Build a signal-operated cassette
controller for scanners and
shortwave receivers

Microbee column —
ports explained

Will Shuttle
disaster affect
Australia’s
fledgling space
industry?
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TU-D99X SLDD Digital Synthesizer Tuner E
C-2101 Stereo Control Amplifier of
© B-2101* X-Balanced Power Amplither o ¢
. (o)

- *RMS power output 200 watts - 2 (8 ohms) 36\;

4 20Hz—20kHz, less than 0003% THD ‘Naﬂ

A 8. Dynamic power output 680 watts * 2 2
PRI (2 ohms) ka'&

[®)

SANSUI ELECTRIC CO., LTD. 14-1 Izumi 2-chome, Suginami-ku, Tokyo 168, Japan
VANFI (AUST.) PTY. LTD. 297 City R5a¥,;Bouth Melbourne, Victoria 3205, Australia Tel: 690-6200
283 Alfred Street, North Sydney, N.S.W. 2060, Australia Tel: 929-0293




WE WOULD LIKE TO THANK all the readers who responded to our Reader Survey
in the December issue last year. Many of you provided additional constructive comments
on the magazine which we have found quite helpful. We are currently in the process
of ‘digesting’ all the information in an effort to learn more about what we're doing well
and where we can improve the magazine, as well finding out more about you, the reader.

One surprising result that has been thrown up from the survey is the significant num-
ber of readers who indicated they would prefer to pay 10% more for improved quality
kits. There's a message there for the electronics retailers — many hobbyists appreciate
quality and are prepared to pay for it. To balance that, few constructors who responded
to our survey had anything critical or derogatory to say about kit and component quali-
ty generally available.

A staggering number of readers had much to say on the subjects of projects, technical
articles, communications and computers, among other things. We're extremely en-
couraged by the many thoughtful and well-considered comments many respondents
provided in addition to just answering the survey questionnaire. We will certainly be
acting on as many of your worthwhile and practical suggestions as we can feasibly im-
plement, and no doubt you will notice the various changes as they come along. Now
that we know more about the sort of features you like in the magazine already, and more
about the sort of things you want to see, we can act on it. It saves us flying so much
by the seat of our pants!

Roger Harrison
Editor

COPYRIGHT: The contents of The Australian Electronics Monthly is fully protected by the Commonwealth Copyright Act (1968). Copynght
extends to all written material, drawings. circuit diagrams, printed circuit boards. computer software and photographs. Although any
form of reproduction 1s a breach of copyright, and we especially point out this extends to the consltruction of projects produced by
our laboratory or our associates, we are not concerned about individuals constructing projects for their own privale use. nor by bands
for example, constructing one or more units for use in performances. Commercial orgamsations should note that no project or part
project. including printed circuit boards produced by our laboratory or our associates and described in this magazine may be offered
for sale. or sofd. in fully or substantially assembled form, unless a licence has been specifically obtained to do so from the publishers,
Kedhorn Holdings Pty Ltd, or from the copyright holders. We will take strenuous legal action against any person or firm found infring-
1ng our copyright as afoiresaid

LIABILITY: Whilst all efforls have been made to ensure that ail constructional projects and circuits referred 1o 1n this 1ssue will oper-
ate as indicated efficiently and correctly and that all necessary components to assemble the same will be available, no responsibiity
whalsoever is accepted in respect of the failure for any reason at all of the project or circuit to operate effectively or at all whether
due 1o any fault in design or otherwise and no responsibility is accepted for the failure 10 obtain any components in respect of such
project or circuit. In addition. no responsibility is accepted in respect of any injury or damage caused by any fault in the design of
any such project of circuit aforesaid. The publisher accepts no responsibility for unsolicited manuscripts. ustrations, computer soft-
ware or photographic material although all care will be exercised Comments and test results on equipment reviewed refer to the
particular item submitted for review and may not necessarily pertain to other units of the same make or model number

Roger Harrison VK2ZT8B
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Relax! — with our
biofeedback project, a low-
cost electromyogram. Couch
courtesy of Artes Studios.
Sydney. Model courtesy of
Marni Raprager.
Photography by Mark
Rowland. Design by Marni
Raprager.

PROJECTS
TO BUILD

S .

XXF

AEMS5504 Low-cost
Electromyogram

You can explore
biofeedback techniques
for yourself with this
instrument that measures
and indicates muscle
activity.

AEM5503 Build this
‘Bed-wet-ector’

Training young children
who suffer from
bedwetting can be
distressing, but
commercially available
detectors have proven
quite useful in solving this
problem. However, the
financial burden can also
be a problem. This low-
cost project reduces that
and offers more features
than its commercial
counterpart.

AEM3502 A Signal-
Operated Cassette
Recorder Controller

This useful little project is
used in conjunction with a
cassette tape recorder
and a scanner or
shortwave receiver which
has a ‘“‘squelch’ facility.
When a signal opens the
squelch on the selected
channel, the project starts

- the recorder and stops it

when the signal goes off.

PRACTICAL
COMPUTING

CIRCUITS &
TECHNICAL

Honesty, Fallibility
and Police Radar —

Jonathan Scott concludes
with an examination of
across-the-road radar
problems, legal aspects
and a brief look at what
future technology might AEM Software Review
hold. — BeeArtistic

A great graphics package
that is really a work-a-day
tool!

How to save a Marriage
by Converting Data
from 6809E to Z80

Here’s how a reader
found a practical method
of transferring files
between a Tandy Co-Co
and a Microbee 128K.

Biofeedback — the
technology &
techniques

Our cover feature delves
into the art and science of
this fascinating subject,
and explains the
‘electronic tools’
employed.

BeeBuzz

This month Tom Moffat
looks at the parallel port
— getting data in and
putting data out, plus a
AEM Data Sheet few extra snippets.
The LM1830N Fluid

Detector, featured in our

‘Bedwetector’ project.

FOR STARTERS:
The ins & outs of
AND and OR

Theo Baitch explains the
new Standard logic
symbols, essential for
understanding and
reading modern logic
circuit diagrams.

Our popular monthly
column of circuit ideas,
hints and tips for the ‘true
blue' experimenter.

I World Radio History




COMMUNICATIONS = CONSUMER

SCENE

Stacking Your
UHF Yagis

How to get more gain by
‘stacking’ a pair of the
Dick Smith UHF Yagi
antennas, described in
the January and February
issues.

Radio Communicators
Guide to the
lonosphere

Continuing with ‘variations
of the ionosphere’.

ELECTRONICS

Jamo’'s new CBR 200
Loudspeakers

Featuring a non-
rectangular cabinet and a
specially-formulated front
panel, all designed to
reduce ‘cabinet
colouration’, reviewing
Jamo’s newly released
CBR 200 proved a hair-
raising experience for our
reviewer, Bob Fitzell.

Chasing the
Comet’s Tail

A number of spacecraft
are currently on their way
for a rendezvous with
Halley's comet. Kerry

Upjohn looks at what they

hope to achieve.

»

NEWS &
GENERAL

News Review

Will the Shuttle disaster
affect our fledgling space
industry?

Consumer Electronics

Tiny TV boast colour LCD
screen.

Retail Roundup

The vanishing thermistor.
Project Buyers Guide
Where to get kits, boards
and components for this
month's projects.

Spectrum

lcom release 25-1300
MHz scanner.

Bytewide

Add-on allows direct input
of TV pictures.

New Product News

New switchmode
supplies.

Admarket
Readers' free adverts.

Notes & Errata

SPECIAL OFFERS
Under S50 DMM .. ..

World Radio History

NEXT
MONTH!

BUILD A PEAK-POWER

RF WATTMETER

OK — we give in! Following a
barrage of requests to present
a pc board for our February is-
sue 'Practicalities’ PEP RF
Wattmeter circuit, we present
next issue a full-blown project.

DABBLING WITH
SWITCHMODE

Reader, Gerald Reiter, has
been dabbling with some
switchmode power supplies.
While the circuitry offers much
in the way of efficiency and
other benefits, there’'s more to
getting them working than first
meets the eye. Next month’s
Practicalities gives the
low-down.

BUILD OUR ‘HASH
HARRIER’

This project, just the thing for
computer owners, shortwave
enthusiasts, radio amateurs
and hi-fi buffs, attenuates both
differential — and common-
mode noise and transients con-
ducted by the 240 V ac mains.
It has two dual switched GPO
mains sockets and features
two-stage filtering. Perfor-
mance is at least equivalent to
the more expensive commer-
cial types but a kit should cost
around $60.

While these articles are currently
being prepared for publication,
unforseen circumstances may
affect the flnal contents of the
Issue.




JAYCAR TELEMAIL 008 022 88

AM STEREO FM (MPX) CAR CASSETTE
SLASHED!!

Quality JAPANESE MADE Roadsound CQUAM
AM stereo decoder and normal FM stereo and
cassette facilties

Now 1s your chance fo get into AM stereo at an
unbeatable and possibly never to be repeated
price’

WAS $199 last year - a few left
ONLY $150! . xs.100

SAVE UP TO 62%
TEFLON COAX RG 178 - 50 OHM

Sensational price deal!
Due to a huge scoop buy we can pass this normally expensive coax on to you at an ENORMOUS
saving'
Normally around $4/mette this month you can save up to 62%""

Buy o pack of 4 metres for $ 10 ¢ $250 mete

Cat WB 2302 Y 2 AL
LS
Buy a pack of 10 metres for 320 re $2/metre L 0

-

Cat WB 2304

Buy a pack of 50 metres for $ 75 e 515 metre
Cat WB-2306

HURRY! QUANTITIES STRICTLY LIMITED!
SOLAR PANEL ARRAY 18V 7 WATT NEW

TYPICAL ELECTRICAL
CHARACTERISTICS AT STANDARD
TEST CONDITIONS

Typical pesk power (Pp) ™
Volhage at peak power (Vpp) 18V
Current af peak power tlpp) 380mA
Short uircunt current (ls 400mA
Open circun voltage (Ve 22V

The data on this sheet represents the performance of
1 typic al ZM 9007 module as measured at its output
terminals and do not include the effect of such
widitona! equipment as diodes and cabling
The duta 15 based on measurements made at Standard
Test Conditions
o lMumination of IwKim® 11 sun) a' spectral
Fsrebuton of AM 15 (1% atmospheres)
® o remperature of 25°C 4 3°C
VARIABLES AFFECTING PERFORMANCE
The prrformaces of 4 typreal ZM 9007 misiue
feebed by the 1V icurrent wiltager turme and
Elecrrica: Characteristics Table Output “haractenst
of ndvidusl modules will vary shghr'y from ypiia
The module s current and power hutput are firecth
proportinnal umination mtensity Al o given
ntensity module operating voltage 15 determined by
outpu! current 1e as current increases  voltage
Jecreases as demonstrated by the curve
Temperature also affect performance with increase
n temperature increasing current but decreasing
voltage The ZM 9007 voltage margin ensures
excellent performance in hot slimate
The ZM 9007 panel measures just . 85mm wide
and 423mm high and 1s 8mm thick The cell
segments are connected to PCB style Phenolic
board. sealed with clear PVC and housed on a
sturdy stainless steel frame (=
4

carzMo007 ____ $89.9%
10 or more $83.10 each

|
{
|
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JUNIOR REFRACTOR TELESCOPE

This 15 a combination 30x magnification telescope and tunior binocular set The binoc ulars feature neck 4 1P

and built in compass Japanese made quality
Cat YT 4500 $34.95

NOVICE REFRACTOR TELESCOPE |

This 4Umm ‘enitelescope has 4 wide angle finder scope mounted on the main s¢ »pe barrel A sturdy tipod t

o supplied
$49.95

Cat YT 4502

NOVICE REFRACTOR TELESCOPE II

This 40mm lens (400mm focal length) telescope features sturdy construction precision handwheel focus
and star diagonal viewfinder for ease of observation
cat vT 4504 $59,95

Jaycar

ELECTRONICS

Incorporating ELECTRONIC AGENCIES

Carbngford. Hursnille Gore Hill Brisbane Mon Fre 9am 5 30pm
Sydney and Concord Mon Fn 8 30am S 30pm
Sydney Carlingford Hurstvile Thursday rughts until 8 30pm
Brisbane Thursday night until 8Bpm
sydney Carlmgford Hurstville Brisbane Saturdays Sam
Gore Hill - Saturday 9am 4pm

N.S.W.
SHOWROOMS

QUEENSLAND
MAIL ORDERS:

HEAD OFFICE:
Tel

12 noor

CONCORD NOT OPEN ON SATURDAYS

NUMBER 1 FOR KITS

SYDNEY 117 Yurk Street Te
CARLINGFORD
CONCORD 115 117 Parramatta Road Tel
HURSTVILLE 121 Forest Road Tel

GORE HILL 188 192 Pacific Highway
BURANDA 144 Logan Road Te!
?0O Box 185 CONCORD 2137

115117 Parramatta Road CONCORD 2137

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLY Sl

TOLL
FREE

BOAT TRAILER/GARDEN SHED/BUILDING
SITE ALARM = The ideal simpie alarm for the remote spot.

This simple alarm s fully self contained It operates
with N'C reed When the switch contacts of the reed
are broken the alamm goes off and can only be reset
by a hidden switch It ts simple. self battery powered
and VERY easy to install A tnpwire 1an be used m
heu of the N/C reed to makawn ideal boat. car trailer
or xaravan alarm Full instructions suppled

GREAT FOR DETERRING VANDALS!
Cat 1A 5010 NEW 349.95

T

D-SUBMINIATURE FACTORY MADE LEAD

ISETS - AU LEADS 2 METRES LONG
Cat PL 0856 DB25 Maie to DB25 Male $28.95
Cat PL 0855 DB25 Femnale to DB2S Female
$28.95
Cat PL 0854 DB25 Male to Centronics®

szs.vsﬂe\ﬂ

SOLAR BATTERY CHARGER
Now you can charge your NiCad AA batteries
anywhere' Charge from the sun FREE OF
CHARGE' Great fro campers, walkers. boaters

etc NOT A GIMMICK'

Cat MB-3502

WAS $16.95

NOW ONLY $12.50
CHEAPER THAN A MAINS ONE!

1*57 series nibbon connector)

\Y

LOOK OUT! HALLEY'S HERE!
"GALILEO’* REFRACTOR D = 60mm

This 15 an tdeal telescope for the novice Astronomer [t features a sturdy tnpod, star diagonal prism, moon
filter 2 x Barlow lens (H = Bmm & 20mm) and adjustable 6x spotter scope with crosshair sight. (Fatrty
essential for stars and planet work} This scope ts also ideal for terrestnal work and comes complete with a
beautiful 12 page manual Aperture of objective lens = 60mm Focal length of objective lens = 415mm

Magnifications H=8mm Slx & 102x H = 20mm. 20x & 40x
_ ONLY $199
“JUNIOR GALILEO" REFRACTOR D = 60mm

This unit whilst not as sophisticated as the YT-4508 1t has some unique features It 1s supplied with an
840mm wooden tripod and sun observation screen (The only way to observe the sun safely 1s INDIRECTLY

¢ such as with the equipment supplied with this telescope} Sun filters are supplied with the other
telescopes but we strongly recommend that they are not used They are potentially dangerous The junior
Golileo also has a simple spotter scope and 2x Barlow lens, star diagonal pnsm and all fitting preces D =

60mm F = B00mm
=~

Cat YT 4508

at YT 4506

ONLY $149

21 267 1614

nr Cathngferd & Pennant Hills Road Tel
2) 745 377
7000

2, H72 4444

D21 57
1t Belevue Avenue: Te

7; 393 07717 ﬁ

A: 4

m |
21 439 4799 X
n.!

VISA
MAIL ORDER VIA
YOUR PHONE

121 747 2022 Telex 72293
POST & PACKING
$ 9 3¢

$:49
$34 94
SR A
* $i94

Ner 3194 $1co




aycar

ELECTRONICS

)

The brand-new 100 page 1986 Jaycar Catalogue is cram-packed with thousands
of items. We have hundreds of new products for 1986. You can secure your copy
NOW by simply sending a large SAE or posting the coupon below.

e Please rush me a copy of
the 1986 Jaycar Engineering Catalogue POST TO:

Name

JAYCAR ELECTRONICS

P.O. BOX 185.

Address pgp—— : CONCORD NSW 2137

Postcode - —

T~ -SRI N

MINI MODEM Ii

New 'mpraved version of the famous M
Modem provides the relbility and digital
filtering of the Mult: Modem

FEATURES INCLUDE:

@ Now provides Viate! 1126075 Baud rate
and 300 300 full duplex o~ standard

o Commodare VIC20 and 64 now available
These plug directly into the user port No need
to buy expensive RS232 adaptors

® Can be powered by the computer directly
tfor example MictoBee and Commodore)

® On 1200 Baud (e @ Viatel) special
equalisation is available for improved resultson
poor phone lines

Mini Modem inc.
power supply $199.00
Mini Modem {suit
Commodore user port)

ONLY $235

BACK IN ‘86 MAGGCY LAMP

DESK MOUNTED LAMP
STRONGER THAN MAGNIFIER
™ it magnifies any obrect ander 1 deat
EVER! rexcent ight The magnifi stan is the m;):nme
1armshie [t v NOT cheap but then again i wa
AVTEK MULTIMODEMS Jefnsdoy st a fetme 1t 1 brath ke s Rals Ruree
yeos have trouble with fine PCB work or
mponent identific ation but stdl want both hand
B, free thi 1s for you We thoroughly recommend
\j’“l""“v made Australian product
SL 2700

ONLY $169

ELECTRONIC CALL DIVERTER
NOTE 2 exchange 'ines are required
for thay applianie

Cat YT6505 $ 159

SA Australian Dealer: Eagle Electronics 54 Unley Road. Unley. Phone: 271 2885
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SOUTH AUSTRALIA 5061

;r\—

, ‘ ‘ N1 Complete Kit $269
tra B .,'-'i‘;In
David Tilbrook's ' Jeiity e

newest superb Allcomponents included! Nothlng else to buy!
quality speakers. D i

$790 Y n. u' il
e 4

Exclusive custom ‘ S

/‘ ~ s

wood cabinet
pack $175

Come in and hear the difference!
Eagle Electronics are now an
S.A. Vifa Distributor.

