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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}YEPROM you can put in
the socket. Choose manufacturer 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 stifl 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 originat 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
supports 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. Ycu 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.

Universal Assembler & Editor
S3 is also a MEMORY-EMULATOR. Use it
with an Assembler and you have a complete

Microprocessor Development System. |t
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.

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.
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 start
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.

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
program and emulate (E)EPROMS and FLASH quoting where you saw this ad. That gets
EPROMS. Re-charging takes 3 hours and does not you LITERATURE and YOUR FREE
prevenr: n&;mal use. Typically one charge per week 1 TERMINAL PROGRAM (not just a demo - it
enough. measures 0 H

7.3 x 4.4 x 1.8 1ns and weighs just over tb.  £495.00 really works!) If you're in a hurry, phone and
SDE Editor/Assembler/Comms single-processor £195.00 speak to De.b.blev Emma, Chris or Nigel.
SDE Editor/Assembler/Comms multi-processor £395.00 Some formalities are necessary, but we will
83 Developer's Package Reveals all S3's secrets. waste no time in gemng the goods to you.
Tomorrow morning is quite possible.

Specifications and Price List

S3 has a 64 kbytes CMOS RAM bufter for stonng USER
programs and ROM/RAM EMULATION -access time is
about 120ns. There are also 8K bytes of program RAM,
a serial intertace at 300, 600. 1200, 2400 4800 and 9600
baud for remote control and uploading and downloading
files. S3 comes complete with Manual, Mains-charger
unit. ROM emulator lead. write-lead and software 10

Contains Circuit Diagrams, Source Code. BIOS calls and
Editor/Assembier (as SDE above) for NEC78C06
processor in S3. Lets you wrile your own custom
software - even make S3 into a something completely
different. £195.00
MCS48 module for 8741/42/48/49 £125.00
MCS51 module for 8751/52/53 £125.00
32 pin module tor EPROMS (inc FLASH) over 1m £75.00
40 pin module for EPROMS over 1meg £75.00
EPLD (CMOS PAL) modules (set of 2) tor Erasable
Programmable Logic Devices. Works with
manutacturer’s compilers to provide seif-contained
system. Receives. translates. creates and transmits
JEDEC files. Loads. burns and copies parts such as
22V10, 20G10, 16R4, 16R6, 16L8, 16L8. PEEL18CV8,
EP300 to EP900,

50C30 TO 50C90 trom Cyress. AMD, AMI, Altera, Gouid,
Texas. Intel, ICT £295.00
S3 1S 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

—
AMERICAN

IEXPRESS

DATAmAn=(c

Lombard House, Cornwall Rd,
DORCHESTER, Dorset DT1 1RX,
Phone 0305-268066

Fax 0305-264997 Telex 418442
Bulletin Board 0305 251786

VISA

DECIVERMCOSTOIEXTRA 300/1200/2400,N 8.1 (24hr)
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in recent years, the personal computer has become an integral
part of the modern electronics laboratory. The Logic Analyser is now
as necessary to design, development, test and maintenance
departments as a multimeter or an oscilloscope.

Flight Electronics’ range of PC based Logic Analysers offers the
advantages of low cost and high specification while saving the
bench space normally occupied by stand alone alternatives.

Being PC based allows great flexibility in permanent storage of
data and set ups, either to disk for recall at a later date, or for hard
copy.

The Flight Electronics range of Logic Analyser cards has internal
clock speeds of up to 200MHz and are suitable for use with XT, AT,
monochrome and colour PCs.

Data acquisition can be displayed in both timing and state
formats. Presentation of information is clear and uncluttered.The soft
key controls mean simplicity of operation, making the products
particularly suitable for both industrial and educational use.

Flight Electronics offers a choice of five models, ranging from a
unit suitable for the first time student user to the complex
requirements of the design and development laboratory.

We also supply a range of PAL/EPROM programmers for your PC.
Call our sales office for a free copy of the Flight Electronics catalogue.

FEATURES

B Wide choice of specifications

B High specification at fow cost

B Up to 200MHz internal clock

B Up to 3 independent clocks with 12 qualifiers

B 24 signal input channels

B Up fo 16K memory depth

1 16 level sequential triggering
(models 27200 & 27100)

M Pre and post triggering

I State listing in Binary, Hex and ASCIi

I Timing display of all channels simultaneousl

B User specified channel labelling

I Auto and conditional repeat

M Data save to and foad from disc

We can even supply suitable PCs. Call our sales office for a quofe.

] Threshald External | . ’ [ Mox Input
Model ] Frequency Channel Memory | Impedance Voitage Clock lTngger Quality Max Input | gandwidth
— 1 |
CLK-27200 200MHz Channel 0-5 16K 1M 2 Independent 3Channels | 16 Levels 12 Channels 150V | 100MHz
250Hzto 50MHz  Channei0-23 4K <5pF seftings —81014V | 0-50MHz | 0", 1" “x 170771, %"
- 1
1
CLK-27100 250Hzt0 100MHz  Channel 0-5 16K TMQ2 2 Independent 3 Channels | 16 Levels 12 Channels 150V 100MH2
| 250Hzto 50MHz ~ Channel0-23 4K < 5pF seftings -810 14V | 0-50MHz | “0°,"1", "x’ 0.1 )
+ _—
CLK-2400 100MHz Channel 0-5 4K 12K 1 Sefting 1 Channels | 1 Level "0°, “1°, “x” 1 Channel 25V 25MHz
25KHz to 25MHz Channel0-23 1K < 15pF -10Vto 10V 0-25MHz | 100MHz “0", “1” only 1
T i
100MHz Channel0-11 2K TMQ [
CLK-12100 25KHZIOSOMHz  Channel0-23 1K <5pF TiL 0-50MHz | 1 Level 0", 17, “x NO Tov 50MHz
CLK-2450 25KHz to 50MHz Channel 0-23 1K IMQ) TIL 0-50MHz | 1 Level 0", “1°, “x’ NO 0V 50MHz

[ ¢ ING | M. ]

Flight Electronics Ltd. | ORDERING INFORMATION (Excl. VAT. P&P £7.00)

Flight House, Ascupart Street I Description Part No Price €
Southampton SO1 T1LU. UK. A
, CLK-2450 PC Logic Analyser 655-001  399.00
Telephone: Southampton | CLK-12100 PC L%gic fl il 655-002  499.00
_ (0703) 227721 (6 lines) gtﬁ-%?g PC (I:.ogicAnolyser ggs-ooi ;gg.gg
£ . - 0 PC Logic Analyser 5-00 1

3:1_! 14 HT Telex 477549 PMGHIG | CLK-27200PC Logic Analyser 655-005 1599.00

Fax: (0703} 330039

CALL US NOW ON 0703-227721
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Killing fields

In the spring of 1974, a 47 year old
experimental psychologist. Dr Nancy
Wertheimer. began spending a couple of
days cach week driving through the
residential suburbs of Denver, Colorado.
Occasionally she would stop the car at one
of the addresses on her list, get outand
start making notes on what she found.
Which was rarely, if ever, anything out of
the ordinary.

The list from which Dr Wertheimer
drew heritinerary comprised the home
addresses at birth of every child in the
Greater Denver area who had died of
leukemia between the years 1950 and
1969. Dr Wertheimer was an
epidemiologist looking for environmental
links to this predominantly childhood
cancer.

The addresses on the list were
unremarkable. not revealing clusters of
anythingin particular at first. Aftera
while, she did begin to notice pole
mounted transformers, the last leg of the
local power distribution system, taking
the 7600 volts area feed down to 1 15 volts
for the house feeds. The associated wiring
straggle, so common to the rooflines of
American towns and cities, also began to
leap out at her, along with the cylindrical
transformers. More addresses brought
more pole mounted transformers and
heavy service teed wiring stitched from
pole to pole.

But there could be nothing out of the
ordinary here, she decided. having
consulted with her physicist friend. Ed
Leeper. Leeper agreed that, while all
houses carry AC mains, stray magnetic
tields from the steel clad transformers
dwindle to nothing after a few feet.

Being open minded people, the two
decided to check stray magnetic powerline
ficlds for certain elimination. The
physicist built the psychologist a simple
inductive loop detector coupled to a
sensitive amplifier. Soarmed. Dr
Wertheimer revisited some of the
addresses on the list. The device hummed
loudly when located at the base of a
transformer pole, just as expected. More
surprisingly. it continued to hum loudly
when the psychologist walked away from
the pole, along the block. under the wires.
The hum only reduced after several
service drops to nearby houses.

Dr Wertheimer repeated the
observation at other addresses from the
childhood leukemia list. She also noted on
further examination that leukemia
excesses tended to occur in clusters along
the wiring span between transformer
poles and up to their third service drop:
this corresponded to the highest current
levels flowing in the line associated with
the greatest low frequency AC line fields.

Such were the origins of suspicion that
power lines can kill in more ways than by
simple efectrocution. Given thisclue,
other epidemiologists studied further
discase clusters, returning similar findings.
Forinstance, an analysis of US radio
amateur deaths determined a myeloid
leukemia excess of three times,
presumably because radio amateurs
expose themselves to low frequency
electric fields. either occupationally, or in
pursuit cf their hobby.

Some 17death surveys of electrical and
electrome workers had been undertaken
by 1986. Fifteen of them demonstrated a
possible link between electric/magnetic
fields and the development of cancer.

Youwon't find many champions for the
hypothesis among governments and
utilities; the official reticence is
disturbing. The Establishment firmly
maintains that non-ionizing radiation has
no pathclogical consequences beyond
those attributed to heating effect arising at
high intensities.

Most researchers now disagree.

Almost every serious study —including
biochemical experiments conducted on
living tissue — indicates that non-ionizing
ficlds have a significant and occasionally
profound cffect at levels much lower than
we previously thought of as safe. The stray
magnetic field from the scanning coils in
the VDU which you may be sitting in front
of are almost certainly breaking out
calcium ions from the cell membranes of
your brain (W. Ross Adey etal). This
contrasts with the popular notion that
VDUs cause damage by X-radiation.

We feel that people should be allowed
to make up their own minds. With this in
view the February issue of Electronics
World + Wireless World will bring
together the available evidence:
epidemiological. biophysical, old and
new. Youmay then decide for vourself.

Frank Ogden
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Serial Data Protocol Analyser

f 79 plus vat

The Thurlby DA100Q is a very low cost protccol analyser
for problem solving on asynchronous serial data
systems, particularly RS-232.

It provides baud rate analysis, data word format
analysis, data monitoring (ASCII or Hex), triggered data
capturing, and test data generation.

The DA100 uses an oscilloscope as its display device.
It connectsto any standard 'scope viaa single cable and
displays 32 characters of text. Alternatively an optional
LCD display unit can be fitted. An optional RS-232
breakout-box is also available.

Contact us now for full technical details.

Thurlby

Thurlby-Thander Ltd., Glebe Road, Huntingdon,
Cambs. PE18 7DX
Fax: 0480 450409 Tel: 0480 412451

METEX & TEST LAB INSTRUMENTS

YOU PAY

ALL WITH CONTINUITY TEST (% With Capacitance + With Hfe O With Freq.)

PRO SERIES M STANDARD SERIES
0 SERIES METEX 3% DIGIT 12 mm DISPLAYS
3% & 4% DIGIT 23158 17 Range 10 ADC £20.00
All With Case. 20A AC/DC g;g%?fzzﬂange (1)2?06 })(; g%;ﬁ
. 1Range 1 /DC (*) .
17mm Display (3800 12mm) 23252 Range 1A AC/DC (o) £3042
3800 32 Range 0.5% {+) £31.50 7355 32 Range 10A AC/DC {9} £3457
3610 30 Range 0.3% (* £33.53 2365 38 Range 10A AC/DC (++ 02125
% £ gange gg !'- g%g?} Plus Logic Probe
ange {+#0) !

36508 as 3650 with Bargraph 56056 METEX AUTORANGE
4530 4% Digit 30 Range Data £71.00 3y, DIGIT With Datahold & Freg Counter
;‘g;g 0. %’;I 2Frea R £7638 MB02imm display £50.92

a us & Freq. Hanges 30 g1 17mm display. true RMS £56 28

M818b with bargraph £64.32
1]
3000 LCR AC Bridg2 £102.30 TE220 1 MHZ Audio Generator £81.75
M3002A AC Millivo/t Meter IMHZ £85.80 3300 Autorange Digital Cap Meter ~ £64.00
2020 500 KHZ Function Generator ~ £96.50 6100 Signal Tracer/Injector £52.30
4162A0 150 MHZ Fr Gen. Plus 6 Digit 5250 150 MHZ 7 Digit Frequency
Counter £17286 Counter )
2603A0 1 MHZ At Gen. plus 6 Digit 0STSM 5 MHZ Bench Scope £168.00
Counter £166.16  2430/24v 0/3A Variable PSU £56.00
TE200 150 MHZ Rf Gen 245 0/24V 0/5A Variable PSU £69.55
{350 MHZ Harmonic) £80.00 154 4/15V 0/4A Variable PSU £40.00
» l »

YF20 Dual Scale Sound Level Meter 390070 LCD Dmm With Dwell And
12008 €32.85 TachRanges £49.58
225V VHS Video Head Tester £30.69 KT50LCD 8 Range Capacitance Meter £36.20
1065 Digital Lux Meter - 3Ranges ~ £46.83 5060 LCD Digital True Power Meter
07 Logic Probe £7.63 6kw19
M625 Logic Probe/Pulser £1474 2070 19 Range Multimeter 10ADC »
300 AC Clamp Meter 600A/300V/ Buzz £12.00
Resis £33.50 2030ET 27 Range 10A AC/DC. Cap.
M265 Add on AC Clamp Probe Hte Temp. Buzz £35.30
for Dmm's £16.48 5050E 41 Range FET mm £26.77
501 Eiectronic Insulation Tester 500V £53.25 0OMS5 Wallet Autorange Dmm £17.35
504 Electronic Insulation Tester 1000V £70.88 921 Pen Type Autorange Dmm £24.78
KOM6 TR Dip Meter 1.510250 MHZ ~ £41.88 850 Mains Phase Tester £21.20

1062 LCD Temperature & datahold  £36.72 260 1000A AC Digital clamp meter £40.25
302K LCD Temperature Two 1/P £32.00 261 Add on Insulation tester for 260  £29.35

— i B

|/ INSTRUMENT DISTRIBUTORS FOR
| HAMEG o FLIGHT  BLACKSTAR
o ALTAI » THURLBY * THANDAR

o CROTECH o LEADER AND HITACHI
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Man versus mach

Ever since the 1930s, when Alan Turing
described his universal calculating
machine. scientists and others have
been predicting the eventualtarrival ofa
computer with human-type conscious-
ness. Partly. of course. this stems from a
fear that such machines, like aberrant
genetically-engineered creatures,
would subjugate and enslave their
creators. On a less emotive levelit's not
unrcasonable to conclude that today’s
increasingly intetligent machines will
one day outperform our frequently illo-
gical and befuddled brains. Certainly
the view popular among artificial intelli-
gence rescarchers today is that
machines will eventually be developed
that (who?) think in a way qualitatively
indistinguishable from human thought.

Whether or not that will happen is a
guestion so overlaid with philosophical
and moral overtones that no instant
appraisal would do more than invite
opinionated correspondence. What
could be emerging. however, is a hint
that conscious and intuitive machines
will need operating systems very diffe-
rent from those inuse today.

One hint of this comes from a much-
publicized chess matceh staged in New
York at the end of October. Gary
Kasparov. the reigning world champion
(human). ook on Deep Thought, the
reigning world champion (machine)and
won. The crowds (human) raised a
cheer for their compatriot and the issue
seemed settled: man had  triumphed
over machine. The press were jubilant
in their revelations that the computer
had stubbornly gone on plaving when
any fool could see the outcome.

I'he point they surely missed (though
Kasparov, to his credit, didn't) was
that. given enough processing power, a
machine will eventually be able to play
chess better than any human. Kasparov
expects to be beaten when Carnegic-
Mectlon University scientists introduce
Decep Thought {1 some time in 1994,
He's philosophicat though because., un-
like the crowds who affirmed human
supremacy by cheering him to victory in
October. Kasparov doesn’tsee eventual
defeatassignalling the demise of human

| intelligence.

For one thing. although the Russian
champion may not have been aware of
it. he was using his mental processing
powers much more efficiently than
Deep Thought. No human chess player

Ine

would cver waste time calculating
760.000 options before making a move!
So even if he had lost the latest game.
his whole approach would have been
infinitely more intelligent than the
brute-foree algorithms of the computer.

To be fair to the inventors of Deep
Thought, their approach wasn’t entircly
that of a number-crunching tour de
force. Chess represents an interesting
intellectual challenge which is too com-
plex to be cracked simply by brute
force. Someone with a better number
cruncher than mine calculated that a
brute-force algorithm to trace out a
decision tree for all possible games
would need to perform sums more
numerous than all the atoms in the
universe

Chess programs therefore have to

i "m,-,.

mmmu_,,

take short cuts or introduce some mea-
sure of chance or randomness if they are
to achieve anything at all. That. ot
course. is also why they can sometimes
be beaten by players such as Kasparov.
Chance isn’t. however. a weakness.,
In chess programs as in human be-
haviour iU'sa necessary ingredient. Ran-
domness in a perverse sort of way can
actually be a catalyst for creating order
and progress. Without it we'd still be
sitting in our caves doggedly doing the
billions of calculations necessary to de-
cide the desirability of lighting a fire or
even of procreating . . . which leads to
my second bit of tentative evidence that
there’s more to dife than even the most
complex logic. It comes in the formof a
newly-published book The Emperor’s
New Mind by Roger Penrose (OUP).
Among other things. Penrose ques-
tions the popular view that all nature
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can be expressed in terms of mathema-
tical rules which in turn can be run on a
computer. He argues that some truths -
even those that are theoretically com-
putable — are bevond a pmulml solu-
tion. at least by conventional logic. The
example of a chess game. as we saw
carlier. represents more or less the
practical limits of today’s machmes . ..
which scems to imply that we'll never
have computer systems that can do

better than tell us what to do with our
king's pawn.

As I suggested carlier., the real break-
through may eventually come with radi-
cally new operating systems. Penrose
hints that progress towards consciously
intelligent machines may lic in a new
generation of quantum computers
working in the mystery world of parti-
cles that don’t seem to obey the rules of
evervday commonsense. [ts all very
futuristic and thought-provoking and
perhaps also a challenge to our tradi-
tional mechanistic and reductionist
thinking. For me. however. it’s a
pleasant reminder (chess games not-
withstanding) that we're more than just
a collection of advanced neural net-
works. How else could a bowl of cold
porridge (as Alan Turing put it) com-
pose symphonies and perceive the beau-
ty of truth?
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Ultimate truth in
three flavours

After years of intense rivalry, the
Stanford Linear Collider (SLC) in
California and the recently-opened
CERN Large Electron Positron
facility (LEP) near Geneva are now
producing significant numbers of so-
called Z-particles. These are formed
when electrons and their oppositely
charged counterparts crash head-on
and destroy themselves in a blaze of
energy.

SLC did much of the pioneering
work, including estimates of the
mass of the Z; LEP has the clear lead
though in terms of the number of
particles it can produce in its 27km
circular tunnel.

What is now exciting physicists is
not the sheer number of recorded
subatomic collisions but the figures
now emerging for the average life-
time of the Z-particle. Measure-
ments taken from around 11,000
observed collisions show it can exist
for around 10°"s. This short lifetime
is good news for physicists because it
places finite limits on the number of
even smaller particles into which it
can decay.

Measurements of the energy spec-
trum of the observed Z-particle sug-
gest that all matter is comprised of
three, and only three, families of
fundamental particles. Everyday
matter is the first family, comprising
electrons, neutrinos, ‘up’ and ‘down’
quarks. Then there’s a family includ-
ing muons (heavy, short-lived elec-
trons), ‘strange’ and ‘charmed’
quarks. Finally there’s a group con-
sisting of tauons, ‘bottom’ and ‘top’
quarks.

Convenient though this finding is
for standard models of particle
theory, it doesn’t explain why there
are only three families. Burton Rich-
ter, director of SLC, regards it as a
complete mystery why God chose
three rather than one, nine or even
forty-seven

One must be thankful He did;
more particles would lead to untidy
complexities, while fewer would lead
to a Universe containing substantial
amounts of anti-matter — violent and
uncomfortable!

