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to manufacturer’s original specifications.

ANALYSERS — SIGNAL DATA/COMMUNICATIONS TEST

Our Stock } -
Guide

Hewlett Packard Hewlett Packard lists every- )
3561A Dynamic signal analyser. 0- 100k Hz £6900 4951A Protocol Analyser. with tape £1500 . g {
3581C Selectve level meter £2750 49618 Protocol Analyser £2500 th'ng we SUpply Y]
85668 Spectrum aralyser, high performance £35.000 — over lo'wo items. Ask
89708 Noise Figure Meter £5500
o faure e GEN::‘&:UEP'?:SIEST for your free copy today!
COMPUTER PRODUCTS
Dranetz
Hewlett Packard 305C Phasemeter. with 305 PA-3001 plug-in £4500 »
2225A Thinket Printer. HPIB interface £293 626 Mains disturbance analyser £2600 Philips
85A Computer/Controller £650 808A Power demand analyser €750 PM3311 125MKz sampling rate DSO £1750
85D Computer/Controller £1400 Tektronix
91220 Disc Drive, dual-sided. | 42Mb £650 2235 100MHz. dual channel oscilloscope £900
IBM LOGIC ANALYSIS 2213 50MHz dual trace £400
ATE PC with 286 processor. |.2Mb floppy £1150 Hewlett Packard 221 3A SOMHz dual trace £450
PC Twin Floppy PC £195 1630D Logic Analyser. 43 channels to 100MHz £2500
XT 10Mb XT Computer with 10Mb hard disc £395 16306 Logic Analyser. 65 channels to 100MHz £4500 [ SIGNALSOURCES |
1650A Logic Analyser. 80 channels to |00MHz £5700

COUNTERS AND TIMERS ;‘;l;:;:nt:::aé:nemor £825
Hewlett Packard OSCILLOSCOPES 3325A Synthesised Function Generator £2500
5328A 100MHz Counter/Timer with opt. 020 €575 Gould Marconi
Racal 0854020 DSO. 10MHz with 2MHz clock. XY out £800 2022 Signal Generator. | GHz £2150
9906 Counter/Timer. DC to 200MHz £250

DATA LOGGERS

Solartron
353018 Solid state selector card £250

]
AN
T e
3530A ‘Alpha Data logger mainframe £3000
35300 ‘Dela’ Data logger mainframe £3950
CARSTON ELECTRONICS LIMITED 2-6 Queens Road Teddington - Middlesex TW 11 OLR - Tel: 01-943 4477 - Fax: 01-977 9232 - Telex: 938120
CIRCLE NO. 1 ON REPLY CARD




—

OCTOBER 1989

Lightning strikes.
[246 Thunderstorms are a voltage
stabilizer between the ionosphere and
Earth’s surface, says Anthony

| Hopwood

[ 957 | Fractals, chaos and

| computing. A fashionable
br.mch of mathematics may yield
answers to important questions,
butisitart?

[ 984 Stepping on the GaAs.

L2277 ] Microwave integrated circuit
technology is pushing the limits of high
frequency performance. Fred Myers of
Plessey’s Caswell research facility

defines the timits
| Bsﬂ R.eview - ECAl-Z and PSpice.
~ 1 Simulating a circuit on a PC
can replace weeks of costly building
and testing. We present a review of two
leading software packages.

Sensors & Systems papers.
This year’s conference on
transducer and systems technology
offers a particularly rich choice of
subject matter. We present highlights
from the presentations

1006

VOLUME 95

[] 01 d Magnetoresistive sensors.

L There are more ways to
measure magnetic flux than Hall effect
and inductive loops. Magnetoresistivity
provides a useful alternative

| | Passive optical networks. The
}1_013 use of copper in public
switched network wiring may be a
thing of the past. Optical telecomms
may provide a high tech alternative

SPECIAL FEATURE

I spy. Lee Tracey acts as a
quartermaster and adviser to
Western security services. He has also
worked as a field officer in our own
Government agencies. He gives a
personal zccount of the technology
used in professional electronic
survetillance.

REGULARS

939 Conument. Green light for
electronics. a sensible alternative
to defence spending.

941 Research Notes. Micron-sized
conductors. the fading star of
superconductivity. water from oil
optical delay and smashing
electrons

949 Update. News from around the
industry

967 New Products Classified. The
monthly round-up of new products
at-a-glance

995 Letters. Anti-gravity (vet again)
gyros. cold fusion. pseudo-science.
doubt and faith and more

1001 Applications. Switch mode power
supply without the switching
switched capacitor notch filter.
Wheatstone light bridge and
serial/parallel D 1o A.

1015 Pioneers. Léon Charles Thévenin
gave the world a theoram. His
paper “Extension of Ghm’s Law
to complex electrical circuits™ was
introduced as “a new theorem of
dynamic electricity”

1019 Analogue Action. The design
forum for analogue circuit
engineers

1021 Circuit ideas. Z80 compatible
FSK transmitter, composite
feedback amplifiers. random
security light and transistor tester
with integral h;. measurement

1023 RF Connections. Minimum power
radio telemetry. low-noise
oscillators and radio physics

I_Readers in the USA fdcmg difficuities in obtaining this magazine -
are invited to call Worldwide Media Services Inc. toll free on

' (800) 345-6478.
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CERN’s super collider — all 27km of it — |
is already proeducing a new view of
fundamental matter. Even bigger
machines are being planned, page 944.

next issue

{

| e

In next month’s issue. Audio amplifier
design is one of the few areas of
electronics where science appears to
mix uneasily with art. The issue pits
those who believe in the evils of
feedback. the sound quality of oxygen
free copper wire and the necessity of
using gold-plated connectors against |
those who advocate calculated
electronics. Doyen of audio designers
John Linsley Hood presents the first of

a series of articles on the evolution of

the audio power amplifier
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TAYLOR RFVIDEO MEASUREMENT INSTRUMENTS

———MEASUREMENTS MADE EASY

PROFESSIONAL SYNTIEE
FELD GTRENGTH METE

TAYLOR BROS (OLDHAM) LTD.
BISLEY STREET WORKS, LEE STREET.

OLDHAM, ENGLAND. OLS8 IEE
TEL: 061-652-3221 TELEX: 669911 FAX: 061 626 1736

UNAOHM EP741FMS
FIELD STRENGTH METER/SPECTRUM ANALYZER

Frequency Range: 38.9MHz 10 860MHz. continuously adjustable via a geared-down vernier

Frequency Reading: TV Bands - 4 digit counter with 100KHz resolut
FM B 5 digit co vith 10KH2 resolution
Reading Accuracy: reference Xtai +/- 1 digit

Function; NORMAL ctur
TV Monitor Z00M 21 gnificatior

_rl'\_‘_ + line sy € (with TV sigr 2d
Panorama; Panoramic display of q spe hin th band and of tuning marker
Panorama Expansion  Ag| sion Y.
Analogue 2010 400B. Static measurement of received signal. Scale callbrated in dBuV (at top of plcture
Measurement: TS v t
OC/AC Voltmeater: 510 50V
Measurement 20 to 130dBuV in ation r all bands. -60 3uV in nine 1008
Range: F
Measurement ANALOGUE: brightness stripe agalns! calibrated scale superimposed on picture tube. The stripe
Indlcatlon: iena oronortional 1o sync peak of the video signa
Video Dutput: 3N( of axin 148
0C Output: +12 nA maximum. Power { I converters
TV Receiver: Tunes in Jisplays s TV signals standards upon request
Additional 1) Video input 752 (2) 12V inpul for external car battery. (3) Output connector for stereo
Features: 2arphones.

PRICE:  £1344.00 nett. excluding V.A.T. and Carriage

UNAOHM EP742
FIELD STRENGTH METER/SPECTRUM ANALYZER

Specification as EP741 + Synthesized Turing 99 channels, Programme Storage
(EP815 Satellite Converter can be added as illustrated

PRICE:  £1498.00 nett. excluding V.A.T. and Carriage

UNAOHM EP815
T.V. SATELLITE CONVERTER

Frequency Range of OME 50MHz. F y i continuously adju gh a geared-dow
Input Signal:

Frequency Reading: cial

Input Signal Level:

Power Source: ailable at BNC input connectors ows: 1 A internal or 25V DC maximum external

Satus Indication: Wity, Ove C or Wer Cif shown by L

Demodulation: FM for PAL and SECAM coding  Swilching to MAC system is provided together with room lor an
aptional MAC decoder

Audio Subcarrier: SMHz to 7.5MHz continuously adjus! Provision for an natic frequency control

PRICE:  £536.20 nett. excluding V.A.T. and Carriage

UNAOHM EP760
COLOUR TV FIELD STRENGTH METER

INPUT
Sensitivity: 30dBuV ind steg FM bands. 60 to 130dBuV in eight
steps for |

Readout: al ir jnal level provide ly in 08

FREQUENCY

Range 38.9MH7 to B60MHz

Selection 2 enc! esis within ram storag

with |

Readout: Two LCD 3ys; the nel or program; the lat cy iIn MHz
witl OKHz tor FM

SPECTRUM ANALYSIS

Frequency Range The entire TV and FM range. 1 is possible to display a portion of the selected

Marker Two markers are available in ditferent colours and with digital frequency reading
vaddition to locating frequencies, they are used to define frequency intervals

Video Filter switchable video filter is provided to improve measurement accuracy in

nw 0 50

SYNC PULSE DISPLAY

Display tire horizontal blanking time, sy e rst included. is display

AUDID

Mono TV and FM audio can be heard through a loudspeaker. 0.5W maximum power

Stereo TV and FM audio Igh a pair 0 high
than

VIOED

External video Approx 1Vpp on 750, positive polarity. Pin pair 19-20 of SCART

input/output

RGB output: Approx 1Vpp on 756 Pins 7-11-15 of SCART

Teletext decoder All teletext pages broadcast can be recalled by means of the front keyboard of the

Jrit

PRICE: £2465.40 nett. excluding V.A.T. and Carriage
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Green light for electronics

Wihile the spiritof glasnost has profoundly affected the lives of ordinary people in
the Soviet Union and some of its satellites. ithas yet to be reflected inany real way
by the West's military establishment. The removal of cruise missiles from
European bases has only been undertaken in the light of other military
developments such as stealth bombers and air-launched cruise missiles which can
effectively replace them - nat much of a trade in the minds of those who feel
strongly about disarmament.

Advocates of new weapons technology would say that while Mikhail Gorbachev
may be aman that we can do business with™ we shouldn ™t trust the political
hard-liners in the Kremiin even though we coukd possibly trust him. But they would
say that. wouldn't they? The Warsaw Pact threat, real orimaginary, has provided
the will for “defence” development over the last 40 vears and they don’t want tosee
itend. We say that the time 1s now right to reassess the position.

A tangible enemy provides the spur to technology. but vou don’t have to look
necessarily to the plains of Russia. There are many enemies which threaten us and
some of them are becoming fashionable.

One has to admit that there isn't much money or kudos to be had in feeding
hungry people. Andin any case . the World's poor don’t yet threaten our lifestyle
directly and can thus be discounted. Atmospheric pollution? This looks more
promising. Air pollution derives from fossil fuel burning. Technological warfare in
the cause of energy conservation is acceptable . achievable. moves with the green
political groundswell and will make money for successful combatants.

A fraction of the UK's current defence budget could provide heat pumps - a sort
of refrigerator working in reverse — for every house in the land. These provide three
units of heatas output for every unit of heat put into the system. Any Western
industry or Government which caused massive energy savings through new
technology could gain for itself the respect —if that s the right word — normally
associatee with membership of a nuclear weapons club.

Developmentof clean energy sources would open a second front against the rape
of our environment. but this nust be tinged with realism. Most people would not
willingly endorse a decline in their standard of living: the developmentof a
power-generation strategy based on pig maure simplyisn’ton. We need aswitch
of development resources from nuclear weapons into nuclear technology. We
should start by reinstating the fast-breeder programme with adevel of funding on
par with the Trident programme. We mustendorse high-energy physics research.
We should examine district heating programmes beyond simple economices, We
need to ook at realistic wind and wave power schemes. A substantial wind power
rescarch programme initiated in Scotland would make scientific and political sense.

The place of electronics and computing in all this is fundamental. To embark on
these projects with determination would produce the technology spin-ofts normally
associated with defence. And the end result would be far more useful to everyone.

Electronics World + Wireless World

This month sees aslight change in our title to reflect the wider changesin
electronics. Electronics World reflects our coverage aimed at electronics
professionals. for instance in the field of computing tools. Wireless World
underlines our commitment to retain coverage of those things for which we are
famous: prophetic science. audio technology. radiocomms. Cynical? Next month’s
issue will carry the first part of a definitive series on amplifier design by John
Linsley Hood. 1 enjoyed reading it. 1 hope you will.

Frank Ogden

October 1989
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Q\O FXO009 bigitally Controlled Amplifier Array
$Q - - | Features/Applications

|SERIAL CLOCK INVUI LOAD/LATCH |
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® 38 Digitally Controlled Amplifiers

SERIAL DATA INPUT
i LINE DECODERS

R 5 Y § '# ¢ A ® 8-Bit Serial Data Control
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| @ Multi-Channel Remote Control
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1 Wheaton Road, Witham, Essex, CM8 3TD ENGLAND.
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USE PC COMPILERS FOR AN SBC

For really fast development of stand alone systems, use a Lancer or tHunter target board with
Hexatron’s PromDOS. This emulates DOS and BIOS calls, gives you silicon discs and even
allows you to run non-ROMable compiled code in a ROM environment. Too good to be true?
Call us now for a free demonstration. STOP PRESS: We now have a four port multi-standard
serial expansion card for the Lancer and Hunter — ring us for details

THE SDS LANCER

An 8088/V20 target board on a double Eurocard
with two serial ports, four parallel ports, six
counter-timers, four 32 pin memory sockets,
battery backup, RTC, watchdog timer, optional
8087, optional mains psu and case.

THE SDS HUNTER

An 80188 target board with 256k bytes EPROM, 256k bytes battery backed RAM, 256k bytes
D-RAM, two serial ports, three counter-timers, RTC, watchdog timer, optional mains power
supply and case

Sherwood Data Systems Ltd

Unit 6, York Way, Cressex Estate, High Wycombe. Tel: 0494 464264

CIRCLE NO. 33 ON REPLY CARD
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Progress towards
molecular wire

Micron-sized conductors may one day
be considered large if research at the
University of New Mexico in Albuquer-
que comes to fruition. Thomas Bein and
Patricia Enzel, who presented their
findings at a recent meeting of the
American Chemical Society in Dallas,
have been growing chains of conducting
molecules no wider than about a
nanometre in diameter.

The basis of their research has been
synthetic versions of natural minerals
called zeolites. These are rocks contain-
ing microscopic channels into which
other molecules can migrate. Crystals of
zeolite — Greek for “boiling stone” — are
so called because they are formed in
volcanoes under high pressure and
often exude bubbles of water from their
internal network of molecular channels.

What Bein and Enzel have done is to
take crystals of artificial zeolite and heat
them to 400°C in a vacuum to expel any
water vapour from the internal spaces.
Aniline and an oxidant were then intro-
duced into the spaces, reacting to form
long molecular chains of electrically-
conducting polyaniline. Other conduct-
ing polymers such as polypyrrole and
polythiophene have also been intro-
duced into the molecular channels of
zeolites, though no experiments have
yet been done to pass electricity along
them.

Obviously the extent to which this
principle can be used to make practical
electrical interconnects depends on the
internal structure of the particular
zeolite. Some zeolites naturally have
paralle]l channels, while others have a
variety of different networks. Bein and
Enzel have noted about 200 different
structures into which they believe it
should be possible to introduce not just
“wires’ but also active components for
switching purposes. All this, they think,
should be possible using the appropriate
chemistry.

Clearly the prospects for ultra-dense
circuit fabrication are exciting, especial-
ly in view of the possibilities of three-
dimensional arrays. What remains to be
done now is to develop the fabrication
techniques and to ascertain the electric-
al properties of conductors and active
devices at sub-nanometre dimensions.
Current-carrying limitations and quan-
tum effects are likely to be among the
more obvious limitations. Nevertheless
this recent success is exciting because of
the potential it holds for stimulating a
whole new approach to circuit technolo-
gy. Angstrotechnology?

 RESEARCH NOTES

Superconductivity:
a fading star

One essential difference between high-
temperature superconductivity and cold
fusion 1s that the former definitely ex-
ists! Beyond that. one might well be
forgiven for thinking that they have one
very obvious feature in common: in-
genuity that never quite became practic-
al. Certainly hopes have taded rapidly
for the prospects of instant easy com-
mercialization of superconductivity
though giants like AT&T and IBM are
still working hardon it

As | pointed out in Research Notes
(May. page 440) a serious obstacle in
the way of many practical applications is
the loss of superconductivity in the
presence of high currents or high
magnetic tields. So while zero resistance
at liquid nitrogen temperatures may be
achievable, it isn't always possible then
to transmit commercially useful cur-
rentsof 10” A/em? or more

Technically. the insurmountable
obstacle is the breakdown of the magne
tic flux lattice. This is an entity created
by the guantization of any external
magnetic field that penetrates the su-
perconductor. When current is passed
through a superconductor. the resulting
force pushes against the magnetic lat-
tice. making it “creep” or "melt”. The
energy expended then appcars to any
external source of EMF as resistance. In
other words. the superconductor has
ceased to superconduct.

In the case of low-temperature (con:
ventional) superconductors, the
temperature at which this s happens is

These electron micrographs show
yttrium-based (left) and bismuth-based
(right) superconductors in a 20 gauss
magnetic field. Dots are magnetic
particles attracted toi the ends of flux
lines — which, in the bismuth-based
material, move abouwt, revealing that the
lattice has melted.

Dr David Bishop, whose images of flux
laitice motion appear below (pictures by

AT&T Bell Labs).

usually above the critical temperature at
which the material superconducts. So
while matenals like niobium-tin need 1o
be cooled in liquid helium. they can
usually carry very large currents. With
the so-called high-temperature super-
conductors, however. it's the other way
round. Materials like the barium-
yttrium-copper oxide superconductors
may well become superconducting at
temperatures as high as 93K. but their
flux lattices melt at only 75K. This
makes them unsuitable for commercial
uses at liquid nitrogen temperatures

What's particularly depressing for su-
perconductivity researchers is the fact
that although materials are being disco
vered with higher critical temperatures
the same higher temperatures are vir-
tually always associated with weaker
and more fluid lattices. So although
matertals are being persuaded to super-
conduct at ever-higher temperatures.
there’s an inverse factor that seems
progressively to reduce the amount of
current they can carry. For that reason
some researchers now believe that the
holy grail of room-temperature super-
conductivity may be unachievable - at
least for any practical purpose

October 1989  ELECTRONICS WORLD + WIRELESS WORLD
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ELECTRONIC TUBES/VALVES

RX. AND MICROWAVE COMPONENTS

For more information on any type of Electronic Tube/
R. F. Power Transistors please contact:

RAEDEK ELECTRONICS
BANNERLEY ROAD, GARRETTS GREEN, BIRMINGHAM B33 0SL
Tel 021-784 8655. Telex: 333500 CROSAL G.

Fax: 021-7897128

CIRCLE NO. 43 ON REPLY CARD

EPROM PROGRAMMER

100 (E)EPROM and MICRO-CONTROLLER types...

[ 1 2s0810ms 24 27512 47 87256 70 GA27256 93 BOCS1
2 2508/50ms. 25 27512/QP a8 87C257 71 GR27512 94 8052°
3 251610ms 26 27513 49 8755 72 GR27513 95 8044
4 2516/50ms 27 2751%QP 50 B755A 73 8748 96 NMC27C168
5 253210ms 28 27011/QP 51 8355 74 8749 97 NMC27C328
& 2532/50ms 29 127010:QP 52 63701V 75 8750 98 NMC27C64
7 2564 10ms 30 HN27C101G 53 63701X 76 8748H 99 NMC27CP128
8 2564/50ms 31 NMC27C1023 54 63705V 77 8749H 100 NMC27CP256(B}
9 2758 32 uPD27C1001D 55 637052 78 87504 101 NMC27C512
10 2716 33 TC5710000 56 63701Y 79 8741 —
11 2732 34 TMS27C010 57 75P54 80 B742 New
12 2732A10ms 35 HN27C301P 58 75P64 81 8041° .
13 2732A/50ms. 36 M5M27C 100K 59 2816A 82 8042°
14 2764 50ms 37 uPD27C1000D 60 2817A 83 B048" Dev’ces
15 2764 38 TC571001D 61 2864A 84 8049 connnually
16 2764A 39 HN27C1024G 62 EMULATOR 2716 85 8050° | .
17 2764AQP 40 NMC27C1024 63 EMULATOR 2732 86 8751 bemg
18 27128 41 uPD27C1024D 64 EMULATOR 2764 87 8752 H
19 271284 42 27210 65 EMULATOR 27128 88 87C51 introduced
20 27128A.0P 43 TMX27210 66 EMULATOR 27256 89 87C51FA I
21 27256 44 M5M27C 102K 67 EMULATOR 27512 90 8752
22 27256:QP 45 TC571024D 68 GR2764 91 8744 “read only
23 27256 46 B7C64 69 GR27128 92 8051° QP Qukck Pulse
—

... what more could you ask!

THE MODEL 18 PROM PROGRAMMER

@ All 1 Mbit EPROMS, Gr ich Instr ts Emulalors,

27C parts and EEPROMs now programmabie! Still only
@ Upgradable for future types. £189.95
@ Designed, manufactured and supported by MQP in England. VAT
@ Comprehensive User Manual. +

@ 32 and 40 pin devices require low cost socket adapter.

@ Supports our new EPROM Emulator as 2716 t0 27512 EPROM

@ Mains powered unit external to your computer, without speed penalty.

@ Fast interactive algonthms automatically selected as appropriate.

@ Two independent communications protocols built in. Use with:
any host computer with RS232 port and terminal emulator
our PROMDRIVER Advanced Features User Interface Package avaiable for all
MS-DOS and PC-DOS computers. NEW FAST COMMs — 1 Mbit PROMSs programmed
in about 22 mins.

@ Quick Pulse programming now available for sutable EPROMS - e.g. 2764s 1n 10 secs'

@® Limited version also available for CP/M computers.

Hundreds of satisfied customers. As supphed to: BT Mercury, UKAEA, British Aerospace,
Thorn EMI, Mitel, Cosworth Engineenng, Briish Gas, Kodak, Lucas, Ferranti, Smiths
Industries, Telecom Technology and major Universities and Colleges of Further Education.

Please enquire about our other products:

EPROM EMULATOR CROSS ASSEMBLERS

EPROM ERASER BIPOLAR PROM PROGRAMMER

PAL PROGRAMMER GANG EPROM PROGRAMMER

EPLD PROGRAMMER EPROM & PAL DESIGN & PROGRAMMING SERVICE

Telephone ACCESS orders welcome.

Phone for free information pack and price st — 0666 825146
[m L‘T_] D ELECTRONICS, UNIT 2, PARK ROAD CENTRE, MALMESBURY,
WILTSHIRE, ENGLAND SN16 0BX.

Low Cost
RS-232

Analysis

Serial Data Protocol Analyser

£79 plus vat

The Thurlby DA100 is a very low cost protocol analyser
for problem solving on asynchronous serial data
systems, particularly RS-232.