AT S

T|Ibrook s Iatest creatlon'

24dB/octave-active crossover. (Refer March AEM).

AEM 4600 DUAL-SPEED MODEM ﬂsg
Y . . o
A cheap computer

voice. Connects to AEM 4600 Dual St pee ed Modem
any computer with J WU

aparallel port. The ultimate kit modem. Case etc. allincluded!

“AUDITION THE 6000 SERIES IN OUR SHOWROOM!”

{ I I (z
TECHNICAL ASSISTANCE IS AVAILABLE FROM OUR WILLING STAFF
Y TOHELP NOVICE AND EXPERIENCED BUILDERS ALIKE. IF YOU ARE *
HAVING TROUBLE, LET US HELP YOU PUT IT TOGETHER.

PR AW e i i

agle Electronics Ply. Ltd. gy

24 Unley Road, Unley, S.A.5061 “b i
ALLOW $10 FREIGHT

5 i

MAIL AND PHONE ORDERS WELCOME.)

Compare the features
and you’ll see at this
priceit’s essential.

o TA5
WARRANTY




Shuttle disaster means some
setbacks and increased
insurance costs for Australian
space projects

he disastrous loss of NASA's 25th Space Shuttle launch,
while having major repercussions for America’s space
industry, will only have a minor effect on current Australian
space projects but means we'll have to pay significantly more

for insurance coverage.

**Australia was lucky’, Ken
McCracken, head of the
CSIRO's Office of Space
Science and Applications, told
us in an interview the day after
the 29th January disaster. **Our
first two AUSSATs were
Shuttle-launched, but the Euro-
pean Space Agency's Ariane
was chosen to launch the third,
so the Shuttle disaster will not
affect AUSSAT 3", he said.

“Regarding our own space
R&D. the disaster will affect us,
but not stop us*, said McCrack-
en. “Fifty per cent of our cur-
rent effort is with the
Europeans. Our efforts to
achieve space qualification for
the industry here will not be af-
fected, but our work with NASA
will be held up.™

Ken McCracken said NASA
will drop all else to get the Shut-
tle program back and working.
“Nineteen years ago, the Apol-
lo disaster shut the Apollo pro-
gram down for 18 months. But
there was no commercial pres-
sure then,” he said. **Now there
is considerable commercial
pressure. Some 15 Shuttle
flights were scheduled in 1986
to launch over 30 satellites,
mostly communications satel-
lites', said McCracken. "As
these were all paid flights,
NASA now faces no return if
there are no launches.”

McCracken predicted that it
would be inevitable that some
satellite agencies would transfer
their launch programs to the Eu-
ropean Space Agency (ESA), a
consortium which employs the
Ariane launch facility in French
Guiana.

However, it seems the way is
now open for the Russians to
offer commercial launch facili-
ties. McCracken says they have
wanted to ‘go commercial’ for
some years. With around 40-50

Dr Ken McCracken,
Head of COSSA.

satellites looking for a flight, the
Russians may begin to assume
some importance in the com-
mercial satellite market.

Space science research
projects will be held up. the ad-
vanced Hubble Research Tele-
scope project, among others,
being delayed.

Insurance companies in-
volved in covering space
projects, already “jittery” over a
spate of expensive satellite
failures and the blowing-up of
an ESA Ariane rocket just after
lift-off last September, are
tipped to significantly increase
charges and to ‘back away’ from
covering risky periods of launch
sequences.

Intec, one of the world's lead-
ing underwriters in this area,
has already made such moves.
Intec now only insures satellites
during their launch and their fi-
nal operation. A recent rash of
failures in upper-stage boosters
(which puts a satellite in final
orbit from a lower orbit),
together with plain failure of on-
board equipment. brought this
on. Over US$200 million was
lost in such failures on four US
satellites last year. Some
US$168 million alone was paid
out by insurers on last Septem-
ber's Ariane explosion.

SBS-TV opens
Hobart and Perth
on 16 March

he Special Broadcasting

Service's multicultural tel-
evision service will begin broad-
casting officially in Hobart and
Perth on 16 March, 1986. using
the UHF allocation.

Originally, the SBS was to be-

gin transmissions in both cities
by the end of January 1986.
However, due to delays in the
delivery of transmitters and the
installation of time delay equip-
ment to provide Perth with pro-
grams in local time, the opening
had to be put back to March.
Test transmissions would be-
gin approximately a fortnight in
advance of the official opening
of the service, to enable instal-
lation of UHF antennas.

¢ /
THE SHAPE OF KNOWLEDGE

This **electronic book’ system could contain the complete text of
the Encyclopaedia Britannica on just one compact disc. In a Brit-
ish research project Philips CD ROM technology has been applied
to the storage of a vast array of information — 600 Mbytes — con-
taining any combination of text, pictures, graphics, sound or
software.

A compact disc player is linked via an interface to a personal
computer to provide a whole range of new applications such as
the presentation of data from books complete with colour illustra-
tions, animated sequences and even audible responses to give the
correct pronunciation of foreign or difficult words.

For example, a good paper dictionary contains around 80 000
entries and consists of 11 Mbytes of text which means that 50 dic-
tionaries could be placed on one disc. The full Oxford English Dic-
tionary contains 230 Mbytes and would only occupy just over a third
of a disc.

In one research project carried out at Philips Research Labora-
tories, Redhill, Surrey, England, some 15 per cent of the entries
in an English language dictionary were given an associated colour
picture and nearly all entries had the pronunciation of the word
as an audible output.

Selected entries also had links to their antonyms, synonyms and
semantically related words. Using this presentation and coding
system for the sound and pictures it would be possible to create
a dictionary of 50 000 entries on one disc, they say.

March 1986 — Australian Electronics Monthly — 9




New Parliament House to boast one of the world’s most
extensive in-house communications systems

hilips Australia has won

contracts worth almost $1
million to supply cabling and
ancilliary equipment for the in-
house information and commu-
nications system for Canberra’s
new Parliament House. due to
be opened in the bicentenary
vear. 1988.

The monitoring system will
be capable of handling 100 TV
channels with dual-
channel/stereo sound and 100
FM stereo radio channels. Its
main task is to link off-air broad-
casts and the proceedings of
both chambers to Hansard. the
press gallery. the parliamentary
library. the member’s rooms
and public areas. The in-house
information network will em-
ploy a wideband local area net-
work and provide computer
communications, electronic
mail and general computer
services.

The system will require 80 km
of 'super shield' coax drop ca-
ble, 21 km of low loss coax trunk
cable. 600 taps. 1500 splitters
and 82 wideband amplifiers.

Of prime importance is the in-
tegrity of the system, savs
Philips. The cabling should not
‘leak’ signal, nor should it be
subject to external interference.

Philips’ sales/project engineer
responsible for the task said,
“For both security and quality
considerations, leaks and inter-
ference in the system cannot be
tolerated. especially where 100
television channels are required
to work on adjacent frequen-
cies. To provide this protection
we are supplying 55 Philips
PN5672 modulators.”

The PN5672 television modu-
lator boasts a stereo/dual lan-
guage capability in conformity
with the Australian television
standard with adjacent channel
operation. The latter feature is
possible. Philips claim, through
extensive use of surface acous-
tic wave filters in the IF section
as well as sharp cut-off in the RF
output.

Philips Australia will benefit
from Philips North America's
experience in broadband local
area networks in gaining the
Parliament House contract.
Philips North America recent-
lv supplied a wideband data net-
work to Wang's Massachusetts
head office in the US.

Specifications for the elec-
tronics systems in the new
Parliament House are deter-
mined by the Parliament House
Construction Authority and the
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Graham Adams, project engineer responsible for Philips’
work on the communication system, outside the Parliament
House construction site. As the building has been
designed to last 300 years, all facilities are being planned

for future needs,

ABC. acting as its consultant.

It is expected that only 55
sterco T\" channels and 10
stereo radio channels will be in

use when the building is opened
for Australia’s bicentennial. In-
itial commissioning is due in the
first half of 1986.

Flying to the
defence

ookaburra., Australia’s
K potential America’s Cup
defender. fielded by a syndicate
headed by the Parry Corp.. has

taken aboard a new spon-
sor/'supplier, Scientific Elec-
tronics, who design and locally
manufacture a range of switch-
mode power supplies.
Taskforce syndicate in-
strumentation manager. Chris
Todter. praises the company's
“innovative designs and proven
efficiency” adding that both
skills will be put to the test on
Kookaburra. Todter describes
the working environment on
Kookaburra as “horrendous.

like being in a salt-water steam
bath.”

The main job facing Scientif-
ic Electronics is co-ordinating a
major instrumentation, comput-
ing. data and voice communica-
tions package so that it's fully
operational 12 hours a day. This
demands extremely reliable and
efficient power handling. from
the minimum mass of batteries.
Todter savs.

“Even though the batteries
can be put in a relatively good
location in the boat, any added
internal weight must come at
the expense of keel ballast. so
there is real benefit in efficien-
ey of power conversion.”

Chris knows the “reliability of
every bit of electronics installed
on the vacht is absolutely criti-
cal™ since power supplies are
required to convert the battery
supplies to all the required stan-
dard voltages. c.g. +/-5V,
<12V, 13.8Voand 24 V.

“These boats cannot be sailed
to anyvwhere near their full
potential without instrumenta-
tion, and a syvstem shutdown
during a race could be quite dis-
asterous,” Todler said.

Pictures by
telephone

M onochrome still pic-
tures can be transmitted
worldwide over the normal tel-
ephone network, it is claimed.
by means of an electronic
image-transfer system deve-
loped by British Telecom that
obviously ‘borrows' technology
used by radio amateurs for
“slow-scan television' over

voice bandwidth  radio
channels.

British Telecom’s system has
already transmitted brain, chest
and lumbar-spine scans live
from the UK to Australia for di-
agnosis during a conference of
radiologists.

Applications apply to many
fields, say British Telecom. An
architect may need to see plans
to deal with a problem on a re-
mote building site. An engineer-
ing or graphic designer, by
seeing a picture, can respond
more quickly and accurately to
a client’s instructions. The sys-
tem could also be used to trans-
mit pictures from inside an aero
engine, by means of a miniature
camera, direct to the manufac-
turer to diagnose faults or pin-
point the cause of a failure.

In its basic form the system
consists of two portable units,
each in its own carrying case
and weighing 5.47 kg.

At the transmitting end, the
unit accepts images direct from
a video camera or other source
and makes them acceptable for
transmission over the ordinary
telephone network.

At the receiving end, the unit
converts the signals back into
pictures for display on a
monochrome 625-line or
525-line monitor, or suitable TV
set.

Three levels of resolution may
be selected: *high’ (512 pixels x
256 lines x 64 grey levels). 'nor-
mal’ (256 pixels x 256 lines x 64
grey levels) and ‘low’ (128 pix-
els x 128 lines x 64 grey levels).

In use. it is necessary 1o dial
the person owning a unit and
conduct a conversation in the
normal way. Then, to send or
receive a picture, the appropri-
ate buttons are pressed. The pic-
ture can also be recorded on
ordinary stereo audiotape. using
a standard 5-pin DIN plug to a
stereo recorder.

The power supply required is
240 Vac at 40 W, or 110 Vac.
Video output is 1 V peak-to-peak
video plus sync noninterlaced
from 75 ohms. Video input is 1
V p-p video plus sync into 75
ohms with 2:1 interlace, no in-
terlace or random interlace.

The transmission system is
vestigial sideband AM with an
automatic gain control (agc
range of 35 dB quoted).

A range of compatible video
equipment is available as an op-
tional extra. Some specialised
applications might require other
input sources of 625-line or
525-line 1 V p-p video with BNC
connection.



STOCKS MUST
BE CLEARED!
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DISK DRIVE

Adds a professional
touch! Fast program
loading and impressive
156K storage capacity
on 5%" disks.

................

DISK
CONTROLLER

Operates the disk drive.
Even controls an
optional second disk
drive.

AT LAST! A HOME WORD PROCESSING RS

PACKAGE... AT AN AFFORDABLE PRICE! = /
L

SANDY
WORD 518

PROCESSING
PROGRAM

Word processing — the pen and paper of today that's easier and more If you've ever used a
efficient than a typewriter. And the benefits aren't limited to business. The typewriter. you're half
whole family can use the CAT word processor for a number of everyday | ay there with SANDY
applications. Personal correspondence is a breeze: neat, error free letters to — the amazingly easy to
councils. solicitors... even to friends. Students can write up lecture notes and use word processing
store them on file, plus write assignments quickly and easily. The CAT Pack program.
includes: 64K CAT computer, monitor, word processing program and more.
*Choose an optional print:r to suit your needs and budgegt p_ SSE have a wide ‘TAMING THE

selection. catx-7502 | CAT’ BOOK

The CAT is a great
computer: thousands of
satisfied owners are
proof. The book.
‘Taming the CAT".
provides hints on how to
get the most from your
friendly feline. It's FREE
with the CAT Pack.

VALUE $5.95

SEE PAGE 88 FOR ADDRESS DETAILS &1z
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World’s largest
trade fair

he single largest display of
T electronics and electrical
engineering technology ever
held anywhere in the world will
be on-show in Hannover, West
Germany, over 9-16 April.
Featuring nearly 2000 exhibi-
tors from around the world, the
organisers claim that nowhere
else can experts in the field ac-
quire such a comprehensive
overview of innovative
products, systems and technol-
ogies developed by the electri-
cal and electronic industries.
The Hannover Fair ‘Industry’,
as it is called. has dominated the
world trade shows in this area
for some vears. True to its aim
of reflecting the latest techno-
logical developments and mar-
ket trends, the Hannover Fair
this vear is branching out into
a number of new areas.

This year the Fair will have

two addm’onalsp::cxahsed f“”',s hanced by a programme of will form a part of the daily German-Australian Chamber
(or sub-fairs) — “New Materi- o focusing on the more the- agenda at the "“Fair of Fairs". of Industry & Commerce, GPO
als” and ln(iuStrxal Automa- oretical aspects of the subjects Further information and Box 4247, Sydney NSW 2001,
tion: Control Systems". covered at the various individu- brochures on the Hannover Fair or 2nd Floor, 47 York Street,

As always. the appeal of Han- al fairs. International congress- ‘Industry’ can be obtained from Sydney NSW 2000. (02)
nover Fair Industry will be en- es, conferences and symposia Brigitte Reichenbach, The 29 3998. E

INVQ  SAFE, CERTAIN EQUIPMENT PROTECTION

ELECTRONICS

IMO Fuseholders provide the latest
in precision-made protection for
quality electronic equipment. IMO
Series 10 are designed to
accommodate all standard M-205
(5 x 20 mm} fuses in a variety of
Styles including:—

03 Panel-mounted with screwdriver
or finger release.
PC.B. vertical and horizontal
mounting.
Panel-mounted, self-fixing with
Sscrewdriver release.

A variety of clips, PC.B. clip
holders, hoods and solder tag clip
holders are also available.

These fuseholders are part of the
wide range of IMO Professional
Components available through the
world-wide purchasing expertise of
Cé&K.

Information and comprehensive
technical advice or literature’is
yours for the asking.

For a great deal in quality
fuseholders, contact C & K . . .
NOW!

C & K Electronics (Aust.) Pty Limited
15 Cowper Street, Parramatta, NSW 2150

PO Box 229 Parramatta NSW 2150

Telenhone (02) 635 0799 Telex AA23404

Agents Melb 598 2333 Adel 277 3288 Bns 369 1277
COMPONENTS Perth 275 5522 Hobart 34 2233 Launceston 31 6533
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Weller. Desoldering takes off!

1h
on-off switch

Alr outlet for
heat shrinking
tubing

Improved vacuum
seal head

See-through easily
cleaned collecting
tube

370°C or 430°C temperah
controlled heads

weTge ol
toplet triry

Sturdy Cattynig Tl

Secwre, sasy
bayonet action connection

Push-button vacuum
operation gives precise
teft or right hand
control

With the new portable Weller DS600.

Additional accessories available

DS601 Desoldering Iron complete.

Also available are collector tubes, gaskets, filters,
DS217 370°C or DS218 430°C desoldering heads.

Replacement fiplets

Outside Inside

Diam. Diam. Length
Cat. No. mm mm mm
DS110 1.52 .64 12
DS111 2.29 .64 12
DS112 1.93 91 12
DS113 2.49 1.14 12
DS114 3.18 1.80 12
DS115 1.52 .64 19
DS116 2.49 1.14 19
DS117 2.29 .64 19

Here’s the professional desoldering station that
has everthing except a fixed place. The low
maintenance, self-contained vacuum/air pump in
this compact unit now lets the station travel to
the job.

And now there isn’t any place that Weller
expertise cannot reach!

Check with your Electronics Distributor.

.
CiE

0.0717/1 Bmm

$11S0

$"/13mm

The Weller DS600

(Cooperlools)

CRESCENT LUFKIN NICHOLSON PLUMB TURNER WELLER WIRE-WRAP WISS XCELITE
The Cooper Tao! Group Limited, P.O. Box 366, Nurigong [Street; AlouryiS W. 2640, Australia. Tel.: (060) 21 6866. Telex: AAS6995.
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Figure 3. The plane of Halley's orbit is inclined to the
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Perihelion is the inner ‘end’ of the comet's orbit. The
comet passed close to the Earth on November 27 last year
at a distance of about 93 million km. Its closest approach
will be on April 11 this year. at about 48 million km.

