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TU-D9971 SLDD Digital Synthesizer Tuner 
C-2101 Stereo Control Amplifier 
1-21or X-Balanced Power Amplifier 

X  •RMS power output 200 watts • 218 ohms 
20Hz - 201cHz. less than 0003% THD 
Dynamic power output 680 watts • 2 
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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). Copyright 
extends to all written material, drawings, circuit diagrams, printed circuit boards. computer software and photographs. Although any 
form of reproduction is a breach of copyright, and we especially point out this extends to the construction of projects produced by 
our laboratory or our associates. we are not concerned about individuals constructing projects for their own private use, nor by bands 
for example. constructing one or more units for use in performances. Commercial organisations 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 sold, 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-

ing our copyright as afotesaid. 
LIABILITY: Whilst all efforts have been made to ensure that all constructional projects and circuits referred to in this issue will oper-

ate as indicated efficiently and correctly and that all necessary components to assemble the same will be available, no responsibility 
whatsoever 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 to any fault in design or otherwise and no responsibility is accepted for the failure to 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 or circuit aforesaid. The publisher accepts no responsibility for unsolicited manuscripts, illustratœs, 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 tor review and may not necessarily pertain to other units of the same make or model number. 
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COVER 
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 

IMP 

AEM5504 Low-cost 
Electromyogram 

11 

42 
You can explore 
biofeedback techniques 
for yourself with this 
instrument that measures 
and indicates muscle 
activity. 

AEM5503 Build this 
'Bed-wet-ector' 
  50 
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 
  54 
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. 

1 
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CIRCUITS & 
TECHNICAL 

Honesty, Fallibility 
and Police Radar — 
Part 2 
  24 
Jonathan Scott concludes 
with an examination of 
across-the-road radar 
problems, legal aspects 
and a brief look at what 
future technology might 
hold. 

Biofeedback — the 
technology & 
techniques 
  38 
Our cover feature delves 
into the art and science of 
this fascinating subject, 
and explains the 
'electronic tools' 
employed. 

AEM Data Sheet 
92 

The LM1830N Fluid 
Detector, featured in our 
'Bedwetector' project. 

FOR STARTERS: 
The ins & outs of 
AND and OR 
  96 
Theo Baitch explains the 
new standard logic 
symbols, essential for 
understanding and 
reading modern logic 
circuit diagrams. 

Benchbook 
103 

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

PRACTICAL 
COMPUTING 

I AEM Software Review 
— BeeArtistic 
  79 
A great graphics package 
that is really a work-a-day 
tool! 

How to save a Marriage 
by Converting Data 
from 6809E to Z80 
  82 
Here's how a reader 
found a practical method 
of transferring files 
between a Tandy Co-Co 
and a Microbee 128K. 

BeeBuzz 
  86 
This month Tom Moffat 
looks at the parallel port 
— getting data in and 
putting data out, plus a 
few extra snippets. 



COMMUNICATIONS 
SCENE 

Stacking Your 
UHF Vagis 
  62 
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 
Ionosphere 
  65 
Continuing with 'variations 
of the ionosphere'. 

FEATURE c. 
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CONSUMER 
ELECTRONICS 

Jamo's new CBR 200 
Loudspeakers 
 30 

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 
  14 
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 
  29 
Tiny TV boast colour LCD 
screen. 

Retail Roundup 
  35 
The vanishing thermistor. 

Project Buyers Guide 
  35 
Where to get kits, boards 
and components for this 
month's projects. 

Spectrum 
  61 
!corn release 25-1300 
MHz scanner. 

Bytewide 
  74 
Add-on allows direct input 
of TV pictures. 

New Product News 
  89 
New switchmode 
supplies. 

Admarket 

Readers' free adverts. 

Notes & Errata 

20 

105 

Weller Crossword 
  99 

Subscriptions 
  100 

Printed Circuit Boards 
 101 

The Last Laugh 
  106 

SPECIAL OFFERS 

Under $50 OMM .... IBC 

• at 

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 final contents of the 
Issue. 
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JAYCAR TELEMAIL 008 022 888 IF (R) 

AM STEREO FM (MPX) CAR CASSETTE 
SLASHED!! AUTO 
Quality JAPANESE MADE Roadsound COUAM REVERE 
AM stereo decoder and normal FM stereo and 
cassette facilities 

Now is your chance to get into AM stereo at an 
unbeatable and possibly never to be repealed 
price' 

WAS $199 last year - a few left 

ONLY $ 150! 

taw 11 

ch Ai 

BOAT TRAILER/GARDEN SHED/BUILDING 
SITE ALARM - The Ideal simple alarm for the remote spot. 
• .,rnple alarm is fully self contained It operates 

.s • • N/C reed When the switch contacts of the reed 
are broken. the alarm goes off and can only be reset 
by a hidden swrtch It is simple self battery powered 
and VERY easy to rnstall A tnpwire can be used es 
lieu of the N/C reed to rnaloson ideal boat/car trailer 
or caravan alarm Full rnstrucrrons supplied 

GREAT FOR DETERRING VANDALS! 
Car tA 5010 $49.95 

SAVE UP TO 62% 
TEFLON COAX RC 170 - SO OHM 

Sensational price dealt 
Due to a huge scoop buy we can pass this normally expensive coax on to you at an ENORMOUS 
saving' 

Normally around $4/metre this month you can save up to 62%" 

Buy .1 pack of 4 metres for $ 1 0 t e 52 50/metre 
Cat WB-2302 

Buy a pack of 10 metres fir $ 20 i e $2/metre 
Cat 1.E13-2304 

Buy a pack of 50 metres for $ 75 le SI 50/metro 
Cat W132306 

HURRY! QUANTITIES STRICTLY LIMITED! 

• „, .y.gore 

• 

SOLAR PANEL ARRAY 18V 7 WATT eve 
TYPICAL ELECTRICAL 

CHARACTERISTICS AT STANDARD 

TEST CONDITIONS 
• le power 0,pr 7W 
'siC .0 peak power tVpb I 8V 

Lunen, at peak power lIpp) 380mA 
Short crrcutt current i Iso t 400mA 
Open circuit voltage Noe) 22V 
The data on this sheet represents the performance of 
typrc al ZM 9007 module as measured at as output 

terminals .ind do not include the effect of such 
additional equipment as diodes and cabling 
The data is based on measurements made at Standard 
Test Conditions 
• Illumination of 1 wfUrna t 1 sun) ar spectral 

tpanbutron of AM I Siatmospheres) 
• -oil temperature of 25.0 +ec 
VARIABLES AFFECTING PERFORMANCE 

performance of a typical IM 9007 module 6 
lesrribed by the IV ( current/voltage) curve and 
friectrKal Characteristics Table Output charactensoc, 
if rndrinclual modules •nll vary slightly from typical 
The module s current and power output are directly 
proportional to Illumination intensity Al a given 
,ntensay module operating voltage is determined by 
output current le as current increases voltage 
decreases a, demonstrated by the Curet 
Temperature also affect performance with increase 
n temperature increasing current. but decreasing 
eoltage The ZM 9007 voltage margin ensures 
excellent performance in hot climates 

The ZM 9007 panel measures lust ..85mm wide 
and 423mm high and is 8mm thick The cell 
segments are connected to PCB style Phenolic 
board, sealed with clear PVC and bouwd or, • 
sturdy stainless steel frame 

Cat ZM 9007   $89.95 
10 or more $ 83.10 each 

egi:elletder 
8:sfrAken 
48Lleitik 

MktsaUM 

(CurrentrWriuger Cuire 

_ 

JUNIOR REFRACTOR TELESCOPE 
▪ a ,,, ralbe,an,e, lOx rnag•uficanon teies,ope and lurnor h:no...-ular set The brnoc Wars feature neck strap 
and built in compass Japanese made quality 

Cat YT-4500 $34.95 

NOVICE REFRACTOR TELESCOPE I 
Thts 4Ornm lens telescope has a ....mole angle finder scope mounted on the main scope barrel A sturdy tripod is 
also supplied 

Cat YT 4502  $49.95 

NOVICE REFRACTOR TELESCOPE II 
This 4Ornm lens 1400mm focal lengthl telescope leatu'es sturdy construction precision handwheel focus 
and star diagonal vsewfinder for ease of observanr, 

'agar 
ELECTRONICS 
Incorporating ELECTRONIC AGENCIES 

CarbngIord HursnsUa Gore Hill Brisbane Mon Fr. 9am 5 30prn 
Sydney and Concord Mon Fn 8 30am 5 30pm 

Sydney Carlingford Hurstville Thursday nights until 8 30pm 
Brisbane Thursday night until 8pm 

Sydney CarlIngford Hurstvdle Brisbane Saturdays 9am 12 noon 
Gore Hill Saturday 9am 4pm 

CONCORD NOT OPEN ON SATURDAYS 

NUMBER 1 FOR KITS 

Cat VT 4504 $59.95 

D-SUBMINIATURE FACTORY MADE LEAD 
SETS - ALL LEADS 2 METRES LONG 
Cat PL-0856 DB25 Male to DB25 Male S28.95 
Car PL 0855 0825 Female to DB25 Female 

/28.95 
Cat PL 0854 DB25 Male to Centronics 

$28.95 01 
• 57 series ribbon connector) 

SOLAR BATTERY CHARGER 
Now you ,,an charge your NiCad AA batteries 
anywhere' Charge from the sun FREE OF 
CHARGE' Great ho campers walkers, boaters 
etc NOT A GIMMICK' 
Cat MR 3502 

WAS $16.95 
NOW ONLY $ 12.50 
CHEAPER THAN A MAINS ONE! 

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

an ideal telescope for the novice Astronomer It features a sturdy tnpod, star diagonal prism, moon 
...or 2 x Barlow lens 1H = 8rnm & 2Ornm) and adiustable 6x sooner scope with crosshair sight (Fairly 
essential for stars and planet work) This scope is also ideal for terrestrial work and comes complete with a 
beautiful 12 page manual Apenure of objective lens = 60mm Focal length of objective lens = 415mrn 
MagnIfIcatrons H = 8mm 51x 8 I 02x H = 20mm. 20x 8 40x 

Cr' YT 450H  ONLY $199 

"JUNIOR GALILEO" REFRACTOR D = 60mm 
7nts Jr. 1,/,111s' '10, ,11 sophisticated cc the 'ri -4508 it has some unique features It is supplied with an 
840mm wooden tripod and sun observation screen libe only way to observe the sun safely is INDIRECTLY 
t e 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 
Galileo also has a simple spotter scope and 2x Barlow lens, star diagonal pnsrn and aU fitting pieces D = 
60mm F = BOOrnm 
cat VT4506 

ONLY $ 149 

A 

tee> 

POMMY 117 York Street Tel ( 011 267 1614 
N.S.W. CAMINGPOIlla Cor CarlIngford N Pennant Hills Road Tel 102, 872 4444 

SHOWROOMS CONCORD 115,117 Partarnatta Road Tel i02, 745 3077 
HUISTVILLE. 111 Forest Road Tel i 02i 570 7000 
GORE RILL 188/192 Pacific Highway Cot Bellevue Avenue, Tel t021 434 

QUEENSLAND SULUIDA. 144 Logan Road Tel 107, 393 0777 

MAIL ORDERS: PO Box 185 CONCORD 2137 

HEAD OFFICE: 115 117 Parramatta Road CONCORD 2137 
Tel ‘ 021 747 2022 Telex 72293 

POST Itt PACEING 
S5 SY 99 S1 ,e) 
SI 514 S 5 

525 549 45 54 
551, S99 99 

S:uts 

VISA 

MAIL ORDER VIA 

YOUR PHONE COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLY 51330 



EERING 
CATALOGUE 
OUT NOW! 

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. 