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

The DA100 uses an oscilloscope as its display device.
It connects toany standard 'scope via a 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

Burrel Road, St. Ives, Huntingdon, Cambs PE17 4LE
Fax: 0480 64832 Tel: 048063570

CIRCLE NO. 20 ON REPLY CARD
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RESEARCH NOTES

‘ A growing problem facing the oil indus-
try is the need for what's called liquid
phase separation; or. more simply. get-
ting rid of the salt water that inevitably
accompanies crude oil pumped up from
the sea bed

In theory. all that’s necessary is to put
the fluid mixture into a separating tank
and wait for the water to sink. In
practice — as with good salad dressing
it can take a very long time. especially if
the oil is viscous.

One method of speeding up the pro-
cess. developed many years ago. is to
apply a high-voltage AC field between
pairs of electrodes in the mixture. The
effect is 1o help water droplets coalesce
and hence grow to a point where gravity
does the rest. The physics of the process
is only vaguely understood and may
include a variety of effects such as
electrophoresis. dipole coalescence and
the formation of intermolecular bonds.

Whatever the theory. practical sys-
tems have been developed using con-
ventional electrodes and AC at a varietv
of frequencies. They all work to a useful
extent but suffer from the need for
bulky equipment and from reduced effi-
ciency due to short-circuiting within the
fluid mixture.

Dr Philip Bailes and his colleagues in
the department of chemical engineering
at Bradford University have now disco-
vered that the separation process be-
comes much more efficient if square
pulses of direct current are used instead
of AC. By optimizing the shape and
frequency of these pulses. the separa-
tion of oil and water can be improved
very considerably

Depending to some extent on the
design of the electrodes. the optimum

How do you photograph events before
they happen? Or, to be more precise,
how do you trigger a camera to catch the
very beginnings of a sequence that may
tast only a few nanoseconds? That was
the problem faced by Edward F. Kelley,
formerly of the US National Institute of
Standards and Technology (the Nation-
al Bureau of Standards, as was). He
wanted to film the essentially random-
timed electrical breakdown between a
pair of electrodes immersed in fluid
such as hexane or transformer oil. The
trouble is that even if it were possible to
trigger a camera in zero time (which it

Oil from troubled waters

il

Removing water from oil mixtures. With no electric field applied (left), droplets in

the jet are slow to coalesce; but with a pulsed high-voltage field (right). the process is
much faster. Gravity can now complete the separation. Pictures by Dr Philip Bailes.

mark:space ratio is around 1:1 at tre-
quencies between 8 and 10Hz. Also.
because of the pulsed nature of the
voltage. Bailes has been able to insulate
his electrodes with plastic. thus avoid-
ing short circuits through the fluid.
Under pulsed conditions, charge dis-
tribution in the fluid is sull high. even
with insulated electrodes. because the
determining factor is no longer DC
conductivity but the relative permittiv-
ity of the insulation and the oil/water
mixture. This remains relatively con-
stant. even when the water content
rises.

Of particular interest to cngineers is
the fact that the pulsed DC generator is

considerably lighter than its AC prede-
cessors, a significant benefit aboard oil
platforms where real estate tends to be
expensive. Laboratory prototypes (J
Electrostatics Vol 17, 321-328) have
used a conventional 15kV EHT gener-
ator. the output of which is shorted by a
PD500 triode wired in shunt fashion.
Waveforms applied to the grid of the
PDS00chop up the EHT as required.

Dr Bailes and his colleagues are now
extending their work to investigate the
uses of electrostatic ttuid coalescence in
a variety of other industrial situations
where liquid phase separation is in-
voived and where mechanical methods
wauld be cumbersome.
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RESEARGH NOTES

obviously isn’t), there are initial phe-
nomena that precede any detectable
insulation breakdown. What's needed
is some means of delaying the image
from reaching the camera for at least a
few hundred nanoseconds. This, under
ideal circumstances, can allow the
camera to record the phenomena that
precede the triggering event.

What Kelley has successfully de-
veloped is a device called an IPOD
(image-preserving optical delay) which
he’s currently attempting to patent. It
consists of an arrangement of mirrors
that ingeniously lengthens the optical
path by over 100 metres (Fig. 1). Since
the system exploits the entire surface of
the concave mirror in a symmetrical
fashion, all astigmatism 1s effectively
cancelled out, leaving a high quality
image, dependent mainly on the quality
of the mirror.

Using the set-up as shown, Kelley has
recorded the evolution of an electrical
discharge in oil from its very first mo-
ments. (The xenon tube provides illu-
mination to permit shadowgraph photo-
graphy.) What happens is that at some
random time after application of the

high-voitage pulse, a ‘‘streamer’
appears from the tip of the needle
electrode and grows across to the spher-
ical electrode. When it makes contact,
breakdown occurs, resulting in a hot
plasma channel across which the voltage
drops to zero within a few nanoseconds.
The sequence (Fig. 2) shows just how
complex the whole process is.

Fig. 2. Result of the image-preserving
delay. The camera was triggered a few
nanoseconds after breakdown occurred,
at which point the phenomena in the gap
were as in frame 5. The camera began
taking pictures about 150ns later
(corresponding to frame 8). Interval
between frames is 50ns. Most of the
frames were stored in the air.

| Smashing electrons reveal all

CERN’s massive new atom-smasher.
the Large Electron Positron collider
(LEP) started work in mid-June under
the Jura mountains on the French-Swiss
border. Five years in the building. it
comprises a 27km-long circular tunnel
(pictured here) large enough to drive a
train through. British Rail would be
envious of its performance. because
inside the tunnel is a circular evacuated
tube in which electrons and positrons
travel at almost the speed of light.
They're injected by means of special
accelerators and controlled in their
tlight by powerful magnets located all
the way around the 27km tunnel.

The object of the LEP is to accelerate
electrons and positrons (their
positively-charged equivalents) in
opposite directions around the ring.
The particles then collide in the most
violent way possible. releasing what
physicists hope will be a shower of
fascinating subatomic debris.

Up tll now. atom smashers have
mostly used larger micro-missiles such
as protons and ions because in some
ways they're easier to generate and
manipulate. The trouble is that. being
more complex. such particles are cor-
respondingly harder to analyse when
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they break up. It's like trying to study
the innards of achip using a hammer.

What CERN scientists hope will
emerge from their electron-positron
collisions are some interesting entities
called W and Z particles. These are
believed to be the means by which the
so-called Weak Force is mediated. Or.
thought of in another way, the W and Z
particles are to radioactive decay what
photons are to electromagnetic radia-
tion.

*,

LEP's first experiment involves an
initial ook at the electrically-neutral Z
particle. first discovered at CERN in
1983. Even at reduced beam power
LEP's four experiments. code-named
Aleph, Delphi. Opal and L3. are ex-
pected to intercept a tfew thousand Z
particles per day. This. it’s hoped. will
give physicists the chance to specify the
parameters of the Z and so help towards
a Grand Unitied Theory that ties

together electromagnetism. the nuclear
forces and gravity. (Britain. incidental

ly.is heavily involved in Aleph. Delphi
and Opal; together with other aspects of
CERN’s work. they receive £45 miltion
per annum from the Government.)

As well as W and Z particles. CERN
researchers will also be looking for |
Higgs particles, hypothetical mass car-
riers which appear only at very high
cnergies — and of course the element
quarks, particles from which all other
subatomic particles are thought to be
composed.

Meanwhile over in the USA. physi
cists at the Stanford Linear Accelerator
Center have already created particles
using a much smaller 3km-long
machine. In the first four events re-
corded. the Stanford machine revealed
a pair of narrow back-to-back jets of
hadron, thought to be the characteristic
fingerprint of a pair of quarks.

The battle is now clearly on to make
fundamental discoveries that may lead
tor the first time to a true and details
understanding of the very finest struc-
ture of matter.

Research N(;res are by John Wilson of
the BBC World Service s science unit.
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HYPOTHESIS — IONOSPHERE

LWGHTNING
STRIKES

Storm cellsactas a
giantvoltage

stabilizer between the

ionosphere and Earth
says electrometry
researcher Tony
Hopwood
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t any one time, there are

several thousand thun-

derstorms roaming the

planet to sustain the con-

tinuous electrical dis-

charge between the earth and the upper
atmosphere

The driving force behind this activity

is the sun. raining charged particles on

the ionosphere and charging it to hun-

dreds of thousands of volts with respect

to earth across a leaky atmospheric

dielectric. On a normal summer day.

the atmospheric voltage gradient aver-

ages 100V/m positive above earth, ris-

ing to kilovolts per millimetre when the

atmospheric dielectric breaks down in a

thunderstorm.

That breakdown is lightning and,
although the thunderstorm generator is
powered by charge separation in the
turbulent maelstrom of ice crystals, rain
and cloud at the core of every cumulo-
nimbus, each lightning stroke to ground
also drains charge from the ionosphere
It is very difficult to tell how much
charge 1s drawn from the ionosphere
outside the storm cell by lightning
strokes, because it is impossible to draw
an accurate energy balance for the com
plex reactions taking place in several
cubic kilometres, let alone accurately
measure the energy content of every
discharge. This paper suggests ways of
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pinpointing the ionospheric contribu-
tion.

A single thunderstorm cell is quite
compact. only influencing a few hun-
dred square kilometres during its short
lite: the only eftects that extend more
than 20km from it are clectrical. of two
main types. Most easily observed is the
radio-wave signature broadcast by cach
lightning stroke; this is detectable
thousands of miles away and individual
storm fronts can be tracked tor days on
| end using radiogoniometers.

! Field variations

The other electrical signature is the
local distortion of the ambient electric
field by a storm. A single cell can affect
the field up 1o 30km away and a band of
storms over 100km. Occasionally. giant
electrical storms alter the ambient field
up to 300km away. Electric field varia-
tion is logged by a DC electrometer
connected 10 a well insulated antenna.
and recorded.

Electric field variations provide some
clues to what happens as rising warm air
condenses into cumulus shower clouds
or develops into a full-blown cumulo-
nimbus with its characteristic anvil
shape. spiced with lightning and hail.
Although normal atmospheric be-
haviour dictates increasing positive
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polarity with altitude, growing cumulus
shower clouds become negatively elec-
trified underneath as invisible water
vapour putts into visible cloud. As the
cloud grows. cloud-building condensa-
tion releases heat at higher levels. sus-
taining the updraught until the raw cold
of the upper atmosphere freezes the top
of the cloud into a crew cut in a zone

Atanyonetime,
there are several
thousand
thunderstorms
roaming the planet

where the natural atmospheric poten-
tial may be over a million volts positive
1o earth. It is this extra ingredient of
positively charged ice crystals and hail
that turns the shower cumulus cell into a
sparkling anvil cloud.

As they start to fall from a height of
several miles, the positively charged ice
crystals and hailstones meet the warm
updraught head on. Over a period of
minutes, the increasing burden ot melt-
ing hail and coalescing drops (hyd-
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Fig. 1. Passing cloud cell seen by ground
electrometer. Fig.2. Rapid negative-to-positive
transition as rain starts. Fig.3. Storm group

rometeors) gradually prevails. and a |
cald core of positively charged pre-
cipitation forces its way towards the
ground. presenting a highly positively
charged wedge surrounded by or along-
side a negatively charged zone of rising
Warm air.

Detection

A ground-based electrometer will see
such a passing cloud cell as a negative
charge. followed by u region of positive
charee. then negative charge (Fig. 1):
the ratio and duration of the charges will
depend on the track and maturity of the
cell. Individual young cells with little or
no precipitation usually present mainly
negative charge and an electrometer
reading the edge of a passing mature
cell will also record predominantly
negative charge. From the electric field
profile. it is possible to judge the matur-
ity of any passing cell by noting the
relative duration of the positive and
negative phases. .

The most striking teature of shower
clouds (apart from from tightning) is the
abrupt transition from negative 10 posi-
tive charge. or vice versa, associated
with the onset of precipitation (Fig. 2)
The induced ground charge reading can
swing from negative 10 positive kilovolts
in seconds. demonstrating the abrupt

Wind NwW anset of storm | !
fo SW about 10-15 mites away

weak hightning cell ends

21588 1630
WV approx

receding from a nearest approach of 20km.
Stabilizing effect of lightning storm on ambient

5788 3520

field can be seen. Fig.4. Onset of local instability

after lightning. Fig.3. Charging and

T ]

discharging effect of each stroke is seen here.
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demarcation between charge zones as
they pass overhead and showing clearly
the enormous potential differences
available to trigger lightning strokes
between different parts of the cloud. or
positive and negative strokes to carth.
An insulated antenna under a thun-
der cloud may reach very high voltages
as charge centres pass overhead: and
close to a storm accurate readings be-
come very difficult. so lightning tran-
sicnt observations are more instructive
and certainly safer when taken tfrom
outside the storm. where the fine detail
of the clectric field is not obscured by
the clectrical turmoil. Even at 15km,
lightning strokes produce transients of
over OOV on an antenna. but changes
in the profile of the recorded transient.,
as well as its amplitude. provide an
approximate measure of distance.

Observations

The clectrometer trace of a storm group
starting at 1330 0n June 4, 1988 receding
from a nearest approach of 20km.
shows many typical features (Fig. 3).
The first feature of note is the stabilizing
effect of the onset of lightning on the
ambient electric field. Judging from this
and other recordings. it seems that a
lightning storm can influence the stabil-
ity of the ambient electrie field over a
farge arca. Figure 4 shows the onset of
localinstability when lightning ceasesin
anisolated storm celfsome SOkm away.

In May 1958, it was suggest by Von-
negut and Moore! in their paper *Giant
Electrical Storms™ that the surprising
stability of the intense electrie field
associated with tornadoes observed by
Gunn” was duc to the continuous dis-
charge surrounding the vortex acting
like a giant voltage stabilizer tube. It
may well be that ordinary thunderstorm
cells have a similar stabilizing effect by
drawing excess charge from a much
larger arca as part of the global charge
cqualization between the ionosphere
and carth.

The trace shows that there are prob-
ably three storms cells, comprising
strokes 341216 and 1.2.5-11, 13-15.
The remainder. 17-28, are from a new
cell. all three cells showing a typical
active life of 15 = 20 minutes (Fig. 3).
The trace was recorded on the 2100V
range to A. then on the 250V range.
and nearly all the strokes were full-scale
from an average atmospheric bascline
falling from about +50V 1o +4V.

Fortunately. amplitude is not the only
way of judging distance. The ncarest
cell was that producing negative-going
strokes 3.4.12.16. Nearby strokes re-
corded from outside the storm field rise

cleanly from the background level. As
they pet further away. they begin to
influence the background level with a
delayed recovery (12) of increasing
bipolarity (16). Stroke 1 shows a
marked distance effect, which progres-
sively reduces up to the last stroke from
that cell (15). The nearest stroke from
cell 3 oceurs around 20, and strokes
trom a much more distant storm can be
seen superimposed on some of the field
recovery curves (Fig. 3b).

It is not possible to determine abso-
Jute distance scales from lightning tran-
sient traces. because the energy levels
and local attenuation cause huge varia-
tions in the received signals. The
nearest strokes were about 20km away.
timed from the thunder. Stroke | would
have been nearly 40km, and the others
in the range 25-35km. The tiny strokes
between I8 and 26 are over S0km dis-
tant. These distances alter with atmos-
pheric tmpedance. which largely de-
pends on humidity. The antenna back-
ground level of 4V suggests a relative
humidity of 63-70%.

The reason for the delayed recovery
of the ambient field s worthy of spe-

Each stroke is
detectable
thousands of miles
away and storm
fronts can be
tracked for days on
end using
goniometers

culation. The overshoot may represent
that part of the stroke energy drawn
from the ionosphere beyond the im-
mediate storm zone. Although the re-
covery time approaches half a minute
for strokes 1.2.5-8. the stroke pair 5.6
has a similar recovery time. suggesting
that the energy reservoir available to
restore the levelis substantial, and may
be the ionosphere above and round the
storm. Close study of the effect may
help show the part plaved by charges
drawn from outside the storm cellin the
thunderstorm energy equation.

Two storms recorded on July 5. 1988
provide further insight into the com-
plexity of storm fields (Figs 2.5).

The first storm group passed within
Ikm to the south of the recording sta-
tion. and gave a sequence of some Y0
strokes in the period 1520-1700. There

was little rain. so the signature at closest
approach was negative from strokes 2
onwards. The charging and discharging
effects of cach stroke were well shown,
superimposed on an ambient field
which rose to 800V across a
1000megohm  electrostatic voltmeter
switched into circuit as the electrometer
limited at =350V, The discharging effect
of positive strokes 14 and 15 is well
shown. and linked strokes 16-17 show
how strokes can recharge adjacent cells
and trigger additional strokes by en-
hancing local potential differences.

A fresh storm group then approached
(IFig.2). the outer positive charge ficld
arriving at stroke 14 (1720). As the
charge built to +300V, a stroke to
ground was observed some Jkm away to
the north-west which did not appear on
the trace. This confirms the highly
screening effect of a strong local field
shown by the highly attenuated strokes
16-19. The positive field collapsed and
swung to — 200V in less than Ss as a
cloudburst started at 1726, During the
first three minutes of the downpour. the
acrial insulators became wet and the
voltage readings decayed as the input
impedance fell. so recordings continued
on the higher-gain 10V ESD range. At
this stage the storm centre war directly
overhead. and corona can be seen on
the trace as the charge swung positive.

Despite the loss of signal during the
rain, the preponderance of positive
charge suggests a mature cell. with the
cold rain cutting oft the warm up-
draught and bringing the thermodyna-
mic¢ thunder engine in that cell to a halt
as new cells take over and leapfrog the
storm across the countryside.

Equipment
The cquipment used to record the clec-
tric field has been specially adapted and
comprises a purpose-built valve clectro-
meter capable of processing DC input
signals to +350V at an input impedance
of 2gigohms. It is self calibrating. and
contains variable attenuation. com-
pression and damping circuits. The sig-
nal is fed to a modified Gin-scale. single-
channel DC servo pen recorder. type
EPRI10A. with full-scale recordings of
clectric field signals in the range
+£25mV to 350V from a well insulated
wire antenna 20m long some 10m above
ground. [ |
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BBC Telesoftware goes off the air

BBC television has announced the clo-
sure of its Ceefax telesoftware service,
with effect from the end of August. This
service, which provided a weekly ration
of computer programs and data files for
users of the BBC Micro and IBM PC-
compatibles, was started in 1983 as part
of the BBC’s computer education initia-
tive.

Its withdrawal, at little more than a
month’s warning, must be the most
abrupt abandonment ever of a UK
broadcast service. No hint of the closure
is given in the BBC’s annual report”,
which appeared in the week of the
announcement;, and indeed a telesoft-
ware transmission schedule extending
into September had already appeared in
the monthly computer press.

Telesoftware receivers, which cost

£100-£200, can still be used to access
teletext pages in the ordinary way. But
the closure comes at a time when other
countries appeanto be extending their
teletext systems — ltaly, for example,
began a telesoftware service on August
1

“It’s quite a blow to us”, said Ram
Banerjee, managing director of GIS,
the company which makes the teletext
adapters approved and supported by
the BBC. “Telesoftware is one of the
main reasons why people acquire the
card. We only heard about the chopping
of the service one day before it was
announced.” GIS is already receiving
angry letters from disappointed cus-
tomers

One feature of the BBC Ceefax ser-
vice to disappear will be the daily satel-

As part of British Telecom’s remit to diversify, the research people at
Martlesham have come up with a possible solution to the capital’s parking
problems. And if that doesn’t work, they’ll use the system to test cellphone
aerials.

lite weather image relayed as a data file
from the Meteorological Office. This
enabled computer users to receive and
display high-resolution images of the
UK's weather patterns and even to
assemble them into ammated sequ-
ences. Another major use of telesoft-
ware was to distribute notes on educa-
tional radio and television programmes
toreceivers in schools.

By ending the service, the BBC ex-
pects to save about £60 000 each year,
and to gain transmission capacity which
it will use to provide, among other
things, additional financial and sports
news and regional teletext services.

*BBC Annual Report & Accounts 1988-89,
BBC. 116 pages A4 format, £5.50

Technology —
which
direction?

In West Germany and Japan, the thrust
of technology is towards the develop-
ment of products themselves; in the
UK, we are still working on how to
make them. This view is the outcome of
a study conducted by the PA Consulting
Groupin Europe and Japan.

According to John Puttick of PA,
“The UK is struggling to catch up in a
global marketplace where product
availability and quality are ‘givens’ and
the better product will gain market
share”. UK products, says the report,
are not highly rated, either by ourselves
or our competitors, manufacturing
technology in Germany and Japan con-
sistently delivers high quality. short
lead times and low costs, process tech-
nology no longer being an R&D
priority.

The report isolates a number of issues
of “concern and optimism™ for the UK
and Europe as a whole. Among those
offering cause for concern, an unwil-
lingness to invest and a reluctance to
adapt to new technologies emerged as
the main reasons for the UK’s poor
performance in the development of pro-
ducts. It also seems that the Japanese
are readier to engage in collaboration
before the competitive stage than Euro-
pean companies. although there is
worldwide agreement on the benefits of
such co-operation.

On the other hand, the UK and West
Germany believe that leadership in
R&D is the appropriate strategy, while
France and Japan choose to follow close
behind the development and thereby
attain a competitive position.
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UPDATE

Limited life for telepoint?

Replying to a suggestion in The Inde-
pendent that the proposed Personal
Communication Networks pose a threat
to telepoint. in that they will be able to
do anything that telepoint and cellular
radio can do, a spokesman from Ferran-
ti Creditphone said “The company is
delighted with the announcement (of
PCNs) and intends to respond to the call
for licence applications. The company
does not see PCN in any way as a threat
to telepoint™.

According to Richard Gosling,
General Manager of Mercury mobile
services, cellular radio equipment
prices will decrease over the next few
years and reduce the price differential

between that and telepoint from around
5:1 to perhaps 2:1. Since Mercury is
involved with both, Gosling sces no
problem there. cither. As he points out,
Lord Young's announcement of the
proposed PCNs made it clear that PCNs
are intended to compete with cellular
radio. as cvidenced by the prohibition
of cellular licensees from holding PCN
licences.

Mercury Callpoint also sees the esti-
mated seven-year period to the intro-
duction of PCNs as a time in which to
establish telepoint as a facility which
users will continue with in the presence
of new, but far more expensive,
methods of personal communications.

Making a career in electronics

Young people contemplating a carcer in
electronics should find plenty to interest
them in this year's National Electronics
Review. This 88-page illustrated pub-
lication from the National Electronics
Council contains a wide-ranging collec-
tion of articles on many aspects of
electronics. Its theme this year, electro-
nics in the home. is tackled by authors
from manufacturing, research. educa-
tion, trade unions and management.
They deal with topics such as the auto-
mated home, information technology,
personal computing. flat-screen dis-
plays, satellite TV, and electronic guid-
ance for cars. Of particular interest to
school-leavers will be the article by
Tony Watts, of the National Institute
for Careers Education and Counselling,
on the use of computers in careers

Late extra

All those in industry who were unable
to study for a degree on leaving school
need not despair: there exists The
Engineering Council’s examination,
which is of degree standard.

To remind employers and em-
ployees of the opportunity for further
study, The Engineering Council is
running a campaign, with the aim of
encouraging degree-less, but nonethe-
less able people to qualify as chartered
engineers while in employment.

