefore be
performed on the frames separately and
this allows a history of spectra! profiles
to be constructed, asseen in Fig. 3.

Instrument functions

In addition to the many signal process-
ing functions, HSW also possesses two
instrument functions: a digital oscillo-
scope and a real-time spectrum ana-
lyser. Depending on the DSMP expan-
sion card, two input channels can be
configured and the instrument functions
can be displayed separately or com-
bined, as shown in Fig.7.

Maximum bandwidth of the system is
limited by the adjustable anti-aliasing
filter in front of the ADC on the
DSP56001 expansion card. The maxi-
mum sampling rate is 0.2MHz and, in
principle, the bandwidth could be as
large as 0.1MHz. Control can be exer-
cised from the keyboard over gain,
timebase and frequency range. A
number of triggering options is offered
for setting up the oscilloscope display,
but there may be problems, depending
on the trigger setting on the DSMP
expansion card. A choice of window
functions is offered for spectral display

The screen refresh on version 1 of
HSW has too much flicker, but this
problem will be addressed in future ver-
sions of HSW to provide a clear, flicker-
free refresh. Future versions will also be
expected to have a three-dimensional

Operating environment

286 PC or 386 PC or compatible computer
30Mbyte hard disk unit

Minimum EGA graphics and colour
monitor.

spectral display, where each new spec-
tral trace overlays the previous one
which is pushed downwards. This gives

a 3D waterfall effect and is useful for |

observing spectral changes of non-
stationary signals.

Instrument functions on HSW are
very attractive features and are straight-
forward to operate.

General overview
HSW makes efficient use of the PC as a
host platform, with its direct memory
access and the support for a large variety
of graphics formats. To the casual ob-
server, the range of options offered by
HSW may appear to be rather sparse,
but getting the best from each option
does take a lot of practice and a reason-
able amount of understanding.

Because HSW and DSMP expansion
card come from different manufac-
turers, the cross documentation tends to
be weak and difficulties were expe-
rienced getting HSW to recognise and
input data from the expansion card.
This was only resolved after removing
the card several times from the PC to
adjust jumper setting; the default set-
tings were inappropriate.

One of the HSW floppy discs has a
wealth of sample files which proved to
be invaluable in the early learning sta-
ges. However, the 600kbyte file of pop
music, lasting just over seven seconds in
playback, must be of questionable
value! The user’s manual probably con-
tains all the information required to
exploit the features of HSW to the full
but its layout is old-fashioned and diffi-
cult to read; it needs to be repackaged
with a fresh presentation.

The screen prompts in many of the
options do not convey intuitive informa-
tion and one has to resort to the help
menu, evoked from F1, which appears
to reproduce most of the users’s manual
and is far too detailed. When requiring
help with one type of expansion card
you do not really want to know about all
the other cards which are supported by
HSW. HSW contains some very power-
ful features and on the whole, when
combined with a high-performance
DSMP expansion card, is an impressive
product. Generally, it is well designed
and provides the user with an extensive
range of signal-processing tools. The
opportunity for implementing real-time
signal processing must be one of its most
attractive aspects. The additional facili-

ties for capturing and analysing non- |

stationary signals gives HSW distinct
advantages over purpose-built digital
spectral analysers. E

-]
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Features Galore...

ISIS SUPERSKETCH -The Easy to Use Schematic Drawing Tool from £69

Do you need to draw circuit diagrams in the course of your work or hobby? If so, then ISIS Supersketch could
save you much time and effort whilst maintaining or improving the quality of your drawings. This new product is
based around the technology of its big sister, ISIS, which combines a highly intuitive Graphical User Interface
understands electrical circuits. The result is incredible ease and speed of use, far

outperforming anv general purpose drawing program. For example, a wire can be drawn from one component to
another in just 4 mouse operations: point at firsi zomponent pin, click, point at second pin, click. The Wire
Autorouter docs the rest!

Also Available...

Automatic or manual wire placement.

Auto dot placement.
Auto name generator.
Auto component finaer.
Powerful editing facilities.

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

Integral device editor - create components on the fly.
Output to dot matrix, pen plotters, lasers, POSTSCRIPT,

DTP, DXF etc.

Runs on any PC compatible with 512K + mouse.

We also supply a range of PCB
design software starting with
manual layout aids and going
right up to fully integratated
schematic to PCB design systems.
Please write or phone for more
information.

£ / e ¢ !

abcenter

r o nmni7 c

PRICES P
Supersketch + basic library ..£69
Supersketch + full library ... £99 a Call for FREE demo
disks - 0274 542868. i
Call for Educational and Site‘ )
S Licence pricing. Dealer enquiries 74 Marriner’'s Drive. Bradford. BD9 4JT

welcomed.

TRANSFORMERS

12/24V or 12-0-12V 2x12V Secs
24V 12v £ P&

0.15 0.03 3.44 1.87
0.25 05 3.64 1.87
0.5 1 4.36 1.98
1 2 6.08 209
2 A 4 7.00 220
3 M 6 12.08 236
4 P 8 1287 2.42
6 S 12 15.62 2.64
8 16 18.59 3.08
10 20 25.02 352
15 30 31.10 3.63
20 40 44.40 4.12
30 60 63.75 4.89
41 83 73.41 6.32 .

MAINS ISOLATORS
Prl 120V x 2 or 220/240V or
415/440V. SEC 440V 0r 240V or

110V Centre Tapped

VA £ P&P
20 8.33 2.50
60 13.60 2.69
100 15.87 291
200 22.49 352
250 2720 363
§00 4191 423
1000 76.01 5.33
1500 96.04 6.54
2000 117.96 7.61
3000 165.41 O/A
6000 353.43 OA
AUTOS

105, 115, 200, 220, 230, 240V
For step-up or down
VA §

£ P&P
80 691 1.92
150 10.03 2.09
250 1225 2.3
350 14.05 275
500 19.05 3.08
1000 34.33 3.68
1500 40.40 4.18
2000 60.41 511
3000 102.72 6.32
4000 133.35 A
5000 155.28 A
7500 239.70 A
10kVA 283.23 /A

PO BOX 70, ILFORD -¥.N:1-TTH S0 oag:To] (oA Ay
TELEPHONE: 01-551 8454

ESSEX 1G5 OAP

30/15V or 15-0-15v

P 2 x 15V Tapped Secs

To give: 3, 4,5, 6, 6, 9,10, 15,
18, 20. 27 30V or 15-0-15V

30V 15V P&P
05 1 455 181
2 619 198
2 A 4 1001 220
3 M 6 1160 242
4P 8 1384 253
58 10 16.62 274
6 12 1941 291
8 16 2574 3.02
10 20 2994 324
12 24 3342 345
15 30 3743 401
20 40 5110 654

50/25V or 25-0-25V 2X25v
Tapped Secs to give: 5,7, 8, 10,
13, 17, 20, 25, 33, 40, 50V or
20-0-20V or 25-0-25V