The comet leaves meteroid dust behind that permanently
trails its orbit. The Earth passes through this debris twice a
year, during the first week of May and the third week in
October, producing meteor showers in both north and
south hemispheres.
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Chasing the comet’s tail

Kerry Upjohn

The next two months will probably see the most concentrated
attention yet focussed on Halley’'s comet by people the world over.
Popular and scientific interest in Halley's comet has been running at
an unprecedented ‘high’ for the past year. No longer bound to
earth-based observations, scientists will get the really first ‘close look’
at this, the most famous of comets, via some five satellites
scheduled for near flybys of the comet. Here's a rundown on two
multi-nation space missions to Halley’s comet - the European Space
Agency’s “Giotto” and USSR-co-ordinated VEHA probes.

THE APPEARANCE of Halley’s comet in the sky is a ““once
in a lifetime” event for most people, twice in a lifetime for
a lucky few. Several countries are making the most of this
historic opportunity. Five spacecraft have been designed to
pass close to Halley’s comet, two from the Soviet Union and
Japan, and one from the Europe Giotto spacecraft, launched
by the European Space Agency (ESA) is probably the most
important as its mission is to intercept the comet and fly
through its tail in order to obtain vital information on the
characteristics of its nucleus. This information has been im-
possible to collect in the past as the nucleus can’t be detect-
ed by instrumentation used by tracking stations on earth.
Representatives from ESA have described this as *‘the most
difficult mission yet attempted’ and Giotto is also their first
space explorer (that is, their first spacecraft to leave Earth
orbit).
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DUST TAIL

NUCLEUS
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HYDROGEN
ENVELOPE
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COMA
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Figure 1. Parts of a typical comet.

Figure 2. The solar system, showing the orbit of Halley’s
comet among the orbits of the planets. The comet takes
some 76 years to complete an orbit. It last passed the
inner planets in 1910.

EARTH'S
ORBIT

The ESA spacecraft was named Giotto after the Italian
painter who is said to have featured Halley’s comet as the
star of Bethlehem in his famous fresco “The Adoration of
the Magi”. The Giotto satellite was designed, built and test-
ed for the European Space Agency by a consortium of 15
companies from ten European countries with British Aer-
ospace as the major partner in the venture. It is hoped that
the mission to intercept Halley’s comet at a distance of 150,
000 km from earth will help solve the scientific mystery of
the composition of the comet and also shed light on the ori-
gin and composition of our solar system.

Giotto was launched on an Ariane 1 rocket from French
Guiana in August last year and is travelling on an eight
months journey of over 150 000 km to >
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rendezvous with Halley's comet on the 13-14th of March,
1986. The spacecraft measures 3 m x 1.8 m and it will be
travelling at a relative closing speed of 68 km/sec when it
is targetted to pass through the comet’s tail, within 500 km
of the nucleus. Giotto will be the only spacecraft actually pass-
ing through the comet and this carries with it the threat of
destruction to the craft by the debris likely to be found wi-
thin the comet’s cloud. Although Giotto is fitted with a pro-
tective shell to withstand such high speed collisions, a
pea-sized speck of cometary dust could destroy the £35m
spacecraft before it completes the mission.

The scientific importance of comets

Scientists generally agree that comets are comprised of frozen
dust and ice kept from destruction by the sun through their
long elliptical orbits. When a comet’s orbit approaches the
sun, the frozen substances are evaporated to form a halo of
gas or coma around the nucleus of the comet. As the comet
nears the sun (perihelion) these gases are ‘blown away’ by
the solar wind to form the characteristic tails. See Figure 1.

Comets were probably formed at a similar time to our so-
lar system and it is thought that the analysis of their frozen
nuclei will reveal some important information about the
earth. Their frozen state has preserved them relatively un-
changed and it is hoped that investigations and analysis of
their characteristics will provide information about the for-
mation of the Sun and solar system.

Halley's comet is particularly important for these studies
as it can be predicted with reasonable accuracy and is clear-
ly visible. Most comets enter the solar system once and then
return to deep space. However, Halley's comet is locked in
an orbit within the inner solar system and returns repeated-
ly, approximately every seventy-six years. The nucleus of Hal-
ley’'s comet is a “'dirty snowball” approximately 6.4 km across
and is surrounded by an atmosphere or coma 402 000 km
deep. The periodic appearance of Halley's comet has been
observed since 240 B.C. and its last appearance was in 1910.
The core of the comet was originally some 20 kms across.
However, each time it passes the sun it loses a two metre
thick layer from its surface. As a result the diameter is now
halved to 10 km and after another 2500 times around the sun
the comet will disappear.

Giotto’s mission

The spacecraft will intercept the comet's path and should
survive long enough to complete a comprehensive
programme of scientific experiments and communicate these
results back to the Parkes tracking station in Australia via
a radio link. Experiments on board Giotto will measure the
chemical composition of both the coma region and surround-
ing nucleus, and the tail of the comet. Giotto will send back
to Earth the first colour photographs of the nucleus and will
measure its magnetic field. This will provide scientists with
important new information on the nucleus as the comet's
coma obscures the nucleus when viewed through telescopes
on Earth. As 1986 will be the only opportunity to observe
Halley’s comet before its next return in 2062 it is hoped that
the spacecraft will survive the impact with the comet before
it is finally destroyed by dust particles.

Giotto’s experimentation & equipment

Giotto will carry out ten scientific experiments in the one
and a half hour flight through the comet and transmit these
results via a radio link with the Parkes radio telescope in
Western New South Wales. This has been made possible
through its carbon fibre antenna measuring 1 m in diameter
which is one of the largest carbon fibre structures ever made.
Cameras will take colour pictures of the comet every four
seconds and these photographs should show scientists on
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“Giotto"", the European Space Agency's spacecraft will fly
through Halley’s tail on 13-14 March, providing scientists
with a once-in-a-lifetime opportunity to examine this most-
famous of comets at close quarters. Here, workers from
the British Aerospace company prepare the final assembly
of the 3 m high by 1.8 m diameter spacecraft.

The Giotto mission takes its name from the Italian
painter who, having sighted the comet in 1301, depicted it
as the Star of Bethlehem in his famous fresco “The
Adoration of the Magi''. (Photo courtesy of British
Consulate).
Earth how the nucleus sheds gases to form the comet’s tail.

Two mass spectrometers will analyse the composition of
the comet and two plasma analysers will provide data on the
behaviour of charged particles within the complex magnet-
ic and electrical field thought to surround the comet. In
another experiment initiated by the University of Kent, the
body of the spacecraft is used as a ‘dust impact protection
system’ to measure the size and speed of the dust particles
in the coma. It is expected to take four hours for Giotto to
relay data back to Earth on the encounter.

The danger of destruction

Giotto will pass as closely as possible to the comet's centre
and will receive the full impact of the high velocity dust par-
ticles in the coma. At its closing speed of 68 kms per second
these particles will behave as a high temperature plasma and
could burn through the spacecraft. The European Space
Agency has minimised this risk by developing new materi-
als to withstand these conditions and creating vigorous test-
ing conditions to simulate the launching and encounter with
the comet.

The spacecraft will have three defences to enable it to ac-
complish its mission.

Giotto is a cylindrical design which will pass through the
comet spinning on its axis at fifteen revolutions per second.
It is protected by two shields. The first is 1 mm thick and
should vaporize dust particles of up to 0.1 g in size. The se-
cond shield is 14 mm thick and functions to dissipate the
vapour. There is also a sophisticated thermal control system
to protect Giotto's instruments from the heat of the Sun.

This thermal system consists of two parts. There is the “pas-
sive” system consisting of reflecting surfaces which include
strips of gold foil on the antenna and instrument panel. This
is coupled with an "active” system of heaters and adjusta-
ble reflectors which allow the heat to be evenly dissipated
throughout the spacecraft.

Giotto will have little more than an hour to complete its
mission and radio information back to Earth. This vital com-
munication with ESA will be through an aerial which will
aim for the same location on Earth despite the fact that the
craft will spin fifteen times per minute. The bearings on the



aerial and spacecraft will need to work reliably in temper-
aturs ranging from -55° to -80° Celcius. These bearings will
need lubricant in order to move easily and the temperatures
rule out the use of oil and grease which could also interfere
with the detector’s task of analysing organic materials from
the comet.

In an attempt to overcome these difficulties, the space
laboratory has developed a special lead coating which acts
as a lubricant on the spacecraft. Another special lubricant
is a polymer which includes fluorine and chlorine and is said
to be similar to the material used on non-stick frying pans.
Known as polytetrofluorethylene (PTFE), this material has
been tested as a bearing coating by being put through 100
million revolutions, around ten times as many needed on the
mission.

significance of the Giotto mission

Dr John Davies of Birmingham University’s space research
department commented on the historic importance of Giot-
to's mission. He stated that, although theories of the origin
of comets are still disputed, it is widely believed that comets
are composed of materials left over from the creation of our
solar system. He went on to say that, “If this is so then they
have been trapped in deep freeze far beyond the Sun for about
41, thousand million years.” Hopefully, Giotto will enable
scientists to analyse and receive pictures of this ancient
material. This co-ordinated observation from Earth and space
should create a large leap forward in understanding of our
planet and solar system.

The VEHA Soviet mission

ccording to the Soviet scientists co-ordinating the two inter-
planetary probes to fly past Halley's comet, the ESA Giotto
mission will complement rather than duplicate the Soviet
project. In December 1984, two Soviet interplanetary probes
were launched from the Baikonur Space Centre as part of
the Venus-Halley project. Known as the VEHA project, these
spacecraft will divide into two modules with one of the mod-
ules landing on Venus and the other continuing on its flight
to the comet. It is expected that the probe will pass at a dis-
tance of 10 000 kms from the comet, although Soviet scien-
tists do not rule out the possibility of a collision with the
comet because of the complexity of the mission.

Like the Giotto project, the VEHA programme has been
made possible with the co-operation of several countries in-
cluding Austria, Bulgaria, Poland, Czechoslovakia, Hungary
and the G.D.R. (East Germany) with the USSR co-ordinating
the programme. Despite their accomplishments in space tech-
nology the Soviets, like their European counterparts, know
very little about the primordial material which formed the
solar system. As mentioned previously, observations from
Earth only yield indirect information about the composition
of the comet’s nucleus. In fact, the molecules detected by
means of the refracted spectra from its coma are not the
primary material of the comet but a product of the chemical
reactions between the comet’s original materials escaping
from the nucleus at great velocity under the impact of solar
radiation. Hopefully, the VEHA project will identify the
primary substances in the comet’s nucleus and this will be
its main goal.

The probe will rendezvous with Halley’s comet on 8th
March 1986, approximately 270 days after the landing on Ve-
nus. During this time the probe will have travelled a distance
of approximately 135-170 000 kms. The velocity of the co-
met about to leave the Sun’s zone will be 44 kms per second
and the probe will be travelling towards it at a speed of 34
kms per second. This will mean that the relative approach
speed will be fairly high, around 78 km per second. Conse-
quently, the VEHA project has encountered similar problems

AUSTRALIA TO PLAY KEY ROLE IN
INTENSIVE STUDY OF HALLEY’S COMET

Astronomers from all over the world will be using Australian facili-
ties to follow its progress, with a heavy concentration of European
Space Agency (ESA) scientists working from the CSIRO radio
telescope at Parkes, managed by Dr Andrew Pik of the Radiophys-
ics division.

Parkes will be a major focal point of the Giotto project as the
only data-gathering place for the spacecraft’'s encounter with the
comet. As Giotto passes through the head of the comet around
12-13 March, observers will have two hours to collect the trans-
mitted data.

The Australian National University’s observatories at Mount
Stromlo and Siding Spring. headed by Professor Don Mathewson
of ANU, will concentrate their eight optical telescopes and their
entire staffs on the comet during the viewing times.

Halley's comet will be the second long-term project for the ANU's
2.3 metre Advanced Technology Telescopy, commissioned by the
Prime Minister in May 1984. The telescope will work with a bank
of instruments designed and engineered by Australian scientists.

The CSIRO radio telescope facility at Parkes will study and ana-
lyze radio waves emitted by the comet.

The comet is losing water as its orbit passes through the inner
planets, close to the sun. The water breaks down under the action
of solar radiation, one of the products being hydrox/ (OH). Under
solar excitation, the OH molecules emit characteristic radiations
at 1665 and 1667 MHz.

The data collected from studies undertaken in Australia will be
sent to the International Halley Watch organization’s headquart-
ers at the California Institute of Technology, USA.

to Giotto with the ever-present risk of damage to or destruc-
tion of the spacecraft by dust particles from Halley's comet.

Experiments conducted by VEHA

The entire programme of research has been divided into three
parts. On board the space probe there is an optical system
to view the comet which includes two TV cameras with focal
lengths of f150 and {1000 respectively. This camera equip-
ment will give pictures of the inner part of the comet’s
nucleus and coma. The resolution of these instruments ena-
bles a clear view of an object with a diameter of 180 m at
a distance of 10 000 kms.

VEHA expects to be able to specify the size of the nucleus,
its shape, surface characteristics and temperature. Other
instruments will study the structure and dynamics of the
near-nucleus zone of the coma and its likely emissions
throughout the spectrum. Instruments on board will be capa-
ble of specifying the composition of dust particles with a mass
ranging from 3 x 107 to 5 x 107'° grams. They will also count
particles with a mass of one ten-billionth of a gram and less
at different distances from the nucleus.
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Figure 4. The position of Halley's comet in the morning Fina|e

and evening skies during March and April as seen from
latitude 30 degrees south (Coffs Harbour, Narrabri, Bourke
in NSW; Kalgoorlie in WA). You may need binoculars and
clear, cloudless conditions with no scattered town or city
light in order to see it. It will pass from the constellation of
Sagittarius in March, then Scorpius and through Centaurus
in April.

The third experiment will be analysis of the neutral gas and
plasma. Special instruments on board will identify the ele-
ments and isotopes contained in the neutral gas and show
the flows and spectrums of individual molecules and atoms.
Receiver equipment has been designed to register the elec-
tromagnetic emissions at various frequencies and the comet's
magnetic field (if any).

VEHA will pass through the dust envelope of the comet
which will expose it to bombardment by dust particles of
speeds up to 80 kms per second. Particles with a mass of a
thousandth of a gram could disable on-board instruments and
minimize the completion of a successful mission. To com-
bat this danger. the probes have a second and third layer of
protective screening to deflect the dust particles. Each layer
is placed some distance away from the previous one and as
each layer is destroyed the next one will take over.

In the last leg of the flight there will be two programs
designed for the on-board scientific instruments and these
are known as the duty and principal programs. The duty pro-
gram will switch the instruments on two to three days be-
fore the actual rendezvous with Halley's comet. The
information gathered by these instruments will be filed every
twenty minutes on a tape recorder with capacity of 5 Mbits.
Prior to recording, the information will be processed on in-
dividual computers and during regular radio links this data
will be relayed back to earth.

The principal program instruments will activate two hours
prior to the rendezvous and will operate for three hours. In-
formation from this program will be transmitted to an Earth-
based receiver at a speed of over 65 bits per second (quite
slow). During this time the system will operate in the direct
transmission mode as information filed in the tape recorder
is also transmitted back to Earth at a slower speed along the
second radio line.
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Both the Giotto and VEHA missions to intercept and fly past
Halley's comet offer the promise of a new understanding of
the composition and structure of comets. As well as increased
knowledge of the most famous comet. these scientific projects
will shed light on the formation of our Sun and solar system.
For the first time scientists on earth will receive photographs
of Halley's nucleus and find out whether the comet possess-
es a magnetic field. International co-operation between a
number of countries has made these missions a reality and
hopefully, more joint space probes will continue. 5

January 1986
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A NEW MONSTER CABLE

FULFILLING THE
PROMISE OF DIGITAL.

INTERLINK CD.
7/ P

So what could you possibly do to
a speaker cable to make it sound
better?

As you know Monster cable has been the
reference standard for high performance speaker
cables since it first appeared on the market.
Since then we here at the Monster have
furthered our research into the electro-magnetic
behaviour of audio signals as they travel through
wire. the results have been significant.

Cable construcition is the most important factor
in speaker cable performance. Even small
changes affect the sound, and not always for the
better. But our knowledge of how to control
complex current fields has allowed us to make
sonic improvements to the original Monster at
virtually no increase in cost. Brain power is a lot
cheaper than copper! So, we've reconstructed
the winding and stranding configuration of
Monster Cable to conform to our latest research
and the result is the new Monster Cable

The most obvious sonic differences are tighter
bass, better inaging, (the ability to locate
instruments across a speaker soundstage), and
clearer, more open sound in the midrange. But
don’t take our word for it, take a listen for
yourself.

Happy listening.

Super high resolution compact
disc interconnecting cable.

Fulfilling the promise of digital.
Conventional cables run out of breath when
trying to cope with today’s digital sound. The
incredible sonic capabilities of the compact disc
player pushes all your components to their limit
. .. including your connecting cables. The
incredible resolution, awesome dynamic range,
and powerful bottom end available from your
compact disc player, is lost when you use
ordinary interconnect cables.

Why a special cable for Compact
Disc?

In addition to the high sonic performance that
effortlessly and accurately transfers everything
you player dishes out, Interlink CD is specially
designed to compensate for the transient and
phase distortions of the digital process as well as
minimizing some of the ‘“‘harshness’” found in
some CD program material. Using our
revolutionary ‘‘Bandwidth Balanced™"
technology we can control high frequency phase
shift to produce a more enjoyable, thoroughly
musical sound. Bass is tighter, transients are
quicker, cleaner, and less smeared. The sound is
more coherent with richer harmonic overtones
and a 3 dimensional depth and “liveness’ to the
music. Interlink CD fulfills the promise of digital
with music reproduction that brings you closer to
the original performance.

CONVOY
INTERNATIONAL PTY. LTD.