RESEARCH NOTES
T ]

New study into low-level
microwave radiation

Can long-term exposure to low-level
microwave radiation from sources like
air traffic control radars cause cancer in
humans? And if cancers begin through
other causes. can exposure to micro-
wave radiation accelerate their growth?

Researchers from the US Air Force
School of Aerospace Medicine and the
Georgia Institute of Technology hope
to find answers over a period of 18
months as they complete one of the
largest studies ever conducted of long-
term exposure to low-level microwave
radiation. The work could help estab-
lish standards for safe human exposure
to radiation of all kinds. but particularly
the upper radio frequencies that are
becoming increasingly widespread in
the environment. The US Air Force in
particular wants to be certain that peo-
ple exposed for long periods to low-
level electromagnetic radiation from its
radar installations are not adversely
affected

In February. Georgia Tech began
exposing a population of 2(0) mice to
low-level. pulsed. microwave radiation.
Over the next 18 months. the animals -
a cancer-prone strain commonly used in
research — will be carefully studied and
compared to a control group of equal
size that are maintained under identical
conditions. Jim Toler. co-director of the
Tech’s Bioengineering Centre. will be
looking at whether the microwave en-
vironment in any way either triggers
development of abnormal cells or
promotes the growth of abnormal cells
once the development of such cells has
been triggered by other processes

The mice will be exposed to a level of
microwaves similar to that encountered
by persons working around radar in-
stallations or living nearby. The levels
are within accepted standards for hu-
man exposure and the frequency
435MHz - has been chosen because 1t is
a military radar frequency and because
few biological experiments have been
conducted in this part of the spectrum

The effects of electromagnetic radia-
tion on biological systems depend on
four variables: the frequency of emis-
sions, the type of pulse used. the energy
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level and the exposure time. For that
reason. the results will not necessarily
apply directly to other types of electro-
magnetic energy. since the coupling of

Georgia Tech's microwave exposure
facility, testing animals’ susceptibility to
radiation

radiation to a biological system is highly
dependent on frequency

The study uses Georgia Tech’s micro-
wave exposure facility, one of the only
two in the United States equipped to
study long-term exposure on large
populations of animals, and follows
earlier research into the levels of stress
which might be created by microwave
fields. That study. reported in the Jour-
nal of Microwave Power and Electro-
magnetic Energy [vol. 23, no 2. 1988]
found no increase in levels of stress-
sensitive blood hormones within a
population of 100 mice.



" B AVE

CIRCLE NO. 144 ONREPLY CARD CIRCLENQO. 145 ON REPLY CARD) CIRCLENQO. 146 ON REPLY CARD

" ANTENNAS

CIRCLE NO. 147 ON REPLY CARD CIRCLE NO. 148 ON REPLY CARD CIRCLENO. 149 ONREPLY CARD

CY-r-¢

CIRCLENO. 150 ONREPLY CARD CIRCIENQO. 151 ONREPLY CARD CIRCLENQ. 152O0NREPLY C ARD

Fieldtech

Fieldtech is one of the UK's leading suppliers of high quality test and measurement
equipment. Now in its 25th year, Fieldtech continues to grow by providing a problem
solving approach that ensures customers keep coming back.

To find out how we can help you contact one of our applications engineers today.
Fieldtech is a member of Hunting Plc.

am
Fieldtech

Fieldtech Heathrow Limited, Huntavia House, 420 Bath Road, Longford, West Drayton, Middiesex
UB7 OLL, England. Tel: 01 897 6446 Fax: (GI/ll) 01 759 3740. Telex: 23734 FLDTEC G of

CIRCLENO. 153 ONREPLY CARD

HUNTING



RESEARCH NOTES
| -]

Two cheers for Phobos

We all (mea culpa) assumed that the
premature demise of the two Russian
Phobos probes would result in little or
no new scientific data from Mars and its
twomoons. Yetinspite of failing to take
the hoped-for close-up pictures,
Phobos-2 did in fact orbit the planet
about a hundred times before being lost
forever as the result of an onboard
computer malfunction
Perhaps because of the danger of
being eclipsed by the outstanding suc-
cess of the US Voyager-2 spaceprobe,
\ the Russians have only now published
full details of this their most recent
| interplanetary mission (Nature vol. 341
n0 6243). Far from being a total failure,
l Phobos-2 has sent back some pictures

the ozone?

Research at the University of Califor-
nia, Los Angeles and Clemson Uni-
versity, South Carolina has led to an
intriguing possibility for protecting the
Earth’s ozone layer, which is currently
being destroyed by aerosol propellants.

Alfred Wong et al (comments Plasma
Phys. Controlled Fusion, 1989 vol. 12
no 5) base their ideas on the fact that
ozone is destroyed by neutral chlorine
atoms released when chlorofluorocar-
bons (CFCs) are broken down chemi-
cally by the action of the Sun’s UV
radiation. One chlorine atom is be-
lieved to be capable of catalyzing the
decomposition of around 10° ozone
molecules.

Wong believes that such chlorine
atoms could be rendered harmless to
the ozone by giving them a negative
charge and converting them into chlor-
ide ions. Chloride ions react only weak-
ly with ozone molecules, which have a
strong electron affinity and therefore
tend to be electrostatically repelled.

What is interesting about Wong’s
proposal is the means he suggests for
ionizing the chlorine atoms. If a high
[ power beam of HF radio energy could
be directed up at the ionosphere, then
electron heating would occur, leading
to ionization of this neutral chlorine.
Experiments are now planned in which
radio beams at a frequency of 1.5MHz
and powers of several hundred mega-

and field measurements that have been
hailed as spectacular

Before contact was losi, Phobos-2
sent back 37 pictures of the potato-
shaped moon Phobos against a back-
ground of Mars. These were taken with
three CCD cameras with different focal
length leuses and different spectral sen-
sitivities. Video processing was done by
a 1.5Gbit computer system developed
jointly by Bulgaria, East Germany and
the USSR. Further analysis of the
videospectrometric (sic) data is now in
hand to produce a detailed three-
dimensional model of Phobos and to
gain more insight into the strange cra-
ters and grooves on its surface

All in all, fiftcen papers are pub-

Radio waves to protect

watts will be blasted upwards to interact
with electrons at heights of 50-80km.

Initially, the idea will be just to moni-
tor the effectiveness of ionization and
also the extent to which the ions can be
distributed beyond the immediate con-
fines of the radio beam, thus spreading
their beneficial effects. As a long-term
solution to our ozone-damaging activi-
ties, Wong acknowledges that radio
beams would be far too expensive.
Indeed, if a few hundred megawatts
were all that were needed, then today’s
commercial HF traffic would have put
the ozone layer to rights long ago.

Nevertheless, if this pilot study sup-
ports the theory, then alternative ways
could be considered for ionizing the
chlorine. One idea Wong proposes is 10
place a large metal screen in orbit to
trap the Sun’s energy and release huge
numbers of electrons as a result. Photo-
electric emission on the grand scale!

All this may seem a massive flight of
fancy until you realize that no-one has
yet come up with a better way of putting
a quick end to the destruction of the
ozone layer. If unchecked, this destruc-
tion is likely to continue for decades to
come. More knowledge about atmos-
pheric dynamics may, one hopes, ren-
der Wong’s suggestion unnecessary, but
until it does there’s a lot to be said for
keeping this seemingly crazy idea in
reserve.
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lished. covering optical imaging. ther-
mal and gamma ray imaging. analysis of
Martian rocks and atmospheric studies.
From an engineering viewpoint, how-
ever, perhaps the most interesting
Soviet discoveries have been those con-
cerning the electric and magnetic en
vironment of Mars

Unlike the Earth whose strong
magnetic field deflects away the solar
wind (a stream of charged particles
flowing out from the Sun), Mars has
little to protect it from this constant
bombardment. The solar wind there-
fore interacts with the Martian 1ono-
sphere and the gaseous ions that com-
prise it. The dynamic pressure is so
strong that it squeezes this ionospheric
plasma around the planet, tearing it
away on the ‘downwind’ side away from
the Sun. This tailwind escape of the
Martian upper atmosphere has been
esiimated by one of the research teams
to be around 1-2kg/s. It may not seem
much, but at this rate the whole Martian
atmosphere would disappear within
10°. There is probably some small

Phobos seen from the Russion Phobos-2
piobe, the picture being taken by a CCD
camera. Reprinted by permission from
Nature, vol. 341, p.586 C. MacMillan
Magazines Ltd.

degree of replenishment from surface
rocks, but the present tenuous atmos-
phere does indicate what might have
happened to the Earth but for our
magnetic field — yet another example of
the intriguingly delicate balance neces-
sary for life to evolve

Research Notes are by John Wilson of
tl:e BBC World Service science unil.
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n the October 1988 issue of EWW
I described a circuit developed at
the University of York to demons-
trate some of the basic concepts of
waveforms in the frequency do-
main, as well as touching on some of the
problems of electromagnetic compati-
bitity (EMC) and radio-frequency in-
terference (RF1). Since then, the de-
monstration has undergone several
stages of development.

It you remember. | originally pro-
duced what could be regarded as a
“typical™ electronic circuit. paying httle
attention to the layout in the hope that it
would radiate a good range of frequen-
cies. which it did! Logically, the next
step was to attempt a better design of
the same circuit. At the university we
have now produced a set of circuit
boards which clearly illustrates the
advantages. from an EMC point of
view. of good circuit-board design

Figure 1 shows a block diagram of the
circuit, which was described in detail in
October 1988.

Improving the layout

The originat circuit board is 22 X 10cm.
giving a chip density of one per 18cm’
The tracks are long. analogue and digit-
al grounds are mixed, there is minimum
decoupling of the power lines and no
ground plane — a thoroughly bad design.

To improve on this | made the board
as small as 1 thought possible without
making the layout too difficult and time
consuming. The MKII circuit board
(from exactly the same circuit digram) is
a mere 11 X 9cm, giving a chip density
of one per 8.25cm’. The tracks are
shorter. which means they are not effi-
cient radiators at ‘problem’ frequencies
in the hundreds of megahertz range. In
addition. each IC has a decoupling
capacitor on cach of its power-supply
pins. sited close to the 1C where possi-
bie. Also analogue and digital groundl
tracks are as widely separated as possi-
ble to stop the tast rising edges of the
digital signals coupling to and corrupt-
ing the analogue signal — always good
practice when analogue and digital sig-
nals are present on the same board.

The MKII circuit board is identical 10
the MKI{ except that it has a ground
plane to provide a short circuit tor
high-speed glitches and noise compo-
nents due to capacitance between tracks
on one side of the circuit board and the
ground plane on the other — the circuit
board material itselt acts as the dielec-
tric. Ground planes are a very cftective
method of reducing RF] from circuit
Lhoards. as we will see

10

RFI

and printed boards |

Peter Turner
illustrates the
beneficial effect of
intelligentboard
layout on the
amount of
interference
generated

Performance

The performance of the three circuit
boards was assessed on a 3m test site
using a biconical aeral and an Anritsu
MS2601A spectrum alalyser. The aerial
has a flat response over the band 30-
300MHz.

Figure 2 shows the background radia-
tion on the 3m test site. the peaks
around 100MHz being national and
local broadcast radio and those at
around 150MHz either radio amateurs
or the emergency services and public |
utilities.

Good circuit board design will be more or less
compulsory from the 1st January, 1992 - the
proposed date for compliance with a directive
on electromagnetic compatibility {EMC) being
drawn up by the European Commission. The
directive will lay down the maximum amount of
electromagnetic radiation which electronic
equipment will be aliowed to radiate and
manufacturers will have to provide a statement
that their equipment complies with the objec-
tives of the directive.

There is concern that many companies in
this country will not be aware of the implica-
tions of the directive. Clearly, the design-test-
modify cycle could become very costly if
repeated too many times; it is therefore
important that engineers and even under-
graduates take the ideas of EMC to heart right
at the start of the design process. In other
words, it is far better to design a good circuit
board than to design a bad one which will
require enclosing in an expensive screened

box to comply with the directive.

In Figure 3, the spectrum of radiation
from the poorly laid out MKI circuit ‘
board shows a considerable amount of
radiation up to 300MHz. Some peaks at ‘
around 120MHz actually exceed the
levels of broadcast radio! There was still |
significant radiation up to about |
600MHz from this board. |
Figure 4 is the Mkl board; the large
peak at 137.6MHz is the local water '
board telemetry signal. Apart from this.
the radiation is very much reduced - say
10-15dB down on average. ’
The MKII board (with ground plane
1s shown in Figure §; 1t is very difficult to
see any difference between this and the
background reading of Figure 2 (apart
from the water board). '
In addition to investigating the three
circuit boards described. | examined the

Audio Micro- A-to-d Parallel n Serial in D-to-a
— tput
input phone converter serial out parallel outf™conyarter g
shift reg shift reg |

10 MHz '
clock

Fig. 1. Block diagram of circuit used for the tests. A full circuit diagram was given in

February, 1989.

]
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RFI properties of the different 74-series
togical families. 1 made two more
boards in the Mkl layout using 74HCT
family and 74LS family chips. as
opposed to the 74F series for the first
three boards.

Figure 6 shows the enmission from the
74HCT circuit board. There as stitl a
good deal around the 120-200MHz re-
gion, but nowhere near the amount of
the 74F series and not much at all over
200MHz. This s as expected due to the
tower power and slightly slower per-
formance of the 74HCT family.

In Figure 7. the 74L.S board has some
output in the 120-200MHz range associ-
ated with the poor layout, but this falls
otf more quickly than the 74HCT board
due to the Jower speed and hence more
stowly rising edges of the 74LS tamily.

EC directive and BS6527

The details of the directive on EMC is
stilt being thrashed out but, for gui-
dance, we can look at BS6527: the
British Standard specification for
“Limits and methods of measurement
of radio interference characteristics of
information technology cquipment™.
This s also a European standard
EENSS5022 and. as such. will be quoted in
the EC Directive.

BS6527 divides IT equipment into
two classes. Class B equipment must fall
within the limits of radiated field
strength in the frequency range 30 —
1000MHz at a test distance of 3m as
shown by the table.

Frequency range Limits
(MHz2) [dB(V/m)]
30-230 100

230-1000 123

All the circuit boards are within the
Class B limits of BS6527 and should, |
believe, comply with the EC directive
when it is announced. However. the
MEKI circuit board doces show the effects
of a bad layout when compared to the
MKIT and MKHI tayouts. An improve-
ment of 30dB was achieved merely by
altering the layout of the circuit board.
If the clock frequency were several
times higher, then the MKI board could
casily exceed the limits since the higher
the frequency, the better it would radi-
ate. Figures 6 and 7 showed the benefit
of using the tower-specitied logic tami-
lies when speed or low power consump-
tion is not important: the faster the chip,
the more it radiates. 1992 is just round
the corner and manutacturers would be
well advised to have EMCin mind right
at the start of the design process. |

PIONEERS

Karl Ferdinand Braun
(1850-1918):
inventor of the
oscilloscope

W.A. ATHERTON

erdinand Braun invented the

oscilloscope and  discovered

the rectification ceffect, two

truly major contributions to

the art of electronics. But
when he shared the Nobel Prize for
physics in 1909 with Marconi it was for
his work on radio tetegraphy. Of all the
carly radio pronceers he probably under-
stood the science of radio better than
any.

From humble beginnings, this gentle
and modest man developed a brilliant
academic carcer and was one ot the
great scientists of his day. In 1914 he
travelled from his native Germany to
the USA to defend his patents in court.,
World War 1 prevented his return and
he became an enemy alien. but his age
and reputation saved him from any
cmbarrassment. On the 20th April.
1918 he died. aged 67, in an enemy but
friendly country. Another seven
months would have seen the war at an
end and the old man able to return
home.

Braun was born at Fulda. about 60)
miles north-castof Frankturt. on the 6th
June 1850, His father. Johann Conrad.
was a civil servant and a protestant: his
mother. Franziska Gohring. was a
catholic. They agreed to raise their four
sons, of whom Ferdinand was the
fourth. as protestants and their two
daughters as cathotics. Though they
were not well off. by hard work and

carcful housckeeping they managed to
educate their boys and provide dowries
for their girls

While at Fulda’s high school, Ferdi-
nand came to love crystatfography. At
15 he wrote a textbook on the subject,
complete with 200 hand-drawn illustra-
tions. but it was never published. He
also published a scientific article (on
water) in a teachers™ journal. He. and a
triecnd who had done likewise. were
reprimanded  for “unauthorized pub-
lication™. Not deterred. Braun pub-
lished another which was translated into
Russian. At 16 he published his third:
truly @ boy wonder.

On entering the University of Mar-
burg as a 17-year old. he studied phy-
sics, chemistry and mathematics. The
latter was not to his liking and he atways
tound mental arithmetic ditficult. Years
later. colleagues joked that the only
time he got his caleulations right was
when two errors cancelled out. One
(invented) tale had him multiplving 25
by 2 during a lecture. rounding the 25 to
30 tor simplicity to give 60, then com-
menting that 60 was too high so the
answer was probably nearer 50, A
popular article about him. vears after
his dcath. was headlined “Wizard
Hated Mathematics™. 1t was not true.
He was just bad at mental arithmetic.

Still, he disliked the maths lectures at
Marburg. Of onc lecturer he wrote.
“His lectures are completely indigesti-
ble. All he does is to dictate notes that
only u stenographer could take down. ™
Not surprisingly Braun soon switched to
Berlin. the major science university in
Germany. There he made a good im-
pression and was one of only four stu-
dents allowed access to one private
taboratory.

In December 1869, Professor GUH.
Quincke offered him a laboratory assis-
tantship with a salary sufficient to make
him partially independent of his father.
who was trying to steer himinto a secure
carcer as a qualified school teacher. For
now the satary on offer was enough te
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overcome his father’s reserva about a
carecrinscience

In 1872, Braun submitted for his
doctoral examination. for which his ex-
aminer. Hermann Helmholtz. passed
him cum laude. *On the whole it went
quite well.” he wrote to his parents.
though he was shocked at the cost of
printing his thesis

Soon afterwards. Quincke moved to
Wiirzburg 1o take the chair of physics
and Braun went as his assistant. His fow
alary still did not make him financially
secure so. pleasing his father. he qual
itied as a school teacher aad earned
extritincome from writing. His gitt for
sarcasm got him published under
pseudonyms in major magazines - he
always aimed high.

Rectification
After two years, a full university post
still eluded him and he settled for
teaching at a high school in Leipzig:
father had been right. A university was
still his aim. but meanwhile teaching
gave some time for scientitic sescarch

At 15, he published
a textbook on
crystallography
complete with 200
hand-drawn
illustrations.

Braun had already experimented
with clectricat conduction through clec-
trolvtes and salts and he now studied
carlier work on conduction through
mineral crvstals. He solved the vexing
problem of making contacts to the crys-
tals bv an example of waat was 1o
become his elegant experimental stvle.
He simply bent two silver wires. One
became a ring which supported the
crvstal. the other became a spring
whose point pressed onto the crystal. bt
was a near-perfect set-up fo- the discov-
ery of the point-contact crysial rectifier

Just when he discovered rectification
is not known. but he announced it on
the 23rd November. 1874 “the resist-
ance varies according to current diree-
tion. intensitv. and duratior.” he wrote
At first the discovery did not make a big

impact in scientific circles. though
Arthur Schuster repeated the results
Cambridge with clean and oxidized cop-
per wires.

Two vears later. Braun expressed his
work as departures from Ohm’s Law
He recognised that the etfect took place
at the surface of the crystal. that a point
contact was nceded. and that it hap-
pened very rapidly (in less than 1/500th
second). It was 30 years before an
important application was found. as i
crystal detector for radio receivers.