50V 25V P&P
05 1 5.91 2.09
1 A 2 7.19 220
2 M 4 1281 275
3P 6 14.82 292
4 8 8 20.30 324
6 12 25.81 3.45
8 16 36.52 4.12
10 20 4334 4.41
12 24 51.87 522

CASED AUTOS
240V Cable Input, 3-pin 115V

USA Socket Outtet

VA P&P
20 9.95 2.03
80 13.38 214
150 17.34 2.58
250 2113 as?
500 34.66 3.90
1000 §5.65 4.90
2000 88.70 6.16
3000 124.46 A

AVO's & MEGGERS
Full range

Please add 15% VAT to all items

CIRCLE ENQUIRY NO. 145 ON BACK PAGE

EX STOCK

60/30V or 30-0-30V

2 x 30V Tapped Secs
Voits available: 16. 18, 36, 40,
80V or 20-0-40V or 30-0-30V

60V 30V P&P
0.5 1 6.72 209
1 A 2 1025 220
2 M 4 1317 253
3P 6 1905 264
4 S 8 2172 275
5 10 2746 319
6 12 3132 34
8 16 4404 412
10 20 5128 4.40
12 24 59.08 522

96/48V or 36-0-36V (2 x 36/48V
Secs) 36, 48, 60, 72, 84, 96V or
36-0-36V or 48-0-48V

96V 38/48V £ P&P
0.5 1 716 176
1 2 1280  2.31
2 A 4 2105 291
3 M 6 25.49 302
4P 8 3254 332
5 S 10 46.21 418
6 12 5787 4.40
8 16 6312 528

TOOL TRANSFORMERS
240to 110V Centre apped
18Amp Socket Ovtiets

INVERTERS
12/24V DC to 24CV AC
Sine wave or Square Wave

CONSTANT VOLTAGE
Transtormers for Spike-free
Stable Mains

—_—— e
Also Vaive Mains & Output |
Transtormers

TRANSFORMER WINDING
SERVICE in batches 3VA to
18KVA

TOROIDALS
Batches Wound to Order
30VA to 4KVA

atter PAP  Send SAE fof lists

CIRCLE ENQUIRY NO. 146 ON BACK PAGE
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SECOND USER
EQUIPMENT SALES

Logic Anslyzers
HP 1830G 65 channels £1950
HP 1650A 80channels £3850
TEK 1230 Logic Analyzer £1200
Protocol Anslyzers
HP 495 18/001 £1600
HP 495 1C001 £2200
HP 4953A £2950
HP 4955A £4250
HP4971ALANANALYSER £6000
HP4972A LANANALYSER £12,850
Technical Compulers
HPB5A £450
HP 982€A £1800
HP983EA £2200
HP310System £1800
HP 330 Colour System £8950
SUN 3/50m-4 Diskless syslem £1550
SUNJ/80C-4 Diskless Systemn £4500
Peripherais
HP 91220 DiskDrives £495
HP 91210 Disk Drrves £350
HP 9133H Harddisk + F/Drive £895
Epson X105 132 Column Pnntar £245
HP7475A Plotter AVA4 £795
Roland DXY 990 A3 Plotter £650
Miscellaneous
Gould 054020 DSO Oscilloscone £720
Gould 054040 DSO Qacilloscooe £1450
Goutd 054035 0 SO Oscilloscooe £1500
Gould 054050 D S0 Oscilloscooe £2995
HP84100A041 Drv. System £1750
Intel lce 5100/252 stand aionasystem £2600
HP 75860 Ao-Ad plotter + RollFeed £3995
TEK 4111 Graphics Terminal + IMBRAM
TEK 4211 Graphics Terminal £POA
Tel: 0344 861364 4
Fax: 0344 411329

5

CIRCLE ENQUIRY NO. 147 ON BACK PAGE

449



RF CONNECTIONS

In the item The problems with HF
packet (RF Connections, EW+WW,
November, 1989, pp. 1120-1121) I dis-
cussed some of the effects that degrade
digital signals transmitted over difficult
radio paths, as encountered on HF or
VHF/meteor-scatter circuits. As then
noted, HF signals may vary in strength
by 20-40dB and sometimes up to 80dB,
while multipath propagation can result
in time differences from 1 to 3ms and
sometimes up to about 10~12ms when
operating well below the maximum usa-
ble frequency. Doppler shifts due to
travelling ionospheric disturbances or
from airborne or space transmissions
can result in significant frequency shifts.

Over the years, a number of tech-
niques has been developed to improve
the effectiveness of HF teleprinter cir-
cuits, including 7-unit ARQ (automatic
request for repetition) error-detection
codes for two-way circuits and forward
error correction (FEC) where a return
link is not available. The SITOR/
AMTOR system, with its short three-
character transmissions, can provide
good performance with the standard
32-character Baudot code, although a
few errors may go undetected. On the
other hand, as noted last November, the
AX25 HF packet protocol, developed
initially for use by amateurs on line-
of-sight paths, with its full ASCII 132-
character-set and relatively long
“packets” which are not printed unless
100% correct, is much less satisfactory
on difficult paths and often requires
very large numbers of repeats for each
packet.

Both SITOR and packet are normally
transmitted using frequency-shift key-
ing (carrier or audio tones), a mode

which ideally needs diversity reception
and relatively high-power transmission.
Some 30 years ago, investigations by
Marconi engineers and by the Post
Office Research Laboratory at Dollis
Hill showed that the relative merits of
various digital modulation systems var-
ied in accordance with propagation con-
ditions and depended on whether
automatic error correction was used.
There was evidence that two-tone or
multi-tone systems could produce bet-
ter copy than FSK in the absence of
diversity reception. A notable example
of this approach has been the various
forms of Piccolo, developed by the
Communications Department of the
Foreign & Commonwealth Office and
eventually endorsed by the equipment
industry. Originally, for HF, this used
32 audio tones spaced at 10Hz intervals,
adifferent tone being allotted to each of
the 32 tones and transmitted throughout
the period of each character. It was
claimed in 1963 that this system permit-
ted the transmission of 100 words/min-
ute in a bandwidth of 470Hz with less
than 0.2% errors, the signal being 4dB
below the noise level.

The system required a very high
degree of frequency stability, both in
the equipment and over the propaga-
tion path, and was later modified to use
eight and then six tones; this may soon
be increased to 10 tones. The number of
major changes does seem to imply that
Piccolo is not without problems in some
circumstances.

Following from the November item,
H.E. Dempsey of Threshold Communi-
cations Systems (PO Box 188,
Brampton, Ontario, L6V 2LI, Canada)
has written pointing out that a radically

Decoding of the received signal, |

Parker code for digital HF?

different system for digital/teleprinter
transmission over difficult paths exists
in the Parker code developed by B.D.
Parker in the 1960s at the Decca Radar
Company (British Patent No 860, 830
etc.) and later implemented by Dollman
Electronics Canada Ltd (forerunner to
Threshold Communications Systems).