As Professor Levy, the Council’s
Director — Engineering Profession,
points out, “Because of our education
system, (these people) often think of
themselves as failures. Most of them
are far from failures and have a lot to
give their companies and the country.
We want to help them study to try to

guidance. Also included is an informa-
tive survey of optoelectronics, a version
of the IEE’s 1988 Mountbatten Lecture
given by Sir William Barlow: and re-
views of developments in electronics in
1988 and of the NECs activitics.

Among the objectives of the Review
are to encourage young people to take
up carecers in electronics or information
technology. and to emphasize the im-
portance of these subjects to opinion-
formers. Copies have accordingly gone
out not only to schools but to MPs and
the Good and the Great. However,
single copies are still available, and
without charge: to receive one, contact
the editor. Jim Slater, at the Indepen-
dent Broadcasting Authority, Crawley
Court, Winchester, Hampshire SO21
20A.

achieve our qualification”. In the six
years of the Council’s existence, it has
been conscious of the need to make its
examination better known, but was
also aware of more pressing matters,
since it was starting more or less from
scratch.

An average person with a Higher
National Diploma or Certificate will,
it is estimated by Ron Kirby, Director
of Public Affairs, take around three
years to attain degree level, assuming
aclearrunatit.

The examination is held in May
each year at 40 centres in the UK and
throughout the world. For informa-
tion, write to The Examination Offic-
er, The Engineering Council, Savoy
Hill House, Savoy Hill, London
WC2R 0BU; telephone 01-379 7459.

VHF op-amp

Not one of the usual sort which boast
gain/bandwidth products in the high
MHz range but a device which
actually operates at 150MHz with
just a 3dB droop.

Sold through Anglia Microwaves,
the CLC505 is said to have aslew rate
of 1700V/ps with a settling time of
just 12ns. It provides this perform-
ance at a supply current of 90mA and
aprice of £5.75.

Fast bipolar

A self-aligned bipolar process claims
gate delays of less than 80ps with power
consumption of 2mW/gate. Developed
by AT&T, the process uses polysilicon
emitters with three levels of metal inter-
connect. Other trades between speed
and power can be made by varying the
process geometry. Power levels are
programmable from cell to cell.

The company plans to offer a 200-cell
library with a migration from gate array
to semi-custom design. It has success-
fully produced a 5Gbit/s multiplexer
and a 4.6GHz frequency divider using
the process.

Up and away

Suffering only a minor hiccup in the
launch sequence, the Olympus | satel-
lite has been successtully placed in orbit
by an Ariane 3 rocket out of Kourou,
French Guyana.

The platform. the first in a series of
several high powered communications
satellites due for launch of the next few
years, carries for separate payloads:
DBS transponders for both RAland the
BBC, specialised business telecoms
operated by several European PTTs
and an experimental high frequency
microwave tink which aims to open up
new bands for use towards the end of
the century.
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Maximum IEEE-488 Performance
for Your High-Speed AT Computer
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The National Instruments AT-GPIB . . .
the new standard for IEEE-488 interfaces

At last, a low-cost 1IEEE-488 PC/AT controller board can
transfer data continuously at the maximum specified rate of
1 Mbytes/sec. The key to this high performance is the state-
of-the-art FIFO buffering and special last-byte handling
circuitry of our custom gate array, Turbo488™. The
Turbo488 also conserves valuable computer bus bandwidth
by packing 8-bit IEEE-488 data bytes into 16-bit words.

By moving time consuming software functions into
hardware, the Turbo488 significantly reduces the overhead
of a software driver too. The combination of the AT-GPIB
and our streamlined software driver gives you the power
needed for today’s high speed digitisers.

If you are familiar with dedicated
controllers, NI-488 gives you the op-
tion of using our Universal Language
Interface driver with any DOS language
to programme with Hewlett-Packard style
commands. The speed of this driver is best
suited for interpretive languages like BASIC.

Your investment in National Instruments is a

sound one. You can still run your existing NI-488

programs yet automatically take full advantage of the

Turbo488. If you're just getting started, our interactive
instrument control and menu-driven configu-
ration utilitres will get you up and running in

The AT-GPIB is controlled by the de facto Benchmark Performance no time.
industry standard NI-488 software. NI-488 | TS o Sniate)
has high-level routines that transparently s | k] Your relationship with National Instruments
handle IEEE-488 protocol and buffered DMA pi | does not end when you purchase our products.
transfers. These routines can be used with ] A staff of applications engineers is always a free
any popular language and are the perfect :_ phone call away.
match for the structured, hierarchical |
programming style preferred by users of z
high-speed, compiled languages such as C Whiemcher (1408 (A

Driver Turbo4ss

and Pascal.

Turbo488 tecbnology is standard on our boards for Micro Cbannel and Macintosb computers

Tbe Software is the Instrument ™
National Instruments UK Corp.
21 Kingfisher Court
Hambridge Road, Newbury
Berks RG14 5SJ

Tel: 0635 523545

Fax: 0635 523154

W

Call FREEPHONE 0800 289877
for a catalogue and details of our

FREE ‘Hands On’ Roadshows.
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UPDATE

(Photo: BBC)

| The cradle of television broadcasting,
| the Alexandra Palace in north London,
may not after all have its old BBC studio
space converted to a television museum
because of the high cost of the plan.
‘Ally Pally’ as it is affectionately known,
| was badly damaged by fire in 1980 but
itsowner, Haringey Council, decided in

Adele Dixon opens the world’s first public television service from Studio A at the
Alexandra Palace on November 2, 1936. AP’s heritage is now under threat.

Ally Pally threat

the public interest to restore the build-
ing at a cost of £45M. work which is
nearly completed.

The south east wing, home of the
world’s first regular television service,
was not damaged by the fire, and its use
as an exhibition of television history and
development was proposed by the

Royal Television Society in 1985, as the
BBC was about to celebrate the 50th
anniversary of its television service.
However, the proposals were costly and
the television industry did not commit
sufficient tfunds. The position has re-
mained uncertain ever since. It now
seems that Haringey Council may offer
the studio area to Mountview Theatre
School for scenery storage.

Another plan, for a Birth of Broad-
casting Centre, run by a full-time staff
and costing around £3M to set up, has
been put forward by the Alexandra
Palace Television Trust. The Trust com-
prises members from the broadcasting
and equipment industries, and those
who were there at the birth of television
in 1936.

Their work should not be lost. But the
future for the museum seems uncertain
unless a scheme can be found which
could complement the present day uses
of Alexandra Palace, and meet the need
for economic viability. This might mean
a more modest start to the project, with
an expenditure counted in thousands
instead of millions, staffed on an occa-
sional basis, say when other events are
staged at the new Alexandra Palace.

The Ally Pally Trust can be contacted
at 1 Coleridge Gardens, London NW6

3QH — Roger Driscoll

| Hard disk drives are the type of essen-
' tial sub-system in a PC that most users
take for granted. It is there, and it
works, doesn’t it? After all, it’s bound
to be faster than a floppy disk at
reading and writing in data.

Sometimes these things can go
wrong, however; and if it happens in a
big way, the manufacturer can have a
{ problem. This time the man with the
problem is Alan Sugar, boss of Am-
strad. The company has been obliged
to recall more than 7000 of its 2286 and
2386 PCs because of disk controller
problems — essentially the current
controllers are not very good at the
job.

Amstrad is operating the highest
{ profile solution — swapping existing

machines for new ones with better
controllers in them. That will please
the current users. It may also please
some future ones, for there are sugges-
tions — totally unfair and specious of
course — that the recalled machines
will themselves be refurbished and put
back on the market at what is called an
“aggressive” price.

952

SIippeEi disks and laptop scrap

The wrangle about PC bus stan-
dards — whether MCA or EISA is best
for the future — took some interesting
turns during the month. Intel
announced it had an EISA chip-set
available. This will make it possible
for PC manufacturers to produce sys-
tems capable of taking 32-bit expan-
sion boards designed for the *stan-
dard”.

At the same time, Compaq and
IBM, respectively chief protagonists
for EISA and MCA, have signed a
patent exchange agreement. Though
Compaq vehementty denies it will be
making one, this gives it the right to
make an MCA machine. It also raises
the intriguing prospect of IBM doing
an EISA machine — licensing an adap-
tion of its own PC/AT “industry stan-
dard’’ bus.

Portables are all the rage at the
moment, with Sharp deciding it is
going to take over the UK market
through its new distributor, Kode.
Currently, of course, the market is
dominated by Toshiba, and that com-
pany has just announced a product

that is bound to be the subject of a
legal scrap.

This is the Dynabook, the com-
pany’s smallest lap-top so far. Only
available in Japan for the moment, it
weighs just six pounds and is priced at
the equivalent of £900. The name,
Dynabook, is the legal problem,
however. It has been adopted by a US
company, which has also introduced a
product of the same name. What is
more, Dynabook’s Dynabook (if you
see what I mean) looks to have a much
better specification, featuring a 286
processor against an 8086 in the Tosh
system. It also features an LCD
measuring I1 inches across the di-
agonal.

Not to be left out, Herman Hauser.
designer of the dear old Acorn Beeb
machine, has been back at the drawing
board, threatening a book-alike lap-
top that will have no keyboard. In-
stead, users will have an electronic
stylus to scratch away at the display.
Watch out for The Active Book Com-
pany — you have been warned.

— Martin Banks
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According to the Department of Trade
and Industry (DTI), buying computer
hardware that conforms to Open Sys-
tems Interconnection (OSl) standards
takes the risk out of major investments
in technology. Launching an initiative
to encourage adoption of OSI by all
| sectors of the UK economy, Lord
Young, Secretary of State at the DTI,
stressed that the standards offer cost
advantages (as hardware can be bought
from many competing suppliers within
the European Community), and are
also more dependable (as hardware is
interchangeable). Not being tied to one
supplier also reduces the possibility of
being lumbered with obsolete equip-
ment.

Given the apparent advantages, it is
surprising that the Government could
not accept the recommendation, found
in a recent report from MPs into the
state of policy towards information
technology, that “we recommend that
OSl should be made mandatory for

Bugs in the
woodwork?

Early in June, shortly after the Russian
bugging accusations appeared in the
Sunday newspapers, we offered the
Soviet Embassy an opportunity to clear
up speculation that the bugs said to have
been found there were placed not by
British agents, but by Russian agents in
order to create propaganda.

We told its spokesman Mr Daneliski
that we were prepared to hire an inde-
pendent expert to examine the bugs,
making it clear that we were quite happy
to let a Soviet representative witness the
examination. He said that he would
speak to the relevant bodies about it and
get in touch with us.

Since early June, we have not been
able to contact Mr Daneliski and he has
not contacted us, despite our many
requests. In early July, we were told
that Mr Daneliski was out of the country
so we went straight to the Ministry of
Foreign Affairs in Moscow; again no
joy.

We were told, rather discouragingly,
that we could try writing to the Embassy
in London. But perhaps the Soviet
authorities’ apparent unwillingness to
clear up the matter speaks for itself.

iDouble standards

public procurement forthwith™'

Explaining why, the director of the
CCTA (the department most involved
with directing the use of computer tech-
nology within government), told the
MPs who produced the report that
adoption of OSl would be “counter
productive” and “it might detract from
the perception of value for money”.
This ‘message’ was reinforced by Lord
Young who told the same MPs that OSI
was not mandatory because “you can-
not have mandatory standards for every
single contingency”.

This reluctance on behalf of Govern-
ment to abide by OSI standards creates
a problem for the DTI's initiative. How
can the Department make a case for the
private sector to adopt OSl, if Govern-
ment does not adhere to the advice
itself> Perhaps a case of double stan
dards? —Chris Pounder

House of Commons Trade and Industry
Commitiee, First Report, ‘Information Tech-
nology’, £5.90, ISBN 0102714894

A test engineer froni Hughes Aircraft inspects wiring inside the aft section of a kill
vehicle, part of the Star Wars programme.

Space invader

Looking considerably out of place in the
new politics of glasnost, the .ground-
launched KITE kill vehicle has been
designed to intercept incoming missiles
as they enter the earth’s atmosphere.

October 1989 ELECTRONICS WORLD + WIRELESS WORLD

UPDATE

HF radio goes SHF

International broadcasting reduces its
dependence on the fickle ionosphere a
little this month with the introduction
of a new satellite radio service in the
US. C-Span, the Cable and Satellite
Public Affairs Network, which pro-
vides nationwide television coverage
of legislative sessions and hearings in
Washington DC, offers two new audio
subcarriers on its satellite feed. On |
one is a selection of programmes from
several European international broad-
casters, while the other carries the
BBC World Service 24 hours a day. |
Through the new outlets, European
programmes will be available to a
potential audience of 44 million on US
cable systems. Would-be listeners who
lack a cable connection can receive the
satellite direct on domestic equipment
— the signal is not scrambled. For |
improved audio quality, the BBC
hopes to switch to a digital audio feed
direct to Washington. - |
In Europe, satellite reception of
BBC World Service is already avail-
able via a subcarrier on Eutelsat.

Hughes Missile Systems, under contract
to McDonnell Douglas, is providing
target avionics for two of the three test
interceptors. The first should have
flown in an August launch.

-
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All items checked/tested with 30 days warranty. All in good clean condition.

M and B RADIO

86 BISHOPSGATE STREET, LEED LS1 4BB
Telephone: 0532 435649 - Fax: 0532 426881

OSCILLOSCOPES

Telequipment D755 Dual Beam 50MHz

£275.00

+ VAT

Carriage £8.75

smv/div/sensitivity. Sweep 2s to 100ns/div
Delayed timebase 8 x 10 div crt

TEKTRONIX 475 200 MHz Dual Beam
£599.00

+ VAT

Carriage £8.75
2miv/div 1 n/sec Sweep rate, delayed sweep.
Trigger view 8 x 10cm display.
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NORAL

Microprocessor In-circuit Emulation

SDT816 RANGE MICROCONTROLLER TRACE 32 RANGE
8 BIT RANGE 16 BIT
8085, Z80, NSC800, 6502, 8051, 8031, 8032, 8052, 68000, 68008, 68010,
6800, 6802, 6808, 6809, 8059, 80515, 68070.
HD64180, Z180. 80535, 80512, 80C552, 8048,
16 BIT ZS8, 68HC11, 32 BIT
63008, 68000, 68010, DSP’s 68020 (2SMHz),
8086, 8088, V20, V30, 320C10, 320C15, 32008, 32016, 32032, 32132.
65SC816. 32C017, 320C25.

Ring now on (0254) 682092 for a FREE literature pack.

.
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When Piper Alpha lost touch

The ill-fated Piper Alpha oil production platform was the hub of a system of radio
links which failed with the initial explosion. In the subsequent confusion, gas
was pumped to the centre of the disaster for a further hour. Jeff Crook has been

following the Government’s attempts to discover what lessons can be learned.

ship called the MV Lowland

Cavalier gave the first warn-

ing of an incident. She put

out a “Mayday” call from

her position in the North Sea
close to Piper Alpha at just after 2158,
onlJuly 6. 1988

Many ships, rescue boats and helicop-
ters were involved in the rescue which
followed; radio tratfic became very
heavy, making communication difficult

A vyear later, Lord Cullen’s inquiry
continues to probe the terrible disaster.
Witnesses have given evidence about
communication problems experienced
on the night. Improvements are being
made to another Occidental Petroleum
platform as a result of their experiences
and these have been outlined to the
inquiry.

The inquiry heard that after the coast-
guard: picked up the Mayday they were
frustrated by the lack of information.
Doctors who were sent to deal with the
incident had no idea of the number of
casualties. Furthermore, operators on
platforms connected with Piper Alpha
were unaware of the scale of the disas-
ter. This delayed the shutting down of
production and efforts to vent pipelines.

A network of pipelines joined Piper
Alpha with three other offshore plat-
torms, called Tartan, Claymore and
MCPO1; Piper was aiso linked with the
Flotta oil terminal in the Orkney
Islands.

One important conclusion of the De-
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Communications links at the time of the Piper Alpha disaster.

where between 30 minutes and an hour centre |
MCPO?
Gas to $* Ferqus € o 1 = 3 Gos from
P01 frigg
K FLOTTA
\ O )8 inch gas
- oD PIPER {33 miles)
{ond line and /{‘M 30inch ol
,I 2 e el
Srarran 301nch oil
(7-2 Mles)iJ
ropo |ink -+ s 6Inth gas
TLAYMORE A (21-Smiles)
@Términal 8 inch gos
Ling of sight ‘:"‘-7"\(" 0)l| 19-5miles)
| =
microwave {INk @Plalform Mo
The pipeline system heiween the rigs.
955

/.
7/
///5/\\“'%@09'“

partment of Energy’s investigation.
contained in its interim report. was that
rupture of the gas pipeline from Tartan
released a huge quantity of fuel to the
fire on Piper Alpha.

A field communication system linked
the platforms and the coast with a
number of separate telephone channels.
It also transmitted process data for a
computerized system which provided
each platform with an overall view of
pipeline operations.

Piper Alpha was the focal point of the
communication system, with line-of-
sight microwave links radiating to Tar-
tan, Claymore and MCPOI

Signals from Tartan and Claymore
passed to Piper Alpha where they were
retransmitted to the shore either by a
tropo-scatter radio on Piper Alpha or by
retransmission to MCPO1, where there
was another tropo-scatter link to the
shore. The inquiry heard that after the
initial explosion on Piper Alpha, Clay-
more and Tartan could not be con-
tacted.

Senior operators on Occidental’s
Claymore platform told the inquiry that
after hearing the Mayday and losing
their main communication link they
made desperate attempts to contact
Occidental’s headquarters in Aberdeen
by a back-up satellite system; yet mean-
while they continued production

Witnesses differ as to the exact time
that corttact was made, but it was some-
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after the Mayday. The inquiry learned
that it was only then that operators at
Claymore learned of the scale of the
disaster. Production was immediately
shut down and arrangements were
made to start de-pressurizing the pipe-
lines.

Texaco’s Tartan platform shut down
gas export about 10 minutes after the
imitial explosion because its operators
detected an increase in pipeline press-
ure caused by a valve closing on Piper
Alpha.

According to the interim report. pro-
cess shut-down on Tartan started at
22 .45 and preparations to reduce press-
ure in the pipelines started at 23.20.
When the work began, they found no
pressure — gas had already escaped to
feed the fire on Piper Alpha

A witness said that they had a back-
up VHF on Tartan but “a lot of people
were using it so there was very heavy
traffic”. Texaco was in the process of
installing satellite communications on
thie platform at the time.

Alistair McDonald. Occidental’s
head of communications, said thatin his
opinion it should be a statutory require-
ment to have back-up satellite com-
munications.

He outlined four major improve-
ments for Claymore. including battery
back-up for radios. the provision of
radios at muster points. longer-range
lifeboat radios and a secondary control
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This computer card is for building into your
products. Put software for the application into
PROM and it starts to run as soon as power is
applied. Some existing uses:

Water control Agricultural machinery

* Conveyor weighers Machine-tool control
* PABX telephone exchange ~ * Remote robot handling
Diesel engine testing Heart rate data collection

1 off £194.95 including manual and non-volatile RAM. gt

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

Telephone 01-520 0442 Telex 262284 (quote MO775) Fax 01-509 3263
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COMMERCIAL QUALITY
SCANNING RECEIVER

The IC-R7000, advanced technalogy, continous coverage communications receive

has 99 programmable g aft, marine, FM adcast
Amateur radio, television and weather satellite bands. For simplified operation
and quick tuning the IC-R7000 features direct keyboard entry. Precise frequencie
can be selected by pushing the digit keys 1n sequence of the frequency or by turning
the maimntuning knob. FM wide/FM narrow/AM upper and lower SSB modes with
6tuning speeds: 0.1,1.0,5,10,12.5 and 25kHz A sophisticated scanning system
provides instant access to the most used frequencies. By depressing the Auto-M
switch the IC-R7000 automatically memorises frequencies that are in use whilst it
5 1n the scan mode, this allows you to recall frequencies that were inuse Readout
s clearly shown on a dual-colour fluorescent display. Options include the
RC-12infra-red troller, vo all; JHP 1 1dphones

lcom (UK) Ltd. Tel: 0227 363859. Telex: 965179 ICOM G
N.B. Authorised Welsh distribution by
M.R.S. Communications Ltd. Cardiff Tel 0222 224167

IStatus: .................................................. TE12, sty saapppanas ot vt
|Post to:lcom (UK) Ltd. Dept. WW, FREEPOST, Herne Bay, Kent CT6 BBR]
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METEX & TEST LAB INSTRUMENTS

YOU PAY
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3% AND 4% DIGIT Dmms
ALLWITH CONTINUITY TEST (% With Capacitance + With Hfe O With Freq)
PRO SERIES METEX STANDARD SERIES

3% & 4% 0IGIT 3% DIGIT 12 mm DISPLAYS

All With Case. 204 AC/DC 23158 17 Range 10 ADC £19.45
17mm Display (3800 12mm) g;gﬂaxg Rangetl'gli‘{lg (D-) g%g%g
o 1 Range 1 C(- .

s 2‘;,’:3: e E3089 2325 3 Range 10 AC/DC (-+ £29.40
3630 30 Range 0.3% (e £46g0 2355 32 Range 10A AC/DC (++2) £33.25
3650 30 Range 0.3 I Esngn 2365 38 Range 10A AC/DC (+» £36.00
36508 as 3650 with Bargraph £57.60 Plus Logic Probe

46308 4/, Digit 30 Range Data

el Lol £6968 niso Metex MBO 21mm Display
4650 a5 4630 Plus 2 Freq Ranges  £72.36 3% Digit Autorange. Datahold (©) £59.92

3000 LCR AC Bridge
M3002A AC Mitlivoit Meter IMHZ £85.80 3300 Autorange Digital Cap. Meter 224.00

£103.20 TE220 1 MHZ Audio Generator £87.00
2020 500 KHZ Function Generator

£96.50 6100 Signal Tracer/Injector
416240 150 MHZ Fr Gen Plus 6 Digit

5250 150 MHZ 7 Digit Frequency

2.30

Counter £172.86 Counter £64.50
2603A0 1 MHZ Af Gen. plus 6 Digit 0ST5M 5 MHZ Bench Scope £166.00
Counter £166.16 243 0/24v 0/3A Vanabie PSU £52.13
TE200 150 MHZ Rf Gen 2450/24V 0/5A Variable PSU £65.50
(350 MHZ Harmonic) £80.00 1544/15V 0/4A Variable PSU £37.39

302K LCD Temperature Two 1/P £34.74

120dB £33.87 390070 LCD Dmm With Dwell And
225V VHS Video Head Tester £30.38 TachRanges £49.58
1065 Digital Lux Meter - 3Ranges  £148.00 KT50 LCD 8 Range Capacitance Meter £34.84
07 Logic Probe £6.10 6060 LCD Digital True Power Meter
M625 Logic Probe/Pulser £14.74 kw1 £64.00
300/310 AC Clamp Meter 600A/300V 2070 19 Range Multimeter 10ADC +
Resis £33.50 Buzz £11.35
M265 Add on AC Clamp Probe 2030ET 27 Range 10A AC/DC. Cap.
for Dmm's £16.48 Hte Temp. Buzz £35.30
501 Electronic Insulation Tester 500V £53.00 5050 41 Range FET mm £25.
504 Electronic Insulation Tester 1000v £65.00 OM5 Wallet Autorange Dmm £18.69
KOME TR Dip Meter 1.510250 MHZ ~ £45.02  YF120 Pen Type Autorange Dmm £32.70
1062 LCD Temperature & datahold  £35.50 850 Mains Phase Tester £21.20
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7 AUDIO-ELECTRONICS ARE

‘ L ' INSTRUMENT DISTRIBUTORS FOR
HAMEG e FLIGHT o BLACKSTAR
/o ALTAl » THURLBY e THANDAR
I CROTECH o LEADER AND HITACHI
| PHONE FOR BEST PRICES.