YES! Please rush me a copy of 
the 1986 Jaycar Engineering Catalogue. POST TO: 
Name  JAYCAR ELECTRONICS 

P.O. BOX 185, 
CONCORD NSW 2137 iddress 

  Postcode  

MINI MODEM II 
.1 Oetri pr bnde. the reliability and digital 
Htoting of Me Multi Modern 

FEATURES INCLUDE: 
• Now provides \hate! 11200/75 Baud ratel 
and 300/300 full dupl. , standard 
• Commodore VIC20 and 64 now available 
These plug directly Into the user port Ni need 
to buy expensive RS232 adaptors 
• Can be powered by the computer directly 
Ifor example frlIcroBee and Commodore) 
• On 1200 Baud le g \hate special 
equalisation is available for unproved results on 
poor phone lines 

Mini Modem Inc. 

power supply S 199.00 
Mini Modem ( suit 
Commodore user port! 

ONLY 1235 

BACK IN '86 
STRONGER THAN 

EVER! 
AVrEK MULTIMODEMS 

&an 
MACCY LAMP 

DESK mouvrED LAMP 
MAGNIFIER 

fluorescent laght The magnification is the tIld.T1.1ril 
',Namable It , NOT cheap but then again o wfil 
definitely last a lifetime It in bulk like a Rolls tir le 
If you have trouble with fine PCB work or 
component identification but stal want both hands 
free this , for you We thoroughly recommend 
this ¡quality made Australian product 
Cat SL 2700 

ONLY $ 169 

ELECTRONIC CALL DIVERTER 
NOTE 2 eabhange 

for this it, • 

Cat YT 650' $ I 59 

SA Australian Dealer: Eagle Electronics 54 Unley Road, Unley. Phone: 271 2885 

dIe% à ii-ELLNIAii_ ()vie rid gm di. 11•081i1611 FREE 
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24 UNLEY ROAD, UNLEY 
SOUTH AUSTRALIA 5061 

" IONE: (08) 271 28b3 

JAYCARL. THE S.A. CONNECTION 
AEM 6103 
10" 3-Way 
Speaker 
System 
David Tilbrook's 
newest superb 
quality speakers. 

190 
Exclusive custom 
wood cabinet 
pack $175 

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

SPEECH 
qvNTwFSISER 
A cheap computer 
voice. Connects to 
any computer with 
a parallel port. 

•• 
• AI% 

- te. • • 
KIKUSUI 
COS 5020 
Compare the features 
and you'll see at this 
price it's essential. 

2-YEAR 
WARRANTY 

AEM 6010 
Ultra Fidelity Preamp 
All components included! Nothing else to buy! 

Complete Kit $269 

1 1 „R.- III 

AEMg000 Active Crossover 
Tilbrook's latest creation! 
24dB octave-active crossover. ( Refer March AEM). 

169 
AEM 4600 Dual Speed Modem 
The ultimate kit modem. Case etc. all included! 

"AUDITION THE 6000 SERIES IN OUR SHOWROOM!" 

Algo we have a rnmOrPhonQiVP rRrIr1P Of Ho! ige nri C,r- Ala rmg 
A TECHNICAL ASSISTANCE IS AVAILABLE FROM OUR WILLING STAFF A 

1\e TO HELP NOVICE AND EXPERIENCED BUILDERS ALIKE. IF YOU ARE lr 
HAVING TROUBLE, LET US HELP YOU PUT IT TOGETHER. 

taqie tiectronics 1-1V. Ltd. 
24 Unley Road, Unley, S.A. 5061 

TELEPHONE: ALLOW $10 FREIGHT 

(08) 271 2885 CHARGE FOR ORDERS 
UNDER $100 

Lii 

MAIL AND PHONE ORDERS WELCOME 



NEWS REVIEW 

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

I ntec, 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 

The 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. 
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NEWS REVIEW 
New Parliament House to boast one of the world's most 
extensive in-house communications systems 

philips Australia has won 
.1" contracts worth almost Si 
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 
year. 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. says 
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 P-hilips 
PM5672 modulators." 
The PM5672 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 RE' 
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-
ly 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 

1111111111 
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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. use when the building is opened 
It is expected that only 55 for Australia's bicentennial. In-

stereo TV channels and 10 itial commissioning is due in the 
stereo radio channels will be in first half of 1986. 

Flying to the 
defence 

ookaburra, Australia's 
potential America's Cup 

defender, fielded by a syndicate 
headed by the Partly 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. 
"'miter says. 
"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-
cy of power conversion." 
Chris knows the " reliability of 

every bit of electronics installed 
on the yacht is absolutely criti-
cal" since power supplies are 
required to convert the battery 
supplies to all the required stan-
dard voltages. e.g. +/-5 V. 
• i-12 V. 13.8 V and 24 V. 
"These boats cannot be sailed 

to anywhere near their full 
potential without instrumenta-
tion. and a system 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 to 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. 
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STOCKS MUST 

CH 
PACK 

AT LAST! A HOME WORD PROCESSING 
PACKAGE... AT AN AFFORDABLE PRICE! 

Word processing — the pen and paper of today that's easier and more 

efficient than a typewriter. And the benefits aren't limited to business. The 
whole family can use the CAT word processor for a number of everyday 

applications. Personal correspondence is a breeze: neat, error free letters to 
councils, solicitors.., even to friends. Students can write up lecture notes and 
store them on file, plus write assignments quickly and easily. The CAT Pack 
includes: 64K CAT computer, monitor, word processing program and more. 

*Choose an optional printer to suit your needs and budget — DSE have a wide 
selection. Cat X-7502 

SEE PAGE 88 FOR ADDRESS DETAILS B.128/JL 
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DISK DRIVE 
Adds a professional 
touch! Fast program 
loading and impressive 
156K storage capacity 
on 51/4 " disks. 

\e0299 

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

SANDY jpU 

WORD 54%89 
PROCESSING 
PROGRAM 
If you've ever used a 
typewriter, you're half 
way there with SANDY 
— the amazingly easy to 
use word processing 
program. 

'TAMING THE 
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 



NEWS REVIEW 
World's largest 
trade fair 

The single largest display of 
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 years. True to its aim 
of reflecting the latest techno-
logical developments and mar-
ket trends, the Hannover Fair 
this year is branching out into 
a number of new areas. 

This year the Fair will have 
two additional specialised fairs 
(or sub-fairs) — -New Materi-
als" and " Industrial Automa-
tion: Control Systems". 

As always, the appeal of Han-
nover Fair Industry will be en-

hanced by a programme of 
events focusing on the more the-
oretical aspects of the subjects 
covered at the various individu-
al fairs. International congress-
es, conferences and symposia 

will form a part of the daily 
agenda at the " Fair of Fairs". 
Further information and 

brochures on the Hannover Fair 
'Industry' can be obtained from 
Brigitte Reichenbach, The 

German-Australian Chamber 
of Industry & Commerce, GPO 
Box 4247, Sydney NSW 2001, 
or 2nd Floor, 47 York Street, 
Sydney NSW 2000. (02) 
29 3998. 

INIC, 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:-

0 Panel-mounted with screwdriver 
or finger release. 

D PC.B. vertical and horizontal 
mounting. 

El Panel-mounted, self-fixing with 
screwdriver 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 
C & K. 

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

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

• 

rrw 

COMPONENTS 

C & K Electronics (Aust.)Pty Limited 
15 Cowper Street. Parramatta. NSW 2150 
PO Box 229 Parramatta NSW 21 50 
Telephone (02) 635 0799 Telex AA23404 

Agents Melb 598 2333 Adel 277 3288 Br's 369 1277 
Perth 275 5522 Hobart 34 2233 Launceston 31 6533 
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Weller. Desoldering takes off! 
SPUN.- or 
toplet tray 

Maoris cord 
Yeappong posts 

oo toolht 'Negrot 
to.et.t1 c.tse 

Illuminated 
on-off switch 

kw outlet for 
heat shrinking 
tubing 

Improved vacuum 
seal head 

370°C or 430 °C temperature 
controlled heads 

See-through easily 
cleaned collecting 
tube 

..•••••:" 

Weller DS600 PORTABLE DESOLDEFIIN cum., 

si 

/e t Gtouf 

1.1 lcr 

.yett..«re,-ger 

co, 
05108 0•••• 

STATION 
Vacuum 

/ 

4 

Sturdy carryout handle 

Storage for 
desoklerong tool 
and tones 

telpeiltemk A  • • • 

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

Sell.conerined 
vacuum/et pump 

Secure, easy 
bayonet action connection 

/ 

Weller resoug TAt 

woo Poi," 
N 

qe, 

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 tiplets 

Cat. No. 

Outside 
Diam. 
mm 

Inside 
Diam. 
mm 

Length 
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. 

tq i"/13mm 

- 0- .125"/3.17mm 0 

14-
0.071 -11.8mm 

The Weller DS600 

Coo s erTools 
CRESCENT LUFKIN NICHOLSON PLUMB TURNER WELLER WIRE-WRAP WISS XCELITE 

The Cooper Tool Group Limited, P.O. Box 366, Nurigong Street, Albury, N.S.W. 2640, Australia. Tel.: (060) 21 6 8 6 6. Telex: AA56995. 



PLASMA TAIL 

DUST TAIL 

PERIHELION 

DIRECTION OF 
VERNAL EQUINOX 

Figure 3. The plane of Halley's orbit is inclined to the 

plane of Earth's orbit, passing our region as shown here. 
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. 

EARTH PASSES 

THROUGH COMET EARTH'S 
BRIS MAY 3-5 ORBIT 

LONGITUDE OF 
ASCENDING 
NODE,58° 

ASCENDING NODE 

CLOSEST APPROACH 
APR.11,1986. ABOUT 

48 MILLION km 

METEOROID DUS 
LEFT BY COMET 

EARTH AT 
VERNAL EQUINOX 



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). 

NUCLEUS 
(1-10km) 

COMETS 
MOTION 

TO SUN 

ION TAIL 

COMA 
(105km) 

DUST TAIL 

HYDROGEN 
ENVELOPE 
(10' km) 

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. 

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 > 

POSITION OF 

HALLEY'S COMET 
AT GIVEN DATE 

PLUTO'S 

ORBIT 

DIRECTION OF 

VERNAL EQUINOX 

(MAR 22) 
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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 
41/2 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 hydroxl (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 
'I'he 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 f1000 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 10' to 5 x 10-1 ° 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 
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. 
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A NEW MONSTER CABLE 

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. 

FULFILLING THE 
PROMISE OF DIGITAL. 

INTERLINK Ca 

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 AA23111. 



ADMARKET Readers' free adverts. READERS-CLUBS-ASSOCIATIONS 
WE'LL PUBLISH your advertisement of up to 32 words ( maximum), totally free of charge. 

Either fill out the coupon here, or write or type it out on a clean sheet of paper. But y l  make it 

legible. other wise it may not turn out as you intended! 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 is accepted or implied 

CONDITIONS You must include your name and phone number andior address within the 32 
words ( for amateurs. •QTRP, is acceptable) Accepted abbreviations 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 
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SHORTWAVE LISTENERS: Join Australia's 
friendly Southern Cross DX Club, GPO Box 
1487, Adelaide 5001, Shortwave, utility, medi-
umwave and amateur information monthly, 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!! 
Ian J. Truscott's 

ELECTRONIC 
WORLD 

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

Mail olden welcome. 

SELL: MAGAZINES ETI 1975-85, EA 1976-85, 
including yearbooks. Omega 1981-84, IEEE 
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 Old 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 II, Gyruss, 
Pogo Joe, Impossible Mission, Pitfall II, 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 oz. 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 OTHR. Phone (067) 69 6622 any time 
0800-2000. Now have new computer. 