400 Botany Road, Alexandria, NSW, 2015.
Telephone 698 7300. Telex AAR23111.




Readers’ free adverts.

r =
ADMARKE READERS-CLUBS-ASSOCIATIONS

WE'LL PUBLISH your advertisement of up to 32 words (maximumj), totally free of charge
Either fill out the coupon here. or write or type it out onaclean sheet of paper. But please make it
legtble. other wise It may not turn out as you tntended! Copy must be with us six weeks prior to
the month of issue Every effort will be made to publish you advertisement. but no responsibility
for so doing 1s accepted or implied

CONDITIONS You mustinciude your name and ‘phone number and‘or address within the 32
words (for amateurs. ‘QTHR’ 1s acceptable) Accepted abbreviattons such as DSDD. 100 W RMS.
ONO etc. may be used. Please include you name and full address plus ‘phone number with a covering
letter Private advertisements only will be accepted We have 'small ads’ for traders. who should

contact our advertising representatives
Send your adverts to

AEM ADMARKET
Australian Electronics Monthly

SHORTWAVE LISTENERS: Join Australia’s
‘friendly Southern Cross DX Club, GPO Box
1487, Adelaide 5001, Shortwave, utility, medi-
umwave and amateur information monthiy, en-
quiries welcomed.

WANTED: RECEIVERS. Science Fair ‘Globe
Patrol” and deleted ““SW Radio Kit"" (no.
28.110), DX-160, FRG-7, Drake R7, icom, Trio,
Kenwood, Racal, JRC receivers and hand-
books, also old WRTV H'books. Tony (042)
29 2573.

FINDING IT
HARD TO GET

* SEMI CONDUCTORS

* INSTRUMENT BOXES

* 8-10 WATT RESISTORS

* VERO & RISTON BOARDS

* ALLTRONIC & DICK SMITH
KITS

* TRANSFORMERS

* CB & MARINE RADIOS

* CABLES, PLUGS,
SOCKETS AND SPEAKERS

* AMIDON IRON POWDER
AND FERRITE CORES

(Amidon Catalogue $4 Post Free).

THEN SEE US!!

lan J. Truscott's

ELECTRONIC
WORLD

30 LACEY STREET CROYDON|
(03) 723 3860/723 3094

Mail orders welcome.

SELL: MAGAZINES ETI 1975-85, EA 1976-85,
including yearbooks. Omega 1981-84, |EEE
Transactions, many societies 1983-85. Selling
all as complete or individual issues. Price —
offers considered. Phone: Andrew (079) 33
1946.

WANTED: APPLE Il FIRMWARE CARD. Also
Apple Monitor ROM, pre-autostart revision. De-
tails and prices to Brian Symons M/S 656
Habana Rd, Mackay Qid 4740. (079) 42 1952.

SELL: EPROMs 2732A used once only.
G'teed OK. 100 at $3.00 each ONO. Aban-
doned project, VK2ZTS. Call (02) 727 9739.

SELL: C64 SOFTWARE. Pitstop |i, Gyruss,
Pogo Joe, impossible Mission, Pitfall Il, copies
available. Must sell. $20 each. More available
on request. Send cheque/money order to
Darren Stokes, 3 Buckley Drive, Coonamble
2829 NSW.

SELL: TWO DICK SMITH-MIDLAND D-1102
TRANSCEIVERS 1 W, 3-channel. As-new con-
dition, hardly used. Will sell for $55 each, in-
cluding operating manuals and new batteries.
Phone Craig (02) 523 7074, after 7 pm.

SELL: BLANK PRINTED CIRCUIT BOARD
approx. 100 x 300 mm, phenolic 1 0z. copper.
Only 50 cents each or three for $1.00. Call
Russell (02) 639 0615. 79 Seven Hills Rd,
Baulkham Hills 2153 NSW.

SELL/SWAP: ATARI COMPUTER
GAMES/UTILITIES; disks, tapes and car-
tridges. Wish to purchase Atari printer. Wish
to contact NZ Atari owners. Peter Richards, 9
Kestrel Ave, Mt Hutton 2290 NSW. (049) 48
4086.

SELL: SYSTEM-80 BLUE LABEL: computer,
twin disks, double density, fully expanded,
green-screen monitor, software (word process-
ing, languages, games, more), cables, covers,
books, magazines, excellent condition. En-
thusiast owner. $1200 or good offer. Richard
(02) 498 5617.

SELL: INSTANT ‘GLASS RTTY'. VZ200 and
plug-in module. Built, tested, working fine. Just
add cheap monitor and Tx/Rx. $150 ONO.
VK2BBD QTHR. Phone (067) 69 6622 any time
0800-2000. Now have new computer.
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Where to hear
superb musical
reproduction
through
concrete:

Victoria

Brashs — Blackburn

Brashs — Geelong

Brashs — Melboume

Brashs — Moorabbin

Contemporary Sound Centre — Hawthorn
Footscray Audio — Footscray

John Martins Music Studio — Swan Hill
Prouds Audio World — Bendigo

Radio Parts — East Malvern

Radio Parts — West Melbourne

Sight & Sound — Ballarat

Tasmania

Hi-Fi House — Devonport

Quantum Sound Centre — Hobart
Wills Hi-Fi - Launceston

South Australia

ABS Computers — Moonta
Blackwood Sound Centre — Blackwood
Elliotts Sound E quipment — Mount Gambier
WTR Sight & Sound — Whyalla
Westem Australia

Alberts Hi-Fi — Fremantle

Alberts Hi-Fi - Perth

Esperance Electronics — Esperance
Alberts Hi-Fi - Victoria Park

New South Wales

Apollo Hi-Fi — Marrickville

Apollo Hi-Fi — Summer Hill
Bankstown City Hi-Fi — Bankstown
Haberechts World of Sound — Albury
Hempel Sound - Roseville East

High Street Hi-Fi — Maitland

Hi-Fi House — Nowra

Hi-Fi House — Wollongong

Pitmans Audio - Wagga Wagga
Selekta Sound - Bathurst

Selekta Sound - Orange

Sydney Hi-Fi Centre — Sydney
Wardell Sight 'n” Sound — Newcastle
Buckleys Music House — Grafton
Byron Bay Sound Centre — Byron Bay
Hall of Electronics - Port Macquarie
Kempsey Hi-Fi & Video —~ Kempsey
Lismore Hi-Fi - Lismore

Sam Kee & Co - Invereli

Sound Components — Armidale
Sound Components — Tamworth
A.CT.

Brashs - Phillip

Kingston Hi-Fi - Kingston
Queensland

Action Replay Video — Mooloolaba
City Hi-Fi & Video — Brisbane
Custom Sound Centre — Nambour
Gold Coast Hi-Fi & Video — Southport
Handos Sound Dimensions - Brisbane
Heilbronn's Radio & TV — Monto
Hunts Electronics & Hi-Fi — Ipswich
Keller Electronics — Maryborough
Noosa Hi-Fi — Noosa Junction
Northside Hi-Fi — Aspley

Toombul Music Centre — Toombul
Hiway Sound Centre — Mount isa
Plaza Sight and Sound - Bowen
Stereo World - Cairns

Northern Territory

Sound Spestrum - Darwin

Sole Australian Distributors:
SCAN AUDIO PTY. LTD.,

52 Crown Street,
Richmond. Victoria. 3121.
Telephone (03)4292199.




There are concrete reasons

Antidiffraction front

Overload protection
and attenuators
5" cone midrange

Totally “dead”
NCC concrete front

Non-parallel cabinet
10”w¢;>fer

with dbl. magnet

High Performance x-over
Centre-Bass—Reﬂexv

Phase linear front panel

Solid built-in stand

why these are the
finest speakers ever!

From Jamo comes a range of loudspeakers
based on the concept of an impossible-to-
vibrate front baffle plate, coupled with a speaker
enclosure in which no two sides are parallel.

The result is more costly to produce than
conventional loudspeakers but in terms of
result, the effect is literally incredible. The ability
to cope with the often violent dynamics of
compact disc recordings is also an outstanding
feature of these speakers. You can see and hear
the superlative Jamo Digital Monitor range at
your nearest Jamo dealer today.

JaMmO:s=

For a free, most comprehensive brochure,
please contact your local Jamo dealer (he is
listed on the opposite page), or contact Scan
Audio direct on (03)4292199.




EXCITING NEW OPTIONS

As part of Microbee’s Product Innovation
Program, new releases which will shortly be

announced include:

Colour Monitor.

The DP100 NLQ or Near Letter Quality Printer.
The MB 7030 High Resolution (0.38 pitch) RGB

The MB 3010 Green Screen Monitor.
The ESE Economy RGB Colour Monitor.

Microbee Technology Centres

New South Wales

1 Pattison Avenue,

Waitara, N.S.W. 2077
Phone (02) 487 2711

2/956 Hunter Street,
Newcastle West, N.S. W 2302
Phone (049) 61 1090

Koala Crescent,

West Gosford, N.S.W. 2250
Phone (043) 24 2711
Microbee Education
Technology Centre

Unit 2, Eden Park Estate,

31 Waterloo Road,

North Ryde, N.S.W. 2113
Phone (02) 888 9866

Victoria

50-52 Whitehorse Road.,
Deepdene, Vic. 3103
Phone (03) 817 1371

South Australia
117-119 Gouger Street,
Adelaide, S.A. 5000
Phone (08) 212 3299

Western Australia

141 Surling Highway,
Nedlands, W.A. 6009
Phone (09) 386 8289

Queensland

455 Logan Road,

Stones Comer, QId. 4120
Phone (07) 394 3688

mlcmbee

Designed and manufactured
computer =z
Microbee Systems Limited

PHONE
ORDERS ACCEPTED

Model Shown
128K Small Business Computer
with Bee Modem

ART PROM 2868



he Great

The Software You Need

business

offer from

Microbee

'
=

Microbee Small Business Computers are already
providing invaluable help to thousands of
Businesses around Australia, indeed around the
World. It would seem that there are few
professions or areas of commercial endeavour
that cannot be streamlined or made to be more
“accountable” with a Microbee Computer.

Butchers, Bakers, etc.

Users range from publishers to pathologists, even
car yards are finding the Microbee Small
Business System the cost effective technology tool
that keeps their records straight, their
correspondence in order, and keeps them in
touch with the fast moving world of Data
Communications and Videotext Services.

=VIATEL

atorobee VIATEL Terminal Esulstor
<c)y e3 by -

ohange ocurrent drive

SMALL BUSINESS COMPUTER

With the Microbee’s now famous Bundled
Software and CP/M operating system most
routine computer functions are catered for
without spending another cent, but it is highly
likely that it is in the area of specialist
applications software that Microbee scores most
points. With so many third party software
supplies able to provide specific solutions at
realistic costs that don’t in themselves create
problems (check the prices of software to run on
so called Compatibles).

User Friendly Interface.

Every Microbee Small Business System has its
own user friendly ‘B-Shell” which allows the easy
choice of software by simple one finger selection
of self explanatory ICONS. A comprehensive
Help system is supplied and ‘housekeeping’
functions are simplified.

| Australian Guaranteed

Built to exacting control standards and World
class quality the Microbee System is particularly
robust remember the Microbee was first
developed for use in schools, and in fact the
same machine is in extensive use in schools, both
in Australia and overseas

The Complete Business Package

The Microbee Small Business System
comprises:

Microbee 128K Computer

Dual 400K 5.25" Disk Drives

High Resolution Monitor

DP100 Dot Matrix Printer

Cables and full set of manuals plus

Bundled Software

worth hundreds of dollars including —
WordStar/Mailmerge 3.3, Microsoft Basic,
Microsoft Multiplan, MicroWorld Basic, Telcom
Communications Package, Full range of support
utilities, Comprehensive Training Guides and
Tutorials, A complete library of manuals so you
can easily and quickly gain the maximum benefit
from your system is also included.

The Price

For the complete Small Business System only
$2395 including Sales Tax.

As many of the Microbee Systems out there are
used extensively for Word Processing with little
need for Microsoft Multiplan, the new ‘Living
Letters Package’ has no Multiplan or Microsoft
BASIC. But it does have The Complete WordStar
Package to bring life to your writing and
considerable savings to your pocket




Honesty, fallibility
and police radar

Jonathan Scot

Part 2

This part concludes with an examination of across-the-road radars,
looks at the human element that's always a factor in current radar
operation, covers legal aspects and looks briefly at what hope

future technology might hold.

SO FAR, I've covered ‘down-the-road’ radars that look direct-
ly at an approaching or receding vehicle. That's not the only
way to determine speed using Doppler radar measurement,
though.

The Fairey Instruments ‘across-the-
road’ radar

The Fairey (and other so called “'across-the-road” units) seek
to effectively put one card on the table, making the choice
a very elementary one. They point the beam not down the
road, but across it, at some oblique angle. The Fairey unit
uses an angle of 22.5°. but almost any angle will do. The idea
is that there is only a small bit of road in the main part of
the beam, which is made quite narrow, so that only one car
‘fits” at any one time. This is a nice idea in principle.

Two problems have arisen with this approach. Firstly, be-
cause the machine is allowing for the oblique beam, there
is the possibility of an incorrect reading arising if the beam
angle is not correct. Secondly. the beam strongly illuminates
areas beyond the road it crosses, and if there were targets
present there. these could be confused with any in the near
field. A most insidious, if rare. situation exemplifying this
is shown in Figure 3.

The Fairey machine incorporates a number of design fea-
tures, such as a very narrow beamwidth in the antenna, and
a check for steady signal amplitude to suppress such errone-
ous responses, but these cannot completely eliminate the pos-
sibility of confusion. In fact, it can be viewed as detrimental
that such mechanisms operate. They reduce the rate of poten-
tially misleading operations to a level where the operator’s
impression is of reliability. It is all too easy to look a few times
at a machine, see that it works well each time, and then im-
plicitly attribute “‘computer infallibility” to it.

The check for steady amplitude. by the way, is a rather
clever means of trying to eliminate cars which are off to the
side of the beam. Figure 4 shows a plot of beam strength
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This vehicle
Speeds

Figure 3. An across-the road radar setup. Little of the road
being scanned is effectively illuminated, but another road
could be. There is no problem if the operator is paying
attention. The Radar ‘looks’ across the road at an angle of
22.5 degrees, but almost any angle would do, so long as
it's taken into account.

(brightness) against the angle off-centre. If a vehicle is return-
ing a signal to the Fairey unit, it must be partly approaching
the unit, but also partly crossing the beam, because of the
oblique angle. This means that its angle off beam centre is
changing. Figure 4 tells us that the amplitude of the signal
{the B factor in the radar cross section equation, Part 1) will
move only slowly as the car is near the centre-line of the unit,



but because of the steep slope of the typical beam strength
curve, it will change rapidly if the car is off-centre. So a quick
change is taken by the unit as an indication that the car de-
tected is not in beam centre. This is supposed to prevent a
police operator whose attention has wandered booking a car
which comes through a split second before or after the vio-
lation is recorded, but which is not the vehicle responsible.

Unfortunately, it is not hard to imagine how the roads in
Figure 3 might be changed to force the second, and acciden-
tally illuminated road, to cross the beam more slowly. In ad-
dition, that road would then have a cosine error going against
the motorist. Further, the centre section of the beam is wider
on the further road. This means that a car will cross it more
slowly, in degrees per second, than if it was close to the ra-
dar unit, and is still less likely to be caught out by the check
for amplitude consistency, which uses a fixed interval for
a given target speed, to make the decision.

The human element

Having now discussed how the radar units work, and what
they cannot tell an operator, let us look at what an operator
needs to do to be sure ‘‘beyond reasonable doubt”.

Overall, the operator is required to be sure the correct car,
is chosen, the one responsible for the speed on the radar unit
display. In the case of the KR-11, where there has never been
any doubt that it selects the fastest car from amongst any visi-
ble, the problem should be simple. The operator cannot really
act unless there is one and only one car “present”, or there
is one car visibly travelling faster than the others. In addi-
tion, that car must of course appear to be doing a speed com-
patible with the reading.

The case is similar for the Digidar unit. An operator who
knows that it is possible for the car nearest not to be the one
selected by the radar will be on guard. He must respond to
a reading only if there is but one car which could have been
responsible. If he is continually alert to the possibility that
areceding car could be responsible, or that another car way
behind the first might have been responsible, he should be
able to sense when the situation is not conclusive.

The first requirement is that the operator be well instruct-
ed in the situation. Once upon a time, the operators, even
in New South Wales where instruction is relatively compre-
hensive, were not fully aware of what has been described
above. The arguments about how radar units worked were
still being bandied about, and the opinions of the wise were
still divided. It is not suprising that there was a lot of unrest
and wrong bookings when the operator was under the im-
pression that the guilty car was the nearest car, because it
sometimes wasn't!

It is possible that there are still police officers who are not
familiar with the real situation. It is also possible that
retrained officers are still influenced by the past situation.
It is easy to make the generalisation that the nearest car is
responsible if it usually is responsible, especially if you have
that common subconscious impression that ‘‘machines are in-
fallible””. The point again is that these machines are depen-
dent to a great extent upon their operators for their accuracy.

The definition of “present” is the next problem. A car could
be practically out of sight, and yet responsible, causing some
other car to be blamed. How far away is not present? Well,
it seems that ten times farther away is a safe factor. General-
ly, an operator who is on the ball will twig to the situation
if he pulls over one car, and another comes past very soon
after. This is especially so if the driver is politely adamant
that he was not doing the offending speed. However, if he
is tired (by having been on the job for the last few hours of
a bleak and boring day, or if he has just done two hours of
RBT (which tends to numb the senses), he may not notice.
The point here is that people tire and machines don’t. Since
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Figure 4. Radar beam strength (vertical axis) versus angle
off-centre (horizontal axis). The steep fall-off off-centre is
exploited by the Fairly radar to exclude vehicles off to the
side of the beam.

be an increased error rate in some circumstances. What is
called for is a radar unit which removes the responsibility
for detection of other cars from the person and takes over
itself.

It is interesting to discuss a ‘‘check’ against a mistake being
made. In New South Wales at least, the officer is instructed
to make an estimate of the vehicle speed, and see that it
matches that reported by the machine. You can imagine the
officer playing a game with himself, using the radar unit to
calibrate his estimation skill. Where they agree, he proceeds,
but if they do not, he suspects something has gone wrong
and either ignores the incident, or proceeds with added care.
It is also easy to see that such a game would get boring very
quickly.