TELEPHONE YOUR ORDER WITH VISA/ACCESS
OPEN 6 DAYS A WEEK FOR CALLERS

RUDIO €LECTRONICS

301 Edgware Road, London W2 1BN
Tel: 01-724 3564 Fax: 01-724 0322
Sales office 01-258 1831

TRADE/EDUCATION ORDERS ACCEPTED.
EDUCATION AND QUANTITY PRICES AVAILABLE
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MATHEMATICS AND ART

Chaos, fractals and
computers

Keith Wood explores a spectacular branch of mathematics
which is exciting widespread interest.

or well over two millenia. tradi-

tional mathematics has served

us remarkably well for describ-

ing and predicting natural phe-

nomena. We have a long tradi-
tion of straight lines and smooth curves
in our geometry, architecture. astrono-
mical observations and much more. Itis
not surprising. then. that our calculating
skills are directed this way. On the one
hand, skills are developed in response
to a perceived need: while on the other,
any attempt to quantify a phenomenon
is couched in terms of established
mathematics, cven to the extent of
simplifying the problem. New theories
draw extensively on what has gone
before.

Typically we would expect to be able
to substitute. say. 12.00 noon on March
10, 1999, into an expression to calculate
the height of the tide. and to obtain a
result directly. Any errors would be a
direct resulit of the accuracy limits of the
constants in the equation and the height
of today’s tide. Subjects which were not
amenable to this approach were in need
of further rescarch or bigger computers.

What we are secing today s the
development of a whole new branch of
mathematics which is quite different
from this. 1t is so new that today’s state
of the art is comparable to that of
geometry when Euclid started work.
This new branch is concerned with
processes which move in steps. in which
the next step is derived from the one
before in a defined way.

Such processes as finite element
analysis and numerical integration
move in steps. but then our aim is to
decrease the step size to approach the
continuous function. To increase the
step size is detrimental. Thereis a range
of problems which are better described
and investigated with large steps. Daily .
monthly and annual phenomena are far
casier to describe in those terms than as
continuous functions. We have used
empirical methods for a long time. The

snag is that we do not have a corres-
ponding armoury of mathematical tools
for this data.

Electrical devices may pose similar
problems. as when a sample-and-hold
amplifier is an clement in a feedback
loop. How many people would seck out
a faster switching amplifier so that the
nuisance frequency was outside the
limits of operation of the loop? Often
this is the only practicable solution.

Isolated examples of work., now re-

“The concept of
repulsion is a
natural if one
accepts the
contrary notion

of attraction”

cognized as the precursors of the field.
have appeared over the last 150 years
The coming of the computer has caused
an cexplosion in this subject. as will be
seen below.

The Verhulst Expression
Population growth cannot continue for
ever. A limitation in habitat, food sup-
ply. or other essentials will ultimately
halt the expansion. This situation was
given mathematical form in 1845 by P.
F. Verhulst. He took an annual interval
and defined the growth rate as R as the
population ratio over that interval,

R = (val_Ln)
zI\

To account for the limitation, he turther
suggested that

R=r(l-¢,) (1)

where ris constant. This form normal-
izes the population to zere growth rate

at apopulation of 1. Eliminating R gives
I+ =(r+1 )Zn_rzn3

A small deviation s in z, gives rise to a
small deviationinz,, , of

S+ 1 =( l _T)S"
whenee it follows that deviations will
subside provided that 0<r<2. In this
raage we have astable feedback system.

Recentinvestigations have thrown up
surprising discoveries about the range
of ryvalues above 2. Asrincreases past 2
th2 system starts to oscillate. This is the
pcint at which the electrical engincer
usually swears and starts again.

On closer examination, it turns out
th it there are two values either side of a
population of I which alternate, a
period of two years. As r is increased
further the values change. but the
period is constant up to an r value of
2.449. An analysis similar to equation 1
above for a two-year period shows a
fimit value for r = V6. At this point the
period doubles to four years. Again, the
period is stable over a range and there is
a cycle of four different values for
pepulation for any given r. As r in-
creases further the period doubles to
cizght years and eight values for popula-
tien, and so on. each range of r rapidly
becoming smaller as r increases. until at
r = 2.570 chaos set in. That means there
is no detectable period: the value for
pepulation varies apparently randomly
from year to year.

This random behaviour is analogous
to the pscudo-random number gener-
ators used in computer programs. They
are completely determined. The same
sequence of values derives from the
same seed again and again, regardless of
the particular machine. The random
variations in annual population figures
can be repeated at will, but only by
starting at the beginning and working
through cvery intermediate step. We
cannot try 1999 and get a population
figurc: we have to work out 1990,
1691, . ..
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How the images were made

The equations and descriptions are to be found in
the text Here are the ranges of real and imaginary
parameters. The total range will have to be divided
by the screen resolution in each direction to create
the grid of points for iteration.

Fig.3:Re —2to +2:Im —15t0 +1.5.

Fig.4:Re 1.33t0 +1.33:Im -1.0to +1.0.

Fig. 6: Re —0.75250 to ~0.71550: Im 0.19849 to
0.22624.

Fig. 7: Re -1.773519041725 to - 1.773519039401
Im 0.006836859946 t0 0.006836861689.

Fig. 8: Re —0.6754 to —0.3986; Im -0.1038 to
0.1038.

I The program used to create the figures is

available from the author at 33 Glan Aber Park.
Liverpool L12 4YP, England. Price is £15 inclusive.
UK and Europe. £16 elsewhere. on 5¥a inch disk for
PC. £150 extra for 3%2 inch disk. The program
includes an editor with syntax checker for writing
programs, a calculating section which uses a
coprocessor if present, and a display editor. The
data file and picture file are both compressed to
save disk space, and the program will run on most
PCs with DOS 2.0 or higher and with 256K memory.
It supports EGA and VGA displays. The data file can
| be expressed many ways without further calcula
tion. Figures in this article were photographed
from a VGA 640 x 480 x 16 colour display.

| g

=Y |

MATHEMATICS AND ART

L

Another surprise concerns the ranges
of r for which a certain mode of be-
haviour holds. Hf the range of r values
over which doubling occursis divided by
the range of values over which quadru-
pling occurs, the result is found to be
4.669201660910 . . .

Also. the range of period 4 divided by
the range of period 8 has the same ratio
Furthermore. the same ratio is found in
the Mandelbrot set and in many other
svstems. This number is known as the
Feigenbaum number. after the man
who established its wide occurence.

The precision of the process is a
property of a mathematical expression:
there would be o much more complex
situation in a real world. Nevertheless
similar behaviour is found in a variety of
systems, including electrical circuits, If
the above equation is implemented in
hardware (using a sample-and-hold
amplifier and analogue multiplier). the
circuit behaves as described.

Fig.1 illustrates the dvnamies of the

Fig.1. The
dyvnamics of the
Verhulst Equation.

Fig.2 appearson
page 963,

Fig.3(left).
A Julia Set showing
level sets.

Fig.4. The Julia
Set of the cube root
of I.

Verhulst Equation. The ordinate is the
normalized population and the abscissa
the value of r. These plots were pro-
duced by taking a value of r and iterat-
ing for 5000 years to allow the system to
rid itself of starting transients. The next
300 years™ population figures are plot-
ted. Below r=2 the populationis 1 for a
stable system. For 2<r<2.449 there are
two values for population. Then as r
increases there are 4, then 8. Higher
powers of 2 are not visible on this plot.
Bevond r=2.570 chaos has a definite
structure. This is the next big surprise.
From Fig.] vou will see that chaos
has limits, preferred values lving in
casilv-recognized bands which are con-
tinuations of the regular periodic
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values. It also has windows. A window
at 2.828 has only three values, and as r
increases further each of these three
traces doubles to a total of six, then 12,
24 .

There are numerous other windows
some so narrow that they look like
printer misalignment. Close inspection
reveals a small number of values within
the window. The two bands of chaos
which appear as r is increased meet at a
population value of [, the stable value.
This is pure observation; I doubt if it can

Fig.6. A bud from the Mandelbrot Set, a subset of period 15. (Fig.5is on p. 965).

be derived and therefore it can’t carry
any mathematical significance. The en-
velope of a band of chaos at smaller
values of r continues within the larger
area of chaos which develops at larger r
values.

The three traces in the window at
r=2.828 each have the same form as the
whole of Fig. 1. The window is ex-
panded horizontally by a factor of 8.5 in
the lower section of the figure. You will
see that not only is the regular period
data mimicked, but the small chaotic

Fig.7. A 500000000 times enlargement from the Mandelbrot Set. Location
suggested by Dr Dietmar Saupe.

W

regions which develop as r is increased
have windows which correspond as
well

This repetition of a recognizable fea-
ture is a characteristic which will appear
again and again. It is especially signifi-
cant that the word *‘recognizable’ ap-
plies here. Random data can be
arranged to create a lasting impression
on the mind, which is a pre-requisite for
any analysis or hypothesis. Would the
appearance of a contour within the
chaotic region, on one side of which the
probability of a result was higher than
on the other, ever have been discovered
from reams of printed data?

Notice also that the structure of chaos
becomes apparent only when very large
quantities of data are presented. A few
points calculated by hand look far more
random. Computers are essential be-
cause of the vast amount of arithmetic
involved, and it follows that the method
of display naturally centres on the moni-
tor. Both these, coming together, are
responsible for opening up a whole new
field of endeavour.

It will be obvious that to produce
chaotic behaviour a non-linear function
is essential. A linear one would move
smoothly and continuously in one direc-
tion towards zeroor infinity

The Verhulst example is a one-
dimensional case, the second dimension
being used to plot the results deriving
from the value of r. Two-dimensional
systems provide further revelations.

Julia and Fatou

A feature of stepwise processes which
are determined by iteration is that one
initial value can generate a result after a
given number of iterations, while
another arbitrarily close initial value
can generate an entirely different result.
These two results may each be stable
conditions, which is not chaotic; how-
ever, chaos will generally be found in
some area covered by the process. A
stable condition is one which is arrived
at by iteration and from which the
process does not depart by further itera-
tion. It may be a single value or a cycle
of values which repeat. These condi-
tions are known as attractors. Another
form of attractor is a closed contour
which is finite, but within which a point
does not repeat as iteration proceeds.
Where two or more attractors exist
for a process it follows that there must
be a dividing line between the regions of
influence of each of the attractors. Once
again the idea was first examined long
before computers were available. It was
clear that in using Newton's method to
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MAKING ELECTRONICS C.A.D. AFFORDABLE
JIEZH  PCBCAD, FOR THE PC/XT/AT

- Are you still using tapes and a light box?
- Have you been putting off buying PCB CAD software?
- Have you access to an IBM PC/XT/AT or clone?

Would you like to be able to produce PCB layouts up to 17” square?

With up to 8 track layers and 2 silk screen layers?
Plus drill template and solder resist?

- With up to eight different track widths anywhere in the range .002

to 53177

With up to 16 different pad sizes from the same range? .
- With pad shapes including round, oval, square, with or without hole and o &
edge connector fingers? -
With up to 1500 IC’s per board, from up to 100 different outlines? N = N
With auto repeat on tracks or other features - ideaffor memory planes? \ p s o
That can be used for surface mount components? o = o
With the ability to locate components and pads on grid or to .002” 9 d 0000 (F{E”.;ﬁ :
resolution? o
With an optional auto via facility for multilayer boards? | o
- With the ability to create and save your own symbols? [ \°\° 000 u o o
- That can be used with either cursor keys or mouse? 0 @
- That is as good at circuit diagrams as it is at PCB’s? L o
- Which outputs to dot matrix printer, pen-plotter or photo-plotter o

(via bureaux)?
Where you can learn how to use it in around an hour?

- That only costs from £49.°°?
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SMITH CHART PROGRAM - m CIRCUIT ANALYSIS BY COMPUTER WSEB II

For IBM, PC/XT/AT and clones inc. Amstrad 1512
and 1640 and BBC B, B+ and Master.
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Z-MATCH - Takes the drudgery out of R.F. matching
problems. Includes many more features than the standard
Smith Chart.

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

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

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

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

—

For IBM PC/XT/AT and clones inc. Amstrad 1512,
1640, R.M. NIMBUS, and BBC B, B+, and Master.
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"ANALYSER II" — Analyses complex circuits for GAIN,
PHASE, INPUT IMPEDANCE, OUTPUT IMPEDANCE
and GROUP DELAY over a very wide frequency range.

Ideal for the analysis of ACTIVE and PASSIVE FILTER
CIRCUITS, AUDIO AMPLIFIERS, LOUDSPEAKER
CROSS-OVER NETWORKS, WIDE BAND AMPLIFIERS,
TUNED R.F. AMPLIFIERS, AERIAL MATCHING
NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS
can be evaluated by “breaking the loop”’

Can save days breadboarding and thousands of pounds
worth of equipment

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

All prices Ex-VAT
WRITE OR PHONE FOR FULL DETAILS:- REF WW

Number One Systems Ltd

Harding Way, St lves, Huntingdon Cambs, PE17 4WR

Tel: Stlves {0480} 61778 (4 lines)

We provide full after-sales support with free telephone
‘hotline help’ service.

Software updates are free within 6 months of purchase date.
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Fig.8. A typical cubic analysed by
Newton's method. Location
suggested by Peitgen and Richter.
Fig.9. Newton’s method applied to a
real function.

find the roots of an equation, the start-
ing value influenced which root was
ultimately found. The problem was to
determine the spread of values leading
to a particular root.

Newton’s method states that a better
approximation to a root of the equation
f(z) 0 can be calculated from an
inferior value with the expression

f(z,)
n+1—4, f’Zn)
1=0.1,2,3.
The method is repeated until the result
has as much accuracy as is required.
Clearly, starting with a close guess re-
duces the amount of computation and
the wider problem considered here was
of an academic nature.

Lord Cayley (1879) addressed the
problem and found that the two roots of
z° — a = Ohad an easily defined dividing
line which is the perpendicular bisector
case when complex roots are involved.
The standard (or Gaussian) plot is to
put the real component on the x-axis
and the imaginary component on the
y-axis, though for artistic purposes any
other manipulation is equally accept-
able.

Lord Cayley failed completely to find
a solution with cubic or higher order
functions. They appeared to be imposs-
ibly complex. This makes the work of
Julia and Fatou (1918-20) seem particu-
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Fig.2. Aselection of Julia Sets.

tarly inspired. since they had no compu-
ter facilities to display and check their
results.

Julia and Fatou looked at the general
case of the regions of attraction in the
complex plane and determined the
properties of the division between them
in terms of the set of points forming the
dividing line. This set is known as the
Juhaset.

One surprising result was that the set
of points forming the boundary of a
region of attraction was the same set
regardless of which attractor was in
consideration. While this is self evident
in the case of two attractors. it applies to
any other number of attractors. This
might seem intpossible, but the case of
three or more regions of attraction
sharing a common boundary will be
illustrated later.

The simplest non-lincar function, and
therefore the most amenable to caleula-
tion and analysis. is the quadratic func-
tion. Although general theories were
being developed. they were tried out
with the equation

Zn«+I=Zn:+C (2)
n=01.23.

where both z and ¢ are complex. This
expression is quite general as all quadra-
tic functions can be reduced to this form
by substitution. One can generate a
wide variety of displays with it. the
simplest being the special case of ¢=0.
The Juliasetis then a unit circle.

To create a display. a grid of points is
allocated in turn to z and the equation is
iterated. The outcome is displayed with
the points as pixel coordinates or printer
dots. Since a point belongs to the Julia
set or it doesn’t, monochrome displays
are quite suitable.

Fig.2a shows the way the unit circle
distorts when the value of ¢ moves away
from zero. Itis still a closed curve with a
single attractor in the centre at z=0. For
this set ¢ bas the value of 0.31+0.04i.
Fig.2b is the Julia set obtained when
c¢=i. This is a set having only one
attractor. atinfinity. The line represents
values that are not attracted to infinity,
but it has no thickness and points on
both sides of the line are repelled. The
thickness in the figure is an artefact of
the method of computation.

The concept of repulsion is a natural
one if one accepts the contrary notion of
attraction. A starting point arbitrarily
close to a point in the Julia set. but not

being itself a member of the set. will be
attracted to one or other of the available
attractors. Points in the Julia set are
therefore all repellent. A cyele of values
can only belong to the Julia set it any
other point not being part of it is never
attracted toit. Such cyeles have a period
of 1. The value z=1 on the unit circle is
an example, and is known as a fixed
point.

Iterating a point within the Julia set
will lead to other members of the set:
since all are repellent this movement
must be random and therefore in
general chaotic.

Figs.2c and 2d are of Julia sets of
cquation 2. in which ¢=-1 and
¢=—35052+0.55761 respectively. The
former has two loops which connect at
cach junction point. while the latter has
five. The loops do meet in this case: the
error arises from the interaction be-
tween the method of calculation and
printer resolution. These sets have
attractive cycles with a period of two
and five respectively: one cycle point
lies in each loop round a common
junction point, the one in the centre
loop being the value z=0 which is al-
ways enclosed in these Julia sets. The
attractive cycle is not symmetrical.

QOctober 1989

ELECTRONICS WORLD + WIRELEFSS WORILD

963



MATHEMATICS AND ART

Mathematical practice has been largely spawned
by Euclidean premises. Lines and curves are
smooth, not a bit like nature. Nevertheless a lot of
important and relevant work has resulted from this
ethos.

While they seem to move in such a way, the
planets themselves are impossible to describe in
Euclidean terms. Why, for example does erosion
not make everything smooth? We say because of
local crustal variations and tectonic movements.
Why do these occur? We say because of thermal
instabilities. Why are there instabilities? We say
because of crustal variations. Or, perhaps there
hasn’t been enough time for initial disturbances to
lie down. Will they ever? Do we have a chaotic
situation which is constantly on the move yet which
manages to stay within limits over the long term?
Mathematically we now find that such a scenario is
possible, even though the simple demonstrations
are far from application to the real world. Perhaps
one day we will be able to apply new and distinctly
different theories to familiar situations.

The climate is a clear example of a chaotic
situation, yet we know general patterns and limits
which place a broad restriction on unseasonable
weather. Now that it is clear that chaos is not
necessarily total, new methods of prediction may

emerge.

The study of iteration theory and fractals has
made inroads into situations which were thought
impossible to characterise, and both theory and
experiment are making progress with the help of
the computer, which is the only way to process
enough data to show results. Computer output in
the shape of dot printers and monitors has been
the other essential element in epabling human
comprehension of enormously large quantities of
data, by organising it in ways which turn out to look
surprisingly appealing and memorable.

Beside population dynamics, the Verhulst equa-
tion has been found to apply to some aspects of
turbulence and chemical dynamics. Much is known
about complex functions and Julia sets, but as yet
there is much less known about real functions, and
rules may not be generally applicable. One thing
does emerge in nearly all cases, that chaos occurs
in the region where two conflicting processes
meet.

The displays which have done more than any
other single development to excite interest in the
subject have crossed the borderline between
science and art. Elitists maintain that anything
produced from an equation by a computer cannot
be called art. Art must be a manifestation of human

A great attractor — butisitart?

vision and endeavour. They have a formula them-
selves. The colouring of displays requires consider-
able time and application if the result is to be
comprehensible, have impact, and transmit the
essentials of the message. That the message may
be scientific rather than cuitural shouldn’t matter.

There is certainly a great deal of aesthetic
appeal; there are far more hobbyists developing
displays than there are scientists and mathemati-
cians doing research. All that weight of application
is bound to throw up an occasional discovery. |
have myself made a fascinating display with what
turned out to be a programme bug. | know the
cause and will be programming it properly to see
what can be done with it. This was sheer luck, most
bugs create much worse chaos than the subject!

Another use of fractals is commercial art. For
mountain ranges, seas and skies the motion
picture artist is turning to the use of transforma-
tions. There is considerable scope for human
intervention with this method. One can liken it to
conducting an orchestra, a few directives and a
guiding hand as the work proceeds produce a
result which owes a lot to the concept of the artist.

Over the last couple of centuries a wide gap has
developed betwen science and the arts. Perhaps
the fractal can reverse the trend.

As c is increased turther in equation
2, the resulting Julia set in not con-
nected. When ¢ =—1.25+0.1361. (Fig.
2e), the Julia set is of the type which has
been called Fatou dust. Those ¢ values
for which the Jula set is connected
constitute the Mandelbrot set. The un-
connected set has only one attractor;
there is nointerior to the set.

Figure 2e looks as though it ought to
have an interior. This is because the
dust points are of no size, and the
chance that any of them fall on the grid
of points used for calculation is remote.
The easiest method of display is to select
a level set closely surrounding the Julia
set and to display that. One can create a
map of several such level sets by colour-
ing them. Figure 3 illustrates the same
Julia set as Fig. 2e in that way. While a
level set is strictly the set having a
unique number of iterations, a map of
many level sets can be confusing.

Finally, Fig. 2f depicts a Juliasetof an
entirely different equation. The mathe-
matical models of magnetic domains
developed by Yang and Lee can be
examined this way. It is of interest to
plot them in the complex plane to see
whether the known properties of such
sets cast any further light on them. It
turns out that they exhibit the same
convoluted structure. The Julia set of
Fig.2fisof

” _{x,, +9-1
n+1 =\
2X,+9-2

where x and q are complex, but a real

value for g (4 in this case) yields plenty
of interesting results.

Level sets
The complementary set to the Julia set
in the complex plane is called the Fatou
set. It is normally very large compared
to the Julia set and in order to examine it
we must split it up into manageable
portions. One way to do this is to take a
small arbitrary radius centred on an

rZ)
There are
numerous

windows, some so

small that they

look like printer
misalignment”

attractor and count the number of itera-
tions required to move from the starting
value to within the circle represented by
this radius. All starting values requiring
agiven number of iterations constitute a
level set of that order. When the attrac-
tor is infinity, it 1S convenient to count
the iterations required to exceed the
reciprocal of the radius.

To disptay the collection of level sets
in a mapping of the function, the most
instructive and appealing method is to
colour them. One can colour each set
with a contrasting colour to its neigh-

bours. The result is usually a striped
display such as thatin Fig. 3.

Attractive points or cycles have their
regions of attraction, and it is instructive
to colour these differently so as to
illustrate the extent of each region
Fig.4 shows the Julia set of Newton's
method applied to

f(z)=2z"—-1

roots —1,0.5+ V3
2

and there will be three regions of attrac-
tion. As mentioned earlier. one of the
properties of the Julia set is that it is the
boundary of each of the three regions of
attraction. How this appears in practice
can be seen in Fig. 4, where each region
has a different colour. Each point in the
Julia set is a three-colour point, a chain
of islands bounds each region, and each
island is itself bounded by a chain of
islands, and so on.

Complex functions seem to be re-
markably well-behaved when it comes
to creating a display. The stripes in Fig.
3 seem to suggest a smooth progression
towards the attractor in a manner sug-
gestive of walking down a flight of steps.
Actually, the movement of a point with
successive iterations jumps around the
map, happening to land in just such a
way that the regular steps are created.
In spite of this, the progression is not
chaotic because the attractor ultimately
collects the ongoing iteration in a de-
fined situation.