Dempsey writes: “It seems to me that
it is time for the amateur radio fraternity
and readers of EW+WW to rescue the
UK technological community from the
wilful blindness of its telecommunica-
tions Establishment. Those who wish to
make the best of HF digital communica-
tions under adverse propagation condi-
tions should consider the use of the
Parker code. A Parker Communica-
tions Club might get things going.

“In one application of the Parker
code four tones are used. It is not,
repeat not, the use of dibits. Any bit
stream which is provided is identified as
a sequence of odd and even symbols as
well as a sequence of ‘1’ and ‘0" bits. If
the odd/even sequence of received bits
does not occur, then there is an error.
By bracketing the message space with
two bits in a forbidden sequence, which
is allowed in the bracket space, multiple
errors can be detected in the message
space. Total overhead four bits.

“Among other uses, this code has
been in operation over HF RTTY links
in the Middle East and is a powerful
error detection and anti-multipath tech-
nique when properly used.

“Some of the advantages of this sys-
tem are: detection of multiple bit errors
with four bits overhead; self-clocking,
with bit rate equal to the symbol rate;
elimination of inter-symbol errors from
multipath delays less than a symbol

= = =
MESSAGE ] 1 0 l o o 1 1 o I RECEIVE SEQUENCE [k 1 fa 1 TO BE RECEIVED
! ! - + + + - 4
1 T +—
- BIT SEQUENCE 1 23 4|5 |6 7
BIT SEQUENCE ! 2 fals 6] 7] [ = > ] 1 S R S 4
EVENONE — 1, | | i x | | { D—EVEN ONE — » -+ - e - . -
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ODDONE — 13 ] X | | | X | D—ODD ONE ——9—+ + & o+t ®
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dwell time; it can use classic FEC, and
be adaptive with ARQ.

“The primary disadvantages of the
Parker code are: invented in England,
academic community presently unable
to analyse the system for public print
because it uses a ‘logic’ error-detection
scheme instead of an ‘arithmetic’ error-
detection scheme and so does not seem
to be able to be interpreted by Ham-
ming methods: and ability to use mod-
ern FEC by embedded error-correction
coding not yet found.

Mr Dempsey enclosed three papers
from the 1970s in which he presented
details of systems using the Parker code:
A Canonical Error Detection System
(IEEE Canadian Conference on Com-
munications & Power, Montreal, Octo-
ber 1976). Automatic Management of
Digital Communications on HF Radio
Networks (International Electrical
Electronics Conference & Exposition”
Toronto, September 1977); and Doli-
man System Design Principles for Digi-
tal Communication over HF Radio
(IEEE Canadian Conference on Com-
munications & Power, Montreal, Octo-
ber 1978).

The last paper introduces the Doll-
man system as follows. “The Dollman
digital communications system, when
used on HF radio networks, utilizes

non-synchronous transmission and the
unique Parker Code with four audio
tones in a multifrequency shift-keying
modulation scheme. On transmission,
the bit stream provided by the source is
manipulated into a Parker code
sequence and the appropriate phase-
continuous audio tones. generated by a
microprocessor, are fed sequentially
into the radio transmitter audio circuit.
On reception, the sequence of audio
tones provided by the receiver is ampli-
fied, limited, and passed via four filters
to envelope detectors for non-coherent
detection.

“Error detection of the received sig-
nal is carried out by utilizing the odd-
even sequence properties of the Parker
code, data format markets, and three-
state decision processing. Error correc-
tion is performed by means of an auto-
matic request for repeat of the data
block containing an error and compari-
son with the previously received block.
During error-generating propagation
conditions three blocks are compared at
the standard bit rate if required, and a
further three blocks can be made avail-
able for comparison after low bit-rate
transmission if desired. The difficulties
of communicating on HF radio circuits
are mainly due to the characteristics of
ionospheric propagation, although the

problems of co-channel interference,
atmospheric noise and back scatter can,
on occasion, outweigh those due to the
ionosphere alone . . . The modulation
technique, which is the key to effective
communication, is not always chosen
with due regard for the propagation
characteristics of the actual channel, but
sometimes with respect to the operation
of an ideal channel with additive Gaus-
sian noise.”

In this system, each audio tone is pro-
duced for the same number of cycles;
the duration of each tone thus depends
on its audio frequency, so that a bit
length depends on the location and
value of the bit in the bit stream. As
implemented, it is claimed that the sys-
tem effectively counters the problems
caused by propagation time spread
(multipath), the effects of fading and of |
frequency excursions; the key being the
manipulation of the bit stream so that
sequential signal signatures cannot be
identical. For unattended HF radio-
teleprinter operations under adverse
conditions, the selection of dwelil times
with a capability of handling a time
spread of 10ms also allows the loss of
signal for about 4ms provided that the
equipment will accept fading depths of
53dB with filters able to accept fre-
quency excursions of up to 30Hz.

Improving meteorburst communications

The special problems involved in
improving the throughput of messages
on meteor-burst channels continue to
form the subject of academic and
defence-industry investigations. Two
reports in [EEE Transactions on Com-
munications. November 1989, are
“Variable-rate coding for meteor-burst
communications” by Michael B. Purs-
ley and Stuart D. Sandberg of the Uni-
versity of Illinois and “An investigation
of ARQ and hybrid FEC-ARQ on an
experimental high-latitude meteor-
burst channel” by Kenneth Brayer and
Subramaniam Natarajan of the MITRE
Corporation.
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The first report concerns the per-
formance of variable-rate Reed-Sol-
omon error-control coding in which the
code-rate is allowed to vary from
codeword to codeword with each
packet. The optimum number of
codewords per packet and optimum
rates for the codewords are determined
as a function of the length of the mes-
sage and the decay rate for the meteor
trail. It is pointed out that the majority
of meteor trails are “underdense” with
an electron density small enough to
allow the signals to penetrate the sur-
face. Such signals are reflected from
individual electrons within the trail,
which expands as it decays. The result-
ing multipath causes an exponential
decay of the amplitude of the received
radio signals. With the relatively few
“over-dense” trails the signals are
reflected from the surface, presenting
fewer problems.