Where to hear 
superb musical 
reproduction 
through 
concrete: 
Victoria 
Brashs - Blackburn 
Brashs - Geelong 
Brashs - Melbourne 
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 - Devonpod 
Quantum Sound Centre - Hobart 
Wills Hi-Fi - Launceston 
South Australia 
ABS Computers - Moonta 
Blackwood Sound Centre - Blackwood 
Elliotts Sound Equipment - Mount Gambier 
WTR Sight & Sound - Whyalla 
Western 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 
Bankstovm City Hi-Fi - Bankstown 
Haberechts World of Sound - Albury 
Hempel Sound - Roseville East 
High Street Hi-Fi - Maitland 
Hi-Fi House - NOWrd 
Hi-Fi House - Wollongong 
Pitmans Audio - Wagga Wagga 
Selekta Sound - Bathurst 
Selekta Sound - Orange 
Sydney Hi-Fi Centre - Sydney 
Wardell Sight 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 - Inverell 
Sound Components - Armidale 
Sound Components - Tamworth 
A.C. T. 
Brashs - Phillip 

. Kingston Hi-Fi - Kingston 
Queensland 
Action Replay Video - Mooloolaba 
City Hi-Fi & Video - Brisbane 
Custom Sound Centre - Nambour 
Gold Coast Hi-Fi E, Video - Southport 
Handos Sound Dimensions - Brisbane 
Heilbronn's Radio & TV - Monto 
Hunts Electronics & Hi-Fi - Ipswich 
Keller Electronics - Maryborough 
Noosa Hi-Fi - Noose 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 Spectrum - Darwin 

Sole Australian Distributors: 
SCAN AUDIO PTY. LTD., 
52 Crown Street, 
Richmond. Victoria. 3121. 
Telephone (03)4292199. 
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There are concrete reasons 
1 why these are the 
lie finest speakers ever! 

Anti diffraction front 

Overload protection 
and attenuators 

Y cone midrange 

Totally "dead" 
NCC concrete front 

Non-parallel cabinet 

10" woofer 
with dbl. magnet 

High Performance x-over 

Centre-Bass-Reflex 
Phase linear front panel 

Solid built-in stand 
, 

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. 

j a rin II Ill 
Ill z  

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. 



As part of Microbee's Product Innovation 
Program, new releases which will shortly be 
announced include: 

The DP100 NLQ or Near Letter Quality Printer. 

The MB 7030 High Resolution (0.38 pitch) RGB 
Colour Monitor. 

The MB 3010 Green Screen Monitor. 

The ESE Economy RGB Colour Monitor. 

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

nucmbee computer.Designed and manufactured an Australia by 
Nlicrobee Systems limited 

PHONE nonkcnro 
ORDERS ACCEPTED 



/he Great 
business 
offer from 
Microbee 

THE 128K SMALL BUSINESS COMPUTER 
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. 

'Living Letters Package' 
The Complete Word 

Pro Pack and Male $1995,.. Processor with WordStar Sales 
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The Software You Need 
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 
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Honesty, fallibility 
and police radar 
Jonathan Scott 

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 S. 
The Fairey machineincorporates 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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A 

Part 2 

This vehicle 
Speeds 

This vehicle doesn't 
but gets booked 

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 
Haying 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 
a receding 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 
the 'machine' involved includes a radar unit and there may 
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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 
sees one car right in front of him. He naturally books it. Even 
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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. 

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 (ASO) switch to "... eliminate extraneous 
signals". The A 1520 has an additional switchable filter to 
further 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) 
features 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, S399, S449 
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 
to realise 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) cai 
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. 

AVTEK 
1Viullimodem II 

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 
features the others can't offer: 
ti All standards (V21. V22, V23) at the flick of a switch 

Digital filtering for reliable transfer on noisy lines 
El Fully Viatel compatible El Unique expansion bus 

la From only $365.00 inc. tax. 
Avtek (Electronics) 
PO Box 651, Lane Cove 2066 
Phone (02) 427 6688 

YOU CAN 
Make your 

own customised 

MEMBRANE KEYBOARD 

1111111111 DOM 
DIE1511 MOM 
DIM 122111 

- 

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 
(65/0werly) + 128 key. 

ki Also special keyboards to customer 

designed requirements. 

KOLOONA INDUSTRIES PTY LTD 
1/168 Etelmore Road South Riverwood NSW 2210 

Tel 53 8228 533 2588 Telex: 4.623988 

1/168 Belmore Road South. Riverwood NSW 2210 
Tel: 53 8228, 533 2588. Telex: AA23988 

Agents: 
VIC: Arlin Electronics Ph: 569 6984 

Browntronics Ph: 419 3355 
SA: Graphic Electronic Ind. PIL Ph: 42 6655 
OLD: Colourview Wholesale Ph: 275 3188 
Hi-COM Untronice Canngbah..324 28,4 



All kits are 
/ Little Dick approved! 

QUALITY EQUALISER 
AT A FRACTION OF 
THE PRICE! 
By building yourself save $S! Then 
enjoy the Playmaster equaliser as it 
tailors audio output to suit your 
personal tastes or adjust response to 
compensate for room deficiencies. You'll enjoy total sound control: cut and 
boost up to 13dB per channel and even create special effects. Excellent for 
producing precisely equalised dubs. 
Cat K-3500 

OPERATES WITH 
MOST COMMERCIAL 

HI-FI SYSTEMS 

200W MOSFET AMP. 
IT'S A BLAST!! 
Add a boost of real power to your Hi-Fi without 
paying a fortune! Playmaster's Series 200 boasts 
all the features discerning audiophiles demand: 
100W per channel power output. electronic input 

switching. PLUS much more. 

'Cat K-3516 

60 .?; •)-

r 

$44 
60W AMP 
MODULE WITH 
HEAT SINKS! 
Most et 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 

'7995 

sl 29 

ON A 
BUDGET? 

STILL ENJOY POWER! 
Superb 90W mosfet amp for the budget 

conscious that delivers impressive power output. 
Impressive specs include: 30Hz - 20Hz 
frequency response (withinIdE11, 0.2% THD at 

aker swi 
full power. Features loudness control, muting. 

are 
tape monitor. spetching facility and 

more. All components on -a  35 15 single PCB for easy assembly. Includes heat sinks! Cat K 

ONL4 99 
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 

$995°  
DIC ITH 
ELECTRONICS 

PTY LTD 

ADDRESS DETAILS PAGE 88. 
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FULL $15 OFF!, 
KEY 
KEYBOARD ... 
If 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 

WAS 
$44.95 NOW 

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 $1 1 9 

BEAT STROBE... 
LIVENS UP PARTIES! 
Makes parties swing by adding that 
professional 'disco' feel. Strobe easily 
connects to stereo or mixing panel for 
perfect beat flash synchronization. 
Cat K-3153 

$59 

SAVE $10 
AM STEREO DECODER 
Don't be one of the few to miss out on 
fantastic AM stereo! And you 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. 
Cat K-3415 

WAS $2995$ 39.95 NOW 

Ei 130 



CONSUMER ELECTRONICS NEWS 

"Pocket Watch" TV 
colour LCD screen 
This 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 

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 
+ /-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 

boasts 

0,7 

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

Onkyo launch CD 
player 

O 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-

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

Dick Smith's 
stereo AM/FM car 
cassette deck 

D ,,,k 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 

A kill'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 your 
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 
your TV while you 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. 

TANNOY HIT THE HI- Fl 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 
5666. 
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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: 
MANUFACTURER: 
MODEL: 
FORMAT: 
PRICE: 
SUMMARY: 

Loudspeaker 
Jamo 
CBR-200 
3-way bass-reflex 
$1995 pair RRP. 
A puzzle with a few missing pieces 

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 
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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 

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 CB R 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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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 ohm. 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. 

023 

F". 

2.3 500 .„ 

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 • Jme 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 
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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. 



aem hi-fi review 
TABLE 1: Total harmonic distortion, dB 

Input power, watts 40 Hz 100 Hz 315 Hz ik Hz 10k Hz 

1 nia -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. 

e. 
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Figure 7. Harmonic distortion at 40 Hz. 
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Figure 8. Harmonic distortion at 100 Hz. 
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Figure 9. Harmonic distortion at 1 kHz. 

TABLE 2: Test results summary CBR 200. 

dc Resistance 6.74 Ohm 

Sensitivity 92 dB/watt at 1 metre 

Frequency Response 40 Hz to 15 kHz +/- 6 dB 

Crossover frequencies 900 Hz, 4 kHz 

Rated power ( not tested) 200 watt 

Maximum SPL 115 dB at 1 metre 

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 
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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. 
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Figure 1. 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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Figure 12. Panel vioration 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. 
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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, I 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 I 
would rather have the simple particle board panel response. 
As I said earlier, a disappointment. 

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

— to page 100 



RETAIL ROUNDUP 

The vanishing 
thermistor 
Readers 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, especially 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. laycar no longer stocked 
the RA53 and the various sup-
pliers who indicated interest 
had 'gone cold' on it. 

In designing the project, we 
even attempted to replace the 
RA53 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 type 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 
RA53s 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. 
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Meter bargain 

Electronic 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, 
they're a bargain! The drawback 
is — they'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 you've built and installed your 
own electronic burglar alarm 

system, or are thinking of doing 
same, then no doubt your 
thoughts have turned to the ques-
tion of battery backup in the ment 

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 year 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 
ick Smith Electronics 
seem to have made a ' kill-

ing in the keyboard market. 
They're offering " Digitran" 
brand computer keyboards for 
just $39.95. 
We understand these are ful-

ly functional keyboards com-
plete with function keys. 
numeric keypad, plus SHIFT 
key, an array of control keys. 
etc. The 56-key QWERTY key-

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

ed as cat. no. J-1008. Try your 
local Dick Smith store or dealer. 

Crystals to order 

Tandy are offering a service 
for scanner owners that ap-

pears to us to be unique. Through 
your nearest Tandy store. you can 

order scanner (and CB) crystals 
for their Realistic models for 
whatever frequency you want. 
The service costs just $19.95 for 

each crystal. You fill in a form, g,iv-
ing address and model details etc, 
and the store will order your crys-
tal(s) which are mailed direct to 
you. It seems the crystals supplied 
come in the tiny fixed-pin plug-in 
package (HC18/U). 
See your nearest Tandy store for 

further information. 

PROJECT BUYERS' GUIDE 
The AEM5504 Electromyogram may possibly be available as a kit 
through All Electronic Components in Melbourne and Eagle Elec-
tronics in Adelaide. The only unusual' components specified are the 
MKT capacitors, though greencaps or polypropylenes may be read-
ily substituted (though board space will be cramped somewhat). We 
indicated in this column last month who were the distributors of the 
various brands. Geoff Wood Electronics in Sydney stocks a range 
of Roederstein and Wima MKTs. The ICs used in this project are wide 
ly stocked by electronics retailers. 
The AEM5503 Bedwetector is an unusual project, but most com-

ponents are widely stocked by electronics retailers. The LM1830N 
Fluid Detector IC is made by National Semiconductor. Geoff Wood 
Electronics in Sydney is able to supply this device, but we don't know 
of any other retailers currently stocking it. 
The AEM3502 Signal-Operated Cassette Controller uses parts 

widely stocked by electronics retailers. The miniature pc-mount re 
lay is stocked by Dick Smith Electronics, cat. no. S7120, as well as 
by Jaycar, cat. no. SY-4060. Adelaide enthusiasts may be able to ob-
tain this component through Eagle Electronics who happen to be 
a Jaycar distributor. They also indicated they are considering doing 
a kit for it. 

As always, printed circuit boards for this month's projects will be 
available through the magazine, or over the counter at Protronics 
in Adelaide, All Electronic Components in Melbourne and Geoff Wood 
Electronics in Sydney. 

WMr 
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Spot on! Handy hobbyist 
accessory for precision board — 
marking prior to etching — was$3.50s 
thanks to unique press-to- mark $ 95 
feature. 
Cat T-5170 Spare tip included. 

STOP TOOLING AROUND! 
DICK SMITH ELECTRONICS GIVES YOU 

BEST VALUE IN HOBBYIST AND SERVICE TOOLS. 