Other methods of calculating Julia

964
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Fig.5. The Mandelbrot Set in outline.
sets, such as iterating backwards, vield
multiple results at every step, all of
which have to be followed up. Inverse
iteration does not fill the whole set,
some parts being preferred. Further
complication arises in the attempt to
overcome this. Julia sets are calculated
this way. but larger. faster computers
are required. Even so. the method
depends on the convenient behaviour of
the function being iterated. Some func-
tions may not exhibit gradual progres-
sion away from the Julia set in terms of
levelsets and they may not be open tous
vet. though the theoretical results which
have been proved for complex sets will
hold.

The Mandelbrot Set
The quadratic function has been exten-
sively studied since it is the simplest and

can be reduced to a form with one
constant. It was B.B. Mandcelbrot who
thought of extending the studices to the
complex plane. and who had computer
facilities available to him. The rest. as
they sav. is history.

The Mandelbrot set is derived from
equation 2 with the difference that
whereas the Julia sets for a quadratic
polynomial were calculated for a fixed
value of ¢, in this case the value of ¢ is
varied. Those Julia sets illustrated the
outcome of iteration of a gnd of starting
values tor z (z plane). We now look at
the result of iterating the same value of z
(zero) with a grid of ¢ values (¢ plane).
There are two attractors, one of which is
infinity. The other attractor varies
according to the value of ¢. The Man-
delbrot setis defined as those values of ¢
whose Julia sets are connected. This

definition includes sets like Fig. 2b
whichare a special case.

The Mandelbrot set is shown in Fig.
5. To the left of the main cardioid is the
bigaest bud and to the left of that is
another bud. and so on beyond the
resolution of this printout. The ratio of
diameters of the biggest bud to the next
is the Feigenbaum number again, and
similarly for the successive buds. Not
only that, but the tiny Mandelbrot
shape on the antenna to the left corres-
ponds in position to the main window in
the Verhulst plot (Fig. 1). Perhaps this
is not as surprising as might at first
appear, since they are both quadratic
functions.

The appearance of the set suggests
immediately that it might be broken
down into a number of subsets. such as
the main cardioid and the attaching
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MATHEMATICS AND ART

buds. The corresponding Julia sets have
attractive cycles with a periodicity of 1,
2.3. . . .Where the cycle has a period of
it is a fixed point at z=0. It can be
shown that the values of ¢ yielding such
acycle are given by

S

u= d%(f(z))

and this defines the main cardioid bear-
ing the number | in Fig. 5.

The test of the Julia set starts at z=0
in each case. so that the process is
represented by
Uscoct e+ 20+ CHen L .. (3)

Since z=0is a part of the cycle. these
quantities lie on the attractive cycle for
the Julia set. and it follows that the cycle
having a period of two requires that

O=c"+¢
which has two roots. 0 and 1. The zero
root has alrcady been dealt with, and
the other root is the centre of the largest
bud. which has a radius of 0.25. and
encloses those ¢ values giving rise to
attractive cycles of period 2. Such a Julia
set was shownin Fig. 2¢.

Similarly, O=c*+2¢*+¢*+c¢ has four

“Put another way,
if the whole set
covered the
British isles, this
shape would still
be much less
than a single
dot from a laser
printer”

roots, 0,—1.755,—0.123 +0.745i. The
centre of the tiny Mandelbrot shape on
the main antennais —1.755, and the two
largest side buds are centred on —0.123
+0.745i having a period of three. This
process can be continued indefinitelv.

The point at which the principal bud
attaches to the main cardioid has the
internal angle V2: the points at which the
largest side buds are attached have the
angle x'3; and period 4 buds attach at
Vs (the remaining period 4 buds are
not on the main cardioid). The denomi-
nator in the fraction is the same as the
period of the attracting cycle.

Another concept is that of an itera-
tion which starts at z=0 and proceeds to
an attractive cycle which does not pro-

ceed to infinity, but which does not
include z=0 as a fixed point. These sets
are connected. but have no interior.
They are a limiting case between the set
with an interior and the unconnected
set. Starting from z=0, iteration pro-
cecds until the nth iteration equals the
(n—k)th. The first time this happens
defines values for n and k which can be
used to characterize the situation.

For example, with ¢=2. successive
iterations produce the series
0.-2.2.2 .. . so that n=3 and k=1.
This value of ¢ lies at the tip of the main
antenna of the set. Referring to equa-
tion 3, this case is represented by

2+ o=+
whose roots are Oand -2,

Where n=4 and k=1 the roots are 0,
one along the main antenna and —0.228
*1.1151 which are the tips of the two
traces which reach the farthest from the
real axis. Values n=4 and k=2 produce
¢ values for the tips of the next two most
prominent side traces at ¢==+i. The
process continues indefinitely and the
points are known as Misiurewicz points,

The largest side buds have a
branching antenna attached. Two arms
reach out and a third connects the
branch point to the bud making a three
point star. This is the size of the attrac-
tive cycle of the associated Julia set.
Proceeding round the main cardioid
towards the cusp. the next largest is of
order four, then six and so on. Going
the other way. towards the principal
period 2 bud. are the odd-numbered
buds. Fig.6 is an enlargement of the
period 15 bud.

Fractals

Fractals can be defined in two ways.
One way is the visual aspect uncovered
by B.B. Mandelbrot. which highlights
the self-similar aspect of the displays. A
nearby structure has a similar appear-
ance, a magnified image likewise. so
that it is not possible to tell by just
looking what magnification a feature
has. By way of example, Fig.7 is of a
small part of the Mandelbrot set. The
familiar shape at the centre is roughly 5
x 10" times smaller than the main
figure. Put another way. if the whole set
covered the British Isles, this shape
would still be much less than a single dot
from alaser printer.

The formal definition is that a fractal
is any figure whose Hausdorff dimen-
sionisnot aninteger. If a map is covered
by small discs the number of discs
required will vary with the size of the
disc. The slope of the relation linking
the number and size is. in the limit as
disc size is reduced. the Hausdorff

dimension. If the mapping to be co-
vered is in more than two dimensions. it
can be thought of as being enclosed to
any number of dimensions. More than
three is not easy to visualize because we
are used to linear methods of presenta-
tion: mathematically they are just vari-
ables. |

OBITUARY

Professor William
Shockley

Professor Willam Shockley, one of the team that
invented the transistor, has died n San Francisco
aged 79. He and his two colleagues, John Bardeen
and Walter Brattain, demonstrated the first point-
contact transistor at Bell in December, 1947

Profassor Shockley's intention was to develop an
amplifying semiconductor device based on the field
effect, but ran into difficulties. During the process of
overcoming this problem, the bipolar type was
invented and was closely followed by a working
junction transistor, using layers of germanium
instead of the metal contacts, early in 1948. It was
only about five years later that the team discovered
how to reach its ongmal goal - the field-effect
transistor

In 1954, Shockley founded the Shockley Sem-
conductor Laboratories in Cahforma and effectively
began the complex of industry now known as Silicon
Valley.

Professionally, Shockley's reputation 1s secure,
but his unorthodox views on race and genetics, and
his disconcerting habit of recording almost every
conversation he had with anyone and later produc-
ing the transcript either in evidence or to save
himself the trouble of repeating it, did not endear
him to those who tried to work with him

The latter part of his Iife was spent at Stanford
University, where he became Ementus Professor.
He leaves his second wife and two daughters.
® See also Pioneers: Shockley, Brattain and
Bardeen, Electromics & Wireless World March
1988, p. 273.
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Function-specific PLDs. Designed for high-
speed {25MHz and faster) pipelined micro-
computer systems, the 85C508
programmable address decoder with an
on-board latch 1s said to be the industry’s
first c-mos 7 5ns PLD Intel Corporation (UK).
793696204

C-mos gate array family. Asemicustom IC
service for a family of low-cost metal-gate
¢-mos gate arrays in complexities ranging
from 15to 660 gates s available
Manufactured by EM-Microelectronics
Marnn, the CROSSMOS semicustom devices
are suitable for low voltage (0 9 to 10V) and
high voltage (3 to 18V} applications MCP
Electromics, 0734 772345

Programmable gate array. Abipolar
programmable 1800-gate array. the
PLHS502A, has 20 dedicated inputs, 16
dedicated outputs and eight bidirectionals,
independent clocks. 64 fall-back terms and
16 buried flip-flops The output of each gate
and fhp-flop folds back on itself and all other
gates and flip-flops to achieve total
interconnectwity of alllogic functions Phitips
Components, 01-580 6633

A-to-D and D-to-A converters

3Y-digit converters. Two 3Y2 digit A-to-D
converters offer on-board LCD {MAX 138)
and led (MAX 139) display drivers, together
with a built-in bandgap reference In addition,
the dewvices contain a charge-pump voltage
inverter which allows measurement of both
positive and negative input voltages while
operating from a single power supply voltage
{+25Vto +9V). Dialogue Distribution, 0276
682001

Low-power converter. The Teledyne
Semiconductor TSC820and TSC821 are
low-power c-mos measurement system ICs
which include analogue-to-digital converters
and a frequency counter function Two logic
inputs drive LCD annunciators for high and
low logic input levels A peak hold input
permits the highest readings to be held and
displayed Tnident Microsystems, 0737
765900

Interfaces

STEbus interface. An Arcnet interface
board for STEbus systems, SARCO1

provides a mechamsm for STEbus-to-STEbus
system communications and opens the path
for STEbus industnal control systems to be
interfaced to a wide variety of computer
architectures Arcom Control Systems 0223
411200

VMEbus DSP board. The DBV56, a single-
Eurocard, digital signal-processing VMEbus
board positions the /o functionon a
separate daughter board, allowing the user
tooptimise the 1/o for each application The
DBVS6 directly couples to the /o function
board and avoids routeing the input data
around the VMEbus By providing access
directly onto its Motorola DSP56001
processor bus, the DBVS6 allows fast data
transfer and avoids system bus congestion
Data Beta, 0734 303631

Analogue control. A powerful modular
computer-to-analogue control system, the
DGH 3000/4000. generates accurate
continuous outputs for motion controlin
robotic welding, proportional valve control
etc The system is fully compatible with the
DGH 100072000 modular data acquisition
system and can be combined on the same
senal (RS232 or RS485) Iink The simple
senal communications protocol allows the
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modular controllers to be supervised and
programmed by a standard PC, a dumb
terminal or remotely from a modem
Rhopoint, 0883722222

STD-CMOS system. The XTP-CDS 15 a
wide-/temperature low-power $TD-c-mos
systemwhich s capable of with tanding
temperatures ranging from-40:0 +85 C It
canbe used in battery-based ag slications
and consists of an STD-DOS equspped
ZT88CT08 single-board control 2r with the
optional ZT88CT25 expanded rr emory [
system and the ZT88CT41 quac senial
nterface Wordsworth Technolcgy 0732
866988

Linear integrated circuits |

Over/under voltage detector. The Maxim
ICL 7665 dual over/under voltage detector 1s
a ¢-mos single-chip device that operates

from any voltage between 1 6to 16V. draws
acurrent of 3 nicroamps and otfers a
threshold accuracy of 2% The 7565hasa |
propagatton delay of 75 microseconds The
tnp points and hysteresis of the swo voltage I
detectors can be individually programmed l
with external resistors to any voltage greater
then1 3V up to several hundrec volts 2001 |
Electronic Components, 0483712001

|
16-bit sampling A-to-D converter.

Incarporating a sample-and-hold amplifier
and high-resolution converter in a single
package. the AD 1380 analogue-to-digital
converter guarantees a maximum 6-
microsecond acquisition time and 14-
microsecond conversion time, croviding a
throughput rate of 50 kHz Maximum
spectfications include =0 1% gainerror,
+0 05% bipolar zero error +01003%
linearity error and + 003% differantial
linearity error Analog Devices 0932 253320 |

Monitor chip for vehicle lighting, When
monitoring light bulbs, the techrique 1s to
measure the voltage drop across aresistor
series with the lamp circurt The TLE 4951 15
amonitor chipwhich requires a lower
voltage drop across the series resistor,
producing no perceptible decre ase in light
intensity of the bulbs Siemens 093275
2323

DC motor control. Aseries of monolithic
integrated motor bridges controls DC
motors These short-circuit procf chips work
at voltagesupto 42V and currents up to 4A
and are protected against over-temperature
The 4A device type TLE4203 employs an
output stage without cross current. so that
the speed of motors can be controlled by
PWM techniques Siemens 0932752323

10V references. A family of 1C/ references
the REFO! series, provides a precise 10V
output while operating froma single 13Vto
33V supply andis a drop-inreplacement for
the Precision Monolithics REFO1 It uses the
silicon “bandgap principle to provide a
stable output voltage with temperature
vanation Avoltage adjustment pin permits
tmmung the output voltage to exactly

10 00V Teledyne Semiconducior, 01-571
9536

Memory chips

64K ECL ram.HM100494-10/12 and
HM10494-10/12 ECL static rams that
combine very high speed operation (10ns
and 12ns maximum access time) with a
power consumption of 650mW are
organized as 16K x 4 and are available with
ECL 100k or ECL 10k o levels Hitach
Europe 0923246488
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VMEbus digital signal-processor from Data Beta

Ram cache modules. Afamiy of high
speed ¢-mas static ram cache modules
supports IDT MIPS nisc-architecture
products Directly compatible withthe IDT
79R3000 CPU each of these cache madules
includes a complete data and instructian
cache They are availlable n 12,16, 20 and
25MHz versions, with cache depths of 4K
8Kor 12K Microlog. 048 62 23551

Optical devices

Fastoptocoupler. A high-speed
optocoupler family, the H11G172/3
features a collector-to-emitter breakdown
voltage of up to 100V minimur at 1mA
Having a protodarlington ouput. the HI 1G
series has a high current trans‘er ratio ¢f up
to 1000% and a low dark current of 100nA
maximumat V., = 80V Switching times are
t,andt, of 5and 100 microseconds
respectively (R, = 100ohms) Isocom
Components 0429 863609

Optocoupler. The HP HCPL-2231 1s
optically coupled, dual-logic gate capabe of
providing lo 2ic compatible waveforms
directly - ehlminating the need fcr additional
wave-shaping With a typical dzta rate o
SMbaud 1t 15 intended for high-speed logic
systemisolation applications Common
mode transient immunity 1s 5000V/us ot a
common mode voltage of 300% and
propagatior delay is less than 300ns Je-myn
Distribution 0732 450144

Optical-fibre multiplexer. The FC22090 3X
AS400 optical-fibre multiplexer 1s desigred
for point-to-point, multiplexed. and star
operations with IBM 3X/AS40C or plug-
compatible 2quipment It can supportudto
eight multip'exed and two indiidual point-to-
point data hinks, which may be housed i the
same unit Solution Data, 0706 82736

Oscillators and crystals

Dil oscillator. A universal clock oscillatar in
astandard 14-pin dil package features a
frequency range of 250kHz to 7C MHz aad s
available with frequency tolerances of
+100, =50 or =25p pm The device
features an 2xtended operating temper.sture
range of -40to + 85 C Rise and fall times
are 6ns maximum Euroquartz.C460 76377

Surface/mountcrystals. The $X2050P
crystals by M-tron combine AT cut
technology with a high-temperature epcxy
package designed for use with high-spe«d
pick-and-place machines The « rystals ave

| available infrequencies ranging from 4 to

24MHz MCP Electronics. 0734 772345

Oscillators for TVROs, UHF carner-wave
synthesisis the function of the RF
Monolithics range of saw hybrid oscillators
They are claimed to be particularly sutable
for satellite television receive-only
applications. A voltage-tuned version is
capable of precise narrowband tuning over a
=150 p p.m range The standard range
operates at specified frequencies up to

1 5GHz with a tolerance of better than 100
p p m Quantelec.0993776488

Power semiconductors

Current sampling powerMOS.
SensorfFETS BUK793-60A and BUK795-60A
are PowerMOS devices which provide a
cost-effective means of current sampling by
dwiding the load current into a power
component and a much smaller proportional
sense component which can be monitored
across a signal-level resistor {the sense
current s about 1/1500 of the power
current) Philips Components. 01-580 6633

Function-specific PLDs. Designed for high-
speed {25MHz and faster) pipelined micro-
computer systems, the 85C508

| programmable address decoder with an

on board latch s said to be the industry's
first c-mos 7 5ns PLD  Intel Corporation (UK)
0793 636204

Task-oriented
MIiCroprocessors

Advanced CRT controller. Manufactured
by Hitachi, the HD63484-98 15 for use at

9 8MHz_ Although the ACRTC was designed
as amember of the 68000 senes of
microprocessor peripheral devices, it can be
used in many 8-bit or 16-bit computer
designs The ACRTC performs the key
functions of logical drawing algorithms and
physical drawing Impulse Electronics. 0883
46433

Real-time Basic controller. RTC52 uses an
80C52 processor and is intended for on-
board program development with a terminal
and software compatibiity with the BCC52
product senes. RTC52 has provision for
64Kbyte of memory using ram/eprom, 12
bits of TTL parallel i/o and one senial port
The senal port supports both RS232 and
RS485 1B Designs & Technology. 0285
68122
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NEW PRODUCTS CLASSIFIED

PASSIVE EQUIPMENT

Connectors and cabling

Optical-fibre connectors. A super’ version
of the Dn-Polish FL 3703 multi-mode optical-
fibre connector offers greatly enhanced
performance standards. It 1s compatible with
the latest ST-Il connectors and provides
mean insertion losses of 0.1dB, compared to
the typical 1.0dB loss of other multi-mode
connectors. Leetec, 01-852 2203

Displays

Dot-matrix LCD driver. This 12C-bus c-mos
chip setis designed to drive medium-
multiplex-rate dot-matnx LCDs and
consumes only around typically 20 A per
chip. The set, types PCF8578 and PCF8579,
will drive full graphics or character displays
using between 1:8 and 1:32 multiplex and
can be configured to drive from 256 up to a
maximum of 40 960 dots. Philips
Components, 01-580 6633.

Miniature leds. A range of mimiature leds
prowides an effecive surface-mount sotution
for indicating or ilumination apphcations
The Telefunken SOT-23-packaged TLM 2200
components are available in red, green and
yellow, with amean luminescence of
0.63mcd at 10mA. The TLMR has a dominant
wavelength of 625nm, the TLMY 594nm and
TLMG2200. 575nm. Synchro Services, 0782
633633.

Filters

Programmable filter. Sierra
Semiconductor has introduced the
SC22324, whichis claimed to be the
industry's first c-mos universal
programmable fiiter ICto include eeprom
memory It consists of four, second-order
biquad, switched-capacttor filters, allowing
any even-order filter up the eighth to be
designed. Devices can, however, be
cascaded for higher orders. Sierra
Semiconductors, 0793 618492

TvIF saw filters. Tv IF saw filters are
available for the tv standards M. N, B, G, 1. D,
L, E and H. The filters operate at picture
carner frequencies ranging from 32.7MHz for
the SECAM 'L’ systemn France to 58.75MHz
tor the Japanese NTSC ‘M’ system. The
devices use a lithwum tantalate substrate for
wide-band applications. Toshiba Electronics
(UK), 0276 694600

Hardware

Keytops. Keytops from Digitran consists of a
transparent cap which fits over the keytop
itself. Alabel can be introduced between the

two and easily interchanged as required
Digitran, 0763 61600

Global 8500 50MHz pulse generator

968

PCB keyboards. Keyboards incorporating
PCB-based membrane keyboards with rear
mounted component assembly are custom-
designedand built by IGT, which specialises
incomplete packages from around 25mm x
25mm to 8636mm x 5588mm. Designs can
be delivered in around six to ten weeks.
Industrial Graphic Technology. 0703701881

Instrumentation

Programmable SO0MHz pulse generator.
The Global Model 8500 1s a 50MHz
instrument which 1s programmable either
manually or via an |EEE-488 bus interface
The parameters that can be digitally set
include period, ampittude, pulse width, delay,
nse/falltimes, duty cycle and burst IR
Group, 0753 580000

Optical time-domain reflectometer. The
Fiberlog OTDR s an aid for testing 850nm
fibre links and systems used in short and
medium distance links, such as local area
networks It canbe used for fibre or link loss
measurements, making accurate
measurements of fibre length, real-time
splice loss evaluation, and for connector or
splice loss measurements Lambda
Photometrics, 05827 64334

1.3GHz counters. The PM6660 series of
counters has a new input option which allows
operation at upto ! 3GHz. There 1s also digit
blanking on the PM6665; a feature that was
formerly provided only on the PM6669 A
wide choice of other options includes the
GPIB (IEEE-488) interface module PM9604,
the battery pack PM9605 and the high-
stability MTCXO crystal oscitlator imebase
PMI607 Philips Test & Measurement, 0223
358866

Thermocouple/calibrator. The 1089
offers simulation and measurement of seven
types of thermocouple, including type N.mV,
mA and PRT to accuracieswithin 0.5 C The
microprocessor based instrument also
features keyboard entry and alphanumeric
LCD display. increment/decrement keys,
non-volatite memory and timed memory-
scanning Time Electronics, 0732 355993

Literature

Fuses.A leaflet shows the range of Pudenz |
fuses and complementary fuseholders
Panel, printed circuit, and base-mounting
flame-retardant fuseholders are descnbed,
together with the BS approved ranges of
cartnidge fuses from 32mAto 25A Camden
Electronics, 0727 64437

Backplanes. Atechnical application note
discusses a number of common

performance and ease-of-use problems
assoclated with backplanes Dage (GB), 0296
393200

Controls and sensors. Anew 124 page
short-form catalogue covers eighteen ranges
of components control relays, power
switches, motor starters and proximity
sensors MTE, 0702421124

Production equipment

Spotheaters. The Research Inc Hotspot
range of short-wave infrared soot heaters
can heat a small object or spot up to 2000 F
inseconds Uses include small-scale
soldering and unsoldering, for instance on a
PCB Thermal efficiency of the Hotspot
depends on the use of a reflector, which may
be shaped or cut to give the exact effect
required Astro Technology, 04895 77233

Wire stripper. The Model RT 2 wire stripper
can be used for removing oxidatioh and
other contaminants from corr ponent leads
between 0.001in and 0.013mnin diameter
Two conical fibreglass compounded wheels
rotate at high speed to clean and polish leads
with no risk of deforming or nicking the lead
being cleaned Eraser International, 0264
51347/8

SMD speed placer. Siemens has increased
the scope of the HS- 180 surtace-mount
device placement machine by developing
the type SP-120 speed-placer module, which
shares the layout, conveyors, feeders and
system control of the HS-180 machine and
has a twelve-nozzle rotary turret capable of
handling 20-pin devices from sizes 0504 up
to501C Siemens, 0932752323

Power supplies

DC-DC converters. Anew DC-DC converter
with two dual ndependent 15V DC outputs,
Model 12Q15 050, operates from a source
of 12V DC and provides two 1solated outputs
at =50mA each The 2in x 2inmodule 1s only
0.375in high and 1s designed for low-noise
instrument applications Calex Electromics,
0525 373178

DC-DC converters. Arange of single, dual
and tniple-output DC-DC convarters with 2:1

| input voitage range, the UM 1100 seriesis

based upon a half-bridge, high-frequency
switching converter using mosfets at
100kHz. Up to 30W of output power 1s
derived from an encapsulatec. shielded
package measuring4 56x2 56x0 83in
Load regulationis * 1% for sirgle and duals
and =5% for triples Gresham Powerdyne,
0722413080

Power supply. Regulating dcwn to zero load
from a single-input range of 85-264V AC at

power levels in excess of | 10W, the NFS 110
power supply from Computer Products
Power Conversion offers output
combinations of 5, * 12 and-5and5, 15
and-5Vat 110v XP,0734572611

Radio communications
products

Shielded enclosures. Euroshield
enclosures offer radio-frequency shielding
which consists of 1110mmwide, hot
galvanized nigid-steel structural panels No
wooden parts are used, and retightening of
the panel tasteners i1s not necessary
Modular panel enclosures can be tailor-
made to fit any existing containments.
Dielec, 0793 783137

Switches and relays

“Byte-wide” switch. HDMP-81s an eight-
pole, double-throw, compression-indexed.
snap-action switch with gold-plated, stressed
elliptical contacts The contact mechanism
has fewer parts than conventional double-
throw switches, allowing the HDMP-8 to be
built into high density package with 0 050in
pinspacing. The 5 milliohm resistance 1s
transparent to circurt operation. Annulus
Technical (Canada), 010 1 416 648 8100.