If you get tired enough to miss second cars or receding cars,
you are quite tired enough to have slipped into looking at
the radar display and then looking at the car and say “‘yes,
that is about right”, which is not much of a check at the point
where it is needed most. It only takes one slip-up such as that
in a critical situation once a month by some operator some-
where in the state to get the trade a bad name. Considering
all the officers on the roads, that does represent more than
a minuscule percentage of the total radar bookings.

The situation is rather different with the Fairey unit, but
it is as surely dependent upon the operator as with the others.
There would seem to be two obvious ways that the unit can
mislead. Both mechanisms require but a moment of inatten-
tion on the part of the operator, which is easy to accept.

If there is a road in the beam some way behind the road
directly in front of the unit, such as depicted in Figure 3,
problems can arise. Imagine the following situation. A car
travelling at a legal speed passes the operator, who has
stopped to scratch or turned to use the radio. A fraction of
a second earlier or later a very fast car moves into the beam
on the far road. Recall that the beam is quite wide some dis-
tance away, so the car can be some degrees off centre-line
if need be, and will still cause a valid reading. Imagine that
the roads are at right angles and that the radar unit is set up
in one of those 25 kph crossing zones which are littered about
Adelaide, as radar units sometimes are.

Allowing for the cosine correction of the Fairey unit at
22.5° to the near road, a car travelling at just 60 kph on the
far road will seem to the radar the same as a car travelling
at 25 kph on the near road. When the radar indicates to the
operator that it has detected a car exceeding the speed limit,
he returns his attention form that momentary distraction, and

the ‘machine’ involved includes a radar unit and there may sees one car right in front of him. He naturally books it. Even p
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if he notices {from his tree covered niche where he has hid-
den from view) that it seemed to be travelling at a reasona-
ble speed he assumes that it has slowed quickly because it
has seen him.

The second easy scenario for malfunction arises from the
unit's inability to distinguish direction. The same distract-
ing itch or radio call could cause the operator to miss a first
car moving the opposite way. off in the direction which takes
it behind the trees used for cover. The second car zooms past
(legally) before the operator has returned attention sufficient-
ly to do more than get the licence plate and pass it on to his
associated patrol car. Again the wrong vehicle will be as-
sociated with the speed reading obtained.
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The 'Microeye’ range of radar detectors, from Perth-based
firm Altronics, claim the ability to detect both X- and K-band
radar at distances up to 13 km. There are three in the range,
all superhet models designed for sun visor mounting. The

A 1510 has separate audio alerts for each band and a radar
signal discriminator (RSD) switch to ‘‘. . . eliminate extraneous
signals'’. The A 1520 has an additional switchable filter to
furthier reduce interference from microwave door openers and
burglar alarms, resulting in an extra 3 dB (2x) more sensitivity
in ‘city’ mode, the makers claim. The Vector (A 1530)

teatures gallium arsenide (GaAs) detector diodes, resulting in
about 4 dB (2.5x) more sensitivity than the A 1520, it is
claimed. All three feature a microprocessor system for
discriminating between signal types to allow discrimination
between Police Radar and interference, claim the
manufacturers. The three units cost, respectively, $399, $449
and $499.

How a court case goes

If you were booked (or arrested) for speeding, and you asked
your solicitor to enquire about the possibilities and advise
you as to what to do, what would he advise? The truth is that
he would be forced to say that you had little chance of prov-
ing in court that you were not speeding, even if it was the
fact of the matter.

The problem lies in the fact that where it is a matter of one
person’s word against that of a policeman, the court will nor-
mally accept the policeman’s description as the truth. Most
radar operators know what should have happened, which is
what probably does happen most of the time. If an operator
misses some clue in using the radar unit, he is very unlikely
torealise it, and less likely to be convinced later that he made
some mistake. When the matter comes to court, some six to
eighteen months later, he will recall what his impression of
the events were, and the impression is (not surprisingly) likely
to be very close to what does happen most of the time. That
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JAMMERS

Jamming a radar unit is generally achieved by ‘flooding’ the
environment with a signal which confuses the radar. Such a
signal is one which the radar realises is not possibly produced
by a steady, valid target, but from which it cannot separate a
valid signal if present.

This is most usually done (judging from units I've seen) by
frequency modulating an oscillator in the radar band. The os-
cillator used is just the same as that in a radar unit, except that
some circuitry is added to allow frequency modulation. The
modulating signal is noise, so that the signal makes no ‘sense’.
The modulation may be achieved by adding a high Q varactor
diode at the appropriate high field strength point in the oscilla-
tor cavity, or even more simply by modulating the power sup-
ply on the Gunn diode in the oscillator.

This latter method requires neither a second diode, costing
a few tens of dollars, nor any mechanical alteration of the com-
mercial module, but is less reliable in confusing radar units.
The Digidar, for example, responds to the signal jumping around
the band by obtaining unequal readings on its six sequential
tries, and so displays 00 and gives up. The KR-11 sees the ‘noise
floor' of the environment rise, and sees large variation in the
amplitude of signal at any single frequency with time because
the jammer rushes over that frequency at random. It would be
vitally important for the jammer modulation to be truly random,
comprising white noise with a bandwith from below 1 Hz, so
that the radar unit sees no regular signal which could be recog-
nised as some extraneous signal. This is especially so for the
cleverer units such as the KR-11.

‘Intelligent’ jamming is less simple. Transponders operate by
receiving the signal sent out by the radar unit. Once they have
this information, they can take sensible action. Mostly they trans-
mit a very strong signal corresponding to a vehicle that is travel-
ling slowly, and hope that it swamps out all other signals, which
is not too difficult. Again the more intelligent Police radar units
require a very much stronger signal to be defeated.

In either case, the mathematics required to calculate the pre-
cise requirements is well known from the technical literature,
and the hardware required trivial in an electronic sense. A
(simple) jammer is readily assembled from locally available parts
if you have the know-how. However, like detectors, jammers
can be badly designed very easily if you do not know how, and
this fact is not often discovered until too late!

impression will include the normal checks of satisfactory
operation, such as check for other cars, even if his momen-
tary inattention those months ago cancelled the check.

Trying to convince a courtroom that a small inattention
could negate the accuracy of the radar is difficult, but try-
ing to also convince it that the policeman had such a small
lapse is very difficult. It generally requires that you have an
expert witness, and that that witness has briefed your solici-
tor or barrister carefully beforehand. It also requires a shrewd
and capable legal eagle to extract an admission of a moment’s
possible inattention from a constable who has a carefully
rehearsed description of the event and a lot of witness
experience. These conditions are very rarely met, and both
sides know it.

Cases where there is some independent witness go very
differently. A famous (infamous?) case in Sydney involved
a motorist behind the victim appearing after the policemen
both swore that nothing could have gone wrong. The in-
dependent witness was shown never to have seen the vic-
tim before that day, and had a description that corroborated
the victim's story completely. Something had gone wrong,
though it was never settled as to exactly what. (The indepen-
dent witness had a Super Snooper, which told him of the ra-
dar unit. There is some suggestion that it was responsible,
but the matter did not need to pursued.)

Such witnesses are very hard to come by indeed. Witness-
es in you own car do not count, for obvious reasons. The
case above involved a good Samaritan, which you are un-
likely to have on hand.



WHAT HOPE DOES FUTURE TECHNOLOGY HOLD?

There are problems which hinder the development and use of
radar units which can (1) discern between receding and
approaching targets, (2) reject readings where there are cars
which could confuse the operator and (3) reject spurious sig-
nals from other sources, deliberate and accidental. The main
problem is that there is no strong incentive from any body to
support the development of such machines: the government
is happy with the current units. The department that runs the
units does not accept that they are significantly fallible, and is
going to have to defend the units against crackpots and wealthy
people no matter what, so stands to save little in court costs
by avoiding genuine errors.

There are ways to implement all the above requirements, al-
beit at cost. There are newer developments, which are being
explored at various research institutions, which may lead to
reasonable cost units which do not rely on the operator. It will
be some years at the earliest, before such machines are readi-
ly accepted into the police system.

What to do if YOU are pulled over

The final piece of useful advice this article offers concerns
the best action to be taken if you find yourself wrongly pulled
over and accused at the hands of a radar unit.

The very first thing to do is get the licence plate of any car
nearby. If you can produce the driver of a car that was there
at that very moment, you will have a very strong bargaining
point in a court of law. Even if the driver of that car cannot
recall your car, or be sure that he passed the trap at the same
time, the fact that he was there may contradict other peo-
ple’'s descriptions of the incident.

The police officer will address you with a line to the effect
that the radar has measured your speed at such-and-such a
value. If you do not agree with this, politely say that you do
not believe it to be accurate, and suggest that another car was
responsible. Many officers will suspect that there may have
been an error if you are level headed and seem to know what
you are talking about.

If the officer decides to go ahead and book you, ask to see
the readout or printout of the radar unit, and take its serial
number, and the name and serial number of the officer to
whom you are talking. If you carry out these actions calmly
and with due respect, the officer is more likely to recall the
occasion.

You are permitted to have in front of you in court any notes
you take at the time of the incident. This action not only helps
you remember what happened, but will also impress a magis-
trate with your efficiency. Thus, write down anything the
officer says which you might think important. You can com-
plete these notes after you have finished your discussions
with the officer, just as he may.

Finally, note down the exact location of the radar anten-
na, e.g. on the road side near window of the (police) car
parked outside number 44 something street. You should also
have noted if the policeman’s view was obstructed by trees,
etc, as this may affect what he could have seen of your vehi-
cle. If he could not see your approach, he will not have been
able to estimate your speed by eye before the unit alerted him
to your supposed speed.

Conclusion

The situation with regard to radar equipment is that the in-
strument is not capable, by itself, of returning any result *be-
yond reasonable doubt”. Because it still depends upon a
person, there is room for error. Regrettably, the courts have
no way of telling just who made the mistake where there is
no independent witness available. Worse, where a member
of the police force disagrees with a private individual, the
court takes the word of the “trained’ officer. While this is
a statistically wise decision, it is by no means conclusive, be-
cause everybody makes mistakes. #,
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BVTEK
Multimodem I1

NOW WITH V22 (1200/1200 baud) OPTION

Australia’s top selling modem does it again,
with a V22 compatible option. Buy the best — the only
modem that won't be obsolete next year! And get all the
teatures the others can't ofter:

i All standards (V21, V22, V23) at the flick of a switch
A Digital tiltering for reliable transter on noisy lines
E Fully Viatel compatible B Unique expansion bus
H From only $365.00 inc. tax.
- Awtek (Electronics)
e PO Box 651, Lane Cove 2066
Phone (02) 427 6688
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YOU CAN

Make your
own customised

MEMBRANE KEYBOARD

STANDARD MEMBRANE OR TACTILE FEEDBACK

* Select keyboard size and or combination standard
sizes 4, 12, 16, 40 & 80 keys.

* Place keycolour and lettering in position

* Place combination overlay faceplate in position and
push terminal strip into connector

* Soon to be available: Standard 2, 10, 24, 32, 45, 70
(65/Qwerty) + 128 key.

designed requirements.

KOLOONA INDUSTRIES PTY LTD ...

1/168 Bemore Road South. Riverwood NSW 2210 VIC:  Arlin Electronics Ph: 569 6984

i . Browntronics Ph: 419 3355
Tel: 53 8228 533 2588 Telex: AA23988 SA:  Graphic Electronic Ind. P/L Ph: 42 6655

QLD: Colourview Wholesale Ph: 275 3188
Hi-COM Unitronics Caringbah. 324 78/

ki Also special keyboards to customer
]

1/168 Belmore Road South. Riverwood NSW 2210

161 53 8228, 533 2588. Telex: AA23988




QUALITY EQUALISER
AT A FRACTION OF
THE PRICE!

By building yourself save $$! Then OPERATES WITH
enjoy the Playmaster equaliser as it MOST COMMERCIAL
tailors audio output to suit your HI-FI SYSTEMS

personal tastes or adjust response to

compensate for room deficiencies. You'll enjoy tota! sound control: cut and
boost up to 13dB per channel and even create special effects. Excellent for
producing precisely equalised dubs.

Cat K-3500
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BREAK THE
SOUND BARRIER!
120W MOSFET
AMP MODULE

For more power you can't
go past our 120 watt
module — only $20 extra!
Imagine the power output
that you can construct
with this beauty: PA
system, Hi-Fi, etc. Comes
with drilled heat sinks —
now that's value!

Cat K-3443

$9950

MODULE WITH
HEAT SINKS!

Mosfet amp modules —

they're hot to trot and
maintain stability as the
temperature rises! Ideal for

audio projects: build a PA,
stereo... increase the

| output of your moderately
powered Hi-Fi. And DSE

¥ include drilled heat sinks!

Cat K-3441
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@ 945 OFF!

KEYBOARD ...

It you've been thinking of building a
data transmission project. replacing
your old computer keyboard or even
building your own computer — now's
the time. Our 60 key keyboard is $15
off! Features full typewriter style layout
and full function keys: escape, tab,
control, delete and shift, etc. All
hardware included in our super low
price.

Cat K-3601
5 3295
$44.95 NOW
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ADD COLOUR
TO YOUR MUSIC!!

Great space economy at a super low
price! Musicolor Mk IV combines a
chaser and colour organ for brilliant
light show effects. Features four chase
patterns, auto chase and reverse
chase. Four channel mini organ boasts
an in-built mic for instant set up.

Cat K-3143
ONLY 31 1 9
. R =

BEAT STROBE...
LIVENS UP PARTIES!

Makes parties swing by adding that
professional ‘disco’ feel. Strobe easily
connects to stereo or mixing panel for
pertect beat flash synchronization.

SAVE $10

AM STEREO DECODER

Don't be one of the few to miss out on
fantastic AM stereo! And vou don't
have to buy a new tuner... fit your
present AM set with our decoder kit:
turns it into a true AM stereo set! Easy
to assemble: includes all components.

w29

WAS
$39.95
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“Pocket Watch”

colour LCD screen

his pocket/portable TV receiver featuring a 75 mm (3")
colour LCD screen will be launched in Japan and North
America by the Matsushita Electric Industrial Co. of Osaka,
Japan, under the Panasonic brand name this coming May.

Matsushita claim the liquid
crystal screen ** .. . offers pic-
tures as crisp as those found us-
ing conventional cathode ray
tubes.” The TV's high-clarity
picture boasts a resolution of
240 x 372 pixels, made possible
by a thin film transistor (TFT)
active matrix system. A
separate transistor for each pix-
el (all 89 280 of them!) enables
** ... subtle variations in hue
and colour intensity ', the com-
pany claims.

Matsushita says technological
innovations like multi-gap
colour filters, triangle colour
formation of the red, green and
blue pixels, and a black matrix

Onkyo launch CD
player

nkyo of Japan has re

leased the DX-150 CD
player featuring a ‘double over-
sampling’ conversion system
that is said to preserve the clar-
ity and phase accuracy of digi-
tal audio. particularly in the
critical high frequency range.

A 16-track memory is only
one of the luxury features of the
DX-150. This memory play al-
lows one to play tracks in any
desired order — even repeating
a track number more than once.

The DX-150 also features a
forward or backward jump key
function, which moves the pick-
up directly to the starting point
of a track in either direction,
reducing time-consuming
manual search operation.

Other features include fast
forward and fast reverse keys to
quickly move the laser pickup to
any specific point on the disk;
power and play/pause indica-
tors; and optional operation
with audio timer.

Onkyo (the Japanese word for
‘audio’) has specialised in audio
and hi-fi technology throughout
its 30 years of operations, and
chosen not to diversify into
other areas like most other com-
panies.

Onkyo products are distribut-
ed Australia-wide by Regent Au-
dio, a division of the publicly
listed Broadcast and Communi-
cations Ltd. For further infor-

combine to dramatically im-
prove contrast and overall pic-
ture quality.

Weighing in at less than half
a kilogram, the TV measures
just 163 mm high by 90 mm
wide and only 22 mm thick, so
it will easily slide into a largish
pocket or purse.

Matsushita claim the TV pro-
vides a brilliant picture even in
direct sunlight with a pop-up
filter. Indoors, internal back-
lighting provides viewing under
low light conditions. They claim
the screen can be viewed over
+1-40° horizontally. +/-30° ver-
tically.

It can be powered from batter-

ies, ac adaptor or car battery
adaptor. It has an audio/video
jack and can serve as a colour
monitor for video camera or
VCR. National Panasonic Aus-
tralia. Matsushita's Australian
operation, say there is no plan

' CONSUMER ELECTRONICS NEWS
TV boasts

A 4

to import it here. Never mind.
register your enthusiasm/pro-
test with National Panasenic
Australia, 95-99 Epping Rd,
North Ryde 2113 NSW. (03) 887
5314.

mation, contact: Margot
Bowles, Regent Audio, 16
Suakin St, Pymble 2073 NSW.
(02) 449 5666.

Dick Smith’s
stereo AM/FM car
cassette deck

ick Smith Electronics

has released a $279 stereo
AM/FM cassette deck featuring
LED digital frequency display.
five AM and five FM station
memories with auto scanning.
plus automatic noise reduction.
The unit, cat. no. A-6020,
delivers six watts ouput and the
cassette deck comes with Dolby
noise reduction. It is designed
for in-dash mounting in most
cars. Further details from Dick
Smith stores and dealers
throughout Australia and New
Zealand. Viatel subscribers
should check with 6743584882.

Random playback
for Akai CD player

kai's new CD player. the
CD-A30, can play up to 36
tracks from a disc in any order.
All you do is press the
**skip/music’’ button until your
first track comes up, then press
memory; skip to the next track
you want, press memory, and
then continue until all the tracks
you want are entered in the
desired order.
There is an MA-MB repeat
play. so you can go back to any
place on a track and repeat that

section as many times as you
like. A manual search systems.
is included to find vour
favourite spot in two speeds. To
top this off. there is a skip
search to go to the end or begin-
ning of the current track at the
touch of a button. You can also
add-on a ‘subcode’ jack later to
take advantage of the promised

video features to become avail-
able on compact discs shortly.
This provides still pictures on
vour TV while vou listen to the
music.
The CD-A30 is attractively style
and comes in both black and
silver.