ARLEC SUPER TOOL 
Now with handy carry case! 
Amazing 7- in- 1 little wonder that performs 
the jobs that hobbyists require: it drills, 
sands, polishes, engraves, erases and 
mills and cuts. All attachments are 
included PLUS 240V plug- pack 
adaptor. 

'57 
III 

Cat T-4754 

Replacement Accessories 
Set 4 PCB Drills 
Cat T-4756 
Grinding Bits 
Cat T-4758 
Ink Erasers 
Cat T-4760 
Cutting Discs 
Cat T-4766 
Wire Brush Pack 
Cat T-4768 $12.95 ei 
DALO PEN (BLUE) w4. 

DESOLDERING e, 
BRAID g• 
'Dick Wick' — known by thousands of 
hobbyists as just the trick to remove 
solder from PCB s etc. quickly and 
thoroughly. 
Cat N-1682 

'2" 
ALUMINIUM SOLDER 
Famous Alu-sol brand solder for 
aluminium and non-ferrous metals. 

1.6mm, 100g. S MOST 
Cat N-1625 SOL 
 METALS!METALS! 

FERRIC CHLORIDE 
SOLUTION 
Copper etchant solution for 
PC boards. No mixing 
required — use full strength 
straight from bottle. 500m1. 
Cat H-5652 $360 

Was $4.60 
$660 

1 495 

0.1* 

$6.95 
$8.95 
$3.20 

Cat T-2000 

SOLDERING 
STATION 
Variable temperature 
allows any hobbyist 
to tackle everything 
from heavy duty jobs to 
delicate soldering. Soldering station features 
temperature control: from 200'- 
500C. Comes with iron holder '69 
and sponge. Super value! 

BUTANE SOLDERING IRON 

Fantastic! Pen size iron uses butane so 
you can use it anywhere for on-the-spot 
emergency repairs. Butane provides 
'instant' heat — equivalent to 10-60 
watts... up to one hour continuous use. 

$9.9 I,. Cat T-1370 

69° 
CABLE SNIPPER 

Makes cutting cable 
easy. Gives the 

.\°%111111ine cleanest cut you'll ever 
Cat T-3202 see. 

DESOLDERING TOOL 

CLEANING SOLVENT 
Effectively cleans tuners, switches, 
relays, etc. High pressure pack spreads 
non-corrosive solvent quickly. 300g. 

Cat N-1040 $6 25 

CIRCUIT LACQUER 
Invaluable spray that protects PCBs. 
'Solder through' formula allows treated 
boards to be re-soldered. 350g. $750 
Cat N-1045 

GREAT PCB 
MARKER KIT! 

Cat T-1340 

Brilliant little device that 
removes solder from PCBs 

quickly and thoroughly! Use it 
for prototyping and many other hobbyist or 

9 

professional applications. 30W, 240Ve6 9 

Spare Tips $5.90 Cat T-1341  

12V SOLDER IRON 

ELECTROLUBE PEN 

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 identification and 
spare tip. — 
Cat T-5175 -  

 if _„•-• 
î   

WAS $7.60 

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

impressive 30 watts. 

Beauty! Handy pen containing non-
drying lubricant. Retractable tube 
system for inaccessible spots. Ideal for 
all electronics gear. $575 
Cat N-1047 

s reG Met 
DELICATE 

SOLDERING 
Impressive! Mini iron — the size 

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. '6" 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 

batteries plus mini lamps 
and fuses. 

NS Cat Q-1525 

e 6:16 $1 3 75 
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BUILDING BLOCKS TO ELECTRONICS 
BLOCTRONICS 

KITS 
Now there's a safer, creative way for youngsters to learn 
electronics and build projects: Bloctronics! Instead of FROM 
soldering, Bloctronics employs inter-connecting blocks 
which contain electronic elements. Join them together to ONLY 
build a radio receiver, morse code transmitter - all the 
traditional projects which make learning fun and 
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 
for specialised projects. 

SPECIAL! FREQUENCY 
COUNTER 

$8111188188 

519 esa 

95 
• SET A Cat K-2612.. .$39.95 
• BUILD ON SET 1 Cat K-2614....$39.95 
• SET D Cat K-2616.. .$105 
• Empty Bloc Set (6 blocks) Cat K-2618 ...$7.95 

WOW! Better be quick for this sensational 
bargain: a professionally featured frequency 
counter at a hobbyists price - but stocks are 
limited. Features 3 gating times and 3 
frequency ranges: 10MHz, 60M HZ and 1GHz. 
Inputs 10Hz-60HZ at 1M ohm and 50mHZ-
1GHz at 50 ohms. Excellent value for an 
invaluable piece of equipment. 
Cat Q-1315 

ONE CENT 
SALE! 
Cat No. Description Price Was 
R-2410 500V ceramic cap 0.8pF 0.01 0.11 
R-2421 500V ceramic cap 2.7pF 0.01 0.11 
R-2423 500V ceramic cap 3.3pF 0.01 0.11 
R-2429 500V ceramic cap 5.6pF 0.01 011 
R-2439 
R-2441 
R-2445 
R-2453 
R-2485 
R-2489 

500V ceramic cap 15pF 0.01 0.11 
500V ceramic cap 18pF 0.01 0.11 
500V ceramic cap 27pF 0.01 0.11 
500V ceramic cap 56pF 0.01 0.11 
500V ceramic cap 100pF 0.01 0.11 
500V ceramic cap 150pF 0.01 0.11 

R-2493 500V ceramic cap 220pF 0.01 0.11 
R-2495 500V ceramic cap 270pF 0.01 0.11 
R-2496 500V ceramic cap 330pF 0.01 0.11 
R-2501 500V ceramic cap 560pF 0.01 0.11 
R-2508 500V ceramic cap 0.0015uF0.01 0.11 

BARGAINS IN 
SEMIS TOO! 
Cat No. Description PriceWas 
Z-9310 4116 16K RAM 1.99 3.25 

74LS Bargains 
Z-5284 74LS138 .99 1.50 
Z-5294 74LS244 1.80 2.40 
Z-5295 74LS373 1.80 2.50 
Z-5298 74LS240 1.80 2.20 
Z-5299 741_5245 1.80 2.20 
Z-5310 74LS123 .99 1.30 
Z-4900 74LS00 .55 .70 
Z-4908 74LS08 .55 .70 
Z-4910 74LS10 .55 .70 
Z-4912 74LS11 .55 .70 
Z-4914 74LS14 .55 .85 
Z-4920 74LS20 .55 .70 
Z-4927 74LS27 .55 .70 
Z-4930 74LS30 .55 .70 
Z-4931 74LS31 1.25 1.65 
Z-4973 74LS73 .80 1.20 
Z-4974 74LS74 .55 .70 
Z-5010 7400 TTL .50 .80 
2-5011 7401 .50 .80 
Z-5023 7413 .55 .85 
Z-5085 7485 1.10 1.40 
Z-5030 7420 .50 .80 
Z-9206 2513 charactor generator 15.9524.75 

Z-1329 BC549C Trans .25 .37 
Z-2005 MJE 2955 1.45 1.25 
Z-2320 PN4250 .30 .45 

$34" _ - 

IC EXTRA at CTOR C R TOOL 
'2 

Cat T-4650 

Was $9.95 
Simple to use wire 

$895 wrapper/stripper that 
gives any hobbyist 

\ professional wrapping-
-  style results. 

Cat T-3650 

A ' must' for all 
hobbyists! Tweezer-
like extractor (with 

hooks) removes ICs 
without damage. 

'WRAPPED'! 

SIGNAL INJECTOR 
Was$14.25 

DICKSMÎH 
ELECTRONICS 
B 131 MM Ply LTD 

Find faults quickly in 
audio equipment and 
RF circuits. Complete 
with probe and earth 

clip. 
Cat Q-1270 

SEE PAGE 88 
FOR ADDRESS 

DETAILS 

SAVE $40 

"z1 

DSE 'CRO' 6.5MHz 
Still the best value in oscilloscopes! Retrace 
blanking, 10mV/division vertical sensitivity, 500m V/ 
division horizontal sensativity, 10Hz-100kHz time 
base in 4 ranges AND more exceptional features. 
Cat Q-1280 

e , AT A PRICE 

TOOL KITS! stt CAN AFFORD! 
• EVERY HOBBYIST 

r , , 
You've got the lot.., all the pieces needed $ 

for a variety of repairs. PLUS a bonus! 
The 38 pc. set (T-4832) includes a 

multimeter, and the large 68 pc. set (T-
4834) contains a continuity neon tester. 
Cat T-4832 

3.5 DIGIT PANEL METER 
Don't put up with analogue 

meters which are susceptable to 
movement -replace it with a 

digital meter. LCD display 
provides exact readings under 

adverse conditions. Suitable for 
any application. 

Cat Q-2200 

3 MAGNIFICENT 
MULTIMETERS! 

3.5 Digit LCD meter 
Great value-for-money! Advanced features too: 
push button range selection, 10A DC range, diode 
check and overload protection. Includes test leads 
and bench stand. 

'695° Cat Q-1444 

'Economy' LCD meter see 
Reliable 3.5 digital tester that does the job and does 
it well! RF shielding for stability. Rugged housing/ 
circuits. Overload protected. 

Cat Q-1520 '59 
Auto-ranging and Memory 
Quality design and advanced features! Memory klE,V4 
subtracts last 2 digits of previous readings for 
round figure. PLUS auto ranging, over-range 'beep', 
10 amp current scale and more. 
Cat Q-1515 

....e.e••••••••••••••••••••••*MOW••••••••••y« 
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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. 

SIGNALLER 

FEEDEIAGX 

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 controllable? 
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 into 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, J.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 J. 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 II, 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 ohmmeters. Two 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 been predominantly used in 
stress relief and tension reduction. 

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, you 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-
ply 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. 

COMPARISON 
CIRCUIT 
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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 
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your 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-

SENSOR  

AMPLIFIER /NTEGRATOR 

RATE 

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. 
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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. Originally 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). 

THRESH OLD 

DETECTOR 

GAIN 

PU FIER 

Figure 5. A brain wave monitor employs 
a pair of electrodes attached to the skin 
which pick up the tiny ac signals. A low 
noise differential input stage picks out 
the microvolt-level brain wave signals 
from the volts or more of hum induced 
on the body from house mains wiring. A 
third electrode provides a 'common' 
reference for the input to reduce 
common-mode signal levels. A low-pass 
filter may also be included to further 
reduce masking of the required signals 
by hum or other electrical activity on the 
skin. 
A set of filters is used to select the 

required rhythms — usually the alpha 
and/or theta rhythms. The signal is 
'digitized' to provide the aural/visual 
feedback outputs. 
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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 
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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 

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 musclu 
motor unit firings gives a direct indication of muscular activity. 
whereas GSR, skin temperature and heart rate are secondar 
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. 

for the input, as in the brain wave 
monitor, to reduce common-mode signal 
levels. The input stage is immediately 
followed by a 50 Hz notch filter to 
attenuate any hum picked up. 

Further amplification and filtering is 
provided to bring the signal level up to 
something that can be readily dealt with. 
Bandpass filtering is also employed to 
further bring out the motor unit signals 
in the 100-500 Hz region, where the 
largest amplitude signals lie. The 
amplified and filtered signal is then 
rectified to provide a dc output 
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. 
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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 muscle 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 ELECTROMYOGRAM (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 electromyogram 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 corn-
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mon mode rejection can only be achieved if the common 
mode signal is applied almost identically to both inputs and 
this is not possible using the standard contact electrode 
scheme that must be used. The two input electrodes must 
have identical contact resistances if high CMRR figures are 
to be realised, and this is almost impossible. 

In order to minimise the effect of different contact 
resistance between the two input electrodes, the input of the 
differential amplifier must be provided with as high an in-
put impedance as possible. Another advantage with the type 
of instrumentation amplifier employed here is that it is capa-
ble of providing very high input impedance. We have chos-
en the TL074 quad op-amp for this project which has a JFET 
input stage. The input impedance is therefore extremely high 
and is in fact determined by the two 10 megohm resistors 
which are used to provide the necessary minute bias current 
required for the input JFETs. 