The word rectification now has im-
plications which go bevond the original
discovery. What Braun discovered was
that there are experimental set ups in
which a direct flow of electricity is
conducted better in one direction than
the other. When he made his fourth and
last publication on the rectifier eftect in
1883 he was able to refute every accusa-
tion of experimental error and to extend
the observations to alternating current.
His last observation showed that the
effect held true even for very short
pulses of current

The latter experiments took place at
Strasbourg University. which he joined
as an associate professor in the Spring ot
1880, having held a similar position for
three years at Marburg after leaving his
teaching job in Leipzig. For a number of
years he played musical academic chairs
as he strode along the path of success
from umiversity to university. The next
move was 1o a full protessorship at the
Technical University of Karlsruhe
(1883). then to Tibingen (1885). and
back to Strashourg ( 1893)

It was at the time of the move to
Tiibingen that he got married. He and
his wife. Amalie. set up house in the
castle that was the physics institute.
Unlike the domestic quarters the
laboratory was in the unheated castle
tower and subject 10 the vagaries of the
weather: in winter the temperature
hovered tor weeks at —1°C. Braun’s
replacement at Karlsruhe was fortunate
in inheriting a spacious fab in which.
three veurs later. he performed the most
faumous experiments ever carried out
there: his name - Heinrich Henz.
Braun meanwhile set about getting a
new lab.

Oscilloscope
Braun the inventor was initially sceptic-
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Karl Ferdinand Braun aged 36, inventor '
of the oscilloscope, discoverer of recti-
fication and one of the founding fathers

of radio.
Tihingen.

Photo — Tuesday Society.

The oscilloscope
was not |
patented; Braun
wanted itto be
freely available to
benefitall
researchers |

al about 1wo great scientific discoveries.
Hertz's discovery of electromagnetic
waves was one. the other was Roent-
gen's discovery of rays which passed
through matter — X-rays. “Roentgen
has otherwise always been a sensible
man.” hesaid. “and itisn’teven carnival |
time vet.” However. he soon caught the
~radiation fever” that followed the
—_—
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Fig. I Braun’s cathode-ray tube. K is the cathode, from aluminium sheet: A the
anode; C an aluminium diaphragm with a 2mm hole to narrow the beam: D the

fluorescent screen; and E the glass tube.

announcement, butinstead of X-rays he
chose to re-examine cathode rays.

It was known that cathode rays could
illuminate a fluorescent screen in an
evacuated tube. that they could be
formed into a beam, cast shadows. and
be deflected by a magnet. But it was
Braun who conceived an application for
the phenomena. Gradually he arrived at
a satisfactory design for a new tube.
When a magnetic-field coil was placed
close to the body of his tube and the
alternating mains current applied to it,
the traditional spot of light on the screen
became a wobbly, vertical line. When
the line was viewed through a rotating
mirror in front of the screen an apparent
horizontal motion was added and the
sine wave of the current could be seen.
Braun invited his associates to meet the
alternating current from the Strasbourg
generating station “in person”.

He announced his invention of the
I15th February 1897 in a paper. “On a
Method of Demonstrating and Studying
the Time Dependence of Variable Cur-
rents.” It was also reported that the
output of the Strasbourg station was a
good sinewave, whereas that from an
induction coil generator was awful. an
epic demonstration of the value of the
primitive oscilloscope. For the first time
researchers could see what was happen-
ing in electrical circuits. Two  years
later, horizontal beam deflection was
introduced by Braun's assistant

Of all the radio
pioneers,
Braun was probably
the one who best
understood the
science of radio

Jonathan Zenneck to replace the rotat-
Ing mirror.

The oscilloscope was not patented:
Braun wanted it to be freely available to
benefit all rescarchers. A bigger prize
awaited him. the Nobel, awarded for his
later work on radio telegraphy.

Radio

Braun was introduced to wireless tele-
graphy when he joined a group perfect-
ing a telegraph which operated by con-
duction through water, a bid to avoid
Marconi's patents. He then invented a
new radio spark transmitter (loosely
based on improvements he had made to
the “water™ transmitter) which not only
broke Marconi's patent monopoly but
gave an improved performance as well.
After a demonstration in September
1898 the water telegraph was scuttled in
favour of a radio telegraph using the
new transmitter. A company was
formed and became known as Tele-
braun. It was one of the forerunners of
Telefunken.

By the turn of the century, a distance
of 35 kilometres had been achieved and
crystal rectifiers had been tested as
detectors. By October 1900, the port of
Cuxhaven had radiotelegraphic com-
munication with lightships and pilot
boats. and Heligoland was linked to the
shore. Enquiries arrived from around
the world.

However, Telebraun was broke and a
rival German company. supported by
AEG and based on Adolf Slaby's work.
was well publicized. Braun's business
colleagues finally allowed him to speak
out on behalf of his inventions and
publicity was gained which helped to
secure financial backing. In December
1900, Telebraun became a subsidiary of
Siemens.

Of all the radio pioneers. Braun was
probably the one who best understood
the science of radio. Marconi, by com-
parison. was an improver and inventor.
Yet it was Marconi who grabbed the

headlines and the impressive firsts. In
1902, a merger between the rival Ger-
man groups was discussed but found-
ered. and patent suits began. The rival-
ry became of national concern. Even
the Kaiser worried that. through Mar-
coni. the British were gaining a strang-
lchold.

As a result of government pressure,
the merger finally took place on the | 5th
May 1903. Germany's four main radio
pioneers, Braun, Siemens. Slaby and
Arco pooled their resources. The new
company took its name from the first
syllables of the merging companies: the
Braun/Siemens Telebraun and the
Slaby/Arco Funkentelegraphic - Tele-
funken. There were 33 employees.

Braun then turned to other problems:
the effect of gravity on the growth of
plant cells for example. but his reputa-
tion is founded on his three supreme

Braun invited his
associates to
meet the
alternating current
from Strasbourgin
person

contributions to our profession: the dis-
covery of rectification, the invention of
the primitive oscilloscope. and his con-
tributions to radio telegraphy. It was
this reputation that ensured him a re-
spectful reception in the USA when he
was trapped there. and died there. as an
enemy alien. His wish to be buried in his
native country was eventually honoured
in 1921, when his ashes were interred in
his parents’ grave o his home town of
Fulda. His wife. who had died during
the war. was buried in Strasbourg
which. by then. was once again French
territory. They were survived by their
four children. ]
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EVOLUTIONARY AUDIO

ince 1t i1s preferable to achieve a

high degree of linearity in the

ransfer charactenistics of the

amplifier without having to use

large amounts of negative
feedback to straighten out the kinks,
designers have paid much attention to
the design of those stages which provide
the bulk of the voltage gain within the
power amplifier.

Gain stage design

The principal techniques at the disposal
of the circuit designer in his pursuit of
greater linearity are the use of long-
tailed pair gain stages, since these tend
to lessen the generation of even-order
distortion components; the cascode
connection of the devices in the various
ways shown in Fig. 1, because this
isolates the amplifying device from the
output voltage swings: and the use of
highly symmetrical driver stage layouts.
which can lessen problems due to slew-
rate hiniting. All of these methods are
exploited, in various combinations. in
contemporary circuit designs

It is practicable to obtain high gain
with wide bandwidth simply by
cascading a series of amplifier stages, as
in the relatively early design due to
Lohstroh and Otala' shown in outline in
Fig. 2, but the cumulative phase errors
ot succeeding stages make overall loop
stability more difficult to achieve.

Nevertheless. this approach has been
adopted commercially; a design
employed by Pioneer in their M-90
power amplifier. shown schematically
in Fig. 3. shows strong similarities to the
Lohstroh/Otala layout. This Pioneer
design also shows a trend, which is
increasingly favoured in Japan. of using
cascode-connected (monolithic) dual-
junction fet inputs stages. because of
the ease of matching the DC offset
characteristics in a monolithic pair. and
the greater input linearity of fets in
comparison with bipolar transistors.

The bipolar cascode devices. Tr, and
Tr,, which can be high-voltage working
types. then allow the supply line
voltages to be chosen without the
constraints imposed by the relatively
low gate/drain breakdown voltages of
the fets.

| —
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AUDI
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In this final part,
John Linsley Hood
considers gain stages
and power supplies,
and takes a quizzical
look at testing and
specifications.

-STATE

The use of high-voltage. small-signal
mosfets in place of cascode isolated
junction fets as the input devices, as
adopted in a recent design of my own?
shown in Fig. 4, allows a simpler layout
without loss of performance. provided
that some initial set-up adjustment is
made to compensate for possible bias-
voltage differences between the two
input devices.

The performance of the gain stage is
enhanced by cascode connecting the
driver stage preceding the output
emitter followers, as shown in the two
designs of Figs. 5 and 6 due to
Borbely’, since this stage will be
required to handle a large signal-voltage
swing.

Cascode connection, in this case
improves the effective linearity of the
input device, particularly in respect of
collector voltage modulation of the
current gain (Early effect), and also
eliminates unwanted effects due to the
collector/base feedback capacitance.

Figure 7 shows an elaboration of this
layout used in the Technics SE-A100
amplifier, in which the combination of
the emitter-follower group Try y and the
current mirror formed by Tr,,, s is
used to achieve a symmetrical drive
system from a less complex single-
ended input stage, which makes it easier
to control the output stage quiescent
current than with a fully symmetrical
driver layout. even though this may be
theoretically superior.

Although the availability of high-
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“ig. 1. Fet/bipolar cascode combini

tions. giving good input/output iselation. (2) ) (©) ()
Circuait at (a) gives high gain. high
output impedance and high-soltage op Eout Eout
eration; (b) gives very high Z.,, high Z
and high voltage: (¢) very high Z,, and 7.

and loew/medium voltage: (d) high gain. Veef E—vr_ﬁ Vret
very high Z, and low/medium voltage

Fig. 2. High-quality amplifier design by Ein Ein ( ﬁ Ein Ein l
Lohstroh and Otala, giving high gain /

and wide bandwidth by the use of several
gain stages.

Fig. 3. Pioneer's M-90 amplifier. a com-
mercial embodiment of the Fig. 2 circuit
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voltage devices has led to the increasing
use of linear 1Cs in driver gain stages,
thoses designs aimed at the upper end of
the market appear to rely almost
exclusively on discrete-component
circuit constructions

An exception to this is the use. as in
the Quad 405, 510, 520 and 606
amplitiers, of an IC op-amp as a DC
comparator, (Fig. 8), to ensure that the

no-signal DC voltage at the loudspeaker
output terminals remains close to the
desired zero level. This is a worthwhile
and increasingly widely adopted
stratagem.

Fig. 4. High-voltage mosfets allow a
simpler design at the expense of freedom
from setting up.
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Power supplies

From the point of view of the purist,
there is no substitute for an
electronically stabilized supply as the
DC source for the power amplifier,
since this will provide rails of known
and precisely controlled potential,
largely free from noise and ripple and
having a low source impedance.

It also confers the advantage. in the
casc of a power amplitier. that the
output power available can be precisely
specified and unaftected by short-term
changes in the mains supply volage.
Instantaneous power-supply clamping
or shut-down can also be brought about
in the event of an abnormal load-
current demand or a DC-offset fault
condition at the loudspeaker output
terminals. (

Such a stabilized power supply ofters
many advantages, including that of
better sound quality from the power
amplifier. particularly where separate
supplies are provided for the output
devices and the preceding driver stages.
This is due 10 the very low source
impedance of the supply lines. which
appears to confer both a more “solid’
bass. as well as a more precise stereo
image. Suitable designs tend to be
complex. however. as in a published
twin DC supply design of myown”.

From low-voltage preamplifier
supplies. stabilized supply lines derived
from IC voltage regulators are now
almost universally used but. in the case
of power amplifiers. a rigidly controlled
DC supply would not meet some
specificuser requirements.

This is because a significant part of
the market consists of enthusiasts for
rock and similar music. for whom the
physical impact of the sound is an
important part to the enjovment of the
music. In this use. the equipment is
operated at as high a sound output level
as circumstances allow, and freedom
from noticeable clipping is a substantial
advantage.

Since many peak power demands are
of relatively briet duration. an
unstabilized power supply. having a
relatively high off-load supply line
voltage with large-value reservoir
capacitors. will allow the amplifier to
sound appreciably “louder’ than a
similar design with a more rigidly
controlled but lower-voltage DC
supply. This is an aspect few
manufacturers can afford 10 ignore. ’

Fig. 5. Linear high-gain stage due to
Borbely. using symumetrical configura-
tion.
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r— - — S B . —
Figure. 9 shows a typical modern
power supply, with entirely separate +Vec
supplies for each channel, and very % :
large-value reservoir capacitors.
Clearly. the output current from such a V>
supply could be highly destructive of the -
loudspeaker system in the event of a % |
component failure and various ’_—@> |
| protection systems are used, ranging
from simple fuses in the output lines 10
elaborate relay protection systems, such
as that shown in Fig. 10. |
However wgilh all of these OS0! Lot
electromechancal components inctuded - é

2%

[

within the loudspeaker output line. F 1) ==t oot
there remains the real possibility of 2y g
poor electrical connections through
mechanical wear or contact corrosion, %

which can lead to high resistance Ein eat NFB Te°m°i"’:gl‘,"
junctions. There is also the possibility of T vk followers
rectifying effects. which are of much )

greater audible significance than any I g %

benefits thought to be conferred by - —~
ultra-low resistance speaker cables U
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Amplifier testing
In an ideal world, there would be some
clearly understood and universally
agreed set of standards by which the
performance of an amplifier — or any
other component in the sound )
reproduction chain — could be assessed.
Some of the design errors which arose
in the early days of transistor amplifiers
disclosed inadequacies in the test

wd
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Fig. 6. Another Borbely casccde design,
with source-followers.
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Fig. 8. Output DC level correction used
by Quad in which the op-amp maintains
the no-signal direct voltage near zero.

Fig. 7. Single-ended cascode input stage | "

| by Technics makes for ease of quiescent
I current adjustment.
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methods then employed. Sadly, thirty
years later, we are still some way from a
complete understanding of the types of
technical specification we should seek
10 meet, or of the relative acoustic
significance of the known residual
errors.

Part of this problem is due to clear
differences in their response 1o
instrumental evaluation between the
three groups of customers; the classical
music devotee, the rock music
enthusiast and the relatively naive. and
musically uninterested ‘man in the
street’.

In classical music and traditional jazz
played on acoustic instruments. a direct
comparison is possible between the
sound of the original performance and
that of the reproduction. allowing for

r

ditferences in the acoustic ambience of
the settings: the importance of residual
defects in reproduction, so far as these
arcidentifiable, can be quantified.
Some of the early public demon-
strations staged by G. A. Briggs of
Whartedale and P. J. Walker of Quad
in which live and reproduced music
were directly compared in a side-by-side
demonstration, showed that even in
those days the differences could be
surprisingly small and encouraged the
beliet that the performance tests
employed were adequate 10 assure
satistactory performance, as they could

Fig. 9. Simple unstabilized power supply
for output stages used even in high-
quality amplifiers.
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well have been for the equipment then
being used.

For the relatively unsophisticated
buyer ot equipment, the important
factors are physical appearance, the
number of facilities it offers, its
apparent value for money and its
numerical performance specifications,
such as power output, bandwidth, and
steady-state harmonic and
intermodulation distortion factors.

The fact that very highly specified
power amplifiers may not sound any
better, and perhaps even worse than
systems which are less well specified,
has cast some doubt on the value of
many performance measurements. This
doubt is encouraged by the growing use
of up-market equipment for the
reproduction of music originating
mainly from electronic or electronically
assisted instruments — which definition
must also include the human voice,
where this is augmented by a
microphone and amplifier - and fed
directly onto tape

This music is also likely to have been
extensively modified during the
recording process. so that the
pertormance is heard for the first time
when the disc or tape is replayed. The
judgment of the listener will therefore
be based less upon whether the
reproduced sound is accurate than on
whether itis pleasing to the ear.

Whether it is warranted or not.
enthustasts insist that there are
differences in the listener appeal of the
various available units and that these
differences may not be measurable by
any of the normally specitied
performance parameters. Guidance,
when needed. must therefore be sought
elsewhere.

A wide range of periodicals exists to
cater for this need and also. perhaps. to
reinforce the belief that the respective
merits of various brands of equipment
can only be assessed by comparative
listening trials carried out by (their own)
skilled and experienced reviewers.

Clearly. the absence of valid
numerical or instrumental standards for
defining subjective amplifier
performance is a matter of wide
concern. and various attempts have
been made to set matters straight

To involve the ear of the listener in
the assessment of performance.
Colloms® and Baxandall” almost
simultaneously proposed the
substitution of the amplifier under test

Fig. 10. Tvpical commercial speaker
protection and switch-on/off muting cir-
cuit.
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for a nominal (phase-corrected) straight
wire, using a circuit layout ot the kind
shown in Fig. 11. Perhaps predictably.
the conclusions reached by these two
authors differed. with Colloms claiming
that there were significant ditferences
which could be detected by this method
and Baxandall asserting that all
competently designed units: operated
within their limits, will sound identical.

An carly observation of audio
enthusiasts was that. in spite of their
generally poorer specifications, valve
amplificrs “sounded better” than
transistor amplitiers. This was probably
because the valve amplifiers had a more
gradual overload characteristic than
their transistor equivalents, especially
since most solid-state amplifiers would
usc output-transistor protection
circuitry, which would impose a rigid
limit on the permissible output current
into a short circuit or low-impedance
load. Valve amplifiers did not impose
this output current limitation and tor
both of these reasons could sound
significantly “louder” than notionally
more powerful transistor operated
systems.

In an attempt to test the validity of
these claims for the audible superiority
of valve amplifiers. the Acoustical
Manufacturing Company (Quad)
commissioned a series of double-blind
group listening trials, reported by
Moir®. in which the panel was selected
to include people who had published
their beliefs that there were significant
differences between amplifier types and
that valve amplifiers were superior. In
the cvent, the conclusions of this trial
were that there was no statistical
significance in the group preferences.
individually or collectively, between the
Quad 303 and 403 transistor amplifiers,
or between either of these and the Quad
1l operated amplitiers.

However. a possibly important factor
was that the output signals from the
amplifiers were monitored with an
oscilloscope to ensure that at no time
were the output levels high enough to
cause clipping. however briefly.

As an extension to this valve versus
transistor debate. Hiraga” tried to relate
the claimed sound difterences between
the two amplifier types to test results
derived from wide-band spectrum
analysis. In general. his findings
confirmed that the listener did not
necessarily prefer undistorted signals.

A further attempt to provide a test
method to give better correlation with
the subjective assessment than simple
THD or bandwidth measurements was
evolved by the BBC and described by

Phase correction network

----(b-__-

e

Amplitier under test

B

EVOLUTIONARY AUDIO

Good quali
power amplifier

" ®F 9
Dummy e
load
T Oscilloscope
Fig. 11. Circuit for “straight-wire™ sub- mcasurements; we may still have

stitution test on audio amplifiers.

Belcher'', using weighted pseudo-
random noise signals followed by a
comb-filter rejection network.

This gave very good correlation with
a listening-panel assessment of sound
quality impairment through various
causes, which showed that the nature
and lincarity of the transter
characteristic of the system was
important. This conclusion was
corroborated by Hirata''. who evolved
a test method based on an asymmetrice|
pulse waveform input. in an attempt to
discover why it was possible to hear and
identify the audible defects of an
amplificr in the presence of much larger
defects introduced by the loudspeaker.

Unfortunately. the gult between
engineers and the subjective-sound
fraternity still remains, one side
claiming that any differences between
well designed amplifiers will be
vanishingly small, and the other
asserting that dramatic changes in
performance can be made by such
unlikely actions as replacing the
standard mains cable with a more
expensive one.

The absurdity of some of these claims
provoked Sclf'” into a defence of
engincering standards against the
metaphysical assertions of the “add-on’
fraternity. As 1 indicated in a
subsequent letter'”, 1 feel that we may
still have things to learn, outside the
comfortable realms of the steady state.

As engineers. we have made mistakes
in the past through the lack of
stringency in the tests we applied. This
experience must make us more cautious
in claiming perfection as a result of
favourable responses to a limited
number of possibly inappropriate test

January 1990
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overlooked something.