The MITRE work is based on an
experimental link in  Greenland
between Thule and Sondestrom on
65.133MHz, using five and six-element
Yagi antennas, with a gain of about
11-12 dBi and 1kW transmitters (an
extra 5dB loss at Thule is due to trans-

mission line and environmental losses).
Modulation was differential phase-
shift-keying, with a data rate of
4.8Kbit/s, using odd-parity ASCII code.
This project has shown that early in a
trail, where transmission is usually near
error-free, an ARQ (automatic request
for repetition) system will function.
Biayer’s article says: “By adding for-
ward error-correction (FEC) the initial
errors that occur after the first error-
free gap can be corrected and this time
duration of operation can be extended.
While it takes 10min to reach a maxi-
mum probability of message delivery,
about 40% of data can be delivered in
the first 30s after an attempt. If FEC and
non-FEC results are compared, it can
be demonstrated that the probability of
successful message delivery can be
increased from a few percent to values
in the order 90-100%. The data col-
lected shows a period of random errors
between the error-free gap and the end
burst. This means small amounts of
FEC will improve communication per-
formance.” |

RF Connections is written by Pat
Hawker.

| P —

May 1990 ELECTRONICS WORLD + WIRELESS WORLD

451



L_Bn B 4

01-661 8640

DISPLAY APPOINTMENTS
£29 per single col. centimetre (min. 3cm).
Full page £2311 2 page £1271 Ya page £693
Full colour £400 2nd colour £275
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING GROUP LTD and crossed.

ELECTRONICS ENGINEER

A development role in
advanced electron beam systems.

The Welding Institute, established for the last 40 years in power semi-conductor inverter technology, low power digital/
Cambridge, is the largest R & D organisation devoted to materials analogue electronics and fault diagnosis would be a clear advantage.
joining in the western world. Our work supports more than 2000 A degree/HNC combined with relevant industrial experience and an
industrial companies on a world-wide basis and this new decade enthusiastic interest in electronics will enable you to develop a
offers a major challenge to our teams already working at the fascinating long-term career. Although Cambridge based the role will
foretrort of welding technology. also involve periods of working in Spain and France.

Increasing commercial interest in the use of high power electron The salary is in keeping with the importance attached to this
beam welding provides a unique opportunity for an Electronics position and our benefits include an active sports and social club
Engineer to join a closely integrated R & D team of graduate and excellent restaurant. We are situated in 44 acres of attractive
physicists and skilled engineers working on advanced electronbeam  parkjand, eight miles from the University City of Cambridge.
systems for in-vacuum and atmospheric operation. Please send your detailed cv (in confidence) to:

Jenny O'Brien, Personnel Officer,
The Welding Institute, Abington Hall,
Abington, Cambridge CB1 6AL.

Tel: 0223 891162 (24 hours).

The successful candidate will be involved with the
commissioning, maintenance and further
development of high power, switch mode power
sources up to 250 kW. Therefore, experience of

TECHNOLSGY
THE WELDING INSTITUTE

Well Rounded Engineer Papua “ew G“inea

Working foreman type position

Minimum of 5 years related experience nepartment of Minerals & Energy

Hands on experience required

Opportunities for advancement and profit sharing Ge 0 I og i ca I su rvey

NORTHERN COMMUNICATION & NAVIGATION SYSTEMS-LTD

PO Box 2317 Yellowknifo N.W.T. Senior Technical Officer Grade 2
Telephone: 010 1403 873 3953 (Position GSG 37)

Fax: 010 1403 920 4282

Duties: Control technical engineering activities at the Geophysical Obser-
vatory, including the design, installation and maintenance of electronic
equipment, magnetic and seismic monitoring systems and computers.

P LEAS E M E NT I O N Training of subordinate National technical staff.
Qualifications: An approved Diploma or Degree and a minimum 5 years
E L ECT Ro N I cs professional experience.
Terms of Contract: Three year contract, average annual approximate cash
WORLD + W|RE LEss value of the contract K20,000. Nominal housing rental, 6 weeks annual
leave, mid-contract leave fare education subsidies (2 children), recruit-
WORLD ment and repatriation fares K(PNG)! equals U.K. £0.60 (March 1990).
Applications close May 15, 1990.
WH E N R E P LY I N G TO Apply with CV to: Chief Government Geologist, Geological Survey of PNG,
P.O. Box 778, Port Moresby, Papua New Guinea. Enquiries: Ph.: (675)
ADVERTS 214500, FAX (675} 213976.
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1990
CAREER
DECISION
YEAR

Irrespective of your career
objectives — financial or geo-
graphtcal — let Cadmus put
direction into your search and
eliminate the stress. If you are
a qualified engineer, you may
be eligible for inclusion in our
monthly register which will
give you discrete access to
over 3,000 UK ccmpanies.
Phone 0603 761220 (24 hrs)

PLYMOUTH HEALTH AUTHORITY
MEDICAL TECHNICAL

OFFICER 2/3

PLYMOUTH GENERAL
HOSPITAL

A Technical Officer (Electronics) is re-
quired in the Department of Medical Phy-
sics to join the Medical Eq}\’:ipmem Mana-
gement Service based in Plymouth Gen-
eral Hospital in providing mainicnce and
other support scrvices for a very wide
range of medical electronic equi in
hospitals through out the PBlymouth
Health District

The post is offered in one of the following
grades, according to experience

Hospital experience is not essential

MTO02 £8542 - £9993
MTO03£11241-£13150

Qualifications required: HTEC or OTEC
or equivalent in electronics

For further information telephone Mr AC
Dawson on Plymouth 0752 834267.

For application forms/job descriptions
contact:

for a registration form or send
your C.V. together with your
career objectives to:

The Personnel Department
level 07

Derriford Hospital

Derriford Road

Ptymouth

P168DH

Chosing Date: 16.05.1990
Telephone: 792638 quoting job

o
S\ reference NR 52.
~ 1 Ptymouth Health Authority
A \ ) - C itted to equal oppor

A\ .
CADMLUIS
PERSONNEL LIMITED I

Freepost, Sackville Place
44-48 Magdalen Street
Norwich NR3 1BR

cdodaadaaaglaaa

Design & Test Engineers seeking
top positions. from saicomms to
CT2 should contact the specialists

l GARIBALDI RECRUITMENT
0494 773918

RF & MICROWAVE!

luso Bellingdon Road Chesham HP5S 2HFJ

RADIO OFFICER
A CAREERWITHADIFFERENCE
Government Communications Headquarters (GCHQ) are specialists in all
aspects of communications and as a RADIO OFFICER you would be trained

| to underiake wide ranging duties covering the complete radiocommunications
spectrum from DC to light.

Not only do we offer Comprektensive training but also:

® Gocd Career Prospects ® Generous Leave Allowances

o Competitive Salaries ® Job Security

o Varied Work (opportunities for ® Non-Contributory Pension Scheme
moves within UK and Overseas)  and much more!

QUALIFICATIONS
a. You need to hold or hope to obtain a BTEC National Diploma
{or HNC/HND) in a Telecommunications, Electronics
Engineering or similar discipline. Special consideration will be
given to applicants holding an MRGC Certificate. The C&G
777 (Advanced) or other qualification incorporating morse
skills would be advantageous but not essential.
or
b. Have a minimum of 2 years recent relevant radio
operating experience. Preference will be given
to those capable of reading morse at 20 wpm.
Preferred Age Range 18 to 45 years.