The hum and bandpass filters 
The next measure employed to overcome the effects of hum 
and noise is the use of a notch filter, set to reject any signal 
with a frequency at or close to the mains supply frequency 
of 50 Hz. This is required because, as explained above, a finite 
amount of 50 Hz signal will be present at the output of the 
differential input stage. Since the gain of the circuitry after 
the input stage can be as high as 10 000, depending on the 
setting of the gain control on the front panel, the presence 
of significant amounts of hum can easily lead to the amplifi-
ers being driven to their full output, causing clipping. Once 
this occurs, distortion products are generated that will com-
pletely swamp the EMG signal. 
As with the differential input stage, the amount of rejec-

tion at the notch frequency is dependent on the component 
matching. This type of notch filter is often referred to as a 
'twin-T' filter and in theory is capable of infinite rejection 
at the notch frequency. In practical circuits, however, the 
.ejection is more likely to be around 30-50 dB. In order to 
ensure satisfactory performance of the notch filter, one per 
cent tolerance resistors are specified. Ideally, one per cent 
tolerance capacitors should also be used but these are very 
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difficult to obtain and are expensive. With a reasonable match 
of capacitor values, however, the notch filter is capable of 
delivering around 30 dB of attenuation at 50 Hz in addition 
to that provided by the input stage. 
The third measure used to optimise the detection of mus-

cle signals as opposed to other noise signals is the use of a 
bandpass filter which has been set up to pass signals in the 
100 Hz to 500 Hz region. The actual mean signal frequency 
is dependent on the state of tension of the muscle. The fre-
quency region corresonding to the peak output is therefore 
fairly broad and for this reason the bandpass filter used must 
have a broad passband. The circuit used here is a 1st-order 
bandpass filter with only 6 dB/octave slopes outside the pass-
band and is implemented using only a single op-amp which 
also serves to provide a large proportion of the total gain re-
quired for the instrument. 

Circuit overview 
An overall block diagram of the EMG is shown in Figure 1. 
As has been discussed above, the input electrodes are con-
nected to the differential input stage. Notice that three elec-
trodes are used for connection to the skin, one of which is 
an 'earth' connection. This provides an earth reference for 
the electronics and has the effect of decreasing the hum vol-
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tage at the inputs. Another way to look at this is that the earth 
reference within the EMG 'floats' on top of the hum signal 
so that the hum voltage developed between the input and the 
earth is reduced. 
Note that the earth reference within the EMG is just the 

0 V line of the battery supply. The unit must remain float-
ing and should be battery powered. DO NOT REPLACE THE 
BATTERY SUPPLY SHOWN IN THIS PROJECT WITH A 
MAINS-BASED POWER SUPPLY. This will degrade the 
unit's performance and more importantly, could also render 
it very dangerous. It is very important that any unit intend-
ed for connection to the human body be extremely well iso-
lated from the mains supply and for build-it-yourself projects, 
this usually means a battery supply. 
The output from the differential input stage is connected 

via the 50 Hz mains frequency filter to the variable gain stage. 
This stage can be adjusted by the front panel gain control 
to have a gain in the range from 10 to 1000. This stage also 
functions as the bandpass filter described above. 
The output of the variable gain stage is connectd to the in-

put of a threshold control circuit. The purpose of this cir-
cuit is to decrease the effects of audio frequency noise that 
remains mixed with the muscle signal. This noise is gener-
ated by the active and passive components within the EMG 
and represents a noise ' floor' which limits the maximum use-
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ful gain of which the EMG is possible. The threshold circuit 
helps to overcome this problem by providing a voltage level 
below which it will not generate an output signal. If the 
threshold circuit is adjusted so that the threshold is set to 
be just greater than the typical noise voltage, then no output 
will result from the threshold circuit as a result of the noise 
input. If the muscle signal is then superimposed on the gener-
al noise floor, the resulting signal is then greater than the 
threshold level and an output will result. 
The signal from the threshold circuit is rectified by a pre-

cision halfwave rectifier circuit and the resulting dc output 
is averaged by an RC filter, amplified and applied to the vol-
tage controlled oscillator. This is based around the 555 timer 
which has been configured as an oscillator, the frequency 
of which can be controlled by the applied dc voltage. This 
provides a good linearity VCO capable of a very large fre-
quency excursion range and hence an easily recognisable 
change in pitch as muscle tension varies. 
The VCO output is fed via the volume control to an output 

switch that is located on the rear of the instrument which 
serves to select between the internal miniature loudspeaker 
and the 'phones socket. 

Construction 
The construction of the EMG is not particularly difficult, 
provided the AEM5504 pc board is used. The combination 
of relatively high currents necessary to drive the loudspeak-
er and very high gain/input impedance is one that usually 
leads to a host of interaction problems that can seriously de-
grade the unit's performance. We paid great attention to the 
development of the pc board for this project and still had to 
discard several early attempts. Fortunately, the final design 
works extremely well but necessitated the use of a solid 
ground plane on the components side of the board. This tech-
nique works very well and enables the signal earth and sup-
ply decoupling earths to remain isolated from each other and 
the entire pc board with the exception of a single reference 
point. , 
The pc board forms the nucleus for the construction, con-

taining all of the components with the exception of those 
mounted on the front and rear panels and the loudspeaker. 
Commence construction by mounting the components to the 
pc board. start by soldering the resistors in place on the 
board. These are fairly robust devices and are unlikely to be 
damaged when soldering other components to the board. 
Next solder the non-polarised capacitors in place. These are 
the greencaps or polyester types and, like the resistors, are 
fairly robust. 
After the resistors and capacitors are in place, solder the 

diodes into position. Note that these are polarised compo-
nents and mut be positioned on the board with the correct 
orientation. Be careful not to confuse the zener diodes with 
the standard diodes. 

Finally, solder the remaining components such as the tan-
talum and aluminium eletrolytic capacitors, again being care-
ful to orientate them correctly. Once these are in place the 
ICs can be soldered in place. Three ICs are used in the 
project, two 14-pin dual-in-line packages and one 8-pin dual-
in-line package. In order to facilitate removal of these devices 
in the event of failure at some time, you might think about 
using the appropriate IC sockets. In this case, the sockets are 
soldered into place on the pc board and the ICs are plugged 
into them. Use good quality types. 
The pc board must be located in the chassis and wired to 

the front and rear panel controls using hook-up wire. This 
wiring can be soldered directly to the pc board or pc pins 
can be soldered to the board first and the wiring soldered 
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AEM5504 PARTS LIST 

Semiconductors 
D1, D2 1N914 
IC1, IC2 TL074 
IC3  555 
ZD1, ZD2 ... 5V1/1 W zeners 

Resistors all 1/4 W. 5% 
unless noted 

R1, R2  10M 
R3, R4 100R 
R5  1k 
R6, R7 4k7, 1% 
R8, R9  2k2, 1% 
R10, All  100k, 1% 
R12, R13 100R 
R14  100k 
R15-R18 47k 
R19, R20  10k 
R21  100k 
R22, R23  1M 
R24  1k 
R25-R29 10k 
R30  1k 
R31, R32 100R 
R33  470k 
R34  1k 
R35  680R 
R36  22R 

RV1  1M/A pot. 
RV2 5k vert. trimpot 
RV3 1k/A pot. 

Capacitors 
Cl, C2 . 100u/16 V RB electro. 
C3  220n/63 V MKT 
C4-C7 68n/63 V MKT 
C8  15n/63 V MKT 
C9  100n/63 V MKT 
CIO  220n/63 V MKT 
C11  470n/63 V MKT 
C12 2u2/16 V tant. 
C13  22u/25 V RB electro. 
C14, C15 10u/16 V RB electro. 
C16  150n/63 V MKT 
C17,C18 . 47u/25 V RB electro. 
C19 .... 100u/25 V RB electro. 
C20,C21 470u/26 V RB electro. 

Miscellaneous 
J1 3  5 mm stereo 

headphones jack 
PL 1  5-pin DIN line plug. 
SK1  5-pin DIN socket, 

chassis-mount type. 
SW1  DPDT min. toggle 

switch. 
SW2 SPOT min. toggle 

switch. 

AEM5504 pc board; metal case 
150 x 76 x 134 mm (e.g: DSE 
H-2743 or similar); Scotchal 
panel; 2 x No. 216 9 V batteries 
and snap connectors; one 8 ohm 
50 mm diameter speaker; three 
small metal discs; two or three 
metres of shielded cable (e.g: 
RG174 coax); hookup wire; nuts, 
bolts, standoff pillars, etc. 
Cost Estimate: $55462 
depending on quality and type of 
components supplied. 

NOTE: MKT capacitors are 
metallised polyester types in a 
radial-lead package with most 

values up to 470n having 
5 mm (0.2") pin spacing. 
Makes available in Australia 
include Wima, Roederstein, 
Thomson-CSF and Siemens. 
MKTs by Wima are distributed 
by Crusader Electronics in 

Sydney, Roederstein by 
Promark in Sydney and 
Melbourne, and Siemens 

through Seimens in Melbourne 
and Sydney. Geoff Wood 

Electronics in Sydney stocks a 
range of Roederstein and 
Wima MKTs. 
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WHEN IS A KIT 
NOT A KIT? 

A) WHEN ITS A 
JAYCAR 

'MINIMODULE' 
KIT! 

Following the success of the 30 + 30 amplifier module 
launched last year Jaycar has vastly increased this lineup for 
1986. Featured in the new lineup is a magnificent HIGH POWER 
integrated amplifier with fantastic control preamp. Also stocked 
are a universal infra red remote controller. sound switch. LED 
level meter. super Hi Fi preamp and lots more' 
THE BIG NEWS. Jaycar 'Minimodule kits are strictly not kits by 
our normal definition Each module is actually built and tested 
and guaranteed You still have to connect them to the outside 
world of power supplies, signal sources etc. however they are 
still kits (and therefore fun to work with) in that respect. 

SUPER HI Fi BI-FET PREANIP 
0.005% Distortion 

This magnificent preamp measunng 200(W) x 110(D) has 
many features: Phono in (RIAA equalisation within 0 2dB). 
phono out (to tape), and aux input (as many as you like) 
Provision for switching 'loudness' control in or out as well as the 
provision of a 'tone defeat' switch 
Bass. treble AND midrange controls are provided as well as 40 
detent clicks type volume potentiometer Naturally, frequency 
response is flat over the audio spectrum and beyond and the 
S/N figures are outstanding. (Requires ± I 5V 2COrnA power 
supply, a circuit for this is included) Cat M.0315 

ONLY $69.95 

' • ,. . : ;:= I1 
.11 II 

too». ;root, tow --o•- • • - 
• oc r 'to ear •tte /11, .11•18 - 
/, I • 

MINI PHONO & MICROPHONE 
PREAMP 

This unit features a high slew rate Op-amp type gain block 5% 
RIAA equalisation capacitors and small size (70(W) x 60(D)) It 
will bring up a magnetic phono cartridge or dynamic micro-
phone to line level with very low distortion Power supply circuit 
diagrams included 

Cal AA-0324 

ONLY $ 16.95 

INFRA RED REMOTE 
CONTROL SYSTEM 

This system composes two basic components the hand-held 
transmitter and the receiver. The hand-held transmitter is 
supplied in an attractive plastic case and is powered by a 9V 
battery. It has a range of 10 metres approximately. 
The receiver consists of a circuit board measuring 110 long x 55 
wide and requires 9-12V DC. Both transmitter and receiver use 
a proprietary Hitachi encoder/decoder IC set to preclude false 
triggering by daylight, sparks, flashes etc. 
The receiver output is by relay with NO. or N.C. output. The relay 
is NOT 240V AC matos rated but will switch considerable DC 
loads le 5 amp (resistive) at 12 - 24V or up to 100V AC. An on-
board switch configures the unit to either operate only while the 
transmitter switch is held on or alternatively in latch mode i.e. 
press transmit button and switch 'on', press again to switch 'off 
PS It also works as an event counter 

80 + 80 PRE-MAIN AMP 
A complete preamp and high power amp with power supply 
electronics in the same package! All that you need to connect is 
a power transformer and signal source' 
It features TWO huge heatsinks for the power transistors, bass. 
treble and midrange controls, a MICROPHONE preamp and 
mixer pot, balance and volume control. There is facility for 
preamp out (to dub from source to tape) as well as phono out 
Al) in all its very well thought out. 
The main board measures 245(W) x 240(D). The heatsinks 
130(W) x 75(D) x 70(H) are connected to the main amp board 
by about 150mm of wiring 

COMPLETE ANIP/PREAMP 
Cat AA-0310 

ONLY $ 149.95 
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Suitable power transformer 44361 type Cat. MM-2015 $49.95 

sitrzEz. 