For myself. 1 believe that some
audible differences do remain between
apparently impeccably specified
amplifiers, particularly where these are
based on dissimilar design philosophics
and | think some of these audible
differences are related to quite clearly
visible. and measurable, differences in
their step-function response
characteristics. There are certainly
other things which also have an effecton
sound quality which we could measure.
if only we knew where to look. u
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Jovian witnesses

Jupiter will be having a busy time short-
ly.in terrestrial terms, when the Ulysses
and Galileo spacecraft buzz the planet
in February 1992 and December 1995
respectively

While Ulysses. a joint European
Space Agency/NASA project will be
using Jupiter purely for the slingshot
effect necded to pull it onto a trajectory
over the solar poles. NASA's Galileo
will send a probe directly into the
planet’'s atmosphere where it will have a
brief 60-75 minutes of glory

Galileo's successtul launch last Octo-
[ ber on the shuttle Atlantis means that
both orbiter and probe craft, after 2.4
billion miles. will be sending back de-
tails of Jupiter and its moons, as well as
the short descent into the hydrogen
helium atmosphere. almost tour years
after Ulysses has pertormed its acroba-
ticsaround the planet

Ulysses has been in development
since 1984, when it was planned to fill
the gap left by cancellation of a two-
spacecraft mission which would have
given simultaneous data on the Sun’s
north and south poles. NASA’s finan-
cial ditficulties put paid to the grander

l Speaking advert

| Not a lot of people want to hear this, but
| Dallas is going to tell them anyway.
| Texas Instruments’s Dallas labs have
| been working overtime to produce the
first talking ad.
[n conjunction with LA-btased Inter-
| visual Communications, wh ch worked
on the electronic module and its assem-
bly in Hong Kong via subsidiary Varsity
| Electronics and ad. agency McCann
Erickson Dallas, the intredoid TI has

'Insurance premium

| The first 486 processor upgrade in
Europe for the IBM PS/2 7t/ A21 went
to the lucky Norwich Union Insurance
| Group only three months after Intel’s
| initial announcement
|  The 1486 PS/2 processor upgrade
| promises up to 80 per cent higher per-
formance in business applications and
up to three times the performance in
numeric-intensive applications. It offers

Ia 32-bit, 25MHz processcr, internal

January 1990

scheme. but Ulysses will still orbit the
Sun to obtain both north and south pole
data, albeit a year apart. when condi
tions may have changed with respect 1o
each other.

The spacecraft will be the fastest
man-made object in the universe after
launch with an escape velocity o
11.4km/s and its instrumentation will be
powered by a radioisotope thermoelec-
tric generator

The Jupiter slingshot is intended to
impart enough energy to the spacecraft
to propel it out of the plane of the
ecliptic (the plane contaimng the earth
and other planets orbiting around the
sun) and swing it back over the southern
pole of the Sun at an altitude ot about
300 million km.

The Sun’s magnetic field. solar winds
and atmosphere are radically ditferent
at the poles. being less affected by the
Sun’srotation and interactivity between
high and low-speed solar winds.

Apart from direct solar interest. the
position of Ulysses in relation to earth
orbiting cratt will be used to investigate
phenomena such as cosmic gamma
bursts and gravitational wave bursts.

taken its aural message intc the pages ot
Business Week in the form of a voice
synthesised electronic advert.

Forty iwo words tell it as it is when the
reader removes a label covering the
switch. The credit card sized device,
containing speech synthesizer chip,
three tablet sized batteries, and 25mm
piezoelectric speaker pushes the corpo-
rate message around 650 times and
costs, inbulk, around US$4 a throw.

cache memory controller, internal
cache memory and an internal floating:
point maths coprocessor.

Norwich Union says the 1486 provides
it with the power needed to exploit fully
its future IBM OS/2 based Token Ring
network services. The installation, by
IBM Systems Centre, Computer
Marketing, is reported to have gone
smoothly.
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Satellite confusion

BT Vision. the visual telecommunica
tions arm of British Tetecom. seems set
1o add 10 the “power tower’ of satellite
receiving equipment which is piling up
ontopof TV sets.

The company is introducing an “over
air authorization” system. which autho-

rizes particular TV sets to receive sig- '

nals by sending codes with the TV
programmes. But the system uses the
D2MAC transmission standard and
Eurocrypt "M’ for scrambling the sig
nuls. neither of which are used by the
Sky or BSB companies

However. BT is negotiating with
France Telecom. the driving force be

hind the French TDF direct broadcast |

satellite, 1o agree common standards tor
transmission and encryption. This move
might reduce the power tower

BT Vision claims that its new system
will allow customers to buy extra chan-
nels or single programmes in minutes
with a “phone call to their local retailer.
The retailer will then notity the controll
ing computer. which will send author-
ization via the satellite. Blackouts could
be applied both to subscribers late with
paymeats and to geographical regions
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LCD better than CRT?

Conventional CRT displays for compu-
ters and television could be designed
out of video equipment within the nexi
five years if LCD development main-
tains its present pace

Both Toshiba and Hitachi used Com-
ponic 89 — the Paris components show
to demonstrate 10in flat-screen techno-
logy working in full colour with pixel
definition equivalent to IBM’s latest
VGA standard. Decently sized flat
screen colour TVs are now a distinct
possibitity.

Liquid-crystal screens have been
around for a long time: assemblies in-
corporating nearly a million pixels
haven’t. Colour VGA display requires
three 640 X 480 pixel screens to display
simultaneously each of the primary col-
ours. tf this isn’t achievement enough,
Hitachi claimed a contrast ratio of 80:1
for its screen, better than most CRTs
when operated with viewing conditions
of normal ambient light

The show prototypes were backlit by

cold-cathode fluorescent tubes in both
cases, the likely choice for production
units. This produced a picture subjec-
tively as bright as a typical CRT, but on
a completely flat surface, as one would
expect from this type of display. The
perfect registration coupled with the
absence of defocus on highlights gave
the image a sharper quality than its
conventional equivalent.

Hitachi appears to have moved furth-
er than Toshiba through the use of TFT
(thin-film transistor), techniques rather
than simple matrix technology.
Hitachi’s screen had no perceptible lag
when changing from image to image. a
problem which aftlicts the current gen-
eration of mono LCD computer
screens. Tosh’s prototype displayed a
single rmage which made it impossible
to judge the speed of the screen. Neith-
re company was prepared to put a price
tag on the displays although Hitachi
expected to be seiling its product by the
end of 1990.

The same company also demon-
strated a high definition mono screen
with a 10in diagonal, made up tfrom 1120
X 780 pixels. This is intended for cad
and graphics usage

Computer applications have pro-
vided the taunch impetus for LCD dis-
plays but TV and video promises the
largest volume of business. The size
limit for production L.CD television
screens is currently 6.5in, correspond-
ing to a pixel count of about 158 000 for
each of the three colours. Toshiba’s
show demonstration used a Sony 8mm
video source coupled to both 6.5 and 4in
TFT screens. The picture quality was
good, although the viewing angle was
rather narrow in comparison 1o a con-
ventional display. Improvements in the
viewing angle will need to be achieved
for LCD to gain market share from
CRT indomestic TV usage.

The new advances have been made
possible by better silicon-on-glass de-
position techniques. Current genera-

TALYTHERM. REAL TIME THERMCCGRAPHIC IMAGING FCRINDUSTRY




commodities

Hitachi's 10in thin-film-transistor display, which has no perceptible lag.

THERMOGRAPHY IS FULLY
ESTABLISHED IN YOUR INDUSTRY AS
AN IMPORTANT TOOL FOR RESEARCH
OBSERVATION AND MEASUREMENT

ALTHOUGH THE CHOICE 1S WIDE
SERIOUS CONSIDERATION HAS TO BE
GIVEN TO THE SELECTION OF THE MOST
SUITABLE EQUIPMENT

EVERY PICTURE TELILS

CONSIDER A SYSTEM TO MEET THE
FULL REQUIREMENTS OF THE SERIOUS
USER. AND COMBINE THE BEST OF ALL
ASPECTS OF PERFORMANCE

CONSIDER A THERMOGRAPHY
SYSTEM WHICH SCANS THE SCENE AT
FULL STANDARD TV RATES, SOHZ
FIELD RATE AND ISKHZ INFRARED
LINE RATE

CONSIDER A SENSITIVITY OF O.03°C
DETECTABLE TEMPERATURE
DIFFERENCE

CONSIDER A SYSTEM THAT OFFERS
512 SCANNED INFRARED LINES WITH
780 SAMPLES PER LINE. AND IMAGE
PROCESSING IN A SI2 X 512 IMAGE
ARR.

Xb
Rank Taylor Hobson

Talytherm

THERMOGRAPHY

10 15

20

proceeds of a sale

CONSIDER CALIBRATION STABILITY
OVER LONG PERIODS, aND STATE OF
THE ART WINDOW DRIVEN SOF TWARE
WITH A FULL RANGE OF IMAGE
PROCESSING FUNCTIONS

NOW YOU HAVE DEFINED
TALYTHERM FROM RANK TAYLOR
HoBssoN

IN YOUR INDUSTRY TALYTHERM
COULD BE THE SOLUTION TO PROBLEMS
N

B HIGH VOLTAGE TRANSMISSION LINE
AND INSULATOR INSPECTION

B INSPECTION OF TRANSFORMERS

B TRANSIENT HEAT GENERATION IN
INTEGRATED CIRCUITS AND
SEMI-CONDUCTORS

Hl INSPECTION OF PRINTED CIRCUIT
BOARDS UNDER LOAD CONDITION
FOR FURTHER DETAILS ABOUT

REAL-TIME THERMOGRAPHIC IMAGING

EQUIPMENT FOR YOUR INDUSTRY.

CONTACT AN EXPERT AT RANK TAYLOR

HOBSON, WHO WILL BE PLEASED TO

PUT YOU IN THE PICTURE

WHICH IS BETTER THAN A
THOUSAND WORDS

RANK TAYLOR HoBsonN. PO Box 36

NEwW STAR ROAD. LEICESTER LE4 7JQ. UK
TEL OD33 763771 Fax: 0533 460543

TELEX 34411

Fanuary 1990 ELECTRONICS WORLD + WIRTFESS WORILD

tion displays mostly use a matrix of
translucent metallic stripes printed
directly onto a glass substrate; the LCD
pixels are formed at the intersections
The matrix of relatively thick stripes has
high capacitance, resulting in low
switching speeds and a sluggish screen.
New panels incorporate a layer of either
amorphous or polycrystalline silicon,
integrating a single switching transistor
for each pixel

These use much thinner, lower
capacitance stripes for faster operation.
The transistor switches the pixel ele-
ment, a rectangular translucent plate
connected to its drain circuit, the plate
normally floating unless switched by the
transistor. This allows the pixel to re-
mam “on” or “off” without being con-
tinually addressed, in the same way that
a d-ram cell stores charge. As well as
being faster, it offers precise control of
individual mark/space ratio which
means wider greyscales and more col
ours

M.

SNSRI
e
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BSB ‘“nearly there”

British Satellite Broadcasting claims to
have working prototypes of its Squarial
flat-plate antennas. This follows an
order placed with the Japanese firm
| Matsushita for 70,000 of the dishes.
The aim is to get the dishes made in
volume in time for the satellite service’
| spring launch.

Nick Hart from BSB denied rumours
that the delay in production was be-
cause of difficulty in designing a true
antenna array. Instead he put the blame
on the 2285 descrambler chip from ITT.
He said “the chip gave us problems. It
was new technology and was hard to get
100% right first time. There are stitl
some failures but we are nearly there.”

Transputer megacell

Low(ish) priced hi-tech is one option
being discussed for the Inmos transpu-
ter, in applications such as parallel
processing PCs, although Inmos says
that it will be at least a year before it has
available standard cell devices incorpor-
ating transputer cores.

First device to be used in this way will

Tasty technologies

There are two top flavours this month
and one of them, the Intel 486
processor, will probably stay at the top
for the next year or so. The other is the
Extended Industry Standard
Architecture (EISA).

Severa!l PC makers. such as Tandon.
Compagq. Hewlett Packard and
Olivetti, have jumped in and launched
systems based on these two
developments. Others are set to follow
almost immediately.

The new machines have price tags
that start well over the £5000 mark.
They are therefore not something that
the average punter will expect to see in
the local Dixons for a while yet, even if
they could then afford them. It does,
however, give a good indication of the
trend that will dominate systems design
in acouple of years.

In this context, EISA is an
interesting debating point. Itstenets
are well-known —develop an extension
of the standard PC/AT expansion bus
architecture that can cope with the I/0
demands of high-speed 32bit
processors running a multitasking

26

The Squarial, though. will be bigger
than originally planned. The firm claims
it went up from a 30cm unit to a 40cm
one because of the extra two channels
that the IBA awarded to BSB in June.

BSB plans to launch a second satellite
half way through next year. But it wants
all five channels available in the Spring.
This means that some of the five chan-
nels will be operating on half power and
a 30cm Squarial would not have given
satisfactory reception

A 35c¢m parabolic dish is also planned
and more manufacturers for that and
the Squarial will be announced soon. In
a survey done by BSB, some consumers
said they preferred a parabolic dish.

be the $20 T400.

Inmos does not see the move to use
the transputer for standard cell pur-
poses as a move away from the transpu-
ter as a stand-alone micro.

Since buying Inmos, SGS-Thomson
has slashed prices on other versions of
the transputer.

operating system such as OS/2 or Unix

Its one idiosyncracy remains its
attachment to the old AT architecture
and the use of this by its supporters to
promote it as having ‘thousands’ of
add-in boards available already.

But these are old AT boards. most of
which offer expansion facilities or
additional functionality which is now
an integral part of the system
motherboard in the new 386 and up-
coming 486-based machines. Itiseven
arguable to what extent new machines
will require any expansion capabilities
except for those users who want to add
esoteric peripherals or facilities.

Andeven here the fast-emerging
crop of 486-based machines is
incorporating facilities which. it is
hoped, might attract the users’ eye.
Tandon. for example, has a desktop
system coming which includes an
integral 600Mbyte read-write optical
disk as back up to a 760Mbyte hard
disk.

Olivetti's EISA machine. a floor-
standing tower system primarily aimed
at being a network server, comes with

ELECTRONICS WORLD + WIRELESS WORLD  January 1990

Cool millions

Matching other countries’ efforts in
developing superconductivity needs at
least 35-40 per cent extra government
funding. according to Oxford Instru-
ments’ deputy chairman, Sir Martin
Wood.

Sir Martin’s company leads the field
in the UK, and in an address to the
Royal Society in London, he said that
senior industrialists have too little
understanding of superconductivity and
there is a shortage of graduates and
postdoctoral researchers in the field.

In addition, he called for education of
investing shareholders so that they
could see the importance of long term
R&D.

ECL Mips

An ECL version of Mips Computer
systems 32-bit risc micro has been de-
veloped, designated R6000 and capable
of 50-60 mips. The three-chip set is
being made by Bipolar Integrated Tech-
nology. which is also giving the rival Sun
Microsystems SPARC risc micro the
bipolar treatment.

NEC is also reported to be working
on an ECL implementation, and Sie-

mens has the option to do so.

Intel i860 64bit risc chip as a math
coprocessor. To say that this will do
maths with a device like that on-board
is going to be putting it mildly.

Compag has multiple 486s in its
EISA machine, or at least the facility to
equip one of its new range with more
than one 486 processor.

All of this power, of course. has yet
tofinda real. standard operating
system that can exploit it. OS/2 is
talked about at great length, but there
are still few applications available off
the shelf. though many in intangible
hyperbole. The system itself is
arguably deficient because it has been
designed specifically for the old 286
processor and does not exploit the
capabilities of the 386 or 486. A new
version, which does, is coming - ‘soon’.

Unix, on the other hand, is here. But
the downside of that is that there are
still many different versions of it.

So, the chances are you will all be
using 486-based mega-PCs to run your
old dos applications by the time all this
high-tech power descends to high-
street pricing levels.

Martin Banks




;. LANGREX #se
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 tuoes,
rectifiers, tetrodes, thryatons, transistors,
transmitting tubes, triodes, vidicons.

All from major UK & USA manufacturers.
Where still available.

Obsolete items a speciality. Quotations by
return. Telephone/telex or fax despatch within 24
hours on stock items. Accounts to approved
customers. Mail order service available.

LANGREX SUPPLIESLTD

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

Weighing in at 60g and only 100 X 72mm this card packs a
punch with 2 x RS232 and 35 parallel /O lines. Up to 16K
of compiled user program and 30K of data RAM gives it a
long reach. The on card Forth multitasking gives you
talkback even when the Hitachi processor has something
going on in background. Friendly, using +6 to +16V, the
watchdog timer won't let it go crazy and the standard
EEPROM means the TDS9090 need not forget those
important details.

1 off £194.95 including manual and non voltaile RAM =ew

Triangle Digital Services Ltd
100a Wood Street, London E17 3HX

Telephone 01-520 0442 Telex 262284 (quote MO775) Fax 01-509 3263
CIRCLENO. 123 ON REPLY CARD
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IBM-PC 1/0 Cards

There has never been a better time to
start using
for data ac
and control

visition

The new selection
from Fairchild offers
an exceptionally B
wide range so you
can get nearer
than ever to
your precise
requirements

¥ wide range NS
— over 60 models *
high quality
software support in 7 programming
languages
|BM-PC/XT/AT compatible

tull us today on 042] 2] 6527

for a free full colour product selector chart

Fairchild

Fairchild Ltd Eostpoint Burgoyne Roed Thornhill Southampton 502 6P8
Tel:042121 6527 Fax:042121 6583
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CIRCUIT IDEAS

Control system simulator

It is a common practice to test the
dynamic performance of any control
system with certain known and standard
inputs and then evaluate the error pat-
tern to determine the health of the
system. A simulator capable of generat-
ing very low-frequency simple harmonic
motion (SHM). constant-velocity
ramps and step functions is used for this,
but the equipment has draw backs be-
cause of its gear trains. cams, friction
drives and governor controls. Even
though these are time tested. they tend
to drift from their initial settings, result-
ing in poor accuracy and non-
repeatability.

Featured here is a simple electronic
simulator configured around the popu-
lar 8085 CPU and some of its supporting
ICs. The SHM test is considered the

toughest test for most of the control
systems as it contains acceleration, de-
celeration. change of sign and constant
velocity. To synthesise SHM, a com-
plete cycle of a sine function is sampled
into 16K words with 16bit resolution.
However, you can see that, with the
data of the first quarter (0 to 90°), the
entire waveform can be constructed by
appropriately manipulating the sign and
amplitude at the sampling instants.
Thus, 4K X 16 samples of the first
quarter of the sine wave only need to be
stored. addressed at certain rate and
then scaled up or down corresponding
to the period and pitch selections.

The 8155°s T4bit timer generates the
terminal count indicating the rate at
which the samples are latched out. Two
cight bit ports are programmed to out-

My main considerations when de-
signing this circuit were wide tuning
band-width. low phase noise and
low cost.

Decoupling of the base of Tr,
should be made as close to the
package of the device as possible
preferably using a chip capacitor.

Capacitor C,, is selected to give
the widest tuning band width and
highest power output and will vary
according to PCB layout. Again,
this should be a chip capacitor and
should be connected as close to the

Wide-band VCO for UHF

transistor terminals as possible.

Transistor Tr, forms the basis of
an active bias circuit to provide the
oscillator with good frequency sta-
bility with temperature.

With the right PCB layout and a
ground plane the circuit is capable
of a tuning range of 310 to 680MHz,
a minimum power output of StmW
into S0€) and a phase noise better
than 85dBc¢/Hz at 10kHz.

Malcolm Holmes
Bedford

+20V DC

All chokes are 1 turns

-L en. cu. wound on
2 @ 10k resistor

ov

put the 16bit sampled data and the
six-bit port to input the pitch and
period. The 256byte ram in the 8155
forms a scratch pad.

The step function can be created by
selectively inverting one of the output
bits according to the bit weight. Bit
weight can be decided in conjunction
with its interface to the digital-to-
synchro or resolver converters. An
hardware HALT can also be of some
use where the output waveform needs
to be stopped at any desired phase
(position) before applying the step func-
tion. In addition, a simple program to
count up and count down can generate
the constant speed slow or fast ramps.
George Varkey

Kerala

India

Initialise :-
Disable interrupts
Set i/o ports
Clear counters

Read and set input
parameters

!

Get current value of
samples in high and
low bytes

Scale amplitude

Assign polarity wrt
quadrant

Output through
designated ports

f

Update counters |

——

Has
terminal
count
pul7sed No

Latch Yes
data 4
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GIRCUIT IDEAS
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CIRCUIT IDEAS

Medical freezer alarm system

In medical research, clinical trials can
require the freezing of large numbers of
blood samples tor years and accidental
thawing of the samples can be a very
expensive business. We have used this
thaw-warning system successfully over a
number of years: it is not exotic but it
has proved reliable and it is inexpen-
sive.