See your nearest Akai dealer
or stockist for further details.

5666.

TANNOY HIT THE HI-FI TRAIL
One of the world’s best-known names in loudspeakers, Tan-
noy, from Britain, has hit the hi-fi trail here once again through
the dealership network of Rank Electronics.

Tannoy is well-known for its development of the dual-
concentric driver, so successfully exploited in the now-famous
Bailey transmission line loudspeaker designs of the early '70s.

Andrew Harrisson, General Manager of Rank Electronics’ Au-
dio Division, said the active promotion of Tannoy speakers to
the general consumer market was in response to the growing
audio sophistication of this sector.

Enquiries to: Margaret Bowles, Audio Division, Rank Elec-
tronics Pty Ltd, 16 Suakin St, Pymble 2073 NSW. (02) 449
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aem hi-fi review

Jamo’s CBR 200
‘digital monitors’

Robert Fitzell AAAC

Incorporating some exciting concepts,
Jamo’s new release - the CBR ‘digital
monitor’ series, of which the CBR 200 is
the top model - features a unique box
construction employing a front baffle
made from a special (‘NCC’) compound
and a non-rectangular enclosure.

SOME YEARS AGO, perhaps even in the early days of
‘hi-fi’, it became apparent that the components which most
strongly influenced audio quality were those at each end of
the system. The purely electrical stages have developed to
a high level of sophistication, due in no small meausure to
the fact that electrical energy is highly controllable. Ampli-
fiers have long been, within reason, very linear. However,
since sound energy is a physical quantity obeying physical
laws there is required an inevitable conversion process from
electrical to mechanical energy — microphones and loud-
speakers. Until recently the pressure on the mechanical legs
to perform was not so extreme since there were significant
‘electro-mechanical’ stages in the process — turntables and
tape recorders — in which the limitation to quality was also
audibly real. The digital era has, however, changed all that.
Audio signals can now be processed with almost electrical
perfection until reaching that final leg — two or three pieces
of cardboard wriggling hopefully in a wooden box and try-
ing to convert the electrical energy into air pressure vari-
ations.

Since the arrival of compact discs, although in truth the
changes have been occurring since the arrival of digital
recording, we have all become familiar with the sight of ‘DIG-
ITAL MONITOR' pasted grandly onto most loudspeakers in
hi-fi stores. I guess, in truth, the claim is correct — if you
listen to digital source material through them you can moni-
tor the sound, although I would defy most listeners to assess
source quality through many of them!

Some manufacturers have, however, sought to do more
than just name the box. There have been some crashing suc-
cesses and some resounding failures. However, until the de-
velopment work finds the sort of conceptual changes that
have revolutionised the signal processing chain, the poor old
loudspeakers will still be suffering inferiority complexes.
Loudspeakers will never be as accurate as, say, a CD player,

REVIEW ITEM: Loudspeaker

MANUFACTURER: Jamo

MODEL: CBR-200

FORMAT: 3-way bass-reflex

PRICE: $1995 pair RRP.

SUMMARY: A puzzle with a few missing pieces

30 — Australian Electronics Monthly — March 1986

since there are simply too many uncontrolled variables
involved. But, I for one believe that some aspects of pefor-
mance can and will be significantly improved.

No ordinary loudspeaker

One manufacturer who is clearly unafraid of research and
development is the Danish firm, Jamo. From first sight it is
obvious the Jamo CBR 200 is no ordinary loudspeaker. To
me, they looked immediately like a modern day Easter Is-
land statue — large inclined monoliths making no excuses
to all the other plumb surfaces which surround them. They
actually ‘look’ digital.

The appearance is not, however, due to any archeaologi-
cal whim, but due to very real attempt to control some of the
aspects so commonly detrimental to loudspeakers.

Design features

The CBR 200 is a three-way bass-reflex loudspeaker incor-
porating a number of design features common to the model
range offered by Jamo. The ‘200’ is a 200 watt capacity loud-
speaker, with other models offering 120 watt, 90 watt and
70 watt capacities, respectively. One of my own criteria for
deeming a loudspeaker suited to ‘digital’ sound is power han-
dling capacity, and the CBR-200 is clearly one which com-
plies. Readers are probably becoming bored with my
emphasis on power needed for digital source limit but it is,
quite simply, essential.

I have never liked the audio industry tendency to jargon.
However, I can concede that to do otherwise is sometimes
difficult. Jamo has followed the lead of many others in us-
ing letter abbreviations to refer to two of the most important
design features — CBR means ‘‘centre bass reflex’” and NCC
means ‘‘non-colouration-compound’. Unfortunately, this
tends to distract one from recognising that the loudspeaker




design principles are based in technology and not on mar-
keting. In both these principles physical impedance load on
the bass loudspeaker (woofer in jargon: OK, I concede), and
an enclosure in which vibration is highly damped and dies
away rapidly. A third basic design principles which is uti-
lised is the use of a non-rectangular enclosure.

The benefit of a symmetrical load on the woofer is claimed
to be lower distortion and the centre bass reflex principle
is one which Jamo has patented, and launched in 1981. In
most bass-reflex loudspeaker designs the loudspeaker is
mounted in a baffle board with a carefully designed aper-
ture, or port, situated somewhere else in the same baffle
board. Since the wavelengths at which the aperture in-
fluences the loudspeaker performance are very long, the
physical separation between the two components does not
cause any phase problem for any listener location. The loud-
speaker driver is, however, in a non-uniform pressure field,
albeit infinitesimally so, since the aperture is usually to one
side of the driver. The Jamo principle is simply that the loud-
speaker is mounted within the aperture itself, so that the vent
surrounds the driver. Low frequency distortion is claimed
to be decreased by 50 to 60 per cent compared to ordinary
loudspeakers.

The second major feature is the material used for the baf-
fle board. Quite correctly, Jamo has asserted that the con-
struction material used for loudspeaker enclosures can colour
the sound quality. For those who doubt this, remember how
much sound comes from a violin or cello, simply from a
vibrating wooden enclosure.

From their experimental work, Jamo would have preferred
to use concrete for their baffle boards. Since concrete would
obviously have limited acceptance domestically, Jamo deve-
loped an injection moulded “‘concrete-like material”’ sand-
wiched between formed polystyrene. The polystyrene baffle
is textured in a rectangular grid so as to reduce diffraction.
The edges of the baffle board are slightly rounded, also to
reduce diffraction. Finally, the baffle board is inclined to
assist phase alignment of the three drivers by ensuring that
the acoustic centres of each driver are in line.

It is known that non-rectangular panels and enclosures tend
to resonate at fewer frequencies, and at frequencies which
are not harmonically related to one another, than do rectan-
gular ones. Jamo has used a non-rectangular enclosure for
the rear half of the box coupled to a rectangular baffle board.
The non-rectangular exact angle of which has been deter-
mined to assist phasing at crossover points. It is worth
remembering at this point that the term ‘monitor’ has evolved
from the recording studio industry, where a recording en-
gineer requires a sound field that is as clear from anomalies
as possible but has the advantage of sitting in almost the same
position at all times. A true monitor can take advantage of
physical design features, such as an inclined baffle board,
particularly in relation to phase, which are of little relevance
to domestic hi-fi where listeners can be seated anywhere.

Does it make sense?

In summary, yes, although it should also be stated that there
is no guarantee at all that non-rectangular enclosures will
outperform rectangular ones. In relation to the venting, good
low frequency performance is achieved through the use of
a properly aligned vent, all that Jamo are doing here is refin-
ing the performance. The logic of the use of a damped baffle
board is unable to be challenged. What is important, in my
own view, is that the entire box be examined and not the baf-
fle board alone.

The decision to use a non-rectangular enclosure format is
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an important one, the success of which depends on more than
the physics of non-rectangular spaces. It is critical for loud-
speakers that construction be robust and that panels connect
solidly together. Many excellent technical principles have
foundered simply because fabrication is either too difficult
or too expensive. In my own view it is often worse to imple-
ment a good idea badly than implement a mediocre idea very
well, particulary where loudspeakers are concerned.

Laboratory performance

Laboratory testing of the CBR 200 has proven more than in-
teresting. Overall, results range from excellent to less than
average, and it is clear that the ideas engendered in the de-
sign can be taken much further.

Figure 1 shows the frequency response for each driver,
measured near-field at 50 mm. The crossover points appear
to be nominally 900 Hz and 4 kHz. Overall, the three traces
are a lot less exciting than had been expected.

Figure 2 shows frequency response measured free-field on
axis at a distance of three metres. The large dip at 100-150
Hz is a ground effect where the wave reflected off the ground
has phase cancelled. Whilst this a real effect in a room, the
drip would not be there in a Q=1 anechoic chamber. Not
so the dip at 2 kHz, which is much more serious. The micro-
phone position used was one metre above ground, or about
at the level of a seated listener.

At first, the dip is very puzzling, since it occurs at about
the centre of the mid-range driver performance and well
away from the apparent crossover points. Performance at the
nominal range point where the near-field traces suggested »
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Figure 1. Near-field response of the drivers.
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Figure 2. On-axis frequency response of the CBR 200.
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Figure 3. Horizontal off-axis response above 1 kHz,
compared to on-axis response (top). The curves are
separated by 10 dB for clarity.
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Figure 4. Vertical off-axis response above 1 kHz, taken at
22.5 degrees, compared to on-axis response (top).

performance would more than likely be deficient. However,
it appears from Figure 1 that the crossover at 4 kHz uses a
very sharp low-pass filter on the mid-range but only a 6 dB/oc-
tave slope at best on the high-pass. This appears to be the
problem, and signal phase, either electrically or physically,
is reversed between the two driver units. This is clearly one
of the disadvantages of the sloped baffle, since it much more
difficult to identify the cause of a spurious result when it
appears.

High frequency roll-off is also a real disappointment, seen
in Figure 2. This again is not really expected from the near-
field traces, although it is clearly not possible for interaction
with the mid-range to be the source of the problem. The roll-
off does not sound bad, and many listeners would in fact
prefer loudspeakers with a little softening of the highest fre-
quencies. However, if the top end is not there in the first place
it will frustrate many.

Gauging by the diffraction treatment on the baffle board
I would not have expected the roll-off to result from panel
effects, although the dip at 10 kHz is sufficiently discrete to
suggest edge diffraction or * yme other such discrete source.
One-quarter wavelength a’ 10 kHz is 8.5 mm, i.e: virtually
at the same point as the tweeter, so if anything the rolled
panel surrounding the tweeter may well be the culprit.

Figure 3 shows high frequency horizontal roll-off at 30 and
60 degrees. These results are excellent and really lead to fur-
ther puzzling at the poor zero degree showing. Figure 4 gives

zero degrees again, together with the response at 22.5 degrees
above the seating plane. In both Figures 3 and 4, the sensi-
tivity to angle and overall phase deficiencies at 2 kHz are
very apparent. Overall, we found the performance at high
frequencies to be very sensitive to location, particularly in
relation to phase effects.

When compared with other loudspeaker tweeter perfor-
mances the tweeter response is definitely more lumpy,
although the dispersion quite good.

Sensitivity was found to be 92 dB/watt (2.84 V) at one metre
for 1 kHz, and the dc resistance 6.74 ochm. Given the power
handling capacity at 200 watts, the CBR 200 can produce 115
dB sound pressure level at one metre, well and truly up in
the CD player peaks range.

Pulse testing (Figure 5) displays an overall level deficien-
cy centred on 3 kHz. This is nearer the region at which
near-field sweeps in Figure 1 might have foreshadowed at
deficiency, although it is also clear that there is a lag at 1970
Hz which may be the start of a delayed reversed-phase com-
ponent. In swept sinewave testing this can occur within the
bandwidth of the sinewave and can cause cancellation. Each
trace in the impulse response test is 0.8 millisecond apart,
so you are looking at about a 12 to 15 millisecond period.

Figure 6 shows an impulse, but over a much wider band-
width to achieve a short pulse duration. In each trace, time
advances 40 microseconds, so you are looking at 1.6 millise-
cond total time.

___JAMOD CBR 200

~34
START: 150 Hz STOP: 10 1S5S0 Hz
Figure 5. Pulse testing shows a relatively smooth
performance over the lower-to-mid-range, but indicates an
overall level deficiency around 3 kHz and a ‘lag’ just below
2 kHz. Frequency (bottom axis) is on a log. scale.
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Figure 6. Pulse testing with a short pulse duration with
bandwidth extended to cover the top end.
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TABLE 1: Total harmonic distortion, dB

Input power, watts 40 Hz 100 Hz 315 Hz 1.k Hz 10k Hz
1 n/a -40 -41 -42 -30
10 =25 -36 -32 -51 -36
100 -10 -18 -34 -43 n/a

Distortion testing is summarised in Figures 7, 8 and 9 along
with Table 1. When compared with other loudspeakers, dis-
tortion at 1 kHz is very impressive, whilst the values obtained
for 10 kHz and 100 Hz are nothing to disappoint, although
not stunning. Forty Hertz is not a test frequency that we have
used greatly so we cannot draw a fair comparison. At 100
watts and 40 Hz, distortion is certainly starting to rise. Simi-
larly, distortion at 315 Hz cannot easily be compared with
our previous tests. In most cases, second and third harmon-
ic distortion were the strongest components, with third har-
monic being progressively more significant as frequency
lowered.

- 1.9

- 78.0
dB

Figure 7. Harmonic distortion at 40 Hz.

T watt 10 matt TO0 watt

- 18.0—

- 28.8 i

- 4.0 THD,- T - B , 4th

- 0.6
dB

Figure 8. Harmonic distortion at 100 Hz.

Twatt I watt

- 10.0—

- 7.0
dB

Figure 9. Harmonic distortion at 1 kHz.
TABLE 2: Test results summary CBR 200.

6.74 Ohm

92 dB/watt at 1 metre

40 Hz to 15 kHz +/- 6 dB
900 Hz, 4 kHz

200 watt

115 dB at 1 metre

T matt I8 matt

dc Resistance
Sensitivity

Frequency Response
Crossover frequencies
Rated power (not tested)
Maximum SPL

Panel damping

Having completed most of our usual electro-acoustic tests,
we examined the performance of the enclosure, particular-
ly with respect to vibration damping. The results can only
be said to be a disappointment.

Two methods were used to assess the effectiveness of the
Jamo claims for their panel design — panel excitation using
a pulse through the loudspeaker, and impact response using
a rubber head mallet (gently!), with vibration being monitored
using an accelerometer fixed to various panels.

Figure 10 shows the impulse for an accelerometer on the
front baffle panel of the CBR 200, diagonally across from both
the mid-range and the woofer, with a pulse through the loud-
speaker. Significant panel resonances are evident at 92 Hz,
165 Hz and 238 Hz. Energy at higher frequencies is trans-
mitted from the drivers through the panel, and the impor-
tant aspect is that energy at higher frequencies decays
rapidly. Each trace is 16 millisecond apart, so the time taken
for the three panel resonances to decay 60 dB is approximate-
ly 400 millisecond! That is, longer than the reverberation time
of some studios.

To examine this further we then used the rubber mallet,
tapping the front panel at a point opposite the accelerome-
ter on the front panel. This result is shown in Figure 11. The
resonances at 92 Hz and 165 Hz are stunningly seen, as are
a number of others including the 238 Hz component. This
is a more stringent test, and one which is somewhat unrealis-
tic compared with the conditions in use, but one which clear-
ly demonstrates panel resonance.

Whilst tapping the enclosure, prior to any testing at all, it
was apparent that the inset baffle plate supporting the mid-
range and tweeter is badly resonant. This is both astonish-
ing and disappointing, since I find it hard to reconcile an
obvious effort to control baffle board resonance in the main p
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RANGEs 10 aBV STATUS: PAUSED

S7/60 A1 BUF MAG PANEL RESPONSE 4

-47

aBv

3

de

/D1vV

-71 —
START: 15 Hz BW: 8.54BS Hz STOPy 1 D1S Hz
X: 82.5 Hz Yy -46. 88 dBv

-B8S. 1
START,

X

Figure 10. Panel vibration with an impulse signal applied to
the loudspeakers. The vibration was measured with an
accelerometer placed on the front panel mid-way between
the mid-range driver and woofer, and to one side. There
are significant resonances around 92 Hz, 165 Hz and 238
Hz. Frequency (horizontal axis) is a linear scale on all
figures from this up to Figure 15.

RANGE: 0O dBV
PANEL RESPONSE 1

STATUS: PAUSED

1760 A BUF MAG

6.1
dBv

15 Hz BW: 8. 54BS Hz STOP:s 1 D1S Hz

167.5 Hz Y: -B3. 28 dBV

Figure 11. Panel vibration resulting from a light tap with a

rubber mallet. Here, the accelerometer was in the same

position as in the Figure 10 test, and the mallet was used

to strike the panel at a point opposite the accelerometer

on the front panel. Major resonances are again seen at

around 92 Hz and 165 Hz, the 238 Hz component also

showing up.
panel with so simple an oversight with the mid-range baffle
board.

Figure 12 shows the panel resonance with a mallet impact
on the rear panel of the enclosure. (Not the adjacent front
panel, the rear panel!) Resonances a little below and around
90 Hz are again seen, as is a strong resonance at 228 Hz. The
60 dB decay rate for both these resonances is of the order
of one second!

Figure 13 show the panel response using a pulse through
the loudspeaker. Again there is significant energy, and you
should note that the bandwidth of the sample to 1 kHz only
is mostly below the output range of the speakers in the board.