DUAL LED AUDIO LEVEL 
METER ASSEMBLY 

6 WATT 'MICRO' AMPLIFIER 

This meter enables you to display power levels from —30dB to 
+5dB The meter operates directly from the speaker leads It 
does not consume any amplifier power The level meter is 
powered by any voltage source between the range 3-20V so it is 
ideal for 12V auto use 
Ten LEDs are provided for each channel, the first 4 LEDs in each 
channel are green (-30 to —5dB) the next tWO are yellow ( — 1 & 
OdB) and the next three are red (+ 1 to +5dB) a peak LED yellow 
is also used to indicate an ' overload' condition The meter can 
be calibrated to operate on amplifiers from 1 • 200 watts' 
A circuit for mains power supply is included 

$32.50 
Cat AA-0326 

STEREO LOUDSPEAKER 
PROTECTOR 

An absolute must for all high power amps 
If anything goes wrong with a high power amp that is OC L • 
(1 e does not have a large coupling capacitor between the final 
output stage and the speakers) a very high power source of DC 
can present itself directly across the voice coils of your 
expensive speakers destroying them probably before a fuse 
blows 
flits unit measunng 85(W) x 55(D) x 35(H) draws very little 
current at 12V DC (A circuit drawing how to connect it inside an 
existing amp is shown as well as a separate power supply) 
The protector has a 3 second de-thump turn on delay and a D C 
tault sense circuit The protection relay is massive and will not 
offer any significant voltage drop in even the highest power 
amps Cheap insurance n 
' Output capacitor- less The enormous bulk of Hi Fi & PA amps 

now built this way 
Cat AA-0320 

ONLY $22.95 

ONLY $42.95 
Cai AA 0346 

(l CHANNEL) 
AMPLIFY YOUR WALKNLANI 

This little amp will provide up to 6Wrms into 4 ohms from a 15V 
power supply • The mighty midget measures 50mm square 
and has an on board volume control. Facilities are provided to 
accept high or low impedance inputs i e. low' headphone 
output of cassette deck. 'Walkman' type unit, etc.. ' high' for 
standard line level signal sources such as tuners, VCR's etc. 
(regard as AUX). Output is short circuit protected. 
• A copper heatsink fin must be soldered to the tc.p of the IC to 
achieve this 
SPECS: • Power out 6W (max) into 4 ohms • Input 
sensitivity 100mV • THD 0 3% • Gain at 6V 38dB • Power 
supply 4 16V 0 1 2A 

(2 REQUIRED FOR STEREO' 

ONLY $ 13.95 

Cai AA 0340 

SOUND OPERATED SWITCH 
This compact 701U x 45(W) switch will detect a sharp sound 
and latch a relay with N 0 and N C output It runs from 9 - 12 
volts and has adjustable sound level sensitivity Cat AA-0342 

ONLY $ 16.95 
LIGHT OPERATED SWITCH 

This controller uses a Cadmium Sulphide (CdS) cell to detect an 
ambient light level The sensitivity is adjustable When the level 
of light reaches a certain value the relay (with NO or N£. 
outputs) switches on. It remains on until the light level falls 
below the predetermined value The relay will switch up to 
200W (resistive) but is not mains rated 
The switch is ideal for use as an event counter Cat AA-0344 

ONLY $8.95 



NOT ALL COMPACT DISC PLAYERS 
ARE THE SAME! see 

It is becoming increasingly apparent that not all CD players are the same. You get no guarantee of superb sound quality by paying around $ 1,500. You 
may get a model that bristles with programming facilities but is in fact no better than a model costing V3 as much. 
With this is in mind, Jaycar has concluded an exhaustive technical evaluation of models suitable for inclusion in the 1986 Jaycar Catalogue. We feel that 
the choice of the ADC Model CD-100X player will be welcomed by the technical reader of this magazine. 

SPECIAL OFFER - We welcome technical scrutiny of this magnificent CD player. To prove this, we can supply a detailed 40 page technical 
service manual on the ADC CD- 100X. This manual (one of the best we've seen out of Japan) covers theory of player operation, circuit operations, test 
procedures, test print and waveform illustrations, block diagrams. IC description and schematic diagrams and much, much more! 
If you wish to review this manual before you buy send $ 10 ( inc. P&P) for a copy. After reading this manual we are certain you will buy. (When you buy the 
CD- 100X we will take $ 10 off the purchase). 
BRIEF TECHNICAL SPECS. 
Frequency Response 
T H D 
Dynamic Range 
Channel Separation 
Optical Pickup 
D/A Conversion 
Filter: 
Error Correction. 

5 20kHz t0.5dB 
0.004% 
95dB 
90dB @ IkHz 
3 beam laser 
16 bit linear 
Seventh order passive filter 
CIRC dual error system 
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ONLY 

$499 

plus p&p 
Cat AC-0400 

FEATURES. • Motor driven horizontal loading (front load) • 3 beam laser ( not 2) • Metal chassis for rigidity • Astigmatic 

beam focus • 16 memory track programming. The first 50 buyers will receive the magnificent 40 page service manual FREE! 
The price for this magnificent unit? 

WE'VE GOOFED 
We have made a terrific blue and have hundreds, yes hundreds of 
Avtek Auto Answer Multi-Modems in stock! 
We need to move them fast so we've slashed the price by an 
incredible $100 to help you make a decision. 
That's right! You can have an AVTEK Multi-Modem with AUTO ANSWER 
for only $299!! Save $100 1 

sto o tteolete 

fes4.41 
Ose 

HURRY!!! 

Incorporating ELEL IRONIC AGENCIES 

Carbngford. Hurstville. Gore Hill. Brisbane Mon Fr' 9am 5 30pm 
Sydney and Concord - Mon- Fn 8 30am 5 30prn 

Sydney. Carlingford. Hurstville • Thursday nights until 8 30pm 
8eisbane • Thursday night until 8pm 

Sydney Carl:nerd Hurstville. Brisbane • Saturdays 9am 12 noon 
Gore Hill - Saturday 9am 4prn 

CONCOPII NOT OPEN ON SATIIEDATS 

NUMBER 1 FOR KITS 

see 

ONLY 
$299 

SAVE$100 
SA Australian Dealer: Eagle Electronics 54 Unley Road, Unley. Phone: 271 2885 

N.S.W. 

SHOWROOMS 

QUEENSLAND 
MAIL ORDERS. 

HEAD OFFICE: 

SYDNEY 11 7 York Street Tel 267 1614 
CANLINGFORD- Co, CarlIngford tk Pennant Hal, Road Tei 101, 872 4444 
CONCORD' I 17 Parrarnatta Road Tel ( 021 745 3077 
HURSTVIIIE 121 For., Road Tel ( 02) 570 7000 
GORE HILL 188,192 Pao& Highway tCo, Beleyue Avenue r: ( 02) 439 4799 

ISUIANDIL 144 Logan Road Tel 107/ 393 0777 
P 0 Box 185. CONCORD 2137 

115117 Parramatta Road. CONCORD 2137 
Tel ( 02) 747 2022 Telex 72293 

POST é PACKING 

310 12499 S2 00 $3 75 
$5 $999 

025 349 99 S4 50 

f 
1:30 SOB 

t. 
$8 

.er 8199 Si 

$50 $9999 $6 Se 

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA °Nu $13.50 

MAIL ORDER VIA 

YOUR PHONE 
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to these. This option has the advantage that the pc board can 
be located within the chassis before terminating the connect-
ing wiring. 
Whichever option is used, the chassis must first be drilled 

and filed to suit the control potentiometers and switches. We 
used an inexpensive all-metal box obtainable from Dick Smith 
stores for the prototype unit. Drilling details have been in-
cluded with this article which shows the hole positions and 
sizes. 
Once the chassis has been prepared mount the front and 

rear panel-mounted components and install and wire the pc 
board. The batteries are wired using special purpose clips 
which are commonly available. Be very careful when solder-
ing the wires from these to the pc board. It is very important 
that these be soldered the correct way around. If not, the com-
ponents could be supplied with inverted supply voltage 
which will almost certainly cause damage, particularly to the 
ICs. 

Setting up procedure 
The setting up procedure consists of the adjustment of the 
threshold preset pot on the pc board. This requires a degree 
of experimentation and is best set up at the gain setting you 

• prefer to use. One method of alignmnt is achieved by short-
ing all three electrodes to each other and then increasing the 
gain potentiometer to the gain setting usually used. 
Adjust the threshold so that the frequency of the generat-

ed tone is just starting to decrease. Advance the preset a lit-
tle further so that a noticeable decrease is perceived in pitch. 
This is the correct setting. 
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Construction of the electrodes 
The electrodes consist simply of a 5-pin DIN plug, three 
lengths of shielded cable and three metal discs. For con-
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venience and light weight, we used light gauge shielded cable 
(RG174). The two input leads are made by soldering the 
centre conductor of the shielded wire to a small metal disk 
approximately the size of a ten cent piece. Use plated or pas-
sivated metal disks with a non-reactive plating. 
Be careful not to allow the shields of these cables to come 

into contact with the metal disc. If this does occur, the sig-
nal present on the electrode will be shorted out. The best way 
to prevent this from happening is to insulate the shield us-
ing a few turns of insulation tape. In order to prevent the 
wires breaking free of the metal disks a small quantity of 
epoxy resin can be applied to the side of the disk to which 
the solder connection has been made. 
The earth reference electrode is built in exactly the same 

way, except that a slightly larger metal disk should be used 
to distinguish it from the two signal electrodes. 

Using the EMG 
Your goal when using an EMG is to identify the subtle feel-
ings or sensations within your body which correspond to 
minute variations in muscle activity level. Probably one of 
the widest uses will be in relaxation training where you learn 
to 'turn off' specific muscles or specific muscle groups. Al-
ternatively, if through illness or accident you have atrophied 
muscles or impaired muscle usage, the EMG can be used to 
re-train them, indicating 'strength' in activity as you progress. 
The electrodes are taped to the skin over the area of the 

muscle or muscle group. Velcro strip works well in taping 
the electrodes in place when using them on a limb. Surgical 
plaster tape, or Bandaids, are also convenient to use. Tape 
the ground electrode either between the main pair or slight-
ly off to one side, but not too far away. To achieve best con-
tact with the skin, you can use a small amount of 'electrode 
paste,' available from distributing chemists and a few medi-

Full-size reproduction of the pc board artwork 

cal suppliers. Moistening the electrodes works quite well in 
lieu of the paste. 

To try out the instrument, tape the electrodes to one of your 
forearms. Commence with the gain and threshold controls 
at minimum and switch on. Listen to the output while slow-
ly advancing the gain. Try tensing your arm and see if it 
produces a rise in pitch and mask some of the noise which 
affects the audio output. Try tensing your muscles again to 
see that you haven't set the threshold too high. 

Try various combinations, different electrode placements 
etc, to get the ' feel' of the EMG. Eventually, you should be 
able to set the gain quite high and the threshold such that 
you can readily detect a change in muscle activity that is im-
perceptible to anybody else observing the area being 
measured. 