R] R6 m Spun
AN/ M\—'/w

Several independent local sensors.
operating from their own mains supplies
in groups. trigger both a local audible
group alarm and a remote shared warn-
ing lamp. Provision is also made for
triggering an intercom or. after a delay,
say. a radio alarm leased from a security
company who then page an operator.
The delay. of about 18 minutes, pre-

+12v

Trigger point

_L 20k 22k 47k
220n
Tl‘1 W
7461
&
Sensor
LTk
Zero
+U

(e
Rz
AVAA%
2M2
Local /Remote switch .
N “ R13
st ! v AAA~
to a 2k2
vy Ry
w2 L

Closed
circuit

Miniature
12V relay

[ 4
warning s
Y e i 12v
f L E regulator
1 b ;
K2 : I
220V AC S}i12
10A retay i [~y
R25256 ! regulator
:
]
e

,_®_ Mains operated
warning lamp

Q

Sensor

Q

Sensor
Audlo Sig.
Intercom
- Triggér sig.
Radio al.

| U

[

Battery charger

vents triggering from spurious signals
and short interruptions of the mains
supply.

Of two leds in the sensor unit. one
indicates when the unit is not ready to
be switched into the common circuit and
the other reminds the operator to doso.

In ordertoisolate the BC109 temper-
ature sensor from its environment. it is
immersed in silicone oil in a sealed test
tube. When setting up for a refrigerator
instead of a treezer (+10°C instead ot

10°C). R, and R, are interchanged:
R, ; may need adjusting slightly to com-
pensate for ditferences in op-amps.

In the control unit. Delay and Isola-
tion switches S; 4 are only used during
servicing. Normally. the delay switch 1s
teft on: switching to intercom mode
automatically switches the delay off. In
this way. problems can be picked up
immediately during the daytime with
the switch in intercom made. and after
18 minutes at night with the switch set
for radio mode. When either a sensing
unit is switched into the common closed
circuit. or the central control unit is
operating normally and switched to
radio alarm mode. all leds will be unlit

J. Malherbe
Pharmacology Department
University of the Orange Free State
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Sensing unit

] Female connector

Sensing unit

Female connector

Central control

unit e
U
Closed
circuit
i _1 l +

Battery

From above, clockwise; overall block
diagram:; sensing unit audible alarm
section and latch: control unit; power
supply and sensing unit.
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+10v
Battery B+ LM7810
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Radio /Intercom
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Radio alarm
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PROTEL PCB CAD SYSTEMS

Professional high quality PCB CAD SYSTEMS at a Price you can afford.
Conventional and SMD on both sides of the board.

PROTEL AUTOTRAX at £999.00 is an
affordable, precision design tool that
improves productivity for occasional
and expert users alike: It streamlines
the PCB layout processes while
providing powerful interactive design
automation, and generates
professionally accurate PCB artwork.

PROTEL TRAXSTAR at £807.50* is a
grid based, costed maze autorouter
with full rip-up and re-route capability.
The router incorporates a
user-definable cost structure and
allows separate cost structures for the
route, rip-up and smoothing passes.
Works with Protel Autotrax files.

All Protel Users Contact J.A.V.
For Technical Support & Upgrades

Version 3 Schematic users contact us
now for free upgrade to Version 3.30
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RANGE NOW INCLUDES
COSTED RIP-UP AND RE-ROUTER

PROTEL SCHEMATIC at £498.75*
streamlines drafting operations,
improving productivity, design practice
and documentation. Used on its own or
with Autotrax to form a powerful PCB
CAD system.

PROTEL EASYTRAX at £299.00 is a
low cost entry level easy to use
precision tool that generates
professionally accurate PCB artwork,
with support for a wide range of
displays, photoplotters, pen plotters,
laser and dot matrix printers all as
standard. (NOW UNPROTECTED)

PROTEL TRAXVIEW at £430.00 is a
new utility program for viewing and
editing Gerber files. Includes
Panelization

J.A.V. Electronics Limited, Unit 12a Heaton Street, Denton, Manchester, M34 3RG

Tel : 061 320 7210

Fax : 061 335 0119

The UK Distributor for the PROTEL CAD Software. Main Dealers for ROLAND Plotters. Dealers for Sage, Brother, OKI, Amstrad & Epson.
Evaluation Disk Available on Request. All Prices Exclude VAT. *Price Includes 5% Discount if Bought With Autotrax.
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PHILIPS PM3256 75MHz ruggedised portable £650
PHILIPS PM3267 100MHz dual-trace oscilloscope £500
TEKTRONIX 2213A 60MHz dual-trace £375
TEKTRONIX T922 15MHz dual-trace £175

GOULD OS33008 50MHz dual-trace dual-timebase
(Fast1urnover ol o'scopes, ptease ‘phone for up-date)

TF1152A/1 RF power meter 0-25W 250MHz

TF 1245/1246 Q-Meter and oscillalor
TF2015/2171 URF AM/FM signal generator with
synchroniser

TF2162 MF attenualor 0-111db in 0.1db steps
TF2300A as above with dewiation to 1.5KHz Isd
TF23008 modulation meter as above

TF2356 level oscillator 20MHz

TF2501 power meter 0.3W fsd DC-tGHz
TF2600 milivoltmeter AF 1mV-300V fsd
TF26008 video voltmeter 1mV-300V fsd
TF2604 electronic multi-meter

TF2807A PCM multiplex tester

2828A/2829 digital simulator/analyser

2833 digital in-line monior

TF2908 blanking & sync mixer

6460 RF power meter

6460/6420 power meter/microwave head
TF893A audio power meter ITmwW-10W fsd
TK2374 zero-loss probe

TF2304 automatic modulation meter

2092C notse receiver, many filters available
2091/2092A noise gen/receiver & filters
6600A/6646 sweeper 8-12 4GHz

2018 synthesized signal generator 80kHz-520MH2
60568 signal source 2-4GHz

TF1313A 0.1% universal LCR bridge

TF2011 FM signal generator 130-180MHz
TF2012 FM signal generator 400-520MHz
2438 (303J) 520MHz universal counter-timer
TF2303 modulation meter

2019 synthesized signal generator 0.08-1040MHz
TF2700 RCL component bridge

TF2163S UHF attenuator 0-142db

TF2905/8 sine squared pulse and bar generator
TF2370 spectrum analyser 110MHz
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CIRCLE NO. 115 ON REPLY CARD

AVOB151 LCR universal bridge

AVO RM160/3 megohmmeter

STOLTZ A.G. prom programmer M2 Maestro

RACAL 9083 2-tone signal source

RACAL 9084 104MHz synthesized sig. gen. GP!B

WAVETEK 1503 sweeper 450-950MHz

WAYNE KERR 8642 Auto Balance bridge

VALRA D!O Inverters 24V DC-230V AC from

RIKADENKI 3 pen chart recorder

SCHLUMBERGER SRTG-GA63 selective call test set

TEKTRONIX 7D12M/2 A/D converter plug-in

TEK 2901 time-mark gen’ £250

TEKTRONIX 178 IC fixture £250 Tek' 606 XY monitor £250

TEXSCAN WB713 0-950 sweep generator £950

TEXSCAN 9900 300Mhz sweeper/display

PHILIPS PM2554 AF milll-volt meters

PHILIPS PM5324 RF generator 0.1-110MHz AM/FM

PHILIPS PM8043 XYT Plotter A4

PHILIPS PM8220 single pen chart recorder

E.N.1. 503L amplifier 40db. 510MHz. 3W.

FLUKE 51008 instrument calibrator

FLUKE binary programmable power supply

GEN RAD 1607A transter function bridge

IWATZU SM2100 dual-channel audio spectrum analyser

KEITHLEY 175 digital multi-meter

TEKTRONIX 548A PAL TV wavelorm monitor

TEKTRONIX SG503 signal generator/TM501 Irame

TEKTRONIX 496P 1kHz-1800MHz spectrum analyser
with tracking generator and counter

WAYNE KERR 4210 RCL component bridge GPIB

£500

WANTED: Top quality "high-end’ test equipment for stock or
will sell on commission. Please call. post of Fax list, any
quantity. Signal generators, spectrum analysers etc urgently
required for watting customers

ALL OUR EQUIPMENT IS SOLD IN EXCELLENT, FULLY
FUNCTIONAL CONDITION ANO GUARANTEED FOR 90 OAYS.
MAIL OROERS ANC EXPORT ENQUIRIES WELCOMEQ. PLEASE
TELEPHONE FOR CARRIAGE QUOTE. ALL INSTRUMENTS ARE
AVAILABLE EX-STOCK AS AT COPY OATE. GOOO QUALITY TEST
EQUIPMENT ALWAYS WANTEQ FOR STOCK. PRICES QUOTEQ
ARE SUBJECT TO ADDITIONAL VAT.

CIRCLENO. 132 ON REPLY CARD

1122A power unit for let probes

116028 transistor fixiure

8733A pin modulator

529A Logic comparator
10529A/10526T Logic troubleshooter
382A(P) P-band attenuator 0-50db
415E swr meter
6516A power supplies 0-3KV 6mA
7046B(07) 2-pen XY plotter high-speed
BO18A(01) senal data generator
5011T logic troubleshooting kit complete
400FL mV-meter
8165A function 1MHz-50MHz
435A/8481A RF power meter & head
(Other heads available)
3581A AF wave analyser
3575A galn/phase meter 1Hz-13Mhz
432A/478A microwave RF power meter
85538 110MHz spectrum analyser plug-in
7563A log voltmeter/amplifier
11683A range calibrator for power meters
3582A dual-channet audio spectrum analyser
5505A laser interferometer
5423A structural dynamics analyser
B405A vector voltmeter
8556A/001 L.F. spectrum analyser plug-in
8559A/181R 21GHz spectrum analyser
8565A 40GHz spectrum analyser
8640B/001 phase-locked signal generator

VARIACS (Claude Lyons) 0-270V. 20A £100 15A £75. 8A £45
GOULD DSA600 digital synthesizer analyser £2
PM5534 standard TV pattern generator. NTSC
PM5545 PAL 625 colour encoder
PM6302 RCL component bridge
PM2120 universal switches for syst ‘21
PM5580 IF modulators. Systems B, G & M
PM5597 TV VHF modulators. Rack of 5. System 'G
FLUKE 8060A digital multi-meter
ELECTROVISUALS TV waveform monitor and vectorscop
EV4010/EV4020 19" rackmounting 3U £95¢
ROHDE & SCHWARZ SWOF Il videoskop c/w sideband adaptor
PHILIPS PM5190 synthesized function gen 1mHz-2MHz
PHILIPS PM8235 multi-point pen recorder
TEXSCAN AL61 4- 1000MHz spectrum analyser, battery
portable
WAVETEK 2000 sweep generator 0-1400MHz
WAVETEK 157 synthesizer 100uHz-1MHz
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THE GREAT
VIDEO RACE

CONSUMER
ELECTRONICS

After thirteen years of video recording, JVC and Sony are
still locked in a standards battle that shows no sign of
subsiding. Barry Fox comments on the state of play.

The VHS system . unveiled in Japan
in 1976. changed the course of history
by otfering two hours ot recording
time from a cassette which at the time
looked astonishingly small.

Sony had offered the Betasystem a
yearcarlier, butitcould manage only
one hour. At the time. Akio Morita
Sony’s charismatic boss, argued that
because most television programmes
ran for less than an hour. two-hour
recording time was not important
Later. of course. Sony extended Beta
playing time and JVC's parent
Matsushita. doubled VHS recording
time to four hours by halving tape
speed. All these pioneering
developments were in the NTS(C
tormat for the US and Japun

The PAL versions of VHS and
Betawere launched in Europein the
springof 1978, Their technical
parameters steered a middle course
between the extreme playving times
oftered in NTSC format

Beta pushed the boundaries of tape
and head technology to ofter a high
writing speed (5.0m/s) from narrow
tracks (33 microns) and low tape
speed (1.87m/s): VHS played safer
with a lower writing speed (4.85nvs)
wider tracks (49 microns) and higher
tupe speed (2. 3dem/s). Asaresult
provided the tape was of good
quality, Beta gave better pictures
than VHS. But purely for commercial
reasons VHS became the de tacto

standard. JVC's negotiator Shizuo
Takano played a clever game by
licensing the format to anyone who
wanted it. whereas Akio Morita kept
atighter grip on the technology
There are now over 230 million VHS
recordersin use around the world

The VHS cassette was clearly too
large to be used in a camcorder which
met the industry’s target size —a
Super 8 home movie film camera. In
March 1983. 122 companies from all
around the world agreed on a
standard tor 8mm video, based on a
much smaller cassette with longer
plaving time

VHS family
The VHS tamily was originally party
to the agreement, but opted outin
favour of miniaturizing the VHS
cassette. The compatible C,
Compact, cassette was announced in
1982. Sony went ahead with Video 8
in Europe in 1985. The camcorder
market is now roughly split 50/50
between VHS and Video 8

VHS picture quality was improved
by the HQ (high-quality) system
actually a clutch of minor
modifications to the recording
tormat. These preserved
compatibility with pre-HQ VHS. and
for this very reason could offer only
relatively minorimprovements in
resofution

In 1987, JVC bit the bullet and
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announced Super VHS (with a
European version following the year
after). Tkis improved picture quality
but at the cost of full compatibility
S-VHS uses asignal coding system
which is ahatfw ay house between
component coding (as used by
professional MITand Betacam
systems) and composite coding (as
used for broadcast television
U-Matic and domestic video
recorders. such as standard VHS).

The S-VHS recorder records a
composite "S”signal but puts out a
Y/C signal. Inthis the luma (YY) and
(_:l m :"‘ AT i (I
*S7). Butihe chroma is a composite
mix of the two colour difference
signals: and this composite mix is
eitherin PAL/SECAM or NTSC
format. depending on the country
and local television line standard

Bykeeping the Y and C signals
separate there is less risk of colour
interterence and picture degradation.
But the benefitis only seen when
tapes that are replayed through a
television set withan S terminal,
which also keeps the Y and C signals
separate

S-VHS picture quality is also
improved because the luma carrieris
higher above the chroma. so that
there car be wider FM deviation with

Above: S-V+S VCR with stereo sound
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less chance of mutual interference

| For Europe. the S-VHS chroma

| frequency remains the same as
standard VHS (627k11z) but the luma
spreads over [ .6MHz (between
5.4MHz and 7MHz) instead of IMHz
(between 3.8MHz and 4.8MHz) for
standard VHS. This lifts resolution to
over H00lines. compared with 250
linesor less for standard VHS.

The debitis that. although an
S-VHS recorder will play back either
standard or Srecordings. astandard
VHS deck will not play back S-VIHS
recordings. This means that the
software industry must embark on
double inventory duplication and
stockingifitis toservice S-VHS deck
owners. So far, the software
companies have not thought that the
population of S-VHS decks warrant
this. Inchickenand egg tashion. the
lack of software deters people from
paying £1000 for an S-VHS deck

Whatlooks like a useful selling
feature. the routine incorporation of
a Nicam stereo sound decoder in
S-VHS decks. has also failed to
attract customers. Thisis quite simply
because the BBC took a financial
decision to delay the start of Nicam
broadcasting until 1991. And
although Channel 4. Thames. LWT
and Yorkshire TV all officially began
Nicam broadcasting on September | |
thisyear. neither thev nor the IBA
didanvthing - not even a press
conference was held - to tell the
trade, press and public about it

The resultis that S-VHS is

currently of most interest to serious
home-movie buffs who uses S-VHS
camcorders toshoot tapes of high
enough quality to sustain multi-
generation copy editing. Although
broadcasters and professional users
like S-VHS picture quality. they are
unhappy with the sound. Being
analogue. it cannot withstand the
three generations of copying which
they regard as the minimum for
editing. The same problem arises if
attempts are made to record time
code pulseson the S-VHS
soundtrack

Hi-8

Rising to the S-VHS challenge. Sony
developed an improved high-band
version of Video 8; Hi-8 was
launched in Europe at the end of
August. Like S-VHS, Hi-8 raises the
frequency of the luma carrier and
widens the FM deviation from
1.2MHz 10 2MHz. As with S-VHS
the Y/Csignals are kept separate for
feeding toan Sterminal television
set. And. like S-VHS. resolution is
better than 400 lines.

But whereas S-VHS still relies on
terric oxide tape (albeit of higher
coercivity than standard VHS oxide)
the 8mm formats have moved on and
up the coercivity scale to pure metal:
metal powder for standard Video 8

Hi-8: Sony’s first machine

S$-VHS: Panasonic’s NV-MS50 camcorder

]

Panasonic

"o

M

ZvisH
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and metal evaporated for H1-8. This
is the first use of ME tape for video.
AswithS-VHS. there islimited
compatibility. Hi-8 recordings will
not play back onstandard Video 8
hardware.

Sound

Although there is little to choose
between S-VHS and 1i-8 picture
quality, both the 8mm formats offer
one very important advantage which
will attract professional users.
Although the option is not
implemented on the first Hi-§
camcorder, there is room for a burst
of PCM sound at the end of each
helical video track. This is quite
separate from the picture signal and
thus can be independently dubbed.

Sofar. VHS and Super VHS have
been able tooffer only analogue
sound; mid-fi linear audio from edge
tracks and high-quality FM stereo
which is depth-multiplexed with the
picturesignal. There are two possible
ways of recording PCM sound alony
with the VHS picture signal. But each
IS acompromise

One optionis to bury the PCM in a
triple-depth multiplex recording
sandwich. along with the video and
FManalogue stereo. The otheris to
sacrifice the linear tracks down the
edge of the tape and switch the video
headstorecord bursts of PCM in the
tape area thereby released.

The multiplexed approach locks
the sound and vision signals together
thereby restricting dubbing;
sacrificing the linear tracks
compromises compatibility

“We are still studying the options™
says JVC's head office in Japan
“Whatever svstem is adopted.
compatibility is our major concern.
Although past history shows that
compatibility is not a big issue for
broadcasters, for domestic users
compatibility is the major concern. It
has always been our policy to
preserve compatibility.’

Fine words. But when the need
arose. JVC was prepared to
compromise compatibility with
S-VIS. The big surprise. and lost
opportunity . was that PCM sound
was not built into the S- VIS format
atthe time of its launch. While JVC
was ditching picture compatibility
between new recordings and old
machines. the company should surely
have gone the whole hog and ditched
audio compatibility too. Behind the
scenes, Panasonic advised this. but
wasover-ruled.

This may prove to have been a
serious tactical error by JVC and the
rest of VHS family. It gives Sony and
Hi-8aleading edge with their target
market of what the advertising
tndustry has quaintly christened
“Prosumers™
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SURROUNDED
BY SOUND
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The latest sound surround systems can stimulate the parts of

the soundfield that others can’t reach, says Peter Dolman

Successfully implementing surround-
sound techniques can make listening
more enjoyable by adding acoustic
detail to give a more concise
perceived sound. Naturally occurring
directional cues, abundantin real life

for example ambience from wave
reflections in a concert hall —can
merely be inferred by conventional
twin channel arrangements. Spatial
techniques give the creative
association of imagery outside the
listener’s normal field of vision: by
using stimuli which activate natural
human responses, sensations from
the subtle to the fantastic can be
invoked

The surround sound system was
conceived in the 1970s for the film
industry. Known as Dolby Stereo it
has up tosix audio channels. With the
more recent licenced Dolby decoders
for domestic use. it is possible to
emulate the overall cinematic
experience in the home

The use of surround sound in the
cinema and home involves
appreciating the etfect ot interplay
between visual and aural stimuli: thus
such a system ditfers considerably to
that of a sound image only system

An isolated aural stimulus will not
be perceived unless that stimulus is
adequately sustained for about 1010
20ms. This gives the possibility of
concealing distortion by taking steps
1o ensure that that duration of such
noise is below this threshold. The
principle is exploited in detecting and
controlling optical clash referred to
later

Rhythm method
Atany instant, attention is directed
toarelatively small portion of
auditory space. With two or more
sounds in different spatial locations,
they are perceived (in the absence of
visual confirmation) as either
separate. attention stepping fromone
to the other, or spatially related.
depending on the extent to which the
sounds exhibit any recognised
common ground such as rhythm
content.