Miniature mains rocker switches. Aseres
of sub-miniature rocker switches, the 20
series, has a panel cut-out size of only 15.9 x
13.0mm. It incorporates a shiding action
which wipes the moving contacts across the
fixed contact until the circuit break occurs at
the edge of both contacts. so that arcing
affects only the non-critical surfaces IMO
Electronics, 01-452 6444

Miniature relay. A miniature double-pole
monostable relay, the TRK22, is fully sealed
toIP 67 and IEC 529 and tested to the
specifications of IEC 68-2-17 Bifurcated
changeover contacts switch power from

20W to 1.25A per contact at 150V DC Atan
ambient temperature of 20 C, the relay
requires a nominal coll power of 0.55W and 1s
available infive coil voltages from 4 5Vto
48V DC Iskra,01-6687141

Transducers and sensors

Automotive sensing elements. A range of
potentiometnic sensing elements designed
specifically for automotive apphications,
include throttle potentiometers, light
dimmers, position sensing and other control
functions. They are based on either polymer/
cermet or conductive-polymer ink elements
Bourns Electronics, 0276 692392

COMPUTER

Data communications
products

Ethernetadapter. The Longshine DG1000
PLUS adapter is an Ethernet-based IEEE/
802.3 local-area networking interface card
which supports IBM PC LAN, MS-Net and
Novell NetWare network operating systems
It 1s plug-compatible with Novell's NE-1000
Ethernet card at the hardware level
Dataguild Distribution. 0256 817788

Repeater ICs. Complete PCM repeater ICs
PMI RPT-86/87, tor long-distance
telecommunications systems, automatically
optimize the signal level, determine if valid
data s present and retransmit the signal. All
the circuits required to implement a
complete repeater are contained within the
single chip Jermyn Distribution, 0732
450144

Mass storage devices

Helical-scan tape rive. The MegaTape GT-
8815 a 2.3Gbyte helical-scantape drive with
Bi bus subsystem The GT-88 8mm cartndge
backup system provides 256Kbyte of cache
butfer. In addition, cartridges written on the
GT-88 are compatible with the ANSI
standard X3 27 for read/write tape format.
Decade Computers, 0635 38008

Computer peripherals

VGA colour monitor. The XC-1449C 14in
PS/2-compatible high-quality colour mornitor
trom Mitsubishi has a 0 28mm dot pitch and
displays upto 256 colours onscreenfroma
possible palette of 262 144 colours Other
teatures include an XF-type gun for the
tocussing requirements of high-density
displays and a diamond-coated (non-glare)
screen. RR Electronics, 0234 270272 1B
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_L_H— TRAINING SYSTEMS

LJ Technical Systems offer a comprehensive range of modern

commun/cat/ons equipment specifically designed for
gt training and education.

Our modular systems cover the basic
principles of AM, FM and digital
communications and fibre optic technology.

Complete courseware packages are available for
the systems we offer. These provide structured
courses that can be used for both traditional
classroom based study and open-access learning.

For further infcrmation on the LJ range
of Telecommunications trainers contact:-

G LJ Technical Systems Ltd.

Francis Way, Bowthorpe Industrial Estate
Norwich. NR5 9JA. England
Tel (0603) 748001. Fax (0603) 746340

CIRCLE NO. 40 ON REPLY CARD

FFT
ANALYSIS SEMINARS

LEARN HOW TO EXPLOIT THE
FREQUENCY DOMAIN IN JUST
ONE DAY

@ insight into benefits
@ Hands-on tutoring

@ Applications based
@ No confusing maths
@ Local and convenient
@ Small groups

Max number per seminar is 10

@ 100% practical

COST ONLY
£150+ VAT

including lunch and
course materials

Ideal for applications engineers of all disciplines
who are unsure of the very considerable benefits
of using FFT Analysis Techniques in all manner of
applications.

LAPLACE INSTRUMENTS LTD

VY 1u E JANMMH A I-

-
/

CIRCLE NO. 28 ON REPLY CARD

October 1989 ELECTRONICS WORLD + WIRELESS WORLD

LEVELL

LEVELL ELECTRONICS
The instrument specialists

TG303
‘%AZ FUNCTION £18

GENERATOR +VAT
Leading instruments and meters, manufactured,
serviced, and represented by Levell-Eurocoin

Black#Star [[[Thurlbv] HHRAME 5

JANT N ==

w LEVE L L B
LEVELL ELECTRONICS Fnrtune House Moxon St. Barnet Herts EN55SD
Fax 01249727 ‘@ 01 449 0077 Telex 266016
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Lee Tracey, quartermaster, engineer and associate of Peter
Wright, unveils the quietand secret world of electronic
intelligence gathering. He tells of his experience asa
real-life Q.

Night vision in action. See p 978
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ELECTRONIC SURVEILLANGE

ccently, a glossy brochure
dropped on to my desk which
extolled the virtues of a new
secret “bugging” device cal-
led an Infinity Transmitter,
costing just under £1000; [ was urged to
snap up this bargain before the pressure
of demand forced the price up. [ have
since received many telephone calls
referring to another device mentioned
in Peter Wright's book “Spycatcher™ —
something to do with flooding. I could
explain the device or even build one.

The “new™ device. the infinity trans-
mitter. was in fact invented over forty
years ago by Manny Mittetman, chief
bug artist to the Mafia (the world of
covert surveillance, as vou see, has its
own bizarre argot) and the item men-
tioned in Spycatcher was Wright's
favourite bugging tool. Both these de-
vices worked on the telephone system.
but did not bug calls. Bugging tele-
phones is childishly simple. but caves-
dropping on conversation in a room is
most certainly not.

Figure 1 shows the circuit of the infin-
ity transmitter, which consists of a mic-
rophone module. audio amplifier and
tone-controlted on/oft switch. Room
audio energizes the microphone which
drives the amplifier. the amplified sig-
nal passing along the telephone cable to
the remote listening post.

So that this illegal use of the cable
does not clash with legal conversations.
a switching circuit 1s used. The older
telephone systems work on two voltage
levels: when the telephone is not in use,
the level is nominally S0V: when in use,
nominally 9V. The device works only
when the voltage is low at the control
end and high at the target end — if the
target-cnd handset s lifted. the bug
automatically switches off,

To usc the bug. the eavesdropper
must gain access to the room in question
to install the device in parallel with the
telephone pair. Then, from a control
point anywhere in the world, he dials
the target’s number. The target
answers; the cavesdropper asks for a
non-existent person; the target denies
all knowledge:; apologies are offered
and the target s allowed to replace his
handset. Since the cavesdropper has
control of the line and since he does not
replace his handset, the F relay in the
exchange is still in” and an audio path
still exists, unknown to the target.

At this point. the cavesdropper sends
a tone along the line which is amplified
by the tuned amplifier on the right of
Fig. 1 and used to switch on the mic-
rophone amplifier. the output of which
is fed back down the line to the caves-

dropper. When Mittelman invented the
device, he used a mouth argan to acti-
vate the amplifier; its Mafia name was
therefore inevitable — the Harmonica
Bug. Later. | shall describe a modern
version of this device which, in its
original form. is now considered infan-
tile.

That was the start of clectronic sur-
veiltance: | intend now to look at the
evolution and modern embodiment ot
the artof carwigging by electronics.

Untl a few vears ago. elementary
cquipment was in use both privatelv and
professionally; today, that is no longer
the case. In this field of electronic
surveitlance. the British are years ahead
of the rest of the world. This has nothing
to do with technical skill in the technical
support units or the rescarch laborator-
ies. Ithas todo with money.

Companices of the size. and possessing
the resources of Racal, Plessev and

Buggingaroomis
not simply a matter
of fixing a
microphone under
the coffee table and
hoping for the best

Marconi do not find it attractive to enter
an expensive design. development and
manufacturing process for the relatively
small intethigence market without con-
siderable financial inducement, and this
finance is. or was. not available to the
security services. Neither are these
organizations able to carry out the de-
velopment work themselves, There s
also, of course. a reluctance to buy
seeret equipment on the open market
(there is a story that a Home Office
department ordered bugs from a com-
pany in London and was discovered to
have done so when the company was
financed and probably owned by the
Mafia). In this atmosphere of impasse.
the technology did not advance quickly
and the world of surveillince conse-
quently became crowded with crooks,
charlatans, idiots and dangerous oppor-
tunists.

But all that changed. and the reason
was Northern Ireland. The fight against
the IRA and terrorist organizations
supporting them opened the treasury
and techrical budgets are now massive.
The services are able te talk from finan-
cial strength to the large companies.

who are suddenly willing to commit
their financial and research resources to
development. The result is that British
surveillance gear is now supreme.

The initiative for the development of
a new picce of equipment is often
accidental. For example. in 1968 1 de-
veloped the bug detector Scanlock.,
which is now on the market. 1t started
life as an automatic modulation meter
designed by Racal engineers: when they
showed me the prototype. 1 instantly
saw it n its alternative application.
Racal was not interested in carrying out
the modifications needed to turn it into
a detector, but offered me all the help |
needed to do the work myself, with the
further assistance of other engineers.

Another caccidental” development
came about as a result of a visit to
Decca. Brigadier Bartley-Dennis
showed me a system he was developing
to measure vibration at a distance . using
a laser. Part of the set-up was a radio
chassis with the speaker cone exposed.
the volume turned down <o low that
nothing could be heard. The faser was
aimed at the cone with the intention of
measuring its extremely small move-
ments, but the problem was that the
vestigal cone movement was a hindr-
ance: connecting an amplifier and
speaker to the laser's signal-processing
circuitry reproduced the original audio,
So was born the first laser system to
detect audio. I wrote the project up and
handed the paper to the infant technical
support unit at Tintagel House. It was
instantly classified, but has been re-
invented many times since then.

Neither of these two devices would
have been made as a result of direct
investment: the money was never avail-
able. In these instances. the real invest-
ment was made by Racal and Decca and
it still needed someone to spot the
possibilities and torce development.

Lethargy

Public. and sometimes even profession-
al apathy and lethargy are perhaps the
greatest advantages possessed by the
spring community. Even though the
opposition are well aware of the exist-
ence of the devices available. they still
£o on with their normal and nefarious
activities without allowing for the possi-
bility that they might be bugged in their
turn. Countermeasures take time. trou-
blc and money and sometimes they are
too much effort.

some time ago, when terrorist attacks
on aircraft began. a businessman
offered security equipment to airlines
such devices as metal-detector door-
ways. After some ceffort, he gained
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access to the head of a major airline,
explained what he had to ofter and was
promptly given the heave-ho. He was
told not to waste any more time; it was
acknowledged that the equipment was
worthwhile. and that airline securit)
people believed such devices 1o be
necessary. but no orders were forth-
coning.

The reasoning went something like
this. Take the losses incurred by the
airline over the last five years due to
criminal or terrorist attack and deduct

from this the amount recovered from
the insurance companies. Divide the
result by the number of take-ofts from
any airport. The answer was 33 per
tlight

If, I was told, you can supply a totally
secure and miraculous system for less
than $3 per flight. you have a deal. In
reply to my comment that the airline
already spent a great deal more than
that on the somewhat rudimentary sys-
tem it was using. the airline head said
“*We have 1o go through the motions to

In a far off land known as the United States
of America, and in a small community in a
town called Braintree, Mass., lived a Mafia
family. This “family” was under surveillance
by a law enforcement agency who one day
hopped out of their prams in anguish at the
discovery that the Mafia family were also
“bugging”. Too many bugs both law-
enforcement legal and private illegal in the
same area was not to be tolerated. Worse,
USA law forbade the design, manufacture,
ownership, use etc., of any and all bugging
devices except by law enforcement agen-
cies. Retribution was due upon the heads
of those who had provided these bugs to
the Mafia family.

To cut a long story short, detective work
finally identified the bugs as British made.
They had come from a “bug” supply house
with offices in London not far from Picca-
dilly Circus. A police raid on the offices of
this company (now defunct) showed that it
was, in fact, financed by the Mafia and
probably owned by the Mafia. Looking

BUGS AND THE MAFIA

through the files one of the searchers
discovered an order from a British Home
Office department for a number of minia-
ture RF transmitters (bugs). This “searcher”
had friends in the MI6 service and so not
surprisingly a copy of the order fell into the
hands of certain MI6 operatives. In the
cause of good relations and gentle leg-
pulling between MI5 and MI6, the MI6
operatives offered the document to Fleet
Street with the suggested newspaper
headline: MI5 BUYS BUGS FROM THE
MAFIA.

Unfortunately for those of us with a |
warped sense of humour the project was
quickly killed and the headline never
appeared. So from the HARMONICA BUG
for the Mafia by Manny Mittelman, the first
to use the telephone line to the FLOODING
bug of Peter Wright, also for the telephone
line, to the Braintree Mafia bugs and the
proposed newspaper headline, the bug-
ging business almost always creates
strange bed-fellows.

Fig.1. Circuitdiagram of the infinity transmitter, developed for the American Mafia forty years ago and regularly re-invented.

allay public anxiety™.

The other problem with, in particu-
lar, airline security is shown by the
experience of a commercial concern
which set out to market an anti-terrorist
system based on hidden cameras. To
obtain sales. they set up a publicity
campaign, which brought enquirers
who needed detailed demonstrations.
One of the enquirers was a member of a
terrorist organization who went away
and trained his colleagues to deal with
the system.

In this article. 1 shall describe equip-
ment from the earliest to that available
in 1989, although readers should be
aware that one or two deliberate errors
and omissions will make it ditficult to
copy the devices.

The telephoneline

For those not familiar with the tele-
phone network, the old system is a
mechanical arrangement of moving
arms, contacts and relays and, as
already explained, based on voltage
levels. Two wires carry the audio and
AC ringingcurrent. It follows that it you
connect a simple amplifier to any sec-
tion of the wires and block the AC
ringing current. you will pick up any
audio present. It can even be made
automatic by using the voltage swing to

start and stop a tape recorder. Simple!
The real challenge is to use the tele-
phone pair, to listen not to telephone
conversations, but to conversation in
the room. Peter Wright's flooding or
swamping technique avoided the need
to break in to the premises, since it used
the microphone thoughtfully provided
Continued on page 975
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PINEAPPLE SOFTWARE

New New New SERIAL DATA PROBLEMS? New New New

A brand new program for tBM's and compatibles allows complete monitoring of two way data flow
down any RS232 senial data ine, DATACAP will capture and store data from 110 to 9600 BAUD and
display 1t on screen or print it in such a way that it's direction as well as it's position In the datz eam, s
indicated

Appilications include diagnosis of both hardware and software faults, and investigation ot any problerns
encountered with handshaking protocols. It is also ideal as a teaching aid to demonstrate the ways in
which computers communicate.

DATACAP £25.00 p & p free

" BBC PCB Software

PCB is a powertul Rom based printed circuit board design program suitable for all BBC computers. A
second eprom is optionally available to add a powertul auto track routing facifity to the program. This
utilises a ‘rats-nest” input routine and allows any component to be ‘picked up' and moved around the
board without having to respecity component interconnections. The full autoroute facilities are available
even on a standard unexpanded model ‘B
‘PCB auto-route is remarkable. No similar software comes near the price.” ACORN USER Aug 88.
PCB auto-routing £185.00

PCB manual track routing £85.00

PCB plotter driver £35.00 P& P free
— — - g
IBM PCB Software
EASY'PC EASY-PCIs a powertul PCB design program combined with a schematic drawmg

package. Up to B board layers plus upper and lower silk screens. Board size up to 17" x 17" Powertul
zoom and pan features. Suitable for IBM PC/XT/AT & compatibles with 512k Ram. - £98.00 P & P free

' MARCONI TRACKERBALLS

We now have an adapter available to link the trackerball to the Archimedes, to enable it to directly
replace the Archimedes mouse.
Bare Trackerball (No software) £45.00
BBC Model with software £59.00 P&Pon
Adapters to drive BBC Mouse software £8.00 Trackerballs
Archimedes Adapter £19.95 £175
IBM model (serial interface) £99.60

Trackerballs also available for other computers, please ‘phone for details

7 MITEYSPICE, SPICE.AGE and ECA-2

Three very powertul circuit analysis packages, Miteyspice 1s available for the BBC range of .omputers,
and Spice.Age and ECA-2 tor the IBM and compatibles.

Spice.Age is a new product for the IBM range which provides facilities for transient and Fourier analysis
as well as D.C. and freq. response performance.
Miteyspice {For BBC and Archimedes) £119.00
Spice.Age {IBM PC XT/AT 512k Ram) from £70.00 P&Pfree
ECA-2 IIBM PC/XT/AT 256k Ram) £675.00
LCA1 {Logic Analyser for IBM's) £450.00

Pineapple Software. Dept WW, 39, Add 15% VAT
Brownlea Gardens, Seven Kings, Hford,  to all prices A
Essex. 1G3 9NL. Telephone 01-599 1476. ey

CIRCLE NO. 23 ON REPLY CARD

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

R. Henson Lid.

21 Lodge Lane, N. Finchley,
London, N12 8JG.

5 mins. from Tally Ho Corner
Telephone:
01-445 2713/0749
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Yes its 25MHz for £319

NEW HEIGHTS

* Comporent Comparator

CONQUERING

To scale the heights, just call
us for your FREE copy of our
catalogue
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Crotech instruments Limited

2 Stephenson Road, St. lves, Huntingdon, Cambs. PE17 4WJ

% Variable Hold Off

N % Low Cost ,

*(Ex VAT & Delivery)

Telephone: (0480) 301818
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RF EQUIPMENT

LOW NOISE GASFET PREAMPLIFERS

Aligned to your specified frequency in the range 30-1000MHz.
Masthead or local use.

TYPE 9006. NF 0.6dB. Gain 10-40dB variable
30-250MHz

TYPE 9006FM. As above. Band II 88 108MH2
TYPE 9002. Two stage Gasfet preamplifier. NF 0 7dB Gam 25dB
adjustable. High Q filter. Tuned to your specified channels in bands
Vorv .£102
TYPE 9004. UHF two stage Gasfet preampllfler NF 0 7dB Gain
25dB adjustable. High Q filter. Aligned to your specmed frequency in
the range 250-1000MHz ..£102
TYPE 9035. Mains power supply for above amplmers ....£39
TYPE 9010. Masthead weatherproof unit for above amplifiers......£12

In the range
..£78

TYPE 9006 TYPE 9002

WIDEBAND AMPLIFIERS

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

TYPE 9007. 1-900MHz. NF 2.3dB at 500MHz. Gain 20dB.......... £150
TYPE 9008 Gasfet. 100MHz-2GHz. NF 2.5dB at 1GHz. Gain 10dB.
Power output +18dBm, 65mW _.£150

TYPE 9009 Gasfet. 10MHz-2GHz. NF 3.8dB at 1GHz. Gain 20dB.
Power output +20dBm, 100mW ._..........
TYPE 9253. 40-860MHz. NF 6dB Gam 30dB Voltage output
10dBm -

...£94

100mV, 100dBuV

S e ana TYPE 9252

PHASE LOCKED LOOP FREQUENCY CONVERTERS

TYPE 9113 Transmitting. Converts your specified input channels in
the range 20-1000MHz to your specified output channels in the
range 20-1000MHz. 1mV input, 10mW output (+10dBm). AGC
controlled. Gain 60dB adjustable —30dB. Will drive transmitting
amplifiers directly .. .
TYPE 9114 Receuvmg Low noise Gasfet front end. NF 0.7dB. Gain
25dBvaniable. ... .£356

TMOS WIDEBAND LINEAR POWER AMPLIFIERS

TYPE 9246. 1 watt output 100KHz-175MHz 13dB gain ...£108

TYPE 9176 TYPE 9271
TYPE 9247. 4 watts output 1-50MHz 13dB gain .. ...£108
TYPE 9051. 4 watts output 20-200MHz 13dB gain . ..£108
TYPE 9176. 4 watts output 1-50MHz 26dB gain ......................... £254
TYPE 9177. 4 watts output 20-200MHz 26dB gain ..................... £254
TYPE 9173. 20 watts output 1-50MHz 10dB gain ....... ....£308
TYPE 9174. 20 watts output 20-200MHz 10dB gain ................... £308
TYPE 9271. 40 watts output 1-50MHz 10dB gain ....£616
TYPE 9172. 40 watts output 20-200MHz 10dB gain ....£616
TYPE 9235. Mains power supply unit for above amplifiers. ...£164

PHASE LOCKED SIGNAL SOURCES
Very high stability phase-locked oscillators operating directly on the
signal frequency using a low frequency reference crystal. Phase
noise is typically equal to or better than synthesized signal
generators. Output will drive the Types 9247 and 9051 wideband
linear power amplifiers and the Types 9252 and 9105 tuned power
amplifiers.
TYPE 8034. Frequency as specified in the range 20-250MHz. Output
OV .£120
TYPE 8036. Frequency as specified in the range 250-1000MHz.
Ouput 10mW................. e £170
TYPE 9182. FM or FSK modulauon 20- 1000MH2 Output 10mW
£248

UHF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range of 250—470MHz.
24V. + DC supply.

TYPE 9123 250mW input, S watts output...............ocoool £289
TYPE 9124 2-3 watts input, 25 wattsoutput.............................. £335
FM TRANSMITTERS 88-108MHz. 50 watts RF output

TYPE 9086. 24V + DC SUPPIY ..o £945
TYPE 9087. Includes integral mains power supply .. e £1110
TYPE 9182FM exciter +75KHz deviation. Output 10mW ... £248

TYPE 9263 TYPE 9259

TELEVISION LINEAR POWER AMPLIFIERS
Tuned to your specified channels in bands IV or V. 24V + DC supply.

TYPE 9261. 100mV input, 1T0mW output..................co. £218
TYPE 9252. 10mW input, 500mW output...... ..£254
TYPE 9259. 500mW input, 3wattsoutput.....................coe. £290
TYPE 9262 500mW input, 10 watts output.............................. £530
TYPE 9263. 2-3 watts input, 15wattsoutput.. ............................. £400
TYPE 9266 10 watts input, 50 watts output............................. £1,585

See below for Television Amplifiers in bands | & 1l1.

TYPE 9105

TYPE 9158/9235

TMOS RF LINEAR POWER AMPLIFIERS
Tuned to your specified frequency in the range 20-250MHz, or your
specified channels in bands | or 1. 24V +DC supply.