When using the EMG attached to your forearm, let your 
arm lay on an arm rest or across your lap. Note what hap-
pens when you make fine movements with your fingers. You 
can relax your arm quite effectively by picking it up at the 
wrist and letting it flop into your lap. Learn how to make 
the arm feel numb and heavy. 

Use of the EMG on your neck can be very effective in all 
sorts of circumstances. Lie down in a comfortable position 
face-down with your forehead on the back of your hands or 
resting on a rolled-up towel or small cushion. You should also 
sit up in a comfortable chair with your back well supported. 
Attach the main electrodes either side of the base of your neck 
or even up under the rear of the skull — to page 100 

II E M 
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aem project 5503 

The "Bed- wet-ector" 
Tony Curtis 

Using readily obtainable parts, this do-it-
yourself project provides an alternative 
solution in training young children out of 
bed-wetting at a fraction of the hire cost 
of similar commercial devices. 

BY THREE YEARS OF AGE the majority of children have 
'learnt' not to bed-wet. For those not in this majority, several 
solutions to training them out of the problem exist, after medi-
cal diagnosis that the problem is not physiological in nature. One 
solution is the purchase of a rubber-mat sensor for use in con-
junction with the monthly hire of an electronic detector box. 
Such systems are available from reputable chemists. But the 
whole system ends up quite an expensive exercise. I found. So. 
I applied a little electronic know-how to circumvent at least part 
of the cost. 

The theory what makes it 'work'? 
In sleep. the child is unaware of bedwetting and does not awaken 
at its onset, but after the event (sometimes, not even then). There-
fore, if the child is awakened at the instant the inner 'decision' 
to urinate occurs, unconscious association of these decisions will 
be impressed on the child's mind, thus 'training' them to awaken 
in future to relieve both bladder and the discomfort of a wet bed. 
Such associative training techniques are invariably successful. 

The project 
What I needed was a simple, low cost, reliable fluid detector 
to drive some form of audible alarm. National Semiconductor 
had just the thing — an IC known as the LM1830. This is a fluid 
detector with integral alarm circuitry and a Data Sheet is pub-
lished elsewhere in this issue. I have incorporated a 'sensitivity' 
adjustment to allow the unit to be adapted to individual circum-
stances. 

For obvious reasons. I dubbed the project the ' Bedwetector: 
The adjustable nature of the ' Bedwetector' is unavailable in 

the hired devices. Here, the adjustment allows detection from 
'summer-sweats' to a bedwetting ' pool: 
While there few components in the project, it is recommend-

ed that you use the printed circuit board design shown here to 
avoid wiring errors and for reliability (ready-made boards are 
available through the magazine and some electronics retailers). 
The unit is housed in a common, low-cost plastic 'zippy' box. 

The alarm unit is a commonly available (and cheap!) piezoelec-
tric alarm. The project is powered from a single 9 V battery. Do 
NOT attempt to power it from a plugpack or any other form of 
mains supply for there is a remote, but nonetheless real, risk 
of accidental contact with mains potential. The result could be 
tragic. 
The sensor mat comes from the Nledicleon Enuresis Co.. 

Unit 1/54 Jersey St, Jolimont, Perth WA. (09) 387 5011. You can 
order one direct from them, at a cost of $65. or through a chemist 
store, though not all chemists will do that. Larger 'chain' chemists, 
such as Amcal and Soul Pattinson indicate they would be hap-
py to oblige. 

LEVEL 
We expect that hobbyists who are 

BEGINNERS 
in electronics construction should be able to 

successfully complete this project. 

Construction 
Assembly of the Bedwetector is straightforward. Using the blank 
pc board as a template, position it with the silk-screen side (the 
white writing on the board) uppermost on the outer side of the 
zippy box lid, leaving room for the alarm alongside (see Figure 
2). Mark holes A. B and C. Place the piezo alarm alongside and 
mark its fixing holes. Drill the five holes, opening out hole ' B' 
to 6 mm. Drill a 15 mm hole at one end of the box and, using 
the 5-pin chassis-plug as a template, mark and drill its fixing 
holes. 
Assemble the alarm to the inside of the lid. Assembly the com-

ponents onto the pc board leaving off the LM1830. Ensure each 
component is pushed down flush with the board. 
Capacitor C2 is polarised. That is, it will go 'bang' when power 

is applied if its incorrectly oriented, so ensure that its positive 
lead connects through the hole marked '+'. When you hold C2 
with its writing facing you, the '+' lead is the one to your right. 

Next, wire up the 5-pin chassis connector to the battery con-
nector and pc board so that the 5-pin connector can be screwed 
to the box leaving wires long enough to lift the board over the 
box edge. 
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IC1 
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INTERNAL 
• SUPPLY 

( 
Vas 

Rref 

13 10 
DETECTOR 
INPUT 

AEM5503 PARTS LIST 

Semiconductors 
D1  1N914, 1N4148 
ICI  LM1830N 
Q1  BC547, BC107 

Resistors all 1/4W, 5% 
R1  4k7 
R2  47OR 
RV1  100k vert. trimpot. 

Capacitors 
Cl  100n greencap 
C2  22u/16 V RB electro. 
C3  10n greencap 
C4  100n greencap 

Miscellaneous 
AL1  Murata slim piezo 

alarm, e.g: DSE 
L-7204 or similar. 

PL1  5- pin plug, e.g: 
DSE P-3125 with 
P-3140 cover, or 
similar. 

SK1  5-pin socket, e.g: 
DSE P3135, chas-
sis mount, or 
similar. 

AEM5503 pc board; zippy box to 
suit; No. 216 9 V battery and con-
nector clip; two M3 screws 
15 mm long; four M3 screws 
10 mm long; ten M3 nuts; 
hookup wire; sensor mat (see 
text). 

Cost Estimate: $25-$30 
(plus sensor mat) 

A (PCB) 

C (PCB) 

(PCB) 

BATTERY +VE 

5-PIN PLUG 
PL1 

REAR VIEW 

5- PIN SOCHET 
SK1 

REAR VIEW 

9 
FILTER 
CAP. 

C2 
22u el 
25V 

11 
OV 

OV 

R2 

470R 

01 
BC547 
BC107 

E 
o 

D 

AL1 
PIEZO 
ALARM 

CIRCUIT OPERATION 
Figure 1 shows how National Semiconductor's LM1830 fluid detec-
tor gives the low-cost solution The LM1830 produces a signal from 
its internal oscillator which is sent to both the sensor-mat and a de-
tector within the integrated circuit. The sensor-mat is placed under 
the child in a position to get wet should bedwetting occur. 
The internal reference resistor, Rref, is pre-set such that, when the 

resistance between the sensor-mat wires, normally open-circuited, 
drops to one-third of Rref, the signal fed to the detector is reduced 
to a level which sets off the alarm. 

Thus, urine being highly conductive, bedwetting operates the alarm. 

COSS W3V© 411 

juoiteigyer)  

—ge o  / 
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aem project 5503 
Make up two pillars using screws and six nuts, by mounting 

the screws through the lid with three nuts to each screw. Care-
fully solder in the LM1830, the CORRECT way round, connect 
the alarm wires to the board and mount the board with the com-
ponents to the lid, alongside the alarm on the two nut-pillars. 
Assemble the 5-pin chassis socket into the box, connect the 

battery to its connector, secure it inside the boy (double-sided 
sticky pads work great) and assemble the lid back onto the box. 
Remove the two-pin connector from the sensor mat wires and 

wire these to the 5-pin plug. Connect the wire link which serves 
as an on-off switch for the unit. 
You are now set to test the Bedwetector. 

Testing 
Lay the sensor-mat on a table and open it out flat. Carefully con-
nect it to the assembled Bedwetector, remembering that connect-
ing it will apply the power. Using an insulated-blade screwdriver, 
rotate RVI from end to end and set it about half-way between 
the ends. The alarm should not sound. 
Using a teaspoonful of ordinary tap-water - not pure rain-

water - pour a 'bubble' over the wires embedded in the sensor 
mat so as to cover them. The alarm should sound. 

If it doesn't, the water resistance is high, probably greater than 
about 15k, and RVI should be slowly rotated anticlockwise to 
cause the alarm to commence. 
Once the alarm sounds, wipe dry the sensor-mat and it will 

stop. 
'fly different liquids to get a ' feel' of their resistivity. If your 

sample of 'calibration' water is of reasonable conductivity, us-
ing pure rainwater will not set off the alarm. In fact, by using 
the setting of RVI, the device can be set to detect anything from 

dilute battery acid to minutely sugared rainwater. 
The Bedwetector is now ready to do its job 

Using the Bedwetector 
Place the sensor-mat beneath the sheet of the bed where the child 
sleeps, in a suitable position to get wet when bedwetting occurs. 
It is essential to ensure that the mat does not fold or crinlde 
up and short the sensor-wires together, so use sticky-tape or pack-
ing tape to eliminate this. Leave the connector wires in a suita-
ble position to connect to the Bedwetector. 
At bedtime, explain the 'game' you want the child to help with 

so that the alarm sounding doesn't shock too much. Plug-in the 
sensor-mat. You might arrange a prior demonstration. 

After it goes off, the alarm can be cancelled by unplugging 
the sensor-mat or wiping it dry. 

Hints on getting the best from your 
Bedwetector 
The device must detect bedwetting at its onset for best results. 
If it is too sensitive it will detect sweat and if too insensitive, 
only sound the alert when bedwetting has ceased. 

In order to get the best results, the sensitivity adjustment, RV1, 
should be experimented with until the first drops of ' wet' are 
sensed. Thus the whole episode can be turned into an ex-
perimental, co-operative dialogue with the child playing a part. 
This helps in removing the problem. 
The battery will last about one month depending on the alarm 

rate, so long as you remember to DISCONNECT the sensor-mat 
each morning. 
UNDER NO CIRCUMSTANCES REPLACE THE BATTERY 

BY A MAINS POWER-SUPPLY! 

_ ELECTROMARK PTY. LTD. 
43 ANDERSON ROAD ( P.O. BOX 184) 

MORTDALE NSW 2223 

• available in Australia from PHONE (02) 570 7287 

DISHED 
WASHER TOROIDALS 
OUTER 
INSULATION 

is now accepted as the standard in industry, The toroidal transformer 
overtaking the obsolete laminated type. Industry has been quick to 

recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY 
field and, thanks to I.L.P., PRICE. WINDING 

111111 

I-I 

NEOPRENE 
WASHERS 

Our large standard range is complemented by our SPECIAL DESIGN INSULATION 

section which can offer a prototype service within t4 DAYS together 
with a short lead time on quantity orders which can be programmed PRIMARY CORE 

to your requirements with no price penalty. WINDING END CAPS 

15 VA 
62 a 34mm 0 35Kg 

Regulation 19% 

SERIES SECONDARY MIS 
No Volts Curren, 

0.0,0 6.6 , 25 
0.011 9.9 083 
0.017 ,7. ,2 063 
0.0.3 . 5.5 050 
0.0,4 i8.18 042 
0.0 ,5 22.22 034 
0.0 ,6 25.25 030 
0.0,7 30.30 025 

(encased in ABS plastic) 

31) VA 
70 e 30gewn 0.45Kg 

Regulation 18% 

1.0,0 6.6 750 
1.011 9.9 , 66 
1.0,2 ' 2.'7 , 25 
.0,3 is•is , 00 
1.014 18.18 083 
1.015 22.22 068 
1.0,6 26..25 060 
t.017 30.30 050 

50 VA 
80 e 35nwn 0.9Kg 

Regulation 13% 

2.0 10 6.6 4 16 
2.0 ,, 9.9 777 
2.0 ,2 I2. ,2 7 Oa 
2.0.3 ,5. ,5 , 66 
2.0 ,4 ,8. ,8 , 38 
2.0 ,5 22.22 , ,3 
7.016 75.75 , 00 
2.0 ,7 30.30 083 
2.028 ,, 0 045 
2.029 770 027 
7.030 2.0 020 