SALARIES (Reviewed Annually)

After aresidential training course of between 29
and 52 weeks — depending on background
experience — the Radio Officer Pay Scale
ranges from £12,678 to £18,431 over 5 years
with prospects for further promotion
{Salaries include an allowance for shift and
weekend work)

APPLICANTS MUST BE BRITISH NATIONALS
For further information and application form contact

Recruitment Office, Room A/1108, GCHQ, Priors Road, CHELTENHAM,
Glos GL52 5AJ or Telephone (0242) 232912 or 232913,

AUCTIONS

By Order of TEKTRONIX GUERNSEY LIMITED due to the Clcsure of their Manufacturing Facllity

MAJORTWODAY SALEBY AUCTION

in Lots at LA VILLIAZE, ST SAVIOURS, GUERNSEY, C- ANNEL ISLANDS
on WEDNESDAY 23RD AND THURSDAY 24TH MAY 1390 at ¥en thirty a.m. each day

AN EXCELLENT RANGE OF HIGH QUALITY MODERN ELECTRONIC
ASSEMBLY, TEST & GENERAL FACTORY EQUIPMENT

PC8 PRODUCTION MACHINERY

Untversal ‘6796A" Uni Module Dip Inserter (1986)
Universal Co-ordinate Generating Tabie (1988)
Treiber ‘7008° Autowave Flow Soidenn? Machine
Dek ‘1155’ Automatic Screen Washer (1988)

Hollis Poly-Clean ‘281555 Auto Cleaning System
Cugher "NLT/N/S18" Semi-Auto Linear Screen Printer

ELECTRONIC TEST EQUIPMENT
I

Toktroahx
*2445°, '2455;,"2465', 465" & '475' 150-400 MHz Dsdilloscopes (210ff)

'2430° & '2430A° Digital St%fgfe Dscilloscopes (6off)
‘7104°,°7403",°7834" & '7904° Mainframes{l()ov?

700 Series ‘Plug-Ins “20").‘576'CurveTracers Sofr
TMS01°, "'TM503", “TM504° & ‘TM506° Maintrames (7

TM500' Plug-Ins (1900t), Scope Mobiles (9oy2, G
Wi

‘141A Pal Test Slg:at Generator, ‘290" & ‘291
Supplies, *1106' Battery Pack OC Current Sources, ‘24
& Step Generators

Sony-Tektronix ‘308" Data Analyser

Other Manutacturers

Racal Dana '9475’ Rubidium Frequency Standard
Racal Dana '9478' Frequen
Neslab 'RTEB' Refngerated Circulating Bath Test Equip nent

ON VIEW: TUESDAY 22ND MAY AND THROUGHOUT SALE DAYS

t)
é 4 'C30" Oscllloscope Cameras,
itchd 1 Time Testers, *
" Load Units, "600° DC Voltage

Distribution Unit & 5330 Digital Voltmeter

ABI'DDS-40XP* D/ignal Diagnostic System (1989)
Tracor '900A’ VLF/LF Recerer

Kenko Dmeta Meter |1 lonic sontamination Counter

British Physical Lab & Avo "EM215-12" AC/OC Breakdown & lonisation Testers
Goldstar '0S-7020' 20Mhz 4scilloscope

Quan Tech '2136" Resistor Boise Test Set

Fluke, Hewlett Packard, Witvon, Waveform & Dawe Measuring Equipment
Avometers (oth, Re%avon 404A’ Variable Transtormers {40

Gallenkamp Dvens & Drying Cabinets

COMPUTER EQBIPMENT

1BM, Digral, A strad & Tardon PC's’}soog&ouser
Printers, Plotters & Monitoss, Sony "HVC2000' Video
Camera, VCR & Monitor

MISCELLANEO®S

Artos 'LL1* Wire Straightenng & Cunmg Machine,

Cotlwinding Equep . Mytord MLB Woodt 0

Lathes (2

Rags'?)mes 'L253" Electric Farkiitt, Pailet Trucks
100

Bver 100 Aeemt ly & Test B. nches, Racking. Trays &

Lin-Bins

OFFICE FURNITURE

Qver 300 lots of Excellent Madern Desks, Chalrs,

Tables & Cabinets

2" Power

INlustrative Colour Flysheets & Catalogues on request from:

SHIELDS WIGHTMAN & COMPANY LTD, 4 South Esplanade,
St Peter Port, Guernsey, Channel Islands. Tel: 0481714445 Fax: 0481713811

BROWNLOW HOUSE 50/51 HIGH HOLBORN, LONDON, WC1V 5EG
TELE=ZHONE: 01-4CE 841.TELEX: 897377. FAX: 01-405 9772

REGIONAL OFFICES: Birrmegham: Phoenix House, 1:3 Newhall Street, Birmingnam B3 3NH,
Tel: 021236 $736.Telex: X%6906 Fax: 021236 3538

Bristok B Solston Avenue Bristdt BSt 4ST.Tel: 0272 277402. Telex: 449752, Fax: 0272 276448
Leeds:£ Park Court. Park Cross Street, Leeds LS1 20H. Tet: 0532 457356

Tetex: 357113, Fax: 01-405 972

OTHER CFFICES: AberJeen_ gdinburgh. Glasgow, Dubiin. Madrid, Milan,

Hong Eeng, Singapore, P1llppines. Mataysia and international Links




CLASSIFIED

01-661 8640

CLASSIFIED DISPLAY: £29 per sisg

LINE ADVERTISEMENTS (run on): £6

le column centimetre (min 3cm).
per line, minimum £48 (pre payable).
(Please addon 15% V.A.T. forprepandadvemsemen ).
BOX NUMBERS: £15.00 extra. (Replies should be addreé‘;ss:d to éhe boxs r&:g\%;n the advedisement, ¢/o Quadrant House, The Quadrant,
uITe
Cheques and Postal Orders payable to REED BUSINESS PUBLISHING GROUP LTD and crossed.

ARTICLES FOR SALE

-

Cooke Internatlonal

KN

£800.00
HP. mwommmﬁm " £300.00
m
thmm ﬂll 1-2GHz/86528 2-4GH2/809383.7-8.3GHz £360.00
H.P. QIMMMO}IM £1280.00
. 53644 Timer Counter with 8353A, 11 digits, 500MHz, HPIB £1200.00
H.P.3408A Vector Voltmeter 1-1000MHz £9560.00
H.P. |1uuwsm.|«mm1.uzcuz £250.00
P, WSM enecators £250.