TYPE 9105. 10mW input, 1 wattoutput................... ...£230
TYPE 9106 500mW input, 10 watts output..... ...£284
TYPE 9155. 1 watt input, 30 watts output. £327
TYPE 9158. 5 watts input, 70 watts output............................ .£448

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

RESEARCH COMMUNICATIONS LTD

Unit 1, Aerodrome Industrial Complex, Aerodrome Road, Hawkinge, Folkestone, Kent CT18 7AG.
Tel: 0303 893631. Fax: 0303 893838
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by the telephone manufacturer. But the
problem is that when the target's hand-
set is replaced, a switch (the hook-
switch) most inconsiderately disconnects
the microphone from the line. So a
technique was necded to by-pass the
hookswitch. but without seizing the
telephone line. which would be equiva-
fent to lifting the handset and alerting
the exchange.

Wright's swamping system used RF
to jump the hookswitch and make the
carbon granules in the microphone go
into a state of high excitement. which
could be done from a remote point and
without necding access to the premises.
The circuit shown in Fig. 2 is not the
whole story. since the exchange inter-
face circuitry is omitted.

The purpose was to use an RF carrier
to extract audio from the carbon mic-
rophone. Various types of modulation
were considered. but amplitude mod-
ulation of the applied carrier at the RF
generator terminals. by the change in
resistance of the microphone in re-
sponse to room audio. was greatest and
was chosen. A level of 150mV of RF
was needed and the output impedance
of the generator was greater than that of
the microphone: a modulation depth of
25% could be obtained by impedance
ratios of between S:1 and 10:1 over a
tfrequency range of 30kHz to 20MHz
The conflicting constraints of small
hookswitch capacitance and distance
between energizing source and target
enforced a frequency of around IMHz.

In the method of excitation used, the
drive circuit and line capacitance were
made a series-resonant tuned circuit, so
that the RF at the load was increased by
between five and ten times. Additional-

The most famous of all the known passive
bugging operations is the case of the
American Eagle in the US Embassy in
Moscow. This Eagle emblem contained a
Russian cavity resonator device which was
like a passive microphone, vibrated by
room sounds as are many normal room
objects. Speech causes air pressure to
change and air pressure will move objects.
That is how a simple magnetic microphone
works. The Eagle device was a deliberate
action of introducing into the embassy a
specially designed diaphragm cavity,
knowing that any speech in the.room would

THE INFAMOUS EAGLE

modulate it. But how to energize it and get
the speech out of the embassy?

The Russian answer was our old friend
RF flooding. Send a concentrated beam of
RF energy at the resonant frequency
directly at the Eagle and then monitor the
RF disturbance -~ phase modulation —~
caused by speech modulating the resona-
tor. Basically quite simple. So why is it not
used more frequently?

The problem is the immense power
needed to get just a little energy into the
bugging device. Modern equipment would
detect this power source very quickly.

ly, the RF wavetform was clean, sim-
plitying demodulation and reducing
beats with legitimate RF transmissions
inthe area.

The outcome of all this was that the
device would pick up normal room
conversation within a radius of about
3m.

Countermeasures

It is possible to detect the RF carrier by
means of an RF sweeping technique, but
itis likely that the signal would not be
recognized. since no modulation would
appear in even the most sensitive sur-
veillance receiver. But there is an
answer which will stop the earwiggers in
their tracks: a 0.01pF capacitor across
the line terminals or across the mic-
rophone. It will cost about 50p. | con-
fidently expect someone to invent one
of these components and sell if for £1000
asananti-bugging umt!

Scandock. This i1s an automatic bug
detector which provides AM. FM and
FM sub-carrier demodulation. in con-
trast with many such devices which
merely indicate the presence of a car-
rier although some do possess
rudimentary demodulators. the per-
formance of which varies between poor
and abysmal. In essence. they are simp-
ly tield-strength meters. which respond
to Radio | as well as to the carrier from
abug. Many are the stories of expensive
panelling or air-conditioning ducts
being demolished in an attempt to lo-
cate a bug. which turned out to be a
standing wave on some innocent piece
of trunking, the origin being the dear
oldBBC

Scanlock prevents this kind of grief.
[tis a receiver scanning from 10MHz to
20MHz and their harmonics at high
speed. the strongest signal found being

# Select for resonance at operating freq.
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Fig. 2. Spycatcher Peter Wright’s RF swamping system, which used the
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telephone microphone to listen in to room audio.
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BUGGING PARLIAMENT FOR 30 YEARS

Without doubt there is a growing threat to indi-
vidual privacy through the ready availability of
electronic survelllance devices. They are freely
advertised in the press, sometimes euphemistical-
ly as ‘security products’ or explicitly as ‘little
buggers’, and their price (some devices cost less
than £50) has begun to make some MPs sense that
immediate action is vital to contain a growing
menace.

In practice, the use of surveilance devices has
never been off the parliamentary agenda since
1961, when Lord Mancroft introduced the first of a
succession of ‘Right of Privacy" bills. By the end of
the decade the defeat of another privacy bill,
sponsored by Labour MP Brian Walden, worried
the Government enough to establish an official
enquiry. It was known as the Younger Committee
on Privacy and its comprehensive report into the
threats to individual privacy has stood the test of
time.

With respect to electronic surveillance, and this
included all aural and visual devices and subse-
quent disclosures of gathered information, Youn-
ger's recommendations’ were all-embracing. They
called for a ‘criminal offence of unlawful surveill-
ance by surreptitious means’ and commented that
‘as incitement to commit the offence would be an
offence’, the sale of uniawful surveillance devices
through the advertising of ‘their aptness for sur-
reptitious surveillance' could also be penalized
through the criminal courts.

The Committee argued strongly that new crimin-
al penalties were necessary, to ensure that once
surreptitious surveillance was suspected, the
aggrieved individual could call upon ‘the resources
of the police’ to investigate and prosecute offen-
ders. They reinforced their criminal law proposals
by suggesting that the courts be allowed to award
compensation to individuals who suffer damage
through the use of information gained through such
surveiliance.

Although Younger's recommendations were
never enacted, the civil law recommendations
were taken one step further in a second official
report, this time from the Law Commission?. In
their draft legislation, the Commission suggested

that a person who ‘improperly obtained’ informa-
tion using a device adapted for surreptitious
surveillance would have a legal duty to keep that
information confidential. Any unauthorized use of
information that caused damage would constitute
a breach of confidence, and be actionable through
the civil courts for compensation.

The first piece of legislation in the UK that
defined when and how individual privacy can be
lawtully infringed using some electronic surveill-
ance techniques, occurred in 1985 with the
passage of the Interception of Communications
Act. This act was introduced by the Government,
following a ruling from the European Court which
stated that unfettered telephone tapping infringed
individual privacy, and was specifically limited to
address the Court’s concerns. As a result, the act
was (and still is) criticized as being too narrow in
application (i.e. restricted to the official intercep-
tion of telecommunications and letters), and too
lax with the official supervision of interceptions”.

However, the pressure for legislation has still
continued and, in the last parliamentary session,
November 1988 to July 1989, James Cran, Con-
servative MP for Beverley, has hounded the Gov-
ernment. In the presentation of his Control of
Electronic Surveillance Devices Bill*, he has called
for a strict regutatory regime that would require a
licence from the Home Office to sell, manufacture
and buy surveillance devices; unlicensed behaviour
would automnatically be a crime. Although the
Younger Committee rejected a system of licensing
as 'unworkable’, Cran believes that this is the only
effective way to send a clear signal to the whole
community that the invasion of privacy by these
devices will not be tolerated.

The Government rejects this view and believes
that regulation cannot control the use of electronic
surveillance devices®. According to Tim Renton,
the Home Office minister who has been responding
to Cran's frequent initiatives, either the draft law is
worded too narrowly, in which case the next piece
of technology is outside the law, or the law would
be drafted too broadly, in which case the appiica-
tion of the law could become unreasonable in
operation. In addition, the Government consistent-

ly resists (and suspects) any system of seemingly
bureaucratic control that involves licensing (for
example, the recent rejection of a dog licence to
control vicious dogs).

Many MPs, especially those on the political feft,
see a more sinister motive for this rejection, and
claim that the Government prefers to keep the
hands of the security services free from official
control. For example, if Younger's or Cran’s recom-
mendations into electronic surveillance were ever
enacted, the legislation must bring into focus the
thorny problem of when and how the state can
legitimately ‘bug’ its citizens. Having been badly
mauled and branded as illiberal and authoritarian
by MPs of all parties during the passage of the
Official Secrets Act 1989 and Security Service Act
1989, the Government is not eager to debate
another can of national-security worms, which such
legistation would necessarily entail.

To mollify some of the growing pressure, the
Government did announce, during a debate on
press freedom, the formation of a new privacy
committee with terms of reference that may go
beyond the simple examination of the salacious
activities of the tabloid press. How far this commit-
tee can examine new issues, or whether it will
merely repeat the ground covered by Younger, is
as yet unclear. However, given a thirty-year record
and two official reports buried under ten or more
years of dust, there are many who believe that the
classic definition of a committee as being 'the
place where controversial subjects go and get
buried’ is being employed.

Chris Pounder
References
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paragraphs 562-570, Cmd 5012, 1972.
2. The Law Commission (‘Breath of Confi-
dence’), paragraphs 6.35-6.46, Cmd 8388,
1981 .
3. See the 2nd-reading debate on the In-
terception of Communications Bill, Hansard,
col. 151-261, 12 March, 1985.
4. Hansard, column 872, 10 May, 1989.
5. Hansard, column 187, 13 March, 1989.
6. Hansard, column 593, 21 April, 1989.

fed to a demodulator. Signals of
1800MHz have been located in this way.
The theory is that the bug provides the
strongest signal in the room if one is
close enough to it and Scanlock locks to
that signal, which can be identified.
Public broadcasts are thereby elimin-
ated.

Tempest

This is security service jargon for elec-
tronic eavesdropping of data and
speech. which has been known to occur
in the world of commerce but which
mainly. because of the massive expense.
1s carried out by government agencies.
It must be said that, if one of these
agencies decides to intercept vour radio
or telephone communications. there is
absolutely nothing you can do about it
unless you wish to bankrupt yourself,
Life can be made difficult for the
‘spooks’, but there is no hope of beating
them

One area in which it is possible to
mike interception especially ditficult is
the radiation from computer monitors,
which is easy to detect and reassemble
anywhere in the immediate vicinity of a
building. Most circuitry within a compu-
ter is of a svnchronous nature and most
of the communication between PC and
screen and PC and printerisaserial data
stream. I it is possible to receive the
data stream. it can be decoded 10 a
character stream in much the same way
asstandard PC serial communication. It
1s also possible to capture the data
stream from a keyboard, which means
that it is then possible to capture the
keystrokes required to gain access 1o
confidential systems.

The way to beat this — or. rather. to
make it relatively hard — is to ensure
that any computer which is processing
‘sensitive” data is surrounded by masses
of other computers or in the middle of
an industrial zone which radiates noise.

But do not forget that industry has a
tendency to go home at 5.30 p.m. and
also that any captain of industry staying
late at the office might be using the only
working computer

The use of a Faraday cage. while
effective, would be unwieldy. But an
alternative tothe CRT — the gas plasma
display — is effective in reducing screen
emanations. White a CRT is continually
being refreshed. the gas plasma display
only updates pixels when necessary. the
resulting radiation being largely unin-
telligible. These displays. together with
optical-fibre cables for data. make the
theft of data considerably more ditfi-
cult.

Television
During the last few years. vision has
been added to sound in the well-dressed
spook’s working outfit. In such systems,
the difficulty lies in concealment rather
Continued on page 979
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A selection of devices availahle to the well equipped spy. (1) old-style video recorder and camera in a hriefcase; §2) Scanlock bug detector; (3) video and
sound microwave receiver in briefcase with 1.4GHz masthead preamp, radio control built-in; (4) scanner receiver; (5) 1.3GHz *how-tie” antenna; (6)
new video and sound receiver using Sony Watchman and & variable-bandwidth 950-1750MHz PLL tuner; (7) Pressure Zone microphone; (8) and (10)
single-channel VHF receiver; (9) simple SSB tracking receiver; (11) heavy-duty pulse target tracker; (12) PZ microphone; ( 13) body-worn microphone;
(14) FM radia microphone; (15) personnel target tracker; (16) low-cost microwave TV transmitter; (17), ¢18), (22), (23) commercial lapel microphones;
(19) parallel telephone transmitter; (20) series telephone transmitter without battery; (21) Canon camera with M911A night-vision lens; (24) Mullen
100mW hody-worn VHF transmitter; (25) sucker microphone; (26) phantom-powered line pre-amp; (27) line amplifier; (28) target tracker transmitter
in a pen; (29), (30) Gem VHF and 1. 1GHz 100mW and 20mW body, room and telephone transmitters; (31) infrared target tracker; (32) “visiting card”
audio VHF transmitter; (33) Wild (1970) VHF pen transmitter; (34) “*visiting card” tracker transmitter which responds to light; (35) TV camera with
motorized auto iris; (36) scrambler module: (37) video AGC unit for long cable runs; (38) Antenna Eye main unit.
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Tree covered country lane, nothing visible to the naked eyve.
The *grain*‘in the picture is due to individual photon strikes.

Moonless night, but under open sky. The naked eve eoul
resolve the outline of a vehicle but no details. The light in the
sky is reflected from a town some ten miles distant.

Seeing in the dark

The M911A image intensifier, shown
here coupled to a Canon AEl SLR
camera, is standard issue to both UK
and US security services. It weighs
around 500g and runs for up to 12 hours
from a pair ot self contained AA batter-
ies. It also incorporates an IR illumina-
tor for operation in total darkness.

It is sensitive enough to detect indi-
vidual photons: its operator can see
quite clearly even on the darkest of
nights deep in the country solely from
ambient light. This is at least 100 times
better than the humaneye.

Unlike earlier night vision devices,

the M911A uses a channel plate photo-
multiplier. Since the secondary emis-
sion is confined to localised channels,
the device can’t be blinded by a single
bright light in its field of view. This
enables the operator to look past bright
lights into the shadows behind them.
The technology originated as an aid to
military pilots to enable sight of the
ground around searchlights without
being blinded.

The green colour is that of the output
phosphor of the intensifier. All the
night vision pictures were taken using
1600 ASA film, 1/30th second exposure.

Modern night vision devices can see past bright lights and into
the shadows.

978

This picture was shot in total darkness using the “panie light™
built into the intensifier.
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Fig. 3. Block diagram of a spread- spectrum transmitter and receiver. The maximal-length sequence synchronizing

code is separately transmitted on UHF.

than in cquipment supply. since small
cameras and lenses are now on the
market.

In days of old. visual surveillance was
often carried out from a van parked
close 1o the target. “systems™ varying
from holes bored in the side of a van to a
revolving roof ventilator modified to
contain a periscope. Long periods of
duty gave rise to predictable bodily
discomfort. which could sometimes be
alleviated by making a hole in the van
floor and parking over a drain! The vans
were never totally seerett after a day of
misery. it was common to hear a bang-
ing on the outside of the van and the
voice of the target gleefully shouting
that one could now go home!

But now. the briefcase camera has
taken over, atleastin following suspects
or even in private offices. A built-in
microwave transmitter provides a signal
to a crew a short distance away. If the
incvitable dropouts of the transmitted
signal are important. for example when
court evidence is being gathered. then it
is necessary to record the output of the
camera, a process which initially was
performed by a stripped-down minia-
ture camcorder in the brietease, but
which is now done very well by those
nice people at Sony. | have already used
their Watchman video recorder/
monitor. which will give three hours of
recording with batteries in the brict-
case.

When a transmission is needed. to
provide real-time information to a back-
ing team who might need to take instant
action, 1 have found that the best fre-
quencies for omnidirectional covert
work lie between 1.2GHz and E5GHe.
The DTI allocation for this work is
22GHz. but this frequency is virtually
useless for covert operation and has
little to offer for overt point-to-point
working.

Local oscillator

TRANSMITTER RECEIVER

The problem is the lack of low-power
transistors in the range of frequencies
up to about 1.5GHz. Deviees for the
YOOMHz cellular telephone business ex-
ist. but they seem to have difficulty in
reaching 1.4GHz. Very insanitary
transmitters have appeared as a result,
some of them being derived from the
amateur television fraternity. The only
way round the constraint is to move up

Bugging tele-
phones is
childishly simple

to military specified devices. which not
only cost hundreds of pounds but can
often work up to about 6GHz: some
clients mistakenly insist that. since the
devices work in this region. that is
where they want to be and. since they
are paying the bill. thatis where they go.

The ideal transmitter is a synthesized.
frequency-modulated. 2W unit cover-
ing 1GHz to 2GHz with digital frequen-
¢y selection, and a sister unit covering
2GHz 1o 4GHz. AM transmissions have
been picked up on ordinary domestie
television sets, as the very large
‘mother” and “baby’ in its pram found
when an elderly man discovered a pic-
ture of his own street while idly tunirg
round the band. He mobilized the
neighbours and wrathfully descended
on ‘mum’, who wisely fled — all sixteen
stones of him.

As regards detectability, 1 support the
spread-spectrum method, covering the
band 1GHz to 2GHz with a scparate
UHF frequency-hopping channcel car-
rying the maximum sequence length
generator. Such a system would possess
selective address capability: code divi-
sion multiplexing: a low-density power

spectrum: message screening: high-
resolution ranging: and interterence re-
jection.

Spread spectrum: transmission s re-
lated to the frequency-hopping type of
operation used by the military to gain
protection against both detection and
decipherment. A frequency hopper
constantly changes its frequency. the
receiver being sychronized to change
frequency in step with the transmitter.
so that there is apparently an unbroken
transmussion. A listener without the
required receiver would simply hear a
burst of noise as the transmission passed
the frequeney to which he was tuned.
Instead of changing frequency. a
spread-spectrum  transmitter  changes
phasc in response to a code generated
by a maximum sequence length gener-
ator. with which the receiver is also
provided. In the receiver, a voltage-
controlled phase-shitt network directed
by the code provides a reconstruction of
the original signal.

A synchronizing signal to ensure that
the receiver is at the correct pointin the
scquence is transmitted separately using
wide-band FSK and frequency hopping.
Figure 3 shows a block diagram of a
spread-spectrum system.

The Antennatye
Keeping video and sound observation
from a parked vehicle has been the
sitbject of many schemes. some hila-
rious and some plain stupid. 1deally. the
vehicle should be a common saloon car
and, furthermore. unoccupied: a car
full of impassive passengers parked by
the kerb for anything up to 14 hours a
day is notlikely to pass unnoticed.

One of the methods tried was an
adaptation of the endoscope used in
nmicdicme: an optical fibre with allens on
the ¢nd is capable of having its tip
moved about in response to a control at
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BUGGING HOTSPOT

In the early days of covert Body Mic use,
some bad techniques were employed by
non-technical staff. They took the simple
line that to get more range they could
increase the power; so milliwatt transmit-
ters gave way to watt transmitters, even as
high as five watts. Apart from the incon-
venient need to carry a tank battery, there
was a painful consequence which many
operatives soon discovered. One old friend
of mine, now retired, has a party trick of
dropping his trousers to reveal a very
unusual burn mark in a very private place.
Like many of his colleagues of the day he
was badly burned by the heat of a five watt
RF device strapped to his skin. When under
the influence of the happy juice he lets rip
about his intended lawsuit against the
department for depriving him of offspring,
a failure he insists is due solely to the BWM
burning away his manhood potential.

the other end, so that it can be inserted
in one’s inside and look about to see
what is wrong. The doctor looks
through an cyepicce down the fibre. In
my application, I coupled the eyepiece
to a low-light camera, which fed a
transmitter. The system worked. but
there were problems with installation in
avariety of vehicles.

In the 1986/87 solution to this prob-
lem. shown in Fig. 4, a common telesco-
pic car acrial is used, the risk of some
bored hooligan casually snapping it off
being accepted. A very small right-
angle lens with an automatic iris looks
sideways out of a 3mm hole in the
remotely controlled rotable aerial and
sends its image down a length of optical
tibre to a camera concealed in the car.

Ifitis required to transmit the picture
rather than rely on recording. frequency
and acrial type are important factors for
consideration. A preferred method is to
use a 1.4GHz transmitter at around 6W
in the car. transmitting to a nearby
roof-mounted receiving aerial, very like
atl the other tv aerials. The signal is
converted to a lower frequency and
re-transmitted to a remote base. In this
way, the car-mounted acerial need only
be small and inconspicuous and vet the
whole system will have as much range as
mightbe needed.

The average subject for surveillance
would not suspect that a television
camera could be concealed in a car
aerial and, of course, he would be right,
since itis only the fibre and lens that are

hidden in the acrial tube.

An automatic iris is incorporated,
driven by the level of video at a selected
pointin the camera.

Colour is a problem, since the best
colour camera available will only work
at an illumination of 3lux at f/1.4. Since
the Antenna Eye camera is rated at
about /8, its performance begins to fall
off quite seriously in anything less than
bright sunlight. To provide surveillance
in any possible condition, an image-
intensificd solid-state camera specified
tor 24-hour operation is needed, which
also must be fitted with an autoirisand a
neutral density spot to avoid damage to
the image intensifier. The use of an
intensifier means, of course, that the
picturce will be in black and white, since
no colour intensifier exists.

In addition to a monochrome image,
the use of an intensifier also reduces
resolution to around 250 television
lines, which is insufficient for the identi-
fication of subjects at a distance from
the camera. It must be said. however,
that Eyes are in use and have led to
arrests.

Some over-enthusiastic correspon-
dent to the BBC television programme
Tomorrow’s World thought it would be
fun to feed all this information to the
programme. which broadcast it to the
world: incorrectly, as it turned out,
because the car aerial is not used as the
transimitter acrial. as stated. Neverthe-
less, the system was compromised and
its cffectiveness reduced. although it is
stiltin use.

Microphones and rooms
Bugging a room for audio is notsimply a
matter of fixing a microphone under the
coffee table with chewing gum and
hoping for the best. There are probably
more failures in this kind of operation
than in any other sector of this cowboy-
ridden business.

Most commonly. a single high-gain
microphonc is used, well away from the
speech, so that direct and retlected

Fig. 4. Complete Antenna Eye assem-
bly, with rotation motors and drives.

waves all contribute to *boominess™ in
this business, perfect acoustics are not
the norm. Two microphones produce
such a remarkable improvement that it
is difficult to understand the commer-
cial spy’s insistence on using only one.
Often. these people pay no attention to
bandwidth. noise, speed stability of the
recording or microphone placement,
On average. | am asked several times a
week to process some atrocious record-
ing. the result of bad microphone tech-
nique.

Concealment dictates the use of small
microphones and the fet-amplified type
used in hearing aids are often em-
ployed. Since they need a direct-voltage
supply and usually have three terminals,
they are not ideal for the purpose. but
the recorder or amplifier can easily be
modified.

Room acoustics present problems too
with phase cancellation of direct and
reflected waves. The Pressure Zone
microphone goes some way towards
overcoming this effect, as shown in Fig.
5. which shows the difference between
the response from a badly placed,
phase-cancelling microphone and that
froma PZtype.

Body-worn microphones
Microphones and their associated trans-

There was no favourite van, any van of the right size
and shape would do. Certain individuals in certain
police forces and certain security services tried to
lay down guide-line laws dictating the choice and
use of a particular van. But as the waves defied
King Canute so the pressures of supply, availability
and urgency defied the rigid rule book.