Finally, in Figure 14 we show the vibration decay for the
rear panel, using the impulse source through the loudspeak-
er. The resonance at 92 Hz is both sharp and and long, again
in the region of 0.8 second for 60 dB decay.
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RANGE: 0O aBV STATUS: PAUSED

50/60 A: BUF MAG _ PANEL RESPONSE 2
-51. 1 ! g
aBv

T

START: 15 Hz

Xrs 227.5 Hz
Figure 12. Panel vipration resulting from a light tap with a
rubber mallet on the rear panel of the enclosure,
accelerometer placed between mid-range driver and
tweeter. Resonances around 90 Hz are again seen, as is a
strong one at 228 Hz. The decay rate for these resonances
to reach -60 dB is of the order of one second.

- TSTOP: 1 DIS Hz

RANGE: 10 a8V STATUS: PAUSED
SB/60 A BUF MAG PANEL RESPONSE S
-a1.5 [
aBv

3
dB
/01v
-6S.5
START: 1S Hz Bw: 8. 5485 Hz STOP: 1 01S Hz
Xi B0 Hz Yi -41.48 dBvV

Figure 13. Panel vibration resulting from an impulse signal
applied to the loudspeakers, with the accelerometer in the
same place as the Figure 12 test. The resonances around
80-90 Hz and 165 Hz are clearly apparent, with minor
responses at 370 Hz and 407 Hz.

To make a comparison, | include Figure 15 a vibration
decay trace for a simple rectangular particle board construc-
tion enclosure. The largest panel dimension, 350 mm by 550
mm, is admittedly smaller than those of the CBR 200,
although not unfairly so. An impact with the rubber mallet
was used to excite the panels, although it should be said that
the response with the impulse source was not greatly differ-
ent. The panel resonances are clearly greater in number and
occur at higher frequencies, but in every other respect |
would rather have the simple particle board panel response.

As | said earlier, a disappointment.

Subjective testing

As a rule, | generally prefer to test subjectively before any
laboratory testing. In this case | am glad that I did so, since
I would have undoubtedly been expecting some poor aspects
of performance to appear. [ felt that the subjective quality
of the speakers was good, with some very pleasant aspects

— to page 100 >




RETAIL ROUNDUP

The vanishing
thermistor

R eaders have reported difficulty in obtaining the ITT
RA53 thermistor specified in the AEM2500 Simple
Sine/Square Audio Oscillator {December ’85 issue). It is im-
ported and distributed here by STC-Cannon. At the time the
project was designed, Jaycar were stocking the thermistor,
which was listed as catalogue no. RN3400.

\We always canvass a number
of retailers and kit suppliers be-
fore going ahead with any
project. especiallyv those which
require ‘special’ components.
At the time. a number of firms
indicated interest in the pro-
posed AEM2500. However. by
the time the project was pub-
lished. Jaycar no longer stocked
the RA53 and the various sup-
pliers who indicated interest
had ‘gone cold’ on it.

In designing the project. we
even attenipted to replace the
RA353 with electronic circuitry,
but that complicated the project

enormously. did not
perform as well. and could not
economically replace the RA53
thermistor. We could not find a
substitute tvpe from another
manufacturer.

So here we are. caught be-
tween the devil and the deep
blue sea. We'll endeavour to
convince a retailer or two that
RAS53s are worthy of their in-
ventory. or find some other way
to have them made available.
The RA53 is not a cheap com-
ponent. but in this application
is essential as there's no eco-
nomic substitute.

RVt

FREQUENCY ADWIST

cr2

-
S g sw2
25v SINE RANGE
H Q 3V
RV
+) S 300mV
T 100mV
U 30mv
swn
FREQUENCY RANGE
C.N X0
0.J x100
€K xik
F.L x10k

Meter bargain
lectronic Facilities currently
has on-special some 1 mA

meter movements. Now, you can

always use a few meters on the
shelf or in the ‘junk’ box, for that
rainy day project.

Made by Kyoritsu and dubbed
Model KM-48, the meters have a
45 mm wide face with the usual
0 to 1 scale with each 200 uA in-
terval marked. At $6.50 each,
thev're a bargain! The drawback
is — thev've got strictly limited
stocks.

Rush to Electronic Facilities,
67 Dickson Ave (PO Box 351),
Artarmon 2064 NSW, or call toll
free on (008) 22 6385.

Maintenance-free
batteries for

alarms
f vou've built and installed your
own electronic burglar alarm
svstem, or are thinking of doing
same, then no doubt vour
thoughts have turned to the ques-
tion of battery backup in the event

of mains failure. Current practice
is to employ ‘maintenance-free’
lead acid batteries for this
purpose.

All Electronic Components in
Melbourne currently stock the
well-regarded Gates sealed lead-
acid batteries in 6 V' assemblies
with two amp-hour ratings of 2.5
Ah and 5 Ah,

The manufacturers claim they
can be stored for up to 1200 days
and have an eight vear life in float-
charge service.

According to the literature. the
batteries can go through 200 to
2000 charge cycles and can be dis-
charged to as low as 0.8 volts.
Built-in relief valves are included
to release gas build-up due to
charging.

At around $40 each, these Gates
batteries are worth close investi-
gation. Contact All Electronic
Components, 118-122 Lonsdale
St, Melbourne 3000 Vic. (03)
662 3506.

Keyboard killing

D ick Smith Electronics
seem to have made a "kill-
ing’ in the kevboard market.
They're offering *'Digitran™
brand computer kevboards for
just $39.95.

We understand these are ful-
Iy functional kevboards com-
plete with function kevs.
numeric kevpad. plus SHIFT
key. an array of control keys.
etc. The 56-kev QWERTY kev-

board is supplemented by an ad-
ditional 46 keys. 102 total (or
thereabouts). Could be some
possibilities there!

The Digitran kevboard is list-
ed as cat. no. J-1008. Try vour
local Dick Smith store or dealer.

Crystals to order
andy are offering a service
T for scanner owners that ap-
pears to us to be unique. Through
vour nearest Tandy store. you can

Histo!
Istory|

order scanner (and CB) crystals
for their Realistic models for
whatever frequency vou want.

The service costs just $19.95 for
each crystal. You fill in a form, giv-
ing address and model details etc,
and the store will order vour crys-
tal(s) which are mailed direct to
vou. It seems the crystals supplied
come in the tiny fixed-pin plug-in
package (HC18/U).

See your nearest Tandy store for
further information. E N
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ARLEC SUPER TOOL

Now with handy carry case!

Amazing 7-in-1 littie wonder that performs
the jobs that hobbyists require: it drills,
sands, polishes, engraves, erases and
mitls and cuts. All attachments are
included PLUS 240V plug-pack

adaptor.

“
$5 7 Ct T-4754

Replacement Accessories

Cat T-2000

STATION

Variable temperature
allows any hobbyist
—g 10 tackle everything
. from heavy duty jobs to

temperature control: from 200°-
500°C. Comes with iron holder
and sponge. Super value!

69

Set 4 PCB Drills SOLDERING
s6.95 BUTANE 538
Grinding Bits Fantastic! Pen size iron uses butane so
Cat T-4758 $8_95 you can use it anywhere for on-the-spot
Ink Erasers emergency repairs. Butane provides
Cat T-4760 $3_20 ‘instant’ heat — equivalent to 10-60
Cutting Discs watts... up to one hour continuous use.
Cat T-4766 $9 95 Cat T-1370 ¢ === X
Wire Brush Pack $1 2 95 / 6;’:\:”‘
Cat 7-4768 @ \\, $ 6 950

DALO PEN (BLUE)
O

Spot on! Handy hobbyist
accessory for precision board
marking prior to etching —
thanks to unique press-to-mark

CABLE SNIPPER

e Makes cutting cable
- 0 ° easy. Gives the

Was$3.50 51 495 ¢or e cleanest cut you'll ever
feature.

s 95 Cat T-3202
Cat T-5170 Spare tip included. 2

CLEANING SOLVENT
DESOLDERING, et | <523t iiytic ety
BRAID N

relays, etc. High pressure pack spreads
non-corrosive solvent quickly. 300g.

‘Dick Wick’ — known by thousands of

hobbyists as just the trick to remove

Cat N-1040 3625
solder from PCB s etc. qmckly and

CIRCUIT LACQUER
thoroughly.

Invaluable spray that protects PCBs.
Cat N-1682

‘Solder through’ formula ailows treated
boards to be re-soldered. 350g. 3750

5285
ALUMINIUM SOLDER

Cat N-1045
Famous Alu-sol brand solder for
aluminium and non-ferrous metals.

1.6mm, 100g. ST
2313216259 sOLDERSHT:TALS! GREAT PCB

MARKER KIT!

Wow! Markers that can be used directly
on PC foil or for repairing photoresist...
even making one-off prototype. Includes
two colour pens for easy |dentmcat|on and
spare tip.

FERRIC CHLORIDE
SOLUTION

Copper etchant solution for
PC boards. No mixing
required — use full strength
straight from bottle. 500ml.

Cat T-5175
Cat H-5652 5360

Was $4.60

WAS $7.60

STOP TOOLING AROUND?

DICK SMITH ELECTRONICS GIVES YOU
BEST VALUE IN HOBBYIST AND SERVICE TOOLS.

see.

el

for prototyping and many other hobbyist or

‘ protfessional applications. 30W, 240V,
delicate soldering. Soldering station features gpare Tips....... $5.90 Cat T-1341 569

12V SOLDER IRO

Look no further and pay no more! This handy
little 12V iron is fantastic value. Produces an

impressive 30 watts.
- ' Was$6.50 5550
Cat T-1910 . *

ELECTROLUBE PEN

Beauty! Handy pen containing non-
drying lubricant. Retractable tube
system for inaccessible spots. Ideal for

all electronics gear. SR75
Cat N-1047 5

DELICATE

B &\m p ressi!oMi!:iE)E Btlheng

of a pencil — that’s perfect for
delicate PCB work in hard
-to- get at areas.

Rated at 6W.

Cat T-1920

HOLE REAMER

A super accessory that can help
many hobbyists out of a hole

by enlarging holes in thin
metals, plastic, wood. Complete
with tommy bars. Tapers: 4mm

to 22mm.
5650 Cat T-4920

BATTERY WOW:
LAMP/FUSE TESTER

What a bright idea! Check

1.5-9V cells under load
conditions, a whole range
of popular appliance

/ R ‘( . batteries plus mini Iamps
. p df
G, WS, S
o 5151 31 375
.

660
2
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BUILDING BLOCKS TO ELECTRONICS
BLOCTRONICS

Now there's a safer, creative way for youngsters to learn
electronics and build projects: Bloctronics! Instead of ROM
soldering, Bloctronics employs inter- -connecting blocks

which contain electronic elements. Join them together to ONI_Y
build a radio receiver, morse code transmitter — all the

traditional projects which make learning fun and s 95
interesting. Available in three configurations: each builds

on the other by expanding components. PLUS Empty Bloc ’
kits allow hobbyists to insert their own electronic elements o SET A Cat K-2612... $39. 95

for specialised projects. * BUILD ON SET 1 Cat K-2614... $39.95

SPECIAL! FREQUENCY =00 SFJcKsi?‘(S biacks) Gat K.2618...§7.95
COUNTER Zi?gvl'.nB%“SIo?Ssiﬂ:ﬁZJ??é';lifé"é’??é'q%”ean'cy DSE ‘CRO’ 6.5MHz

gounter at a hobbyists price — but stocks are Still the best value in oscilloscopes! Retrace

~ ’ }L@gﬁgnff?;‘ﬁ,'gjsa ?g&ﬂ%“&'ﬁﬁ;g% 1GHz. blankmg 10mV/division vertical sensitivity, 500mV/
XS Inputs 10Hz-60HZ at 1M ohm and 50mH2Z- division horizontal sensativity, 10Hz-100kHz time
% base in 4 ranges AND more exceptional features

1GHz at 50 ohms. Excellent value for an Od
951 9 ﬁa invaluable piece of equipment. Cat Q-1280 A
Cat Q-1315 V“ AT A PRICE g{.“
TOOI. KITsI SA * EVERY HOBBYIST [
ONE GENT CAN AFFORD!
SALE| \ You've got the lot... ail the pieces needed
for a variety of repairs. PLUS a bonus! s
2‘2'4'1?, fl’)oe;\c/:nphon 0808 gr(iﬁeglﬁ The 38 pc. set (T-4832) includes a
ceramic cap 0.8p .01 0. multimeter, and the large 68 pc. set (T-
Bell o nacoaler ORI GeaNeoniaIne a continuity neon tester. SAVE $40 =

R-2423 500V ceramic cap 3.3pF  0.01 0.11

R-2429 500V ceramic cap 5.6pF 001 0.11]  Cat T-4832
R-2439 500V ceramic cap 15pF  0.01 0.11 1 950 T PANE L
R-2441 500V ceramic cap 18pF  0.01 0.11 "‘ h

R-2445 500V ceramic cap 27pF  0.01 0.11 r
R-2453 500V ceramic cap 56pF  0.01 0.11

R-2485 500V ceramic cap 100pF  0.01 0.11 / ® v e Don't put up with analogue

R-2489 500V ceramic cap 150pF 0.01 0.11 ﬁé‘ﬁ:’ﬂ e E 4\
R-2493 500V ceramic cap 220pF 0.01 0.11 4 g - meters which are susceptable to
‘\W\ mMmovement —replace it with a

2-3495 500V ceramic cap 270pF  0.01 0.11

-2496 500V ceramic cap 330pF  0.01 0.11 T

n-gsm 500V ceramic cap 560pF 0.01 0.11 $ 50 - '}, c(j;gltal metter 502 dISDC:Z)r/

R-2508 500V ceramic cap 0.0015uF0.01 0.11 provides exact readings un
Cab ;3834 adverse conditions. Suitable for

BARGAINS IN | |C EXTRACTOR TOOI- any application.
SEMIS TOO' $9 /‘Sﬂ 34995 Cat Q-2200

A ‘must’ for all

Cat No. Description Price Was ;
29310 4116 16K RAM 1.99 3.25 hobbyists! Tweezer-
;:ngzrgains like extractor (with
2-5284 0 .99 1.50 T
2-5295  74LS373 180 2.50 Cat T-4650 without damage.

2-5298 7418240 1.80 2.20

2-5299  74LS245 1.80 2.20 £ 3

£i8 s "WRAPPED" LTIMETERS!
7.4900  74LS00 55 .70 . Simple to use wire 5
Sy anoe 22 10 5895 wrappeelstripper that

2-4910  74LS10 55 .70

Z-4912  74LS11 55 .70 ives any hobbyist HP

7.4914 741814 55 .85 s = el 3.5 Dlglt LCD meter

7-4920  74LS20 55 .70 _____ | professional wrapping

24927 741827 55 0| —— T 7~ .. styleresults. Great value-for-money! Advanced features too:
ey B al \ Cat T-3650 prt:shkbuttéan rar}gedselecttio?. 10"‘\ DICdrantge,tcliiocée
s Lalsrs 5o o check and overload protection. Includes test leads
Zasa 4iSTa 55 70 SIGNAI_ INJECTOR J :2nd bench stand. 56950
-5010 7400 TTL 50 .80 Cat Q-1444

Z-5011 7401 50 .60 IWas$14.25

75023 7413 55 .85

2.5085 7485 110 140 | ¢ 25 Find faults quickly in ‘Economy’ LCD meter NEW
2-5030 7420 50 .80 1 2 audio equipment and

Z-9206 2513 characlor generator 15.9524.75 Reliable 3.5 digital tester that does the job and does

> RF circuits. Complete

it well! RF shielding for stability. Rugged housing/

2-1329 BC549C T 25 .37 ~§ i
g-gggg mjfzzsssmns 1.42 1.25 with probe and eglritph circuits. Overioad protected.
- - . 2 — CatQ-1270 a1 q-1520 59

SEE PAGE 88 Auto-ranging and Memory

Quality design and advanced features! Memory \N
FOR ADDRESS subtracts last 2 digits of previous readings for NE
E :! & ﬂ round figure. PLUS auto ranging, over-range ‘beep’,
E DETA' LS 10 amp current scale and more. $ 50
Cat Q-1515 89

B. 131/MM PTYLTD

14
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Biofeedback

— the technology
and techniques

Roger Harrison

Electronics has found increasing application in the medical world,
particularly in bionics research where ‘body parts’ can be emulated
with electromechanical devices that operate from nerve impulses
sent out by the brain, using biofeedback. On a more pragmatic
level biofeedback devices have been successfully used for many
years in training people to regain the use of damaged or atrophied
muscular functions, and widely used in relaxation (‘anti-stress’)

training.

EVERY TIME you type. drive a car, sing, play a musical in-
strument — almost everything you do — depends on feed-
back of some sort. Whenever you try a new typewriter, or
a new computer keyboard, your actions will ‘feel’ different.
You know within fairly broad limits how hard you need to
press the keys. But the very first time you strike a key on the
new keyboard, a feedback loop comes into operation. The
nerves in your fingers will signal your brain that the force
the keys exert is less or greater than you anticipated and your
brain will then signal your hands and fingers to decrease or
increase the force applied as necessary. Within a short time,
your response becomes automatic.

Playing a violin involves several feedback loops — aural
and physical. You have to place your left hand fingers so as
to obtain the correct note when a string is held against the
fretboard, and you have to apply the correct force with the
right hand and arm so as to produce the required length, loud-
ness and timbre of the note. Both aural and physical feed-

back is working here.

l SIGNALLER }—’[ CONTROLLER
FEEDBACK

Figure 1. Basic idea of the feedback loop.

What happens when you attempt to open a cupboard door
that is stuck? You grasp the handle and apply an amount of
force. The door doesn’t budge, so you apply more. Feedback
tells you that you need more force.

The above describes situations where external feedback oc-
curs. However, your body houses a considerable number of
automatic internal feedback systems. Together, these systems
are termed the autonomic nervous system.

Feedback systems in your body
— automatic, or controliable?

Whenever you increase exertion — jogging, climbing stairs,
your autonomic nervous system increases your respiratory
rate. When you walk from your lighted house on a dark night,
your pupils automatically expand so as to gather in more
light. When you get a fright, a whole host of internal bodily
feedback systems come irto play: your adrenal glands release

copious quantities of adrenalin into your blood, your heart
rate increases, your breathing rate increases, your eyes dilate.