Whatever the perceived image. its
localisation is believed to involve

binaural detection, based on relative
values of arrival time. the ensuing
phase relationships and intensity
levels. These provide directional
cues. identifying on which side of the
head the stimulus is located. Yet.
given these specifics, unambiguous
localisation in the absence of
supplementary information is not
readily achieved (see Fig.1).

If a sound source. X. radiates a
tone which impingeson the ears
accordingto the criteria sofar
discussed. the ambiguity may be
represented by constructing a
hyperbola. focussed at the ear, such
that the ratio d1:d2 remains constant,
irrespective of where X ison that
hyperbola

Yetis is possible to localise
accurately in terms of azimuth and
elevation, without supplementary
visual or reverberant information.
One method is interpreting
successive measurements taken
during intuitive movements of the
head. But localisation is also possible
without head movement. Relative
wave composition corresponding to
the actual source location is a
function of multiple delay paths set
up by the outer ear. Although this
will set up complex wave patternsin
each ear. it has been shown that
precise localisation is possible with
one earonly, implying the option of
comparison tosome reference data

Where head movementis
instinctively used to localise. tones
exhibiting slow sweeps in terms of
amplitude or frequency equate toa
confusing arrayv of readings. This
helps explain why emergency vehicle
sirens are more difficult to pinpoint
than the old-tashioned two-horn or
fire belt

Neurophysically, a functional
division of the auditory pathway
exists, such that localisation and
identification subsystems provide
separate analysis of the dimensional
and tonal qualities of the perceived
soundfield. The selective attentionto
such interrelated elements in
physiological terms has a counterpart
in the treatment of audio signals ina
surround system.
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“" g . i ¢
With Dolby Stereo. you could have this !
character in your sitting room, should
that thought appeal to you. The system N
of surround sound is used in the Warner
Brothers’ BATMAN film. ‘

4Plane of d
elevation

Plane ON

azimuth T

Fig.1. Generation of a pure tone l
anywhere on the hyperbola

produces similar relative binaural

valves of intensity, arrival time and

phase.
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A phenomenom which can be

two matching, well-spaced
loudspeakers, an observer will

relative arrival time of like

click will not be perceived.

the delayed signal is not merely

threshold, while the relatively

this level. The result is that
intelligible speech is observed —

misleading directional cues from
strong sound reflections.
When an aural stimulus is

1kHz, the subjective size of the

of the tone is reduced, the image

becomes less clearly defined.

soundfield may be controlled by
careful definition of signal
composition and processing. A

taken of the need for correlation

Stem source
adjustments

exploitedis the Precedence Effect. If
aclick is emitted simultancously by

perceive the closestspeaker to be the
sound source. The crucial factor is the

than the priorsource, yet the second
Work by Haas in 1951 suggests that

suppressed. In an experiment with
speech, the level of the prior signal is
adjusted to lie below the intelligibility

delayed signal source is set to exceed

apparently sourced by the nearer
loudspeaker. It seems probable that
this highly specific mechanism has
evolved to help counteract everyday
perceptualinterference. forexample

detected, not only is tonal character
and location expressed. but so too is a
measure of its size. If one listens to a
distant barely audible tone of around

emitting surface seems to correspond
to afew square centimetres, insharp
focus: as intensity increases the image
appearstoenlarge. If the frequency

expands further still, while its border

Interpreting this suggests that such
ambient variability in a reproduced

distant feel can thus be imparted to

selected regions of the spatial image

and to the corresponding radiators.
In film and television, account is

between the visual image and the

perceived bulk of the attendant
sound elements.

Walt Disney

For several decades multichannel
audio techniques have assigned
dimensional qualities to cinema
soundtracks. As far back as the early
19405, cinema-goers experienced
stereophonic presentations with
Disney’s classic animation Fantasia,
which used an audio effect known as
Fantasound. With widescreen film
developed in the 1950s came the need
foramore explicitly expressed sound
field which reinforces the on-screen
action, or perhaps generates on or
off-screen directional cues. Of the
various multichanne! soundtrack
concepts to appear during the 1950s
and 1960s it is the 70mm (six track)
and 3Smm (two track ) wide-screen
formats which have prevailed. By the
late 1970s the name Dolby had
become synonymous with the issue of
cinema surround-sound, and more
than 2000 titles have been produced
bearing the Dolby Stereo logo.

The large-screen 70mm format
carries six discrete magnetic audio
tracks of 18k Hz bandwidth. Before
Dolby, these tracks drove an array of
five loudspeakers behind an
acoustically transparent cinema
screen, plus asixth driving an array of
surround loudspeakers around the
sides and rear of the theatre. The
assignment of these channels has
altered slightly since the introduction
of Dolby Stereo. giving the cinema-
goeravisceral and dynamic
experience by a sub-wooferchannel
(known as Baby Boom) and Split-
Surround separation of the surround
effect. Both enhancements are
derived by filtering information from
channels two and four.

The 70mm system is principally for
premier releases and can be shown
only in suitably equipped theatres.
Duec toits discrete multichannel
form. itis impractical to incorporate
itin a domestic set-up.

Fig.2. The 4:2:4 matrix monitoring principle.
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In the 35mm Dolby Stereo format,
matrixed LCRS (left, centre, right,
surround) audio signal components
are conveyed by two variable area
optical tracks. Thisis easier to
manufacture than a magnetic
medium. In operation, the optical
system proves to be the most robust
choice — its magnetic counterpart
may suffer from soundtrack flaking,
ageing and replay head wear.

A parameter of the optical system
which must be considered is its
behaviour when handling material
with a wide dynamic range. Unlike
magnetic tape, which saturates
gently, optical clips hard — the result
is called optical clash.

Three stereo DME (dialogue,
music, effects) stems represent the
premixed common source material
from which the mix down to 35mm
and up to 70mm is derived. In view of
different characteristics of the two
recording mediums, itis vital that
signal leveis be carefully controlled if
multiple release is envisaged. To
help, an optical process monitoring
function is used. which the recording
engineer can select to simulate the
response of the 35mm optical format.
In the optical process, frequency
response is restricted to 25tz to
13kHz and a clash simulator provides
an aural approximation of the effect
of exceeding 100% modulation.
Interpreting perceptual latency of
auditory detection indicates that
distortion which occurs for less than
10ms will not be perceived: thus twin
clash indicators are used. one which
responds to aclash duration of less
than 10ms, the second to indicate a
clash of greater than 100ms.

Matrix monitoring

The DME stems comprise LCRS
signals which are matrixed on a two-
track Lt-Rt (left total, right total)
printing master. This will be
transterred 1:1 to an optical negative
for generating 35mm stereo optical
prints: this mix is in Dolby Sterco
material for home video release or
stereo televiston transmission.

Toensure the dynamics of the
L.t-Rt pair are technically and
aesthetically appropriate to
reproduce in various listening
situations. the film mix is monitored
using the 4:2:4 technique. The 1LCRS
input signal is matrix encoded
according to established Dolby MP
(Motion Picture) coefficients.
Intermediate Lt-Rtsignals are
generated and these feed directly toa
MP matrix decoder, the output of
which is monitored during the record
process (see Fig. 2).

This back to back configuration
produces an effective feedback loop
which takes account of the combined
action of the encode/decode
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arrangement. Although the final mix
will produce the desired spatially
defined soundfield when reproduced
by an LCRS surround decoding
system, measures are taken to ensure
good resultsin less sophisticated
systems. Using 4:2:4 monitoring.
mixers canensure that stereo (Lt.Rt)
and mono (I.t+ Rt) compatibility
targets are not compromised by extra
processing.

In most cases. two-channel stereo
reproduction is enhanced due to the
production of a diffuse out-of-phase
phantom surround image when an
effectis panned from front to back.
Mono compatibility problems will be
resolved during four channel
monitoring. the required in-phase
components being reproduced as a
hard centre. Qut-of-phase material
appears as a hard surround.

The use of the 4:2: 4 system lets
creative judgement, anticipating the
combined action of the encode/
decode process, be made with
confidence. Such monitoring is
essential as, unlike a quadrophonic
system, this form of surround sound
must confirm and reinforce the visual
stimulus.

Putting the
phantom in its
place...

In a domescetic audio set-up. stereo
has become synonymous with two
loudspeakers, while in theory a larger
number of channels could be used. In
conventional stereo, common
clements produced by the two
loudspeakers generate phantom
images, the perceived locations of
which will be determined by the
relative proportions of like
components contributed by each
channel. and by the position of the
listener relative to the speakers (see
Fig. 3a). Toconvey a central
phantom image Pto an observer
central to the soundfield. as at (a).
necessitates the perception of
correlated signal components of
equal value. Although this may be
achievedin a well designed listening
room. itis unlikely to be practical in
any audio-visual environment. due to
the requirement for a wide range of
scating positions. Thus a listener oft-
axis.suchas at (b) willobserve a
disconcerting error in the position of
the sound image relative to the visual
presentation (pb). This causes
disorientation.

For most visual presentations, the
main dialogue is central, Thus the
third audio channel of the MP matrix
conveys central image information,
anchoring the on-screen dialogue and
permitting off-axis scating

arrangements. as shown in Fig. 3b.
To complement this. the remaining
channel provides a broadly
distributed rear or surround sound
contributions. This single channel
does not create a point source behind
the listener, but this should not be
considered to be a limitation
indeed. such sounds can cause
disquicting unconformity.

the psychological effect of increasing
the perceived picture size.

Compared with quadrophonic
systerms. the economics of owning a
Dolby Surround System are more
palatable: there is no requirement for
dedicated transcription equipment —
the stereo signal source will, by
definition produce the Lt-Rtsignal
pair necessary todrive the 2:4
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However. atmospheres (such as surround decoder, providing Dolby EL(E)CNT?QgMIECE
applause. distantsounds. thunder Stereo encoding was used originally.
and ambience) all create the feeling This applies to many film releases
of being in the action without the already available from video
need for extreme precision. Acoustic libraries. frequently with both linear
detail such as this can be ideally and h°-fi sound tracks encoded.
attained by a single-channel The same facilities are available on
multispeaker array at the sides and suitably encoded CDV (compact disc
rear of the listener. video). where full 16bit digital audio

quality wilt translate to the LCRS
Domestic theatre channels. accompanying the off-disc
The television industry is poised to visual presentation with a
deliver what it calls home theatre, correspondingly explicit high-fidelity |
including large CRTs. improved soundfield. Whenever a Dolby
aspect ratio, 100in LCD projection Stereo release is televised., decoding
systems and high-definition flicker- is made casier, providing the receiver
free displays. complemented by high can receive stereo broadcasts. Many
quality audio. surround television presentations are

The technology behind Dolby broadcast and there are more than
Stereo aural cinema presentations 3 000000 domestic Dolby Surround
can provide the same spatial decoders inuse worldwide.
resolution in the home. Termed By careful choice of encoding
Dolby Surround. the system keeps coefficients. the optimum degree of
the capabilities of Dolby Stereo decoding compatibility may be
without the standardisation of achieved (see Fig.4). The L.t-Rt
specialist reproduction in the cinema. distributionsignals contain the

Providing an ultra-large television original aspects of the soundfield so
display is not considered to be that compatibility is maintained
imperative. In many cases, the size of should two-channet stereo. or mono
the decoded sound image will tar reproducticn be desired.
exceed that of the visual counterpart., The encoder accepts the four input
an effect commonin real life. signals, LCRS. and subsequently
Subjective tests indicate that an
expansive and spatial soundfield has continued on page 40
Fig.3. Dialogue anchorage using a central speaker stos listener disorientation.
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continued from page 37

generatescomposties Ltand Rt. The
Land R input channels are carried by
the Lt-Rt pair without alteration. The
Cinputis first reduced by 3dB to
maintain constant acoustic power,
then divided equallyinto Lt and Rt.

A correct phantom centre will be
reproduced if the two channels are
not decoded as the two centre signal
elementsare balanced and in phase.

The Sinput signal is similarly
reduced by 3dB and undergoes band-
pass filtering and a modified form of
Dolby-B encoding. Plus and minus
90° phase shifting is then applied to
create a 180° phase relationship
between the components which are
added tothe Lt and Rt channels.

Separation is maintained between
the L and R signals as they remain
independent throughout the
encoding process. Isolation between
the CandS channels will also be
maintained providing the amplitude
and phase characteristics of the Rt-Lt
transmission channels are accurately
balanced.

Enstalling a typical unit involves
adjusting for optimum S/N
performance. with a minimum of
dialogue leakage in the left and right
channels, by metered input level and
balance presetting. Subjective
equalisation of loudspeaker outputs
is made easier by incorporating a
calibrating generator, gated to

The ability of the surround channel to
effectively project its sonic image into
the theatre or lounge does not rely on
perfect signalisolation. Many signals
assigned to the surround track convev
atmospheres which realistically
would be expected to manifest
themselves both in and out of the
field of vision (such as rain, wind and
thunder). This does not mean that
crosstalk between front and rear
channels can be permitted to exist
unimpeded; indeed it isthe
impingement of inappropriate aural
stimuli from outside the viewer's
established area of apprehension
which has the greatest potential for
detracting from the presentation.

To mitigate this, asignal
processing technique is used which
elegantly exploits the Precedence
Effect. This incorporates a delay
(fixed or adjustable) in the surround
channelonly. the action of which
causes the surround signat -
including the unwanted leakage
effect described — to impinge on the
ear of the observer some 15 to 30ms

deliver band-limited noise bursts
centredon 1kHz, in an ordered
sequence, sustained for around two
seconds per channel.

Power output stage options vary
from one decoder to another.
Various configurations are possible
including the use of separate,
dedicated four-channel power
amplifiers, use of an existing stereo
system to handle left and right
channels and self-powered active
loudspeakers for the surrounds.

Surround channel delay time may
be fixed at 20ms, but some units
permit adaptation for many domestic
settings by providing adjustment
from 15to30ms. This lets the
perception of leakage in the
surrounds be minimised by trimming
to provide optimum effectiveness of
the Precedence Effect for a given
layout.

Many decoders have non-
correlative spatial effect modes as
wellas Dolby Surrouind or Pro
Logic, thereby using multichannel
capability for non-encoded source
signals.

Dolby Surround or Pro Logic
decoding can be implemented by
analogue or digital techniques;
trequently acombination of the two
will be encountered. For example
the customer IC discussed earlier
uses analogue processing to achieve
adaptive matrixing, while in the
surround channel adigital delay is

after the arrival of aural stimuli in the
field of view. So any common
crosstalk element will be perceived as
non-existent. Loudspeaker
placement relative to the seating
arrangement is a factor which must be
considered carefully for this
technique to be effective.

Small signal processing errors will
arise in the complex path which
conveys the original audio
production to the replay
environment: phase disturbances
become increasingly significant at
higher frequencies and. when these
occur in the absence of any
countermeasure, they give rise to
unacceptable activity in the surround
channel. For example, the result of a
given azimuth error between the Lt
and Rtchannels will be to produce
frequency-dependent centre-channel
leakage effects, making separation
particularly difficult at higher
frequencies. To overcome the
problem, a limited bandwidth of
7kHz s used for the surround
channel; while this might appear to

becoming favoured.

Sensory experience

In emulating a sensory experience,
where visual and aural stimuli can be
perceived to correlate naturally, the
generation of a spatial soundfield
involves the development of a record
replay system that can ulfil exacting
technical demands in terms of
definition, stability and capability by
appropriate signal processing.

The characteristics of the Dolby
MP matrix have proved to be
effective in using a twin channel
format to achieve this; once exclusive
to the cinema, the development of
the Dolby Surround and Pro Logic
decoder provides the means to
extract the dimensional properties of
encoded software in the home.

With the arrival of four-channel
sound processors with a host of
control or treatment options, specific
to listening material, as well as Dolby
Surround or Pro Logic decoding, the
discrete components of domestic
stereo and Home Theatre equipment
may well evolve into an integrated
audio-visual entertainment system.

Surround decoder

Figure Sshows the principle of
operation. The Lt and Rtsignals pass
unmodified (except for level and
channel balance correction) to
appear as L output and R output. As
Ltand Rtcarry the centre signal

1mpose arestriction, this measure
ecjuates to an appropriate form of
spectral modification conducive to
the material.

The spectrum of distant
atmosphere and ambience tends to
favour the mid to low audio
frequencies — high-frequency
elements. being most easily impaired
by local propagation conditions, are
seldom prevalent. Those which are
perceived tend to define point
sources. Therefore the absence of
high-frequency componentsin the
surrounds imparts a distant quality.
impatring one’s ability to localise and
reflecting a real-life phenomenon.

The spatial uniformity achieved
also allows for a good deal of
flexibility in arranging seating
positions relative to the surround
loudspeakers; this particularly
benefits individuals near the
speakers. The third method used to
optinise surround channel
performance is a dedicated noise
reduction technique.
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element, the sound mix will convey a
correct perspective of the sterco
soundstage by phantom imaging.
However, there is an option of
realising the centre channelin
discrete form: thus a summing stage
combines the in-phase components to
produce an optional centre channel
output.

The surround signal is detected by
the Lt-Rt difference amplifier that
passes through a 7k Hz low-pass filter,
delay line and modified Dolby-B
decoder to reduce centre channel
crosstalk. A proportion of the
surround signal will appear at the
terminals of the left and right
loudspeakers, butits antiphase
relationship will tend to diffuse the
image generated.

In practice. the LCR Joudspeakers
will be physically grouped. which has
the beneficial effect of compressing a
Jot of spatial detail across the field of
view, and spreading out the effect of
the surrounds to the rear.

In the LRS passive decoder. a high
degree of separationis achieved: a
centre-only signal will produce equal
left and right outputs, defining a
phantom centralimage. similar to
that ideally attained in a carefully
arranged listening room with two-
channel stereo. Leftor rightonly will
produce an output from the
appropriate loudspeaker, plus a
measurable contribution 3dB down
from the surrounds. The listener’s
awareness of this unwanted crosstalk
is far less than implied here.

Surround-only signals generate a
unified surround output, plus an out
of phase left/right contribution,
diffused according to the acoustic
properties of the environment. This
arrangement s the preferred one for
passive type domestic decoders, but it
does not provide anchorage ot on-
screen dialogue nor is it conducive to
off-axis seating arrangements. If
required, the centre channel drive in
Fig.5 can be implemented, butat the
expense of L/R separation. Because
the centre channelis obtained by
summing Ltand Rt. asolitary L.or R
source signal will generate a
corresponding centre channel output
which will have the effect of reducing
the pereeived width of the sound
stage.

Figure 4 shows that, prior to
matrixing, the surround channel S is
treated by a modified torm of Dolby-
B encoding: following dematrixing
the signal undergoes a
complementary processin the
surround decoder. The purpose of
this is twofold.

First, the /N performance of the
surround channelis improved while
the desired frequency response is
maintained. Secondly, the decoding
action brings about adynamic

o ]

LR Optional passive centre signal -see text
5
p Optional
—-—U Input balance ) L Master Le-centre
level > Left
Rt and :evlel R eve LoRight
—tpeed cONtroO control rround
Fy M s
Inputs Modified Outputs
L-R | Delay [#=7kHz LPF Dolby-B
decoder
Fig.5. Passive surround decoder.
Lt [
—s—{Input balance Gate C
Rt and level Pro
~—— control r-] logic
adaptive i}’ L f»-Centre
matrix Master L) of}
R level L eRight
control 2rnund
Inputs
g S * Steered
Noise Modified outputs
Delay [TkHz LPF Dolby-8
sequencer decoder

Fig.6. Dolby Pro-Logic decoder.

reduction in the amount of HF
leakage permeated in the surround
channel (particularly effective on
sibilants) because the LCR channels
are not previously encoded. The
degree of B-type encoding has been
relaxed from 10 to 5dB to prevent the
encoded surround signal components
from conspicuously affecting the
nature of the left and right channel
signals.

The perceived front-to-back
separation is subjectively improved
by implementing techniques based on
the Precedence Effect and spectral
maodification.

The passive or Dolby Surround
decoder combines the circuit
simplicity with the ability to produce
an impressive spatial soundfield. This
makes its inclusion in domestic stereo
video systems an attractive
proposition. implemented eitherasa
stand-alone unit or by means of
additional circuitry inside associated
audio/visual products.