DC-10MHz Dusl Traca/Storage Scopes £125.00

VAT AND CARRIAGE EXTRA

PLEASE APPLY FOR FURTHER DETAILS & STOCK LISTS
SURPLUS STOCKS ALWAYS WANTED TO PURCHASE
Contact: Cooke International, Unit Four, Fordingbridge Site,
Main Road, Barnham, Bognor Regis, West Sussex PO22 0EB
Tel: 0243 545111/2. Fax: 0243 542457

FOR SALE - TEST EQUIPMENT
30 Days Guarantee. Please add VAT.

availability & Carriage costs.
Marconi 26005 millivolrneter AF IMV- 300VFSD  £30
Marconi 144H as new from 45
Waryne Ganarator 10He- 120KHz 0230
Bradiey 471C Test Mator £40
Marconi HF Tost Set 26003 75
o G4 7A D Im% £250
Mercon EEMHIAMAM  £140
Merconi Generator 20015 10MHz-510MHZAMAM (375
Duad Traca 756 Scope 50MMz £250
Philips 17 Dual Trece SOMHE Scope [ v
COUYS0 Dual Trace 35MHz £140
D8 SM 111308/ 18MHz 120
mw\lqbnﬂdmw o
hwxg“m!-mwgmv AVOS

farious.

M-RﬂmmMAVN
mag‘

AmmWESTNWTROAD

FARNWORTH TEL: BOLTON (0204) 71795 |

SINGLE EUROCARD MICRO-CONTROLLER

« Wire-wrap area for your interface, ideal
small-batch/prototype/one-off.

« RS232, 32 1/0, 4 A/D, 3 Timers, 6502
Compat. Low power D.C./Batt.

« Compiete package ready to run inc.
monitor, asssembler and full docu-
mentation — for only £99.

Spantec Designs Lid

gshot Lane, Bracknell, Berks.

Tel: 0344 485854
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PLEASE MENTION
ELECTRONICS WORLD
+ WIRELESS WORLD
WHEN REPLYING TO
ADVERTS

VALVES FOR AUDIO, INDUSTRY
RECEIVING & TRANSMITTING

RARE AND OBSOLETE TYPES A SPECIALITY!
ONE MILLION VALVES IN STOCK
SPECIAL PRICES FOR WHOLESALE QUANTITIES
ORDERS FROM GVT DEPTS, PLC's, OVERSEAS ETC. WELCOME
ALSO CRT, 1.Cs, KLYSTRONS, MAGNETRONS,

TRANSISTORS, USA VALVES.
FAX/PHONE FOR IMMEDIATE QUOTE!

Date, Hours, Minutes, Seconds from
60KHz atomic time signals, built-in
antenna, 1000Km range, kit includes
all parts, £97.90
inc post, vat,
CAMBRIDGEKITS
45 (WS) Old School Lane, Milton,

Cambridge. Tel 860150

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, W/W, etc. CAPACITORS,
SILVER MICA, 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: 445 0749/445 2713
R. HENSON LTD.
21 Lodge Lane, North Finchley, London N12.

{5 minutes from Tally Ho Corner) 1613

GOLLEDGE
ELEC TRONIC;

UARTZ CRYSTALS OSClLLA-

ORS AND FILTERS of all ty
Large stocks of standard items. pe-
cials supplied to order. Personal and
export orders welcomed — SAE for lists
please. OEM support thru: design
advice, prototyge quantities, produc-
tion schedules. Golledge Electronics,
Merriott, Somerset TA16 5NS. Tel:
0460 73718. (2472)

INTEL MICROPROCESSOR DEVEL-
OPMENT SYSTEM SERIES 11 WITH
ICE 51 EMULATOR. Regularly main-
tained. Software and manuals available.
£650. Telephone Marlborough (0672)
40234 evenings and weekends.

TO ADVERTISEIN THE
CLASSIFIED
SECTION OF

ELECTRONICS WORLD
&
WIRELESS WORLD

PLEASECALL 01 661 8640

ARTICLES WANTED

WANTED

Test equipment, receivers, valves,
transmitters, components, cable
and electronic scrap and quantity.
Prompt service and cash.

M & B RADIO
86 Bishopgate Street,

Leeds LS14B8B.
Tel: 0532 435649
Fax: 0532 426881

9956

WANTED: VALVES TRANSIS-
TORS 1.Cs (especially types KT66,
KT88 PX4, PX25). Also plugs, sockets
and complete factory clearance. If
possible, send written list for offer by
return. Billington Valves, phone: 0403
210729. Fax: 0403 40214. See adjoining
advert.

WANTED

Recievers, Transmitters, Test
Equipment, Components, Cable
and Electronic, Scrap. Boxes,
PCB's, Plugs and Sockets,

STEWART OF READING
110 WYKEHAM ROAD,
READING RG6 1PL.

TEL: 0734 68041.

FAX: 0734 351696

TOP PRICES PAID FOR ALL Computers, Edge Connectors.
TYPES OF SURPLUS TEST TOP Fg(l\ TYPES OF
EQUIPMENT, COMPUTER
EQUIPMENT, COMPONENTS AR Sincialr, Electronics, Stockholders,
etc. ANY QUANTITY. . 2Normans Lane, Rabley Heath, Welwyn, Herts
AL8ITQ. Telephone: 0483812183,

Mobile: 0860214302 Fax: 0438812387

454
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720K 3.5” DISK DRIVE £34.50

IBM COMPATIBLE PARTSETC.

720K 3.5 INCHDISK DRIVEI NEWLOW PRICE TO
CLEAR WAREHOUSE!

Japanese made, modern, low component, cast
chassis drive. Surface mount design with industry
standardinterface. Removed from almost new
systemns, these are top quality drives in excellent
condition. Boxed and with full six month guarantee.
80 track double-sided 1 megabyte unformatted;
£34.50 ({carr. £3}; £30 ten or more. Cradle tofitdrive in a5.25" slot eg IBM PC £4.9€ (carr.
£1.00; free with drive). Power and data connectors to suit £0.99p (carr. free) Box of ten 3.5"
discs £9.95 (carr £1) Easy fit adaptors saves changlng connectors £3.49 (carr. free). NB
Drives work with virtually all computers including Amstrads, IBM XT and AT compatables
BBC's etc. not Ataris and Amigas. Special easy-fitkit available for Amstrad 1512/1640, IBM

XT and AT, including adaptor board £8.49.
Also, New Nec FD1036 720K 3.5 inchthird height £44.50 {carr £3) Trade discount for ten
Standard IBM 360K half-height chassis drive, choice of

black or cream bezel, new £34.50 (carr. £3.50)

20 MByte hardcards £149; 30 MByte Hardcards £179; 53 Mbyte 3.5 drive Rodime R3065
€249 (carr.5.00)

plus.
1.2Meg IBM AT style drive £49.95 (carr. £3.50) - i
5.25 inch half-height hard drives

5.25 INCH DISK DRIVES
HARD DISK DRIVES AND HARDCARDS i
(L:Brge range of reconditloned drives {Seagate, Rodime, Minisccribe, Microscience and

), from 20 MByte through 10 178 Mbyte, - from £10910 £499 5.a.e. for list and prices. Eg:

44meg 28ms £199, 80 meg Seagate £299 HDD cables £5.00

HARD DISK DRIVE CONTROLLER CARDS
Waestern Digital XT Controller cards from £37.50, AT Controller cards from £49.95 Also WD
1006 1:1interleave AT controllers at £69.95

IBM COMPATIBLE XT MOTHERBOARDS, CARDS, CASES, otc.