Your body has quite an effective feedback temperature con-
trol system. Gains and losses in body heat are balanced by
a variety of reactions. When you get too hot or too cold, your
brain instigates a variety of changes to stabilize your tem-
perature. When you get too hot, the blood vessels in your skin
will widen to lose heat (vasodilation) and your skin will sweat.
When you get too cold, the blood vessels in your skin will
narrow (vasoconstriction), ‘goose pimples’ appear
and your muscles will shiver (which helps to improve blood
flow and produce heat). While skin temperature can vary for
a wide variety of reasons under a host of external and inter-
nal influences, your brain maintains your ‘core’ temperature
at around 36.5-37°C.

Since the turn of this century, various researchers have ex-
amined how our physiologic system works and there have
been numerous attempts, particularly over the past two de-
cades, at teaching people to control parts of their autonom-
ic nervous system by means of external feedback from
sensors or instruments connected to the body. In 1901, ].H.
Blair, a psychologist, wanted to shed light on “. .. the na-
ture of the will”. He observed how subjects learned to con-
trol muscles by mental command. He taught them to wiggle
their ears — difficult for most people because the muscles
are long-disused. He amplified the tiny muscle movements
with a crude mechanical chart recorder, rewarding his sub-
jects’ efforts with movement of the pen on a chart. This could
probably be classed as the earliest ‘biofeedback’ experiment.

In the first half of the 1960s, a Dr |. Basmajian looked into
the ability of subjects to control the motor units which are
responsible for muscle contraction. A muscle consists of long,
thin cells (‘muscle fibres’) bundled together. Embedded in
each muscle fibre is a motor nerve ending. Each fibre con-
tains interlocking strands of two different proteins — actin
and myosin. When an impulse from the brain reaches a fibre,
a chemical transmitter is released, releasing energy into the
cells, causing the strands of actin and myosin to move closer
together. The muscle becomes shorter and fatter — that is,
it contracts. Dr Basmajian inserted tiny needle electrodes
beneath the skin of his subjects so as to contact a large num-
ber of motor units. The contacts were hooked up to an oscil-
loscope.
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The motor unit firings largely resemble noise, but traces
of single rythms can be discerned and, with practise, the good
doctor’s subjects were able to recognise single motor unit fir-
ings and to control them at will. This feat represents control
over a single body cell in isolation through biofeedback.

This work led to myo-electrically (muscle-electrically) oper-
ated prosthetic ‘replacement parts’ for people who have lost
the use of hands or arms, for example, through birth defects
or accident. A myo-electrically controlled hand was produced
by Dr G. Shannon of Queensland University in 1978. This
device was remarkable in that it gave sensory feedback about
the strength of grip provided by its electric motor drive. A
set of strain gauges attached to its mechanical fingers provid-
ed the sense of touch. The sense of applied ‘force’ was provid-
ed by feedback from an electromyogram — a device that
amplifies a muscle’s electrical nerve activity — and convert-
ing it to a control signal for the motor. The muscles in the
forearm to which the electromyogram was attached were
those previously used for controlling movements of the
fingers.

Biofeedback technology

Post World War I1, experiments with sensitive measurements
of electrical responses of the skin to direct and indirect stimu-
li showed that skin resistance, temperature and emf all
showed reactions. Subsequent research showed that, with
feedback from measuring these quantities, subjects could
learn to control these parameters.

The skin is a remarkably sensitive organ and quick to react
to stress. The layer immediately under the skin's outer sur-
face, the dermis, undergoes quite large and readily measura-
ble changes in electrical resistance, regardless of whether
the tension is localised or general or where it may be centred.
If you measure the skin resistance on your forearm and tense
your neck muscles, a similar reaction may be obtained by
tensing your right calf muscle. One simple biofeedback device
that grew out of this research was the Galvanic Skin Response
(GSR) meter.

GSR meters are simply wide range chmmeters. T'wo elec-
trodes are taped to either the forearm near the wrist or be-
tween two adjacent fingers on one hand. Feedback may be
via either an analogue meter (visual feedback) or an audible
pulse or tone (aural feedback), or both. Skin resistance rises
with decreasing muscular tension but, as one associates a
decreasing indication with decreasing activity, the feedback
tone or meter reading is arranged to decrease with increas-
ing skin resistance. A GSR meter is shown in block diagram
form in Figure 2. They have heen predominantly used in
stress relief and tension reduction.
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Figure 2. The Galvanic Skin Response (GSR) meter
measures skin resistance, variations being indicated by
either a meter for visual feedback and/or an audio
oscillator for aural feedback.

The range is set to obtain an on-scale reading and the
sensitivity adjusted to give the required response. As the
indication lowers, the range is adjusted to bring it back
on-scale.

GSR meters are easy to use, but the response is never twice
the same as a whole host of physical, physiological and psy-
chological influences bring about variations from day to day
and hour to hour, so you can't get a ‘benchmark’. However,
the object during each session of use is to cause a decreas-
ing indication and, with repeated use, vou can train your-
self so that it takes less and less time to bring about a
substantial decrease in the GSR.

Skin Temperature

The skin can be a remarkably sensitive ‘barometer’ of your
mental and physical state. To take an extreme example by
way of illustration. your epidermal temperature drops shar-
plv when you receive a fright. This is due to vasoconstric-
tion of the small blood vessels just beneath the skin — giving
rise to the familiar expression “white with fright”. Converse-
ly, when you flush with embarrassment or exertion, your skin
temperature rises due to vasodilation where the small blood
vessels expand, pumping blood into the immediate area thus
raising the temperature. The most sensitive areas are those
richly supplied with small blood vessels, particularly the
hand. Skin temperature of the hands can vary by as much
as 5°C. or more.
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Figure 3. The skin temperature biofeedback instrument
measures skin temperature compared to ambient, the
meter or aural feedback indicating change compared to
‘centre-zero’. In relaxation biofeedback training, the unit is
initially set for centre zero reading and the subject
attempts to lower body temperature.

When the reading goes off-scale, the unit is once again
adjusted for centre zero. After a while, when only small
changes can be effected, the range can be switched to
give a more sensitive indication.

By measuring skin temperature and providing visual and/or
aural feedback, it is possible to train oneself to consciously
raise or lower skin temperature with respect to ambient.
When you're in a mentally or physically excited state, skin
temperature is typically raised with respect to ambient. When
relaxed, your skin temperature will approach ambient. Phys-
iologic factors may mean an individual’s skin temperature
is typically below ambient (sub-average vasocirculation — the
‘cold hands/warm heart' syndrome). In addition, both cold
stress and heat stress affect skin temperature through the au-
tonomic nervous system.

Skin temperature biofeedback devices measure epidermal
temperature compared to ambient, generally over a range of
+/-5°C (coarse) and +/- 1.5°C (fine). One of the problems
of skin temperature measurement lies in the reaction time
(thermal time constant) of common electronic sensors —
usually thermistors. While their response is linear, their reac-
tion time can be longer than that of the body. Another
problem arises in that some subjects’ reactions are opposite
to that expected!

Heart rate

As no doubt you're aware, that remarkable four-chambered
pump in your chest does a sterling job at keeping you going,
almost no matter how you abuse it. It pushes blood through p
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vour lungs where oxygen is exchanged for carbon dioxide,
the re-oxygenated blood then being pumped through the rest
of the body.

The rate at which your heart beats, the number of times
the valves open and close each second, is related to the meta-
bolic requirements of your body. I related earlier how, when
you're frightened, your autonomic nervous system increases
your heart rate. But, it seems that many physiological and
psychological ‘triggers’ can affect heart rate and that many
areas in the brain play some role in determining heart rate
at any particular time.

Heart rate requires an indirect measurement — counting
the number of beats per unit time and converting that to a
rate. Increased activity — increased stress or tension — will
increase heart rate, while a decrease in these parameters will
decrease heart rate. Hence, a benchmark that’s true from per-
son to person cannot be readily established.

Heart rate monitors sense the changing blood density, and
hence its varying ability to transmit light, that occurs every
pulse. It is readily sensed using opto-electronic sensors em-
ploying a light source that shines through a convenient area
of the skin, picking up the changes in light transmissivity as
the pulses of blood course through the small blood vessels.
The finger or ear lobe are favourite spots for heart rate sens-
ing using this technique. Figure 4 shows how it’s done.

In attempting relaxation training, many researchers work-
ing in this field employ heart rate monitoring to train sub-
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Figure 4. A simple and popular method of measuring heart
rate is to shine a light through a convenient area of the
skin, usually a finger or ear lobe, and pick up the changes
in transmissivity caused by the varying density of the
blood as it pulses through the small blood vessels. The
pulses are then amplified and integrated to provide a
convenient ‘rate’ indication.

With such an instrument you can monitor your heart rate
and see how it responds to efforts to vary it.

ELECTRODERMAL (‘SKIN ELECTRIC’) RESPONSES

The McGraw-Hill Concise Encyclopaedia of Science & Technology
has this to say on electrodermal response: ““A transient change
in certain electrical properties of the skin, associated with the sweat
gland activity and elicited by any stimulus that evokes an arousal
or orienting response. Qriginally termed the psychogalvanic reflex,
this phenomenon became known as the galvanic skin response.
Phasic changes in skin conductance and potential (voltage) are
designated as SCRs and SPRs, respectively, and electrodermal
response has replaced galvanic skin response as the collective
term.

The skin of a relaxed person has a low electrical conductance
(high resistance), and the skin surface is some 40 mV negative
with respect to interior tissues. Sweat gland activity changes these
electrical properties by increasing skin conductance and by chang-
ing the balance of positive and negative ions in the secreted fluid.

Tonic skin conductance varies with psychological arousal, ris-
ing sharply when the subject awakens and rising further with ac-
tivity, mental effort, or especially stress. Phasic skin conductance
responses are wavelike increases in skin conductance that begin
1-2 seconds after stimulus onset and peak within about 5 seconds.
The amplitude of the skin conductance response varies with the
subjective impact of the eliciting stimulus, which in turn varies with
the intensity of the stimulus, its novelty or unexpectedness for the
subject, and its meaning or signal value. Aroused subjects display
spontaneous skin conductance responses, generated apparently
by mental events or other internal stimuli; their frequency, like the
Tonic skin conductance level, increases with the level of arousal.”

jects using biofeedback. It is well-known that heart rate slows
when bodily tension is reduced. If one can do this at will,
tension or stress can be conciously alleviated.

‘Brainwave’ monitors
Brain functioning is characterised by a great deal of electri-
cal activity in the cells. While, taken as a whole, brain elec-
trical activity is seen largely as ‘noise’, the activity can be
characterised into four cateogories, or rhythms, according
to the frequency ranges seen.

Alpha rhythms range between 8-12 Hz and are associated
with relaxation and feelings of well-being.

Beta rhythms range between 13-30 Hz and are associated
with increased attention and/or anxiety.

Delta rhythms are in the low frequency range, between
0.5 Hz and 4 Hz. Generally they are found when a subject
is experiencing dreamless sleep.

Theta rhythms also occur in the low frequency range, be-
tween 4 Hz and 8 Hz, and are generally associated with medi-
tation (deep relaxation).
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Figure 6. A typical electromyogram
(EMG) has a similar input stage to the
brain wave monitor, and encounters a
similar range of problems. The signal
available from motor unit firings is at the

This electrical activity of the brain, though occurring at
quite low amplitudes — in the microvolt region — can be
readily sensed employing electrodes on the skin and using
filters to select the desired ‘brain wave’ pattern. Figure 5
shows a typical ‘brain wave’ biofeedback instrument.
Through training, it is claimed that subjects can ‘teach’ them-
selves to produce the requisite ‘brain wave’ patterns at will.
Mains-induced 50 Hz hum is the biggest ‘bug-a-boo’ to over-
come. Usually, two electrodes sense the differential voltages
induced on the skin surface, a third electrode providing a
‘ground’ reference or common source. Muscle activity can
generate pulses within the frequency ranges given, possibly
‘masking’ the desired signal(s).

Using ‘brain wave’ biofeedback instruments to induce peri-
ods of Alpha wave activity was in vogue through the '70s and
early '80s.

Muscle electricity activity
— electromyography

Sensing and displaying the electrical pulses generated by muscle
motor unit firings gives a direct indication of muscular activity,
whereas GSR, skin temperature and heart rate are secondary
indicators of the body’s state of tension or relaxation.

Electromyograms (with aural and/or visual feedback) and elec-
tromyographs (with chart or graph output) have been in use for
some time, as indicated earlier. The electrical signals generated
from muscle activity arise from the motor units attached to the
muscle fibres. A large number of motor units fire in order to
contract a muscle, but their firings are not synchronised. Thus
the electrical signal generated resembles amplitude modulated
noise extending from below 100 Hz to around 1 kHz or so.
Studies of the complex myo-electric signal have shown that it
appears to be a weighted sum of the tiny electric potentials
produced by the motor units, modulated in amplitude, the sig-
nal as a whole being a function of the number of motor units,
their rate of activation and how good a contact is made with
the skin.

The block diagram of an electromyogram is shown in Figure
6. The signal is picked up as a differential signal by a pair of
electrodes placed on the skin, with a third contact to provide
a ‘ground’ reference. the myo-electric output of a relaxed mus-
cle is of the order of a microvolt or so peak-to-eak. The elec-
tromyogram has to sort this signal out from all the other electrical
activity present on the skin. In addition, hum induced on the
body from the 50 Hz ac mains can be volts in amplitude which
can swamp the instrument’s input stage. The problems are much
the same as those encountered by brain wave signal biofeedback
instruments.

microvolt to nanovolt level. A pair of
electrodes is employed to pick up the
signal which is then amplified by a low
noise differential input stage. A third
electrode provides a common reference

proportional to muscle activity.

A threshold adjustment is provided so
that, as you relax, the threshold can be
gradually reduced, giving you a measure
of performance from session to session
of use. Some integration of the output is
usually provided to indicate average
activity. Aural and/or visual output
provides the feedback signal.

Typically, an electromyogram biofeedback instrument has
either an aural output and/or a meter (visual feedback). An in-
tegrator may be swtiched in, or permanently wired-in, to aver-
age the feedback response. Typical integration times range
between 0.5 and five seconds.

Electromyograms are widely used in research for monitoring
muscle activity. They are also widely used in medical applica-
tions for relaxation (‘anti-stress’) training and for the relief of
migraines. tension-related muscular aches. hypertension etc. . W
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MUSCLES, MOTOR UNITS AND THE ELECTROMYOGRAM

A motor unit within a muscle comprises some 10-500 muscle fibres,
each controlled by a motor nerve cell. Contraction of the muscles
results from the rhythmical discharge of these motor nerve cells.
The more units there are activated, among the hundreds compos-
ing a muscle, the greater the intensity of the contraction.

Each nerve impulse in a series generates a brief cycle of con-
traction in the corresponding muscle fibres. Certain conditons bring
about the synchronisation of the rhythms of many units or group
the corresponding impulses to produce a tremor (regular bursts).

The electromyogram has proved useful in the study of diseases
such as poliomyelitis that reduce the number of motor units, or that
diminish the number of muscie fibres in a motor unit, as happens
with muscular dystrophy and myasthenia, as well as with diseases
that abolish the nerve supply leaving isolated muscle fibres to spon-
taneously twitch, weakly and independently.

NOTE: Biofeedback instruments are invariably battery oper-
ated as, with any device connected directly to the body, the
risk of possible accidental contact with mains potential from
ac mains-operated units is very real. And the results can
be lethal.
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aem project 5504

Build this low-cost
electromyogram

David Tilbrook

This unit detects small voltages
induced on the surface of the skin
due to muscle activity. These
miniscule voltages are separated
from mains hum and other noise
sources, and after amplification are
used to control a voltage-controlled
oscillator which provides an audible
indication of muscle activity for
biofeedback use.

AN ELLECTROMYOGRAM (EMG) is a biofeedback instru-
ment which provides information about the degree of mus-
cle activity associated with a particular muscle or group of
muscles. The unit relies for its operation on the fact that when
a muscle is used. “"motor units'* connecting the muscle fibres
to nerves are fired causing a signal similar to band-limited
noise to appear on the skin adjacent to the particular mus-
cle. The task of the electromvogram is to detect these minute
signals. separate them from mains generated hum and other
noise sources and use the resulting information to control
audible or visual indicators of the amount of muscle activity.

In this project we have elected. mainly for reasons of cost.
to provide just the audible indication. This takes the form
of a tone. the frequency of which varies proportionally with
the amount of muscle activity.

The main difficulties associated with the design of a use-
ful EMG is the task of separating the desired muscle-
generated signal voltage from induced 50 Hz mains hum. RF
interference and audio frequency noise. In this design. this
is achieved using a three-fold approach. Firstly, the input
stage employs a differential input. Combined with this is a
50 Hz mains frequency filter and a bandpass filter set to pass
the dominant region of muscle activity signals.

The differential input stage

The differential input stage is formed using an instrumenta-
tion amplifier. This type of input stage amplifies the differ-
ence in voltage between its two inputs. Any signal which is
applied equally to both inputs is not amplified. The ratio of
the common mode signal to the amplified difference signal
is called the common mode rejection ratio (CMRR). Typically.
single op-amp based designs have CMRR figures of around
20 dB. In order to improve on this figure, a slightly more com-
plex scheme employing three op-amps is used. These circuits
are usually referred to as ‘instrumentation amplifiers’ and
are capable of significantly improved CMRR figures.

The circuit employed in this design is capable of CMRR
figures greater than 80 dB. depending on the matching of the
resistor values used. In practical EMG applications, CMRR
figures greater than 80 dB become academic since large com-

42 — Australian Electronics Monthly — March 1986

, Y - AEM 5504  Electromyogram !
‘ Yolume Gain

mon mode rejection can only be achieved if the common
mode signal is applied almost identically to both inputs and
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