A limitation of the passive decoder
is the restricted soundstage width
across the observer’s field of vision if
acentre channel loudspeakeris used
for dialogue anchorage. In large-
screen cinema applications, this
would resultin an imprecise
correlation of aural and visual
stimuli, and impose seating
limitations. Thus cinema processors
have an active version of the
surround decoder. which achieves

direct descendant of the active
cinema processor, the Dolby Pro-
Logic surround decoder has become
available.

The technique for recovering
detailed sound placement is
directional enhancement (see Fig. 6).

Ir: this. the Lt-Rt signals are applied

to an adaptive matrix which

continually analyses the incoming |
soundfield information in terms of
magnitude and associated direction |
of dominant signal components. This
leads to the production of a steering
vector to control the variable matrix
which delivers appropriately

weighted LCRS drive signals atits
output.

Comparing Fig. 6 with Fig. 5 shows |
that the adaptive maxtrix has
replaced the L-R and L+ R stages of
the passive variety.

Prominentsignal componentsin
the mix contribute vital directional
cues to the reproduced soundfield.
Their detection lets the adaptive
matrix assign a quality of discreteness
by appropriate soundtrack
separation and allocation.
Undesirable adjacent-channel
leakage in the passive decoder will be
most apparent when it is presented
with a solitary point source signal. in
an otherwise quietsoundfield.
Although this is a somewhat extreme
situation, itis a condition in which the
outcome of directional enhancement
in the Dolby Pro-Logic decoder is

improved channel separation, most effective.

provides adiscrete centre channel At the other extreme. asoundtield
and maintains a uniform and composed of signals with similar
expansive soundfield. Recently a intensities such as average loudness J
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will not convey directional cues to dominant signal on the spatial
any great extent, and therefore only a redistribution of non-dominant
modest degree of directional components.

enhancementis appropriate. The spatial parameters of the

Thus. the amount of directional dominant signal can be expressed as
enhancement must be proficiently the encoded angle with a measure of
and automatically adjusted to its relative magnitude of dominance.
provide a rapid response on an Signal contributions from the

- /= instantaneous basis when processing independent orthogonal pair can
CONSUMER | signals which represent two or more assign any given spatial location
ELECTRONICS | encoded positions. that is where the within 360°,

signal peaks are sufficiently

prominent to be perceived as Gainriding

occupying separate spatial locations. Steering s facilitated by four control
This involves time division voltages, under the direction of the
multiplexing of the steering action. dominance vector. Itis their relative

It also provides a suitable combination which manipulates the
reduction of the degree of directional adaptive matrix. producing discrete
enhancement when the relative signal L.C.RandSoutputs. A simple
dominances of the soundfield fall method of regulating the separation
below a threshold where substantial process uses gain riding, favoured by
decoder action would be some SQ decoding systems of the
inappropriate. resultingin an audibly quadrophonicera. The concept is
‘nervous’ spatial image. shownin Fig. 7.

Detection of soundtrack In this system. undesirable
dominance is achieved by taking the crosstalk is reduced by sympathetic
logarithm of orthogonally opposed gain control. Consider the example of
signals and subtracting one from the anisolated centre signal where
other. This is analogous to taking the Lt=Rt. To counter the unwanted
ratio of the signal levels ignoring contributions of the left and right
absolute values, a process which outputs. the control stage responds
closely mirrors the way loudness is by implementing reciprocal VCA
perceived inreal life. The resultant action. In principle. itis possible to
control voltages facilitate steering of achieve complete separation in a 360°
the adaptive matrix to provide that soundfield resolving the four
degree of LCRS separation necessary channels in their discrete form.
to prevent audible crosstalk, while Inreality. dominant and non-
exploiting the masking effect of the dominant signals will occupy a spread

r—-——tb——ﬂ
L*R . VCa [tonirg
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& - . VA bt
Control
circuitry -
R} g 2 vea |—Right
! 1 3 __._ﬁ
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Fig.7. Gain riding concept.
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Rt i

L-R >

Fig.8.Signal cancellation concept.

in the soundfield. Thus it can be seen
that the occurrence of a dominant
sound will cause non-dominant
components in the other channels to
suffer amplitude modulation
according to itsduration. The result is
that of audible pumping and spatial
instability due to spontaneous and
insular level variations across the
soundfield.

As an alternative to gain riding,
Dolby Pro Logic decoders use a
cancellation concept which maintains
aconstantsignal power for all
components of the soundtrack,
irrespective of the degree of
directional enhancement applied.

Figure 8 introduces a means of
eliminating undesirable centre
channelleakage in the left output.
Thisisachieved by blending a
controlled proportion of inverted Rt
signal into the left channel. The
equal, antiphase centre signal
components will thus cancel,
climinating dialogue leakage.

It will be apparent that the left
channel now carries aninverted right
signal element. This form of spatial
redistribution is the unavoidable
resultof such cross-mixing. but the
effectis not detrimental to system
performance. Steering has been
achieved without compromising the
stability of the overall power levels
associated with the reproduced
soundfield.

This example defines conditions of
amaximum difference in the signal
levels being handled by the left and
centre channels. thus corresponding
to maximum steering action and
consequent spatial redistribution. In
most cases. the comparative range of
levelsis notlikely to be as great. As
the levels in the soundfield become
similar. each begins to mask the
cross-talk of the other, a natural form
of crosstalk concealment. requiring
lessin terms of directional
enhancement for proper localisation.,
and hence reducing redistribution of
the non-dominant signal
components.

In the adaptive matrix block
diagram in Fig.9 two main paths are
present: arelatively straightforward
signal path involving a minimum of
processing: and a complex path which
conditions and analyses the input
signals for control purposes.

Inthe control path, the Lt-Rt
signals are band-pass filtered to
remove LF components which do not
provide directional information, and
toattenuate HF signals which may
contain uncertain phase or amplitude
characteristics.

The Lt-Rtsignals are converted to
their cardinal elements and. after
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full-wave rectification, orthogonal As digital audio can achieve . .
pairs are log. converted and their channel separation of about 90dB it Taklng bass n Sma//

l difference taken. Signals at this point 18 instructive to consider the
are bipolar in nature: for example, significance of this in terms of the dOSGS
when the L/R voltage changes in a surround system. With a transmission
positive direction, dominance is to pathover which multilingual signals
the leftand a negative shift indicates are to be carried, a maximum degree desirable to assign certain portions of
dominance to the right. No voltage of crosstalk rejection is clearly the reproduced audio spectrum to
shiftis indicative of zero dominance desirable because the signals are alternative speakers or locations.

CONSUMER | alongthe L-Raxis. unrelated. The impact of such an This can be achieved without
ELECTRONICS The controtvoltages are monitored — effect will represent a considerable detriment. Forexample. itis

[ continuously to determine the value distraction. The MP matrix process improbable that the need will occur
of their relative dominances with docs not handle incongruent for the surrounds to deliver isolated
respect to a pre-determined information. rather it conveys sound heavy bass signals. Such information

| threshold. Should either exceed this. clements which unite a defined will be distributed throughout the
the control circuit shifts to the fast soundfield. Thisis a very different soundfield by the front channels.

| operating mode. requirement. Alsosignals above 7kHz are

The bipolar dominance Surround sound correlated to a attenuated. Thus small loudspeakers
information is converted to four visual presentationis intended to with a limited frequency range are

[ unipolar control voltages. These enwrap. drawing the individual into a considered suitable for surround
express soundtrack dominance as setting where the interplay of aural reproduction,

[ perceived by the individual, and are and visual stimuli can impart the Another popular arrangement lets
applicd to a bank of VCA stages with original creative intentions of the arelatively small and inconspicuous
the input channels Lt-Rt. thus producer. It follows that crosstalk centre channelloudspeaker be used
generating cight sub-terms. These in must. by definition, bear relation to by diverting the centre bass
turn feed the four-channel combining the mainsignal of interest — component to the full-range leftand
network, accompanied by the input subjectively this will minimise its rightspeakers. Termed bass splitting,
Lt-Resignal feeds. according toa pereeption. thisisa feature included in all Pro
predetermined weighting factor: the Crosstalk-related displacement of Logic decoders. In surround and Pro
tenterms give rise to forty summed sonic location becomes less Logic svstems the overall timbre of
components, the signs and pereeptible between adjacent the selected loudspeaker
magnitudes of which produce the loudspeakers when their spacing is arrangement should be discerned as
required LCRS outputs. featuring reduced: this corresponds to the uniform. Forexample. the centre
the appropriate degree of directional recommended arrangement in the speaker contribution niust be
enhancement with the optimum non- home. Soundficld resolution is such pereeived to mateh those of the left
dominant signal redistribution. that spatiat definition is optinised and right to prevent undesirable

Sinccits introduction in 1987, the across the field of vision, with the variations in tonal character of a
l)()|h_v Pro l‘()giC decoder has guincd LCR channels pmducing p;mncd soundfield component. [ ]
tavour with the videophile. The augmentation of the presentation.
recentdevelopment of a custom The critical surround channel is

| integrated circuit. the LA2770. which treated by additional psychoacoustic-
embodies the entire process of Fig 9 based processing, which confers
has facilitated a significant reduction improved separation. thus
in manufacturing costs. making maintaining the forward focussed
ownership of a decoder as attractive soundficld. Fig.9. Dolby Pro-Logic adaptive
i economic terms as itis sonically. For various reasons it may be matrix.
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INSIDETRACKTO
DOLBY S

ELECTRONICS

Dr Ray Dolby’s name has been synonymous with audio tape
noise-reduction systems for nearly 20 years. The latest
version, Dolby S, pushes the performance of the analogue
audio cassette into the realm of CD.

Dolbv S-type. like other Dolb
systems, is a noise reduction circuit
for cassette machines which encodes
tapes as they are recorded and
decodes themon plavback. Htoffers
[0dB of noise reduction at lov
frequencies. and 24dB at the higher
frequencies where most cassette
noise lies. Morcover, cassetie
recordings encoded with Dolby S-
type. but played back with Dolb:
B-type or no decoding. are
subjectively frec of pumping effects.

S-type is based on Dolby SR. the
professional Spectral Recording
system introduced in 1986, Among
the SR technigues used is the
combination of both fixed and shding
bands. Although S-type has man
similarities with the professional
version. it has about half the
complexity

Complementary noise-reduction
systems work by boosting low-level
signals during recording. then
reducing them - along with added
tape noise - during playback. High
level signals are not boosted. to
prevent tape overload. To prevent
audible side eftects such as noise
modulation, the ideal NR system
would apply constant gain wherever
there are no high-level signals during
recording, even in the prescnce of
such signals elsewhere in the
spectrum. Dolby refers to this as te
principal of least treaiment . Dolby
S-type adheres more closely to the
principle than Dolby B.

Asaresult. high-level signals have
little effect on low-level signals.
which contributes to freedom trom
audible side etfects and reduces
susceptibility to decoding errors

Sliding band
Athigher frequencies where cassette
noise predominates, Dolby S-type
combines both tixed and sliding
bands: at low frequencies. where
noise is far less significant. a fixed
band is used.

The svstem minimises the

reduction in record compression
which occurs at frequencies above
higher-level signals when a fixed

band alone s used. and at frequencies

below higher-level signals when a
slidine band alone is used. The effect
of higher-level signals on low-level
signals is thereby minimized within
the noise reduction band.

Where the action minimizes the
effect of moderately high-level
sianals within i noise reduction band.
modulation control minimizes the
cffects of verv high-level signals
outside the NR bands on the bands
themscelves. For example., without
modulation control. the stronger a
sienal in the midrange. the further
away from that signal asliding high-
frequency band wants 1o move.
thereby reducing the audible NR
cffect. Modulation control prevents
high-level signals above a certain
threshold trom causing the sliding
band to move anv further than
necessary. Theretore,inkeeping
with the principle of least treatment
modulation control helps to keep
low-level signals more consistently
compressed.

Staggered-action compression
Dolby S-type provides more than
20dB of noise reduction at higher
frequencies. Providing so much noise
reduction by conventional technigues
would subject low-level signals toan
unduly high compression ratio
Therefore. with Dolby S-tvpe.
compression is provided by two
staggered stages operating at
differentsignal levels with
comparatively gentle compression
ratios. This technigue was pioneered
in Dolby C and refined in Dolby SR.
Spectral skewing and anti-
saturation technigues are frequency-
shaping networks which. in the case
of spectral skewing desensitize the
svstem to frequency response errors
and in the case of anti-saturation
“loud ™ the tape more elfectively.
Anti-saturation provides increased
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headroom and lower distortion. In
Dolby S-type anti-saturation s
applied at low frequencies as well as
high: unlike Dolby C-type. This helps
to reduce the low-frequency
distortion which results from the low
frequency boost from cassette record
equalization

The cassette medium differs |
substantially from 5 or 30in/sopen
reel tape recording. The spectral
content of the noise is different. the
lower cassette operating speed
minimizes print-through. and home
listening levels are typically lower
than studio monitoring levels

Because cassette tape noise 18
concentrated at higher frequencies.
and because of comparatively low
print-through. with Dolby S-type
only asingle-stage. fixed NR band at
low frequencies is necessary. B '
contrast. Dolby SR provides two
staggered stages of both fixed and
shiding band low-frequency NR. At
higher frequencies. where Dolby S- |
type provides two staggered stages of
both fixed and sliding band NR.
Dolby SR has three. This virtually
eliminates the possibility of audible
noise modutation at listening levels
Therefore. although there are others. |
amajor difference between Dolby
SR and Dolby S-type is that the
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former requires ten active NR
elements and the latter only five

S-Type circuit operation
Like alt other Dolby noise reduction
systems, S-type iscomplementary,
thatissignals are encoded before
being recorded. then decoded in a
complementary manner during
playback. The following discussion
describes the operation of an
encoder. but it should be noted that
an encoder can be switched to the
decode mode in the same manner as
an A-type. B-type, C-tvpe, or SR
processor

Aswith C-type NR. an S-type
encoder has two staggered-action
compressors. each having a passive
main path whichis summed with an
active side chain, and each of which
operatesover adifferent signal level
range. The high-level stage has three
compressors in its sidechain, which
are known as the high-frequency
fixed band (HF/FB). the high-
frequency sliding band (HF/SB). and
the low-frequency fixed band (L.F
FB). The low-level stage has a high-
frequency fixed band and a high-
frequency sliding band. Fixed bands
are band limited to provide more
compression at frequencies below
dominant signals above 6k Hz, which
givesless signal modulation in the
encoder and less overall noise
modulation. The fixed and sliding
bandsoperate together in a technique
Known as action subtitution

The encoderoutput s filtered and
then fed back to the control paths of
each compressor to control
compressor action using modulation
control.

The low-frequency spectral
skewing network isat the encoder

frequencies. Two stages of
antisaturation circuitry provide high
frequency attenuation at high-levels
toreduce tape overload.

An S-type encoder adapts its
characteristics to the input signal in
such a way as to provide the
maximum amount of boost at all
tumes, especially at frequencies which
are lower or higher than the
dominant signal. The overshoot
suppression (OS) circuits used are
also designed to allow maximum
boost from the compressor. Thus. the
least treatment is given to the signal
atalltimes, resulting in a very stable
output with little dynamic action.
When the signal is decoded. the
maximum amount of noise reduction
1sobtained in the presence of signals
ensuring low noise modulation and a
high degree of tolerance to errors in
the transmission chain. Up to 24dB of
noise reduction at high frequencies
and 10dB at low frequencies is
provided.

High-level stage. The high-level stage
1s active for signal levels in the range
from-25dB to Dolby level, and
provides up to 12dB of boost at
frequencies above 400Hz and 10dB of
boost at frequencies below 200Hz.
The LE/FB is basically a passive
low-pass filter followed by u variable
attenuator. with the amount of
attenuation increasing with signal
level. The HF/FB is similar although
the variable attenuator follows a
high-pass filter. The HF/SB is a
variable-frequency high-pass filter
whose corner frequency rises with
increasing signal level or frequency
asin B and C-type processors). The
inputof the sliding band is connected
msuchaway as to provide an output

filtered, rectified. and averaged to
produce asmooth control signal. An
alternate path is provided to quickly
charge the control path under high
level transient conditions (o suppress
overshoots. Modulation control
signals are subtracted from the
control path toreduce the control
signatand the resultant attenuation
under conditions where extra
attenuation is not necessary. The
final signalis then ted to a nonlinear
control-law stage which provides the
required attenuation versus control
voltage characteristics.

Low-level stage. The low level stage is
active for signal levels from -50to
25dB. No low-frequency signal
processing is provided, but in all
other respects it is quite similar to the
high-levelstage ;

Modulation control. Modulation
control ts used to prevent
unnecessary modulation ot the
compressors in the presence of high-
level signals. Itis inactive at low
levels. The encoder output is fed to
the input of the modulation control
circuit, where itissplit into three
frequency bands. The MC1 signal
goes through a 3kHz high-pass filter
toa full-wave rectifier, and is then fed
inopposttion to the HF/SB control
signals. MC2is created by smoothing
the MCl signal. using a 2ms time
constant. Thissignal is then applied
inopposition to the HF/SB overshoot
suppression signal. MC3 is low-pass
filtered at 200 and 400Hz. full-wave
rectified. and then fed in opposition
tothe HF/FB control signals. The
LF/FB is controlled by MC4. which
first passes through 200 and 400Hz
high-pass filters and a full-wave

put, while high-frequency which is the sum of the fixed band rectifier L
attenuation 1s provided by two high- output and asignal which is the

frequency spectral skewing circuits difference of the HF/FB output and

which are distributed between the the input signal (action substitution)

low and high-level stagesto reduce The control signals are derived Testbed for Dolby S:

compression ratios at high from the compressor output, which is the Pioneer CT-91A

mmw o ..
I 401 501 0 53 0 0 o o e i o
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SATELLITE TELEVISION
BROADCASTING

Confusion may be the epitaph for satellite broadcasting,

reports Tom lvall

When the neatly-packaged 60cm
dishes for Astra reception appeared
in the shops one might have expected
the sales of satellite television
receiversto take off rapidly. Being
tixed and having offset feeds. these
antennas are simple and unobtrusive
compared with the larger and often
steerable TVRO dishes needed for
receiving the lower power comsat
transmissions. Prices for the total
extra equipment settled in the region
of £300 to £400. very much in line
with other domesticelectrical
products such as hi-fi sets and
washing machines

But the response from the British
public has been much slower than the
equipment manufacturers and
programme providers had hoped for.
This is borne out by simply observing
the number of houses fitted with
dishes and unotficial estimates tfrom
industry sources. At the beginning of
1990 there will probably be about
350.000 satellite tv receivers in UK
homes, including the few tens of
thousands of TVRO systems already
installed before Astra transmissions
started.

If you think
Neighbours is bad,
readon. ..