10 MHz. 8088 turbo processor, 8 expansion slots, legal bios, 8087 socket £64.95 (carr. £4)
640K RAM for above £49.95 (carr. free)

Multi /0 board for XT systems including parallel port, serial port, real time clock, floppy

disc controlier and game port. £34.50 {carr. £2.50) XT case complete with 150 watt power
supply £64.95 (carr%s.so) 101 key IBM compatible keyboard AT or XT £29.95 (carr. £3.50)
Hyundimono %raphics card £19.95 (carr. £2).

Selection of other network/video cards, SAE for list.

12" Amber Hercules Monitors. 12 voit supply voltage (PSU needed) £34.50 (carr £5)

IBM COMPATIBLE AT SYSTEMS 16MHz only £547

Complete high perfomance quality computer system, Complete with one 5.25" 1.2Mb disc
drive, Mono card, 101 Keyboard, 1Mbyte RAM, 200 watt PSU, Hard and floppy disk
controller, parallel Centronics and serial ports, neat flip top case to take up to three 5.25"
drives and eight expansion slots. £547.00 (carr. £15) Limited stocks.

Quality VGA card 800x600, full 16-bit, £127.50 (carr. £2.50)

DAISYWHEEL PRINTER - NEW PRICE TO CLEAR

Olivetti DY200. Modern, office quality, bicirectional daisywheel printer. Complete with
manual, daisywheel, ribbon and standard Centronics interface. grinls at25cps, variable
pitch; 132 characters in 12 pitch, proportianal s acin_?, Full IBM and Diablo emulations.
£89.50 (carr. £6.50) Carbon ribbons £2.79 sach (carr. 75p). £2.39 each 10 ormore (carr. £2.50).

LASER PRINTERS
12 page/min. Data Products LDP12 (ex-dem.) £799 (carr. £25)

HITACHICOLOUR MONITORS, VGA, MULTISYNC and CAD

CM1473ME 14 inch multi-synch £279 {car- £12.50);

CM1686A 16" ultra high resolution in two CAD frequencies: 48 KHz. £325; 64 KHz. £395 (carr.
£25). CM2086A1E 20" ultra high resolution CAD 48 KHz.

::495 (cagr). £35) Also EIZ0 manufactured 14 inch. 28mm multisync colour monitors £299.00
carr. €1

HIGHRESOLUTION VGA STANDARD COLOUR MONITORS
Very high quality Toshiba VGA standard 14" monitors £239 {carr £12.50)

VGA CARD
16 bit, 800 by 600, 256k or RAM (upgradable for 1024 by 768) complete with software to use
with all major packages. £127.50 (carr. £3)

RACAL V22 MODEM MPS1222

Microprocessor based modem providing full duplex communication at 1200, 600 and 300
baudto the CCITT V22 standard. Featuresinclude: » Can be used on standard phone line
(PSTN) and private clruit (PC} « Auto answer but needs to telephone dial « 1200, 600 and 300
baud » Very high quality construction *BT. Approved s selftests and loop tests {V54)

« Comprahansive manual incluced. Uncased card £19.95; seven cardsin rack £195 (carr. one
£3.50; seven £15).

WESTINGHOUSE WPC500 MOL:EM CARD
Tofitinside IBM-style PC and communiczte at 1200 Baud, 1200/75 Baud or 300 Baud, BT
approved £24.95

POWER SUPPLIES

Farnell N180 cased 180 Watt PSU +5V at 20A, +12V at 2A, -12V at 2A, + 24V at5A and -Sv at
1A. Very high quality British unit £26.95 (carr. £3)

ASTEC AC9231 cased 50 Watt PSU +5V at 6A, +12V at 2.5A, 5V at 0.5A (float} and 12V at 0.5A
€12.95{carr £3).

THEATRE LIGHTING CONTROL

Rank Strand Compact 120 desk - well known semi-portable memory system to control 120
channels, in excellent condition, with manual £699

Rank strand 17 x Sk dimmer racks in cabirets, £450 each or £1275 for 3.

SOUND EQUIPMENT all second-hand - please ring for current detalls
Studio speakers expected insoon

N.B.

« VAT and carriage must be added *o all items.
= Everything new unless stated otherwise.

» Access and Visa telephone service.

Matmos Ltd., Unit 11, The Enterprise Park, Lewes Road, Lindfield,

— E :)/;15:"8; ':gffiz: @om Tolaphone. 104447) 2081 and (04447) 3830 - Fax: (04447) 4258
CIRCLE ENQUIRY NO. 148 ON BACK PAGE
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ELECTRONICS
WORLD

+ WIRELESS WORLD

SUBSCRIPTION ORDER FORM

Cutout and return to ELECTRONICS
WORLD + wireLEss woRLD, Subscription
Manager, Reed Business Publishing
Group, Stuart House, Perrymount Road,
Haywards Heath, Sussex RH16 3BR.

Subscribe Now!

We are pleased to offer you 22% off the current UK
subscription price of £30. This means you only pay
£23.40 for 12 issues. We also pay the postage

So subscribe now!22% off

SPECIAL UK SUBSCRIPTION RATES
1YEAR 3YEARS
UK £23.40  £53.00
Overseas Rate £35.00 £77.00

[J Please send me ELECTRONICS WORLD + wiRELESS WORLD for
12months.

I 1 would ike to take advantage of your special three
year rate and subscribe for 36 months.

1 Please invoice me

Olenclosepaymentof ...,
payable to Reed Business Publishing Group

by cheque/money order

EnterNumber [TTTTTTTITTTTTITITIT]

Signature:

Name:

Job Title:
Company/Organisation:
Address:

Telephone:

Country:

NEWSAGENT
ORDER FORM

Dear Newsagent, please deliver ELECTRONICS
'WORLD + wireLEss woRLD every month to

Name:
Address:

Telephone no:
Signature:

Date:

For more information about the
products and services advertised in
this issue of ELECTRONICS WORLD
+ WIRELESS WORLD simply ring round

RING ROUND INFORMATION SERVICE

advertisement. Once you have circled

all the relevant numbers, cut out and
postback to ELECTRONICS WORLD

+ WIRELESS WORLD Freepost Reader Service

the revelant enquiry numbers below. Dept., Oakfield House,
Enquiry numbers can be found at Perrymount Road, Haywards Heath,
the bottom of each individual Sussex RH19 3 BR.

101 111 121 131 141 151 161 171 181 191

102 112 122 132 142 152 162 172 182 192 Name:

103 113 123 133 143 153 163 173 183 193 Job Title:

104 114 124 134 144 154 164 174 184 194 ° :

105 115 125 135 145 155 165 175 185 195 ompany Address:

106 116 126 136 146 156 166 176 186 196

107 117 127 137 147 157 167 177 187 197 .