Due to the limited technology available the vans
had to be occupied and sometimes for long
stretches, maybe more than 14 hours. This pre-
sented some major headaches: first the van had to
be large enough and with enough headroom for the
long suffering occupants to stand up and ever
more vital it had to be provided with toilet facilities.

THE DISCOMFORT OF WATCHING

In the early days this consisted of little more than a
funnel and a rubber hose but the rubber hose had
to go somewhere. To the occupants of the van this
became a scene of high drama but to any informed
onlooker it became a scene of high comedy.

The rubber hose had to go down a drain so the
van had to park not only over a drain but in the right
position over the drain that the rubber hose could
reachit. Life, however, just does not seem to favour
the righteous, the antics involved in trying to look
invisible while trying to move other vehicles so that
the van could get in the correct position over its
chosen drain would form the basis for a Mack
Sennett comedy.
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Fig. 5. On the left, the result of interfer-
ence hetween direct and reflected waves
showing phase cancellation. On the
right, the output of a Pressure Zone
microphone.

mitters worn about the body are, in
essence. identical to the radio mic-
rophone used by entertainers. In prac-
tice. the two systems are quite different.

The problem common to both is the
proximity of a concentration of fat and
water (the body) to the acrial. In its
entertainment function, the transmitter
need only possess enough range to get
the signal out of shot or off stage.
whereas in its spying role it might need
to transmit to the nearest back-up crew.
There is also the question of conceal-
ment; a stage microphone only needs to
be neat and comfortable to wear, the
aerial hanging free and being insulated
from skin contact by clothing, but a
device used spying must be completely
concealed. including its aerial, if the
operator entertains any ambition to stay
alive. 1t may cven need to survive a
body scarch.

A covert device presents, therefore,
conflicting requirements — long range
and concealment, and in the carly days.
increasing power up to as much as SW
was the only response to the problem.
This. of course. presented the further
problems of battery life and heat dis-
sipation. the “heat sink™ being, of ne-
cessity. the spy’s body.

Much work has recently been carried
out on the design of body-worn mic-
rophone systems., but the type of equip-
ment still being offered by commercial
security companies is very basic, little
thought having been applied to body
absorption, path loss. noise suppression
of selectivity. Figure 6 shows data
compiled by the Tesla-Popov Rescarch

CLARITY — BUGGING INSTEREO

The sirple introduction of twin microphones
and twin audio circuits with moderate gain
creates the first quantum leap. The separation
between the two mics does not have to be
excessive. One technique which works very well
Is to place one mic close to the operative's
collar on the right hand side and the other on tne
wrist of his left arm; in practice the arm is kept
away and, as far as 1s possible, extended over a
table or chair or counter. This achieves remark-
able improvements over the single channel,
single mic systems.

This s the most commonly performed area of
bugging yet 1t is the least understood by the
commercial sector. More foul-ups and lousy
recordings are produced than in any other
section of spying technology.

Wining rooms poses different problems when
amicrophone designed for high gatn s placed in
a position well away from the source of the
speech room-boom is the major product.
Targets are not well known for providing perfect
acoustic surroundings.

As a start, no room should ever be tackled
with a single microphone, two microphones in a
stereo set-up s the absolute minimum.

In tte world of professional entertainment
recording engineers pay attention to bandwidth,
signal-to-noise, temporal stability and, most
important, the spatial charactenstics of the
sound signal. To record spatial characteristics,
you must start from a basis of using two or more
channels. So why does the commercial spy
world stick to one channel and consistently
produce unusable results?

For purposes ot concealment the electronic
spy world turns, once again, to the hearing aid

world for its supply of microphones. These tiny
fet-assisted capsules require a DC voltage and
are often provided with three terminals, not
always convenient if all one has available is two
old bell wires. However it is not difficult to
modify them to work on two wires, or rather
modify the amphfier or recorder.

If time 1s short and you have to get in and out
quickily, place one close to the noisy side of the
rcom and the other in the quieter part of the
rcom. With a hittle more time and some prepara-
tion, take with you a miniature tape recorder/
player on to which you have previously recorded
about 10 minutes of normal speech. Set the
tape player going at low volume in a position to
simulate where speakers would be expected to
si: or rechne. Then move about the room and
listen through a single portable mic. With a little
expenience and commonsense you will soon
begin tc “read” the response of each room and
know where to put the mics.

The “how" of placing mics 1s critical. A
knowledge of acoustics would come in handy.
You need to create a pressure zone and place
the mic capsule in the pressure zone just above
the boundary where direct and reflected sounds
combine effectively in-phase over the audible
range. In a perfect room every wall and every
surface would be covered with thick sound
absorbing matenal, kiling interfering reflected
sound waves. The problem anses because
flected sound arrives at the microphone shightly
delayed behind the direct sound. When these
two sounds combine at the microphone out of
phase the result 1s phase cancellation of various
frequencies, sometimes called the ‘comb-filter
etfect’. This 1s the condition which produces
u1natural sound and distortion.
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Fig. 6. Diagrams from a report by the Testa-Popov Institute showing the variation

Institute in Prague. in aerial gain for different frequencies at different positions on the body.
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It is common practice to use FM, or
sometimes even FM-on-FM for the
transmitter. possibly with inverse
scrambling. In my view, it would be far
better to use the double-sideband,
suppressed-carrier technique: Figs 7
and 8 show large improvements in path
loss and power consumption over FM,
Additionally, of course, the nced to
provide a stable carrier for insertion
into the received signal would make it a
bit more difficult to reconstruct the
speech in an intercepted transmission.

Bug detectors would find that the part
of the carrier that might show up would
look very much like noise. [ have tested
all the commercial detectors | could find
with a DSBSC transmitter and none of
them could detect the device from a
range of 30cm. Nevertheless, equip-
ment available to the security services
would fare better.

To make it almost impossible to de-
tect transmissions, there is a process,
already under investigation, which de-
rives from work on interference sup-
pression in radar. In this field. the result
of the process would be the conceal-
ment of one FM transmission inside the
carricr of astronger one. Allattempts to
find the weaker transmission will only
find the major one. The difficult bit is,
obviously. extracting the information,

The use of two microphones in stereo
would not only enhance intelligibility,
but also allow the use of advanced
techniques for the extraction of signal
trom noise — adaptive filtering. This is
not the place for a full description. but
an illustration will show the bencfits to
be had.

Certain cars of a certain department
in a certain country are kept for the use
of visiting dignitaries and are bugged.
They have screens between the driver
and passengers and the VIP compart-
ment has a radio/cassette player, which
is provided in the hope that the visitors
will turn on the radio and imagine that
the sounds will mask their own voices.
Wrong!

Three microphones are used — two in
the VIP section and one external. The
adaptive-filter computer is controlled
by the external microphone and radio
output to subtract them from the two
stereo tracks from the VIP compart-
ment microphones. This system never
fails and the resulting speech is crystal-
clear.

The ultimate in concealment must be
that due to Bill Edwards of the CIA
who. twenty years ago. showed me a
system capable of being implanted in a
tooth. Developments on the theme
have obviously continued, but must be

kept under wraps in the immediate
future.

Telephone tapping

On the official level. tapping telephones
is casy. An engineer known in the trade
as a ‘squirrel’, working in the frame
room of the target’s local exchange,
simply links the target pair to another
pair connected to the “Tinkerbell” tap-
ping centre. wherever that is. Every
time the target telephone is in use, the
tapping centre receives the same in-
formation. There is no possibility of
putting a stop to this.

A method of detecting a tap might be
a time-domain reflectometer which
could be used to determine line length
to the exchange: a tap would increase
the line length by the distance to the
tapping centre. Contrary to the impress-
ion given by film and television. the
tapper does not reveal his work by
mysterious clicks on the line. Indeed,
the technology to detect telephone taps
must be very advanced: and the process
1s time-consuming and expensive.

You carry out this process every day
of your life. One day your TDR reads
vastly more than the eight or ten miles.
Now. itis highly unlikely that they have

b o
et 3
= 1504 DSBSC \
3 1:.0_
58 < FM
2430
v oy
v
S 1207
= 104
E =
T T 1 T ] 1 T
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RELATIVE AUDIO INPUT LEVEL (dB)

Fig. 7. Comparison between path losses
in double-sideband, suppressed-carrier
working and FM.
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None Speech Tone
INPUT SIGNAL

TRANSMITTER POWER
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Fig. 8. Output power against power
consumption in DSBSC and FM trans-
mitters.

BLUFF

The best of the illegal squirrels carry false
BT passes which identify them as from the
Investigation Branch. If confronted they
are trained to verbally attack. Should some
innocent unsuspecting telephone engineer
accidentally bump into one of them the
tactic will be for the Squirrel to instantly
hint at some serious criminal matter he is
investigating and demand to know how the
luckless BT engineer fits into the crime;
usually enough to get the BT man making a
hurried exit.

just upped the brickwork and moved
the exchange and. in any case. you can
soon check that. If it turns out that the
exchange is still there and still in opera-
tion as your local exchange then the
chances are that Tinker-Bell has a little
love affair going with you.

Tapping by unofficial agencies is
quite a different matter, if only insofar
as the tapper has no access to the
exchange. Many techniques exist,
perhaps the most common being to
open a street box. identify the target
pair and another pair going to a non-
working telephone in an empty room
nearby. The two are then linked so that
the outgoing and incoming calls can be
heard in the empty room. with the
numbers of the outgoing calls, It is also
possible to connect a tape recorder,
taped to the roof of the street box, to the
target part, but constant visits to change
batteries and tape would need to be
explained away.

To find the number of an incoming
call is not casy. With the older ex-
changes. the concerted efforts of a num-
ber of engincers in different exchanges
were needed to trace the call to its
origin. The process was seldom success-
ful and an ‘unofficial® squirrel stands no
chance at all. In a modern electronic
exchange, on the other hand. the num-
ber can be found in a matter of mil-
liseconds.

There is an expert alternative. This is
a parallel-connection crystal NBFM
transmitter with its own onboard NiCd
battery pack and charging circuit; it is
commonly called a “Pole Job™. As the
name implies, it is normally installed at
the top of a suitable telephone pole and
is connected to the target telephone line
pair and also to another innocent pair.
Whenever the target telephone is used

Continued on page 998
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aAs microwave
Integrated circuits

Fred Myers describes Plessey’s advanced GaAs
MMIC process and two of its many applications:
a radar component and a satellite-borne

ct-based GaAs monolithic

microwave integrated circuits

(MMIC) were first demons-

trated in the mid-1970s by Ples-

sey and others. Since then the
technology has matured into a proven
process  commercially available from
many manufacturers,

The MMIC, like many other new
devices, had an initially slow take-up
but it is now revolutionizing microwave
applications, certainly to 20GHz and in
the next few years, with enhanced tech-
nologics. probably to 100GHz. The
revolution is comparable to that
wrought by the silicon IC in the last 20
years or so. MMICs will replace large,
bulky and expensive hybrid circuits. the
microwave equivalent of the PC board,
with small retiable and low-cost chips
(atleast in volume).

Most GaAs MMICs are based upon
the field effect transistor (fet), the ubi-
quitous workhorse of solid-state micro-
waves. This device is fabricated upon
semi- |nsuldl|ng substrates, which have
very acceptable microwave properties,
and the material doping and depth are
chosen to optimize the deviee's prop-
ertics. In a discrete fet, performance
can be optimized by adjusting the circuit
| matching to a particular device: mater-
1l variations. although important, can
be tolerated to some extent. For an
MMIC this is not so: every device and
every circuit must be identical time after
time with no adjustment — one of the
process’s many advantages.

Volume and performance require-
ments call tor such repeatability that ion
implantation is now established as the
industry standard. Throughput of a
typical production machine (>300
wafers/hour) and doping uniformity
(=2%) make it close toideal.
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Fig. 1. Plessey’s MMIC process.

Fabrication technology
Many manufacturers now offer cither
standard MMIC parts or a foundry
service, or both. However, a proportion
of the processes used must be consi-
dered little more than derivatives of a
fet process: although acceptable for
first-generation circuits they have little
‘streteh” capability for the future. The
process described here is a multi-metal)
multi-diclectric process that allows cir-

Mesa resistor

cuitdesigners to exploit fully the capabi-
lities of the medium. The gate length of
the fet here is 0.5um which allows the
process to be used toat least 20G He,
The firstlevel metal (Fig. 1) is created
at the same mask level as the gate metal,
resulting in all the critical dimension
components being manutactured with
the same sub-micron accuracy techni-
ques inherent in the gate process. This
first level metal is used for capacitor
bottom plates, gates, all underpass in-
tereconnects as well as some transmis-
sion lines and other passive compo-
nents. Inter-layer dielectrics are then
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placed on the wafer to separate the
metal layers, planarize the wafer sur-
face, provide the overlay capacitor
dielectric and (if required) to passivate
the active devices.

Holes (‘vias’) are etched through the
diclectric layers and filled with metal at
points where connections must be made
between the various metal layers. At
this stage a thick top-level metal is
added which contains the low-loss
transmission lines. inductors. capacitor
top plates, bond pads and other inter-
connect features. The front-face wafer
processing is then completed by adding
a covering dielectric to act as a surface
protection/passivation layer.

The most widely used MMIC dielec-
trics are Si;Ny, SiO, and polyimide.
although Ta,0Os has also been reported.
The choice of dielectric depends on
many factors. For capacitor dielectrics.
capacitance per unit area, thickness
control and freedom from pinhole de-
fects are the main considerations. For
interlayer dielectrics which separate the
first and second level metals, the step
coverage capability of the dielectric film
is important in order to avoid short
circuits at crossovers. Here polyamide is
especially useful since it has a low
dielectric constant (=3.5) and can be
spun on the wafer at typically lum
thicknesses (cf. Si;N, at 0.2um).

After front-face processing has been
completed. the 1C wafer is thinned and,
if required. holes are etched before final
back-face metallization and chip
separation. Thinning the wafer and
backing with metal provides both a
ground plane for the microstrip trans-
mission lines and a controlled parasitic
image plane for the lumped clements.
Accurate control of the final wafer
thickness is essential to maintain accu-
rate transmission line characteristic im-
pedances. Although GaAs can be thin-
ned to 100 = Spm. the mechanical
fragility of such a thin wafer precludes
its use in genuine production processes:
200pm is the usual thickness standard.

Through-GaAs vias are required to
provide a low-inductance path to
ground and as such they are essential for
high-frequency (>12GHz) and/or com-
pact arca circuits. The simple concept of
“drilling™ holes through the semicon-
ductor is however far from straightfor-
ward in practice and a great deal of
process r&d has been invested in the
development of a high-yield technique
for the vias. Wet etchant chemistry can
create vias in thin GaAs wafers but its
poor directional control causes difficul-
ties in 200pwm-thick wafers. Reactive ion
ctching (RIE) is a much more control-

Fig.2. Typical broadband low noise
amplifier.

led technique and is consequently be-
coming the common approach to vias.

MMIC circuitdesign

At frequencies between 1 and 20GHz, a
totally different design philosophy from
that commonly encountered by electro-
nic engineers has to be used. At lower
frequencies, elements are largely consi-
dered as lumped (i.e. pure) L, Cand R:
but at microwave frequencies. distri-
buted effects and stray coupling are very
important, making layout a vital part of
the design. In other words, component
geometry strongly influences the per-
formance. Going from an equivalent
circuit to a finished tayout is a complex
iterative procedure requiring a con-
siderable database for design. Because
of the distributed nature of the chips.
only relatively simple concepts can be
investigated by breadboarding the cir-
cuit using discrete devices: and. asin the
silicon 1C industry, this approach to
MMIC design is now virtually dead.

Prior to mask layout and mask-
making. extensive computer-aided de-
signs of the chips are carried out by
means of such software as Supercom-
pact and Touchstone together with a
number of in-house programs. Much
attention at Plessey, and doubtiess else-
where, is now being given to the de-
velopment of a sophisticated GaAs 1C

[
1L

software package which will enable the
engineer to produce complex [Cs more
efficiently. The program Linmic+ is
proving particularly amenable to this
application.

Modern cad is so accurate that most
lincar circuits (e.g. low-noise ampli-
fiers) can be expected to work satisfac-
torily on a single-pass design basis: only
one mask design and process batch
needs to be produced to obtain chips
working to specification. Complex,
novel circuits may require two or more
design iterations, and cad engineers,
circuit engineers and technologists are
constantly striving to improve this posi-
tion.

Examples of GaAs MMICS

Many circuit functions over the fre-
gdency range 3-30GHz have been suc-
cessfully realized as MMICs. Space
does not permit more than just a men-
tion of these. Among circuits demons-
trated are

e amplitiers —small signal. broadband and |
power

IF/ buffer
amplifier

IF amplifier

-

Low-noise  Balanced
amplifier mixer

58-71GHz Filter

External

[}
1 locat oscitlator
1 2.45GHz

1

Fig.3. (a) basic functional block dia-

Lan
(wuver) LOV-IT';"SE gram of downconverter; (b) GaAs
ceramic mplifier v~ . .
: e MMIC implementation of down-
REn converter.
90° Signal  RF/LO
— e Ll Filter
{not MMIC)  IF amplifiers
Low-noise
amplifier >< : IF out
_/—— Mixer IF buffer
amphifier
Lomn ety 180°
splitter All components except for the Lange coupler
1 and filter are GaAs MMiCs
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'MICROWAVE

Fig.5. Voltage controlled oscillator (fre-
quency 6-11GHz; power, 20mW; chip
area ~1.5¢cm?).

Fig.4. Complete MMIC-based down-
converter.

Fig.7. Packaged single-function MMIC
T/R module.

Fig.8. Advanced multifunction chip re-
placing the module of Fig. 7.
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e uscillators - fixed frequency
and broadband tunable.

e mixers — single-ended. bal-
anced. image-rejecting ete.

Receiver
arotection limiter
{not MMIC)

I

Antenna

Circulators
N

downconverter of Fig. 4
could now (two vears after
the prototype was  demon-
strated) be replaced by four
complex chips and ultimately

e phasc-shifters
and constant phase.

@ switches - SPDT. DPDT cte.

time delay

/ \ Power. wa | U
amplifier AAA
- {discrete) M0

bvasingle chip.

A typical individual
transmit/receive unit, or
module, is as shown in Fig.

o multipliers— x2. X4 ete.

e poner combining and split-
ting circuits.

6. Figure 7 shows the realiz-
ation of the small signal cir-
cuitry  with modern single-

e logiccircuits.

Figure 2 shows an example of
a typical MMIC produced
using this process, a broad-
band amplifier working over
the frequency range 2-0Gllz
with a gain of 21dB in a chip
arca of Smm*. The yield to specification
of circuits such as this is typically around
S0% . illustrating the mature nature of the
process.

The building blocks listed above find
application in many microwave systems.
Below are examples of two such applica-
tions chosen to illustrate the use
MMICs.

Satellite downconverters
GaAs MMIC technology makes possi-
ble the development of receivers of
small size and weight, low power con-
sumption and with radiation-hard char-
acteristics. The MMIC implementation
of a 6 - 4GHz transponder incorporates
a low-noise amplificr, mixer, miniature
filter, high gain IF amplificr and integral
power supply. This is a receive-only unit
(Fig. 3). but it also downconverts the
nominal 6GHz signal to 4GHz, and so
requires a balanced mixer. This particu-
lar mixer has a conversion loss of 3dB
and a noise figure of 14dB and was
realized using the non-linearity of fets
rather than diodes. The noise figure is
not critical because the device is pre-
ceded by several stages of low-noise
amplification. a balanced configuration
of MMICs.

To apply the externally-derived local
oscitlator input, an active splitter chip
has been used. With a single input the
device provides 10dB gain per channel
balanced to 0.2dB. Additional phase-
shifting for optimum signal combining
of the mixer is provided by passive
MMIC chips using high-pass/low-pass
networks and providing the necessary
routeing and combining functions.

The MMICs are mounted on four
tungsten copper gold-plate carriers with
signal routeing on alumina microstri-
pline. DC bias is supplied via vertically

of

Main funchion—switching
phase shift and gain (MMI()

RF signals out

Fig.6. Functional block diagram of
radar transmit/reccive module (shaded
region refers to the single chip in Fig. 8).

mounted teedthroughs from the dis-
tribution PCB.

The prototype unit shows a very
significant weight reduction over typical
hybrid designs and a reduction of
volume of approximately 4: 1.

The complete downconverter is
shown in Fig. 4. With 18 chips it repre-
sents a very high density of GaAs
MMICs. Such a downconverter is rep-
resentative of a whole class of applici-
tions. and future developments will sce
the MMICs making inroads into such
areas as direct broadcast satellite televi-
sion (DBS). In this case an oscillator is
required as an integral part of the sub-
system. The MMIC is ready for the
challenge and an example of a high-
frequency voltage-controlled oscillator
(VCOY)is shown in Fig. §. The Q factor
of such an oscillator is usually too low
for it to be used directly but synthesizer
techniques or dielectric resonator stabi-
lization can be applied.

Radar transmit/receive
modules

A most attractive solution for high-
pertormance radars is the phased array
in which the beam is synthesized and
controlled by integrating the output
from many (several thousands) of indi-
vidual radiating clements. The key to
the commercial success of such a radar s
the individual transmit/receive unit be-
hind cach radiator. Unless this can be
produced at low cost the radar will be
uncconomic despite its performance
advantages.

Development at Plessey makes such a
radar teasible. Spin-offs will allow the
GaAs MMIC to find applications in
other areas and the advanced multifunc-
tion chip concepts will lead to “systems
on a chip’. Indeed. the I8 chips in the

RF signals in

function MMICS (cach chip
performing just one func-
tion, such as amplification)
operating over 3-6GHz,
mounted in a lonim X 1omm
ceramic microwave package.
The high power stages
(~10W) cannot as vet be
achieved with GaAs MMICs
but are produced at present with dis-
crete GaAs high power transistors.
Similarlv. the non-reciprocal circulator
is realized using ferrite devices and the
reeeiver protection limiter with p-i-n
diodes. The square chip in the centre of
th ¢ package is not a GaAs device. Itisa
silicon serial-to-parallel converter used
todrive the phase-shifter.

But Plessey’s process offers far more
sophistication than has been used to
date: and it allows the circuit complex-
ity per unit arca to be dramatically
increased. As with silicon [Cs, circuit
clements can be created that have no
hybrid equivalent. allowing circuit func-
tions to be implemented efficiently.
Through these techniques. which would
require a separate article to describe
them. all the GaAs chips of Fig. 7 can be
realized in the one advanced chip shown
in Fig. 8. The observant reader will spot
that Fig. 8 does not contain the LNA,
although this was for convenience only.

The significance of this development
can be seen when it is recognized that
the module of Fig. 7 requires 28mm- of
GiaAs to achieve its function whereas
the multifunction chip only occupics
10mm-. All the intermediate stages of
testing and chip/wire bonding are saved
also, resulting in a potentindly much
lower cost.

The GaAs MMIC has now come of
age and should be considered as the
first-choice medium for many applica-
tions. There remains considerable
‘streteh” in the MMIC and the integra-
von of more advanced devices into the
process, beyond the scope of this arti-
de. will result in even higher perform-
ance und extended frequency opera-
ton. L]

Fred Myers is at Plessey Research Cas-
well Lid.

—
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Transformers

As m