The reasons for this lack of
enthusiasm. in a countrv otherwise so
addicted totelevision viewing. are
not far toseek. Satellite t
programmes so far transmitted are of
lower quality and appeal than those
available at less expense from the
terrestrial broadcasters. Sk
Television. described by one critic as
“orbital garbage disposal”, expects to
lose about £120 million inits first
vear. There is also much competition
from VCR films. And the current
high interest rates have reduced
disposuble income

The publicis contused by the
technical situation. Many know that
the British Satellite Broadcasting
(BSB)satellite is due to come into
service inspring. This means that the
viewer will need additional
equipment toreceive the
programmes. from a different orbital

position, in adifferent frequency
band. with different polarization
signal coding and scrambling/
encryption method. Toreceive all the
scrambled channels on the Astraand
BSB satellites people will have to buy
or rent three different descrambling
systems

Addto thisBSB's premature
advertising of its Squarial antenna, its
postponement of service launch
because receivers with I'TT chips (see
August 1988 issue. p.778) were not
ready and press speculation about a
possible merger between Sky
Television and BSB. and it’s not hard
to understand why many viewers are
adopting a wait-and-see policy

Nothing in space

This cautious response from the
public must be aggravating the
financial position of the satellite tv
broadcasters. There is already a
number of unused transponders in
orbit. representing idle capital
investment. Beaming down on
Europe are 29 medium- and high-
power transponders (carried by the
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Astra. BSB, Olvmpus. TDF-1 and
TV-SAT 2 spacecraft)

At the time of writing fewer than
half are transmitting regular
programmes. SES (the Astra owner-
operator) and BSB each intend to
launch anadditional satellite ina
matter of months. As alread
reportedin this journal. there is likely
to be a glut of channels available to
Europe inayear or two.some 140,
and according toone expert: “there
will be a lot of hardware up there
doing nothing.™

The tabte shows the present
position. The Astra satellite operates
at medium power in the Fixed
Satellite Service frequency allocation
while the remainder operate at high
power in the DBS allocation resulting
from the WARC 1977 plan. Asira
signals have linear polarization and
the others circular polarization. The
Skv TV transmissions from Astra are
composite coded in PAL while the
WHSTV (W.H. Smith) transmissions
from the same spacecraft are being
changed from PAL to D-MAC
component coding. Olympus-|
TCF-1ard TV-SAT 2. allowned b
agencies ©f governments. have to
deliversiznals to Continental cadle tv
distribution systems as well as
dirzctly th homes. They therefore use
D2-MAC component coding.
adapted #o the .imited bandwidth
cable sysems

Olymyus- 1 isa European Space
Agency nultipurpose testsatell:te

A BSB publicity picture showing
the origimal 25c¢m Squarial
intended for manufacture in
the UK. Manufacturing
ditficulti2s have forced a
sizeincr2aseto40cm,
with manufacture
ta<ing placein
Japan.
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with four different communications
payloads for experimental projects.
One of these is specifically tor DBS.
It hastwo transponders. each with a
steerable beam giving the very high
EIRP ot 63dBW at beam centre

One Olympus transponder
provides the European Channel. and
its beam gives a circular footprint
centred on Europe. Amongother
transmisstons this will broadcast BBC
programming every evening.
Originated by BBC Enterprises and
starting early in 1990, these
programmes will be uplinked to
Olympus from a 4-metre
transportable earth station in
London.

Initially the BBC transmissions will
be test programmes assembled from
existing sources. but Olympusshould
eventually have its own
programnung, probably a mixture of
entertamment. specialist material
and news. The general ideais to
explore what can be achieved with
satellite broadcasting to very large
(European-wide) audienceson the
publicservice principle. A BBC
European tvservice has already been
goingout.since March 1989 on the
Intelsat-VA F1 | comsat.

The second Olympus DBS
transponder is being used for a pre-
operational broadcasting service by
Radiotelevisione Italiana (RAT).
Here the spacecraft’s steerable
antenna has an elliptical reflector to
give optimum coverage of ltaly. Its
boresightis kept pointing accurately
atthe required location in [taly by a
closed-loop positioning system
working trom a beacon signal
transmitted from the ground. On-
board processing achicves a pointing
accuracy of within ().2°.

Radiated powers. of course .
determine the size of receiving dishes
necded fora given ¢:n ratio. With the
BSB satellite Marcopolo-1 there is
some uncertainty. at the time of
writing. about its service EIRP.

Broadcasters studios

Originally this Hughes spacecraft was
intended to transmit four
programmeson three channels. using
three of the six separate chains of
equipment in the payload and so
operating with full redundancy. Each
of the three transponders was to
provide an EIRPot 61 10 62dBW in
the centre of the UK coverage area
and guarantee a specified minimum
of 59dBW at the periphery.

Problems at BSB

But meanwhile the company has
found itselfin a beleaguered position.
The early start of Sky and WHSTV
broadcasts has provided ready-made
competition. There have been
difficulties in financing the project
(so far £424 million has been raised
butas much again isstill needed).
Delay in the production of special
BSB conditional-access receivers has
caused the launch of the service to be
postponed from autumn 1988 to
spring 1990. Not 10 mention all the
public embarrassment over the
mysterious Squarial — more of which
later.

Asaresult BSB has decided that it
Wants to improve its position in the
market place by starting with a bang
namely with five simultaneous
programmes instead of three. These
would be onchannels 4. 8. 12, 16 and
20in the DBS plan. But since the
total RF power available in the
spacecraftis limited by the solar
power supply and payload design.
this increase in the number of
channels would mean a reduction of
EIRP by about 3dB (a halt) in each
channel.

Such a reduction. however . is not
permitted in the terms of the contract

/ satellite

Scheduling
computer

Picture

Operationat data

sources l /
J

ideo

Data
(inc.seed)

Security
computer

Scrambler

To and from \

between BSBand the IBA. The IBA
is responsible for the transmissions
and the technical quality of the
reccived pictures. Officially it should
not allow any reduction below the
specified S9dBW mentioned above.
And it can prevent transmission
because it owns and operates the
uplink earth station at Chilworth.
Hampshire.

In practice the IBA would
probably be willing to allow the five
simultaneous transmissions to go
ahead if BSB could demonstrate that
the received picture quality would he
adequate on half power. But at the
time of writing production models of
the special BSB receivers have not
emerged from the four licensed
manufacturers and consequently the
company has not yet satisfied the
IBA that the half-power pictures
would be satisfactory.

As the reduced-power BSB
transmissions would still have a
higher EIRP than those from Astra.
and as the noise performance of
receiversis now extremely good (for
example. transistor noise figures as
low as 1.6dB). it seems probable that
all will be well. One possibility is that
BSB could transmit one programme
ona transponder at full power (say
the Movie Channel) and the
remaining four programmes at half
power. Intotal radiated power this
would be equivalent to each of the
orginal three channels operating at
tull EIRP.

BSB hopes to launch its second
satellite ina matter of months. Ifand
when Marcopolo-2 goes into orbit.
the five programmes can be
distributed between the doubled
number of transponders and so
broadcaston tull power.

Fig.1. Outline of the VideoCrypt
scrambling system based on public
key cryptography and using smart
cards.

TV set

Uplink
earth
station

Video and
data

Blacklist

Subscriber
management
system

Recerver

RF or
video

Video and data

Video

Oescrambler

Data f }Seed and data

Smart
card

ELECTRONICS WORLD + WIRELESS WORI.[)

January 1990




TELECOMMUNICATION
TRAINING EQUIPMENT

Full range of Training Equipment including:

¢ ANALOGUE & DIGITAL COMMUNICATION
CIRCUIT & SYSTEMS

® 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

CIRCLENO. 110 ON REPLY CARD

South Midlands [ I\ VAV 4 % B SR10) AL /AN B

SMC

- -
communlc“'lo“s New New New SERIAL DATA PROBLEM S7 New New New
A trand new program for IBM's anc: compatibies atlow: mplete monitornng ol two way data flow
down any RS232 serial data line, DATACAP will capture and store data from 110 to 9600 BAUD and
display it on screen or prinf it in such a way that it's direction a position in the data stream. 1s
indicated
of b are and softv an 1g orob
TRANSCEIVERS/RECEIVERS
SMC the leading European specialist in general . A—— DATACAP £25.00 p & p free
radio communications have developed modular 4 u — - =
systems for rapid delivery, particularly useful EEy -
for emergencies, disasters, political unrest and o § BBC PCB SOftware \ )
aid concerns. This can consist of rugged, simple =y ased prin‘ed circuit board 1 program suitable for all BBC ers. A
to use, HF transceivers 1.e. the FT80C with a - sel rom is optionatly availab e - add a powerful auto track routing facility t program
frequency range of 1.5-30MHz used with either T E—— St i utine an noved
one of the SMC basic wide band antesnas, or n:-»“ pae foufeyaciihiesianeiavail
fficient, th ! tfrequency @ f GER0Nasiancar. e A 0 -
g:\‘l,:z?\ga; ézrr‘vmle?e"x‘illr: ?g(:\s;;f:%‘;i?g‘:nasls ‘PCB auto-route is remarkable. No similar software comes near the price. ACORN USER Aug 88.
i PCB manual track routing £85.0Q PCB auto-routing £185.00
More powerlul and complex transceivers are PCB plotter driver £35.00 P &P free
also available. = = = — -
Where monitoring or reception is required then J
either the FRGBBOO HF receiver with VHF option IBM PCB Software
or the FRG9600 VHF, UHF all mode scanning ; EASY PC PCB m
receiver are available with proven quality. e Up to 8 board plus upper and lower sil Board size up t 17 Pc
sensitivity and reliability, at realistic prices. 1w ind pan features. Suitable for BM PC/XT/AT mpatibles with 512k Ram £98 00 P& Pfree
~
ANTENNAS MARCONI TRACKERBALLS
The TWB2530 and TEB3 are just two samples of We now have an adapler available to ink the trackerball to the Archimede: enable it to directly
the large range HF, VHF and UHF antennas j‘ replace the Archimedes mouse
available from SMC. Both have been specificaily 3 Bare Trackerball {No software) £345.00
designed tor users with very difterent \ BBC Model with software £59.00 P&Pon
requirements showing the breadth of our i\ Adapters to drive BBC Mouse software £8.00 Trackerballs
capability. The rugged transportable TWB2530 Archimedes Adapter £19.95 £1.75
is a full self-contained extremely lightweight, 1BM model (serial interface) £99.60
yet tough enough to withstand rough handling T al a please P
and quick assembly in adverse terrain TWB2530 —e -
The TEB series of spot frequency HF beam
antennas give excellent forward gain. rugged M ITEYSP|CE SPICE AGE and ECA 2
construction for long lite, at a cost eftective Three very powerful circuit analysis packagas. Miteyspice 1s available for the BBC range of computers
price and Spice.Age and ECA-2 for the IBM and compatibles
If you require turther intormation on the 300 Son ge 15 a new product for ths IBM 1 hict facir transie urier analys
various support mounts, HF, VHF or UHF as well as D.C. and freq response prriormance.
antennas, simply call for our new shortform . Miteyspice (For BBC and Archimedes) £119.00
catalogue & Spice Age (IBM PC/XT/AT 512k Ram) from £70.00 P&Pfree
Both can be supplied with the most efticient ECA-2 fIBM PC/XT/AT 256k Ram) £675.00
antennas and desirable accessories LCA-1 (Logic Analyser for IBM’s) £450.00
TEB3 -
SMC LTO, SM HOUSE, SCHOOL CLOSE, CHANOLERS FORO ineapple Software, Dept Wi, 39, Add 155 VAT
H b .39.
INOUSTRIAL ESTATE. EASTLE'GH HANTS S05 3BY. Brownlea Gardens, Seven Kings. liford,  toall price
Tel: (0703) 255111. Telex: 477351 SMCOMM G, Fax: 0703 263507 Essex. 1G3 ONL. Telephone 01.599 1476.
CIRCLE NO. 130 ON REPLY CARD CIRCLE NO. 108 ON REPLY CARD
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The BSB Squarial receiving
antenna remains something of a
mystery. with the manufacturer
unknown at the time of writing,
though the company says prototypes
are being testedtaround the country.
Itis a tlat plate array made up of
many paralicled radiating elements.
One model measures 35em square
andanother 40cm square. An carly
version developed by ERA
Fechnology wasa 16 X 16 array of
shallow. square microwave horns
with asignal probein cach and a
combining network at the back of the
plate. Later it was found that greater
antenna etficiency could be obtained
by replacing the probes with a half-
height waveguide linking into a
combiner.

Oftcourse. there are other Kinds of
flat-plate arrays with different forms
of radiating clements. Marconi Space
Systems, for example. has developed
aprinted patch technology to
produce direct radiating phased
arrays. Whatever structure has been
adopted by BSB. the attraction of the
flat plate array is. of course., the
compactness of the design (no
reflector dish and no feedhorn stuck
outin front).

But the overriding problem is how
to mass-produce such a multi-
clement array with sufficient
mechanical accuracy and
repeatability at low cost for a
consumer market. The microwave
structure is quite complex - for
example it has to convert the
incoming circular polarization into
lincar polarization —and demands
tine manutacturing tolerances.
Mcanwhile the first viewers of BSB's
satellite broadcasts may well find
themselves using conventional dishes
tostart with.

Scrambling systems

Commercial satellite television is
moving towards a more hermetic way
of runningits services. The reason is
the hope of eventually breaking even,
making a profitand getting a return
onsharcholders” investment. Sky
Channelstarted broadeasting to all
Europe trom a communications
spacecrattin the carly 1980s but made

losses vear after year because its
revenuescame only from advertising.

Although the potential audience
was huge, the company couldn’t tell
advertisers to what extent the
programmes were actually being
receivedand viewed. And many
advertisers were notdistributing their
wares throughout Europe anvway.
So advertising revenue proved
completely inadequate. This
experience hasconvineed the
commercial broadceasters that
subscription television with
conditional access is the only sure
way of getting income from their
transmissions, though advertising
may help.

Conditional access is provided by
scrambling the baseband signals to
exclude pirate viewers. Fhe
subscription payving viewer has
descrambler unit which is controlled
by anencrypted key. either builtin by
the manufacturer or originated by the
broadcaster. Some of the Astra
satellite channels, like Filmnetand
TV3. arescrambled already. Sky
Movies intends to scramble in
February 1990, The pop music
channel MTV will probably doso
whenitcan. WHSTV will be
scrambling when it changes its
transmission standard from PAL to
D-MAC.

BSB iseven more hermeticin its
way of permitting conditional access
to the broadceasts. Apart from
scrambling. itcontrols the technology
usedin the satellite receivers as well.
by allowing only a chosen number of
manufacturers (Ferguson, Philips.
Salora. Tatung) to make the sets
under licence to a BSB specification.
In particular BSB has controlled
the design and supply of the vital
D-MAC decoder and descrambler
ECs by ordering these chips directly
from I'TT semiconductors. Thus no
otherset makers are available to
manutacture and supply receivers for
BSB transmisstons ina general way.
Soft and hard
Scrambling techniques can be
roughly divided into two kinds. so-

called soft” and *hard’. [n the soft
kind the key to the serambling is
wired into the deserambling unit.

Table 1: European medium- and high-power television broadcasting satellites

Satellite Owner Coverage  Orbital EIRP Frequency Polarization Signal Scrambling
Area Paosition (dBW) Band (GHz) Coding
5 Astra SES W.Europe 19.2°E 52 1121145 LH&V PAL VideoCrypt
Eurocrypt
Marcopolo-1 BSB UK 31w 58 117121  C.RH. D-MAC Eurocypher
Olympus-1  ESA 1-Europe  19°W 63 117125 C.? D2-MAC Eurocypher
2-ltaly 121-125 CLH. D2-MAC Eurocypher
TDF-1 TDF France 19°W 635 117121 C.RH. D2-MAC Eurocypher
(France)
TV-SAT2 W.German W.Germany 19°W 63.5 117121 C.LH. D2-MAC Eurocypher
Post Office

‘Estimated provisional figure See text for clarification

L

This method is used. for example, by
the Filmnetchannel on Astra.
Consequently almostany electronics
engineer can discover the kev and
make descramblers (confusingly
called decodersin advertisements)
for general sale. About adozen firms
are doing thisin the UK.

FHard scrambling. which is much
more difticult to crack. uses highhy
complex digital coding and additional
keys. For both the PAL and D-MAC
standards the cut-and-rotate method
ofscramblingis used. Televisionlines
are cut at pseudo-random intervals
and transposed. The key to this
processis transmitted as digital data
along with the main signal butinan
encrypted torm which can only be
deciphered at the receiver by means
of another key.

Anoutline of the Eurocypher
system to be used on BSB's D-MAC
transmissions appearedin the
December 1988 issue. p. 1207 In
general, receivers will be individually
addressed over-air through the D-
MAC data multiplex. Allfive
channels will be serambled. The “free’
channels will be automatically
descrambled in the receivers for all
viewers but the subscription channel
(for films) will only be descrambled,
by transmission of authorization
data. for those viewers paving the
appropriate monthly fees.

WHISTV will be using the
LEurocrypt system. developedin
France. on their Astra channels. This
is broadly similar to Eurocypherin
principle (though not
interchangeable) but the company
has not yet decided which of two
shightly different versions, called S’
and "M’ to adopt.

A third scrambling/encryption
system, called VideoCrypt (originally
Palcrypt) is to be used by Skv Movies.
Fig. s an outline ot the scheme. A
key to the scrambling sequence is
transmitted during the vertical
blanking interval but the
descrambling is only authorized when
the viewer inserts an additional key in
the form ot asmart card (fike a credit
card containing 4 microprocessor)
into the descrambling unit.

The basic principle is public key
cryptography. This entails several
algorithms which are “public
knowiedgein the sense that the
hardware can be examined, buttwo
different secretkeys.one at the
transmitter and one at the receiver. A
characteristic of this eryvptographic
methodis the use of aseed”or
starting key. which is used with the
algorithms to derive the main two
keys tor the scrambling-descrambling
process. The smart cards are sent to
subseribers and changed every few
months to make pirate code breaking
very difficult. (]
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SILICON LIFESTYLE

It was claimed at arecent Tl technology conference that

consumer electronics would be at the front of advancing

semiconductor technology. Optical mirror chipsto replace
LCD displays and night vision systems for car drivers are just
acouple of the more likely developments. By Leon Clifford.

Amongall the markets tor electronic
components. it will be consumer
electronics which will be most
affected by fast changing
semiconductor technology. This was
the clear message coming out of a
recent seminar organized by US
electronics giant Texas Instruments.

One of the most exciting
developmentsis a possible successor
to LCD screens for televisions:
“mirror” chip technology.

Mirror chips were originally
developed by T1 as adevice for
switching optical-fibre signals. The
chipitself ismade up of an array of
tiny mirrors, no more than a few
microns across. attached to a silicon
substrate. By passing currents
through control electrodes in the
silicon, the mirrors could be made to
move, clirecting optical signals from
fibre to fibre, and creating a cheap
and compact light switch.

But now the company is working
on ascheme, backed by the
Pentagon’s Defense Advanced
Research Project Agency
(DARPA), todevelop high
definition television (HDTV)
displays for military equipment and
computers, and mirror chip
technology could well fit the
requirements.

In high definition displays, the
chips could form the heart of an
extremely bright projection system
for projecting pictures on large flat
screens. Current projection
television systems cannot be used in
daylight or in well-lit rooms because
they are too dim.

But mirror chips allow the picture
information to be added to a bright
projection beam. The beam 1s
directed onto the array of mirror
elements where each tiny mirror,
representingasingle pixel, can either
reflect the beam out onto the screen
ordeflect it away to produce a dark
spot. Suitable filtering produces
colour.

High-definition televisions will use
anumber of other leading-edge
technologies too, according to Tl
Fast-access, high-capacity memory

chips for large video frame storage
will be needed, while fast digital
signal processors will have to
incorporate very powerful parallel
processing to deal with different parts
of the screen at the same time. Large
100 000 gate asics (application
specific integrated circuits) will keep
everything under control.

Early high-definition systems will
run off analogue broadcast signals so
HDTYV sets can be expected to
stimulate the market for high
performance analogue-to-digital
converters. These will feed the
memory-based digital HDTV
chassis.

Meanwhile. outside the house.
developmentsin electronics are going
to change the family car. The
electronics content of cars is already
rising fast, and complex asics, digital
signal processors, flash memory,
smart-power devices, analogue-to-
digital converters and digital-to-
analogue converters will all be put to
work on the road.

Electronic fuel control and engine
management are commonplace and
the real-time adaptive suspension
fitted to last vear's Lotus racing cars
will be standard issue on most of the
private cars bought in the mid-1990s.
The proportion of cars with engine
transmission control and
computerised anti-lock braking will
grow. while more applications for
electronics within the car will be
found: from enhanced radios to
“climate” control and navigation
ands.

High clock-rates associated with
fast processors mean it is important to
keep core elements near each other.
To meet thisdemand TI's solution is
to make use of multi-chip packaging
techniques. combiningits Sun
Microsystems’ Sparc risc chip with a
floating point co-processor in the
same package. Eventually, as more
getscrammed onto smaller areas of
silicon, TI plans to incorporate fast
stam memory and memory
controllers into the same package.

Shrinking transistors, complex asic
technology and multi-chip packages
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Lotus 1988 sports cars without (top)
and with (bottom) real-time adaptive
suspension.

will enable chipcompanies to field
full personal computer and
workstation chip sets in one single
package. The 100M transistor chips
that will become available towards
the end of the 1990s will put multiple
execution units, parallel processing
and lots of memory all on the same
piece of silicon, capable of delivering
around 2,000 million instructions per
second.
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