108 118 128 138 148 158 168 178 188 198 Telephone no:

109 119 129 139 149 159 169 179 189 199 Signature: Date:
110 120 130 140 150 160 170 180 190 200
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NPQ*
INK JET
PRINTER

262,143 MORE COLOURS THAN THE MODEL T’

Addressable to

262,144 colours:

per pixel, 160 pixels per
inch, both axes.

1230 pixels per line.

A4 width internal paper
rol and cutter.
Compatible with Integrex
Fast Frame Grabber.
Centronics Interface.




The Programmer that fits your Pocket - £495

S3 is a product which has shaken the
industry. It is in all the big-name catalogues.
It is used by all the big-name companies.
That's because S3 has an elegance and
fitness-for-purpose that puts it in a different
league from old fashioned bench
programmers. But you don't have take our
word for it. You can get an S3 on NO-RISK
APPROVAL and find out for yourself.

S3 doesn’t only program EPROMS
S3 programs any (E)EPROM you can put in
the socket. Choose manutacturer and
device from a menu and S3 will select one
of 80-odd algorithms. But programming
memory devices is only a part of S3's
repertoire. It's not the be-all and end-all. If
you need to program EPLDs, CMOS PALS,
NOVRAMS, SINGLE-CHIP MICROS and
the like, S3 is still the best tool for the job.
Dataman provides dedicated modules and
software, which are much cheaper than any
other solution because the S3 you already
own acts as a “mainframe”. These products
don't just exists in our imagination. We
have them on the shelf, ready to ship.

Software upgrades are FREE

When new programmable parts are
released, Dataman provides new software
to program them. This software is FREE. It
is also easy to install. The original program
comes in a ROM. You place it in the socket
(see picture) and press the HELP button. It
loads in a few seconds. And you only have
to do it once. S3 retains its program - and
your data - in non-volatile memory, even
when switched off. We post the new
program on our Bulletin Board. If you have
a modem, you can download it. There are
lots of other useful programs available too.
Give our BB a call on 0305-251786.

Terminal Program with S3 Driver
We offer a TERMINAL PROGRAM which
supperts four COM ports simultaneously at
speeds up the 115,200 baud. This program
is useful in its own right. It also has a
FRONT-END DRIVER for S3, with MENUS
and HELP screens. This gives you Remote
Control of all S3's functions. You can
Upload and Download files, change
configuration and do everything remotely
that you can do with S3's keyboard. Some
companies make a song-and-dance about
their software drivers, - and charge you at
least £100. Ours is free. Not ‘free’ when you
buy something, but FREE to any Company
requesting literature.
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Universal Assembler & Editor

S3 is also a MEMORY-EMULATOR. Use it
with an Assembler and you have a complete
Microprocessor Development System. It
happens that Dataman sells a fast full-
featured Editor/Assembler, called SDE, for
use with S3 (or without).

RS232 socket (DB25)
on the back, for
remote control.

S3 will
program
hundreds of
PROMS
without
recharging.

Charger unit
(supplied) recharges
S3in 3 hours.

A single keypress will
Assemble and Link the source
file(s), download to S3 and stant
the program running on your
target system. SDE has some
amazing features. If it finds an error
when assembling, it puts you back in
the source-file at the error line. It will
tell you the absolute address of any line
of source code. That saves the chore of
printing listings when debugging. SDE
comes in single or multiple processor
versions. Do try it. You will like it.

Specifications and Price List

S3 has a 64 kbytes CMOS RAM buffer for storing USER
programs and ROM/RAM EMULATION -access time is
about 120ns. There are also 8K bytes of program RAM,
a serial interface at 300, 600, 1200, 2400 4800 and 960(
baud for remote control and uploading and downloading
files. S3 comes complete with Manual, Mains-charger
unit, ROM emulator lead, write-lead and software to
program and emulate (E)EPROMS and FLASH
EPROMS. Re-charging takes 3 hours and does not
prevent normal use. Typically one charge per week is
enough. S3 measures

7.3 x 4.4 x 1.8 ins and weighs just over 1Ib. £495.0C
SDE Editor/Assembler/Comms single-processor £195.0C
SDE Editor/Assembler/Comms multi-processor £395.0C
83 Developer's Package Reveals all S3's secrets.
Contains Circuit Diagrams, Source Code, BIOS calls anc
Editor/Assembler (as SDE above) for NEC78C06
processor in S3. Lets you write your own custom
software - even make S3 into a something completety

different. £195.0C
MCS48 module for 8741/42/48/49 £125.00
MCS51 module for 8751/52/53 £125.00

32 pin module for EPROMS (inc FLASH) over 1m £75.00
40 pin modute for EPROMS over 1meg £75.00
EPLD (CMOS PAL) modules (set of 2) for Erasable
Programmable Logic Devices. Works with
manufacturer's compilers 1o provide self-contained
system. Receives, translates. creates and transmits
JEDEC files. Loads, burns and copies parts such as
22V10, 20G10, 16R4, 16R6, 16L8, 1618, PEEL18CVS,
EP300 to EP900,

50C30 TO 50C90 from Cyress, AMD, AMI, Altera, Gould.
Texas, Intel, ICT £295.00
S3 IS GUARANTEED FOR 3 YRS, OTHER
PRODUCTS 1 YR,BOTH PARTS AND LABOUR.

VAT MUST BE ADDED TO ALL PRICES, IN UK ONLY
BUT POSTAGE IS FREE. SPECIAL OR FOREIGN
DELIVERY COSTS EXTRA.

CIRCLE ENQUIRY NO. 103 ON BACK PAGE

Emulator lead (supplied)
plugs in beneath.

S3 programs and
emulates 25 and 27
series EPROMS up to
27512.

The 80 character
LCD shows
ASCIl and
HEX.

Quality
keyboard
for fast

data

entry.

Socket is used to
program PROMS
and load software.

Money-back Guarantee

Our aim is to get a product into your hands.
Our products sell themselves. We promise
to hand your money back without question if
you're not mightily pleased. Dataman
products are so well thought out and
downright useful - and such good value for
money - that we hardly ever get any returns.

What to do next

Send your business-card or letterhead
quoting where you saw this ad. That gets
you LITERATURE and YOQOUR FREE
TERMINAL PROGRAM (not just a demo - it
really works!) If you're in a hurry, phone and
speak to Debbie, Emma, Chris or Nigel.
Some formalities are necessary, but we will
waste no time in getting the goods to you.
Tomorrow morning is quite possible.
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DATAMAN

Lombard House, Cornwall Rd,
DORCHESTER, Dorset DT1 1RX,
Phone 0305-268066

Fax 0305-264997 Telex 418442
Bulletin Board 0305 251786
300/1200/2400,N,8,1 (24hr)