80 VA 
90 a 30nun 1Kg 

Regulation 12% 

3.0 ,0 6•6 664 
3.0 ,, 9.9 444 
3.0 ,2 '2.'2 l 33 
3.0 ,3 ,5. ,5 266 
3.0 ,4 ' 8.'8 222 
3.0 ,5 22.22 , 8, 
3.0 ,6 25• 26 , 60 
3.0 ,7 30.30 , 33 
3.028 ,, 0 072 
3.029 220 036 
3.030 740 033 

120 VA 
90 e 40nun 1 2Kg 

Regulation 11% 

4.010 6.6 ,0 00 
4.011 9.9 666 
4.0 ,2 ' 2. + 2 5 00 
4.0 ,3 ,5. + 5 400 
4.0.14 18•18 333 
4.0 ,5 22.22 272 
4.016 25•25 240 
4.01? 30.30 2 00 
4.0 ,8 35.35 , 7, 
4.028 ,,0 , 09 
4.029 220 054 
4.030 240 050 

180 VA 
110 a 40mm 1.814 

Regulation 8% 

s.01 t 9.9 889 
5.0 ,2 ,2..2 666 
5.0 ,3 ,5. ,5 533 
5014 18.18 444 
5.0 ,5 22.22 363 
5.0 ,6 25.25 320 
5.0 ,7 30.30 266 
5.0 ,8 35• 35 228 
5.026 40.40 200 
5.028 ' 10 145 
5.029 220 072 
5.030 740 066 

225 VA 
110 a 45mm 2.2Kg 

Regulation 7% 

6.0 ,2 ,7. ,2 938 
6.0.3 '5.'5 750 
6.0 ,. ,11. ,8 625 
6.0.5 22.22 5 , , 
6.0 ,6 25.25 . 50 
6.0 ,1 30.30 375 
6.018 35.35 32 , 
6.026 40.40 28 , 
6.025 45.45 250 
6.033 50.50 225 
6.028 ,, 0 204 
6.029 220 
6.030 240 , 02 093 

30o VA 
110 a 50mm 2.6Kg 

Regulation 6% 

7.013 ,5• ,5 '000 
7.014 18.18 833 
7.0 ,5 22.22 682 
'.0 ,6 25..25 600 
7.017 30.30 500 
7.0 ,8 35• 35 428 
7.026 40.40 37. 
7.025 45• 45 3 .13 
7.033 50.50 300 
7.028 '° 277 
7.029 220 , 36 
7.030 240 , 25 

500 VA 
140 a 6Ornrn 4Kg 

Regulation 4% 

8.0 ,6 25.25 . 0 00 
8.01 7 30.30 833 
8.0 ,8 35• 35 714 
8426 40.40 625 
6.025 es.es sss 

8.033 $0•50 500 
8.042 55• 55 454 
8.028 ItO 454 
8.029 220 227 
8.030 240 208 

825 VA 
140 a 75mm 5Kg 

Reguletoon 4% 

9.017 30.30 ,0 4, 

9.0'8 35'35 8 " 
9.026 40.40 781 
9.025 45.45 694 
9.033 50.50 625 
9.042 55.55 5 68 
9.028 ,, 0 568 
9.029 220 e" 
9.030 240 260 

Fee 110V primary risen '0' in 
For 220V purnary ( Europe) insert 
For 240V primary ( UK) nsen 
IMPORTANT Regulation - 
Please add regulation figure 

Why e Toroid7 
• Smaller size & weight to meet 
modern eimline' requirements. 
• Low electrically induced 
noise demanded by compact 
equipment. 
• High efficiency enabling 
conservative rating whilst main. 
tà ining size advantages. 
• Lower operating temperature. 

Why ILP? 

• Ex stock delivery for standard 
240V range 

• Fast prototype service available 

• 2year no quibble guarantee 

place ot X' in type number 
'1' on place 015 in type number 

-2' in place ol • X• (n type ()umber 
All voltages geItied are FULL LOAD 
to secondary voltage to obtain 011 load voltage. 
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WHEN GEOFF 
DOES A KIT 
HE DOES IT 
PROPERLY 

Geoff's policy is to do a few kits and do 
them well. Rather than bundle up bits 
and pieces for everything under the sun. 
Geoff takes a lot of trouble to get all the 
RIGHT parts for just a few projects. As a 
result you can be assured that there are 
no dubious substitutions and that all 
parts are prime spec. 

Also the projects are checked out 
before the kit is even considered. Both of 
this month's projects had mistakes in the 
original articles - in both cases the PCB 
layout was incorrect - and Geoff was the 
one who spotted the errors. 

AEM4600 
DUAL SPEED 
MODEM 

Geoff can't put this kit together fast 
enough. The queue started to form the 
moment the magazine came out. 

Features both 300/300 baud full 
duplex and 1200/75 baud half duplex 
operation so its ideal for Viatel. All 
functions are selected with quality C&K 
toggle switches with four LEDs to 
indicate correct functioning. Interfacing 
is standard RS232 using a minimum of 
signal lines for " universal" interfacing. 

Geoff's kit comes complete with 
punched front panel ( looks like a bought 
one!) and is just 

$159.00 

ETI 169 
LOW DISTORTION 
OSCILLATOR 

If you're checking out Hi Fi systems then 
an audio oscillator is a must. The trouble 
is that the average el-cheapo probably 
has a higher level of distortion than a $ 10 
transistor radio. So with this kit there can 
be NO compromises. The distortion just 
has to be better than 0.001%. Covers the 
frequency range to 100kHz. Geoff has 
checked the whole thing through with 
Ian Thomas (including pointing out the 
track error on the pcb). 

Kit again includes a posh front panel 
and the top quality AB pot (available 
separately at $9.00). 

Complete kit $179.00 

WE DAREN7 
QUOTE PRICES -COS5041 

40MHz DELAYED SWEEP 
OUR STOCK 

LONG ENOUGH TO 

• 40MHz, 5mV/div (1mV x5 Mag) 
• 20nS max sweep speed (x10 Mag) 

DOESN'T LAST • Built-In delay fine 
• Variable Hold-O If and Trigger Lock 
• 12kV PDA bright clear display 
• Includes 2 FREE Probes 

KEEP UP WITH 
THE DOLLAR!! 45, KIKUSUI 
TRUE MS 

EDM1346 

ex tax 
s. ($258.75 inc tax) 

• 41/2 digits • 8 functions Vdc, 

Vac, Adc, Aac, Ohms, Audible 

Continuity, Diode test, Data 

Hold • 0.05% basic accuracy 

INTENSIL CHIPS IN STOCK 
CL 7106 CPL $16.71 CM 7170 IPG $18.52 
CL 7107 CPL 16.71 CM 7209 IPA 8.28 
CL 7109 CPL 26.50 CM 7211 IPL 2.28 
CL 7129 CPL 38.32 CM 7216 AIJI 49.39 
CL 7135 CPI 26.50 CM 7217 AIPI 18.23 
CL 7136 CPL 16.71 CM 7217 CIPI 18.23 
CL 7611 DCPA 2.27 CM 7218 CLJI 16.75 
CL 7660 CPA 4.92 CM 7224 IPL 23.44 
CL 7650 CPD 9.76 CM 7224 AIPL 23.44 
CL 8038 CC 9.55 CM 7226 AIJL 66.20 
CL 8211 CPA 3.95 CM 7227 AIPI 23.44 
CL 8212 CPA 3.95 CM 7240 IJE 8.57 
CL 8212 Cr( 4.95 CM 7250 IJE 8.57 
CL 7663 BCPA 6.41 CM 7555 IPA 1.68 
CL 7665 BCPA 7.20 CM 7556 IPD 2.96 
AM 7910 PC M 6402 IPL 10.15 
World Modem 27.50 T 1750 6.51 

EACH INC TAX ONLY 
$225.00 

8.30 to 5 Monday to Friday. 8.30 to 12 Sat 
Mail Orders add $3.00 to cover postal charges. 
Next day delivery in Sydney add S5.00. 
All prices INCLUDE sales tax. 
Tax exemption certificates accepted if line value 
exceeds 510.00. 

DC Voltage 

Range 
Resolutton 
Accuracy 

AC Voltage lires RMS. AC coupled 10% to 100% cf tandel 

Range 
Resolution 
Accuracy 

• 200mV. 2V. 20V, 29GV. 1000V 
• lOuV. 100uV, 1rnV. 1OrnV. 10OrnV 
• 20OrnV - 1000V ±  10 05%rdg • 3dgt1  

• 200mV. /V, 20V, 200V. 250V 
• 1OuV. 100uV. tory. 1OrnV, 10OrnV 
• 200,W - 200V 
€M5H, 1KFU • 10 5%rdg • 20clgt 1 

@l1(1-1z 2K1.1‘ r 11 2%tcha • 30,190 
@2KI-la 51(11z r 15 0%rdg • 40.40 
1200V @)2KII, 5KH‘ not specded1 
750V @45Hz 1K11:.• 11 0%rdg • 20.40 

DC Current 

Range • 2m.A. 20mA. 200n1A. 2A, 10A 
Resoluten • 100nA. luA. 10uA. 103uA. IrnA 
Accuracy • 2mA 2130mA ., 10 3%,dg. 3690 

24 104 r 10 75%rdg • gclgd 

AC Current ITrue RMS. AC coupled 10% to 10" of range) 

Range • 2mA. 20mA, 200mA 2A. 104 
Resolutron • 1COnA. tuA, 10uA. 100uA. IrnA 
Accuracy • 2n1A @a5FI‘ - 400Hz • 12 5%rclg • 20dge 

2OrnA 20DrnA 
@45hrz 400Hz r IO 75%rdg • 20dgt 1 
@4001.1t 1KHz r 10 75%rdg • 30490 
2A 104 
@451.11 - 500H: r 2%rdg • 200911 

Resistance 

Range 
Resolunon 
Accuracy 

• 2030. 2KO. 20KO. 203KQ. 2SAP. 20A11.1 
• 0 010. 0 10. 10, 100. 1000, 1K0 
• 2000 r10.2%rdg • 5dgt • 0 0401 
2KO 200C-1 • 10 1%rdg • 3dgti 
2MO 0 15%rdg • 3dgt1 
20M0 • 10 5%rog • 3dgf1 

GEOFF WOOD ELECTRONICS PTY LTD 
Incorporated in NS. W. 
656A Darling St, Rozelle 2039 
(One door from National Street) 

Tel: 810 6845 

S10 00 minimum 

specialising in electronic components for the professional and hobbyist. 
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aem project 3502 

signal-operatea cassette 
recorder controller for 
scanners and shortwave 
receivers 
Tom Moffat VK7TM 

Here's a handy little project to use with 
your scanner or shortwave receiver to 
record tranmissions, turning your cassette 
recorder on at the start of the 
transmission and off when it finishes. It 
does the job autoamtically, so you don't 
have to be in attendance. 

THIS MAY WELL be one of the smallest projects ever to be 
published in AEM. The basic version consists of two tran-
sistors, three resistors, one capacitor, a diode and a relay. But, 
if you're into scanning or shortwave listening, you'll find it 
one of the most useful devices you can own. 
The project, when connected to a receiver which has its 

-squelch" line brought out to a rear panel connector, will 
switch a cassette recorder on when a signal appears on the 
frequency to which the receiver is tuned. When the transmis-
sion ends, the cassette recorder keeps running for a few se-
conds, and then stops. It's very handy for logging a full day's 
activity on a frequency that isn't used very much, such as 
some of the military or diplomatic channels on the HF bands. 
(You too can be a spy!) 
The AEM3502 has been designed for use with receivers 

which have a "squelch" or "muting" control that you can set 
to shut down the receiver's audio when no signal is present 

'SQUELCH' 
UNE 

OP110NAL INPUT 
FOR INVERTED LOGIC 

SQUELCH UNES 

(UN<) R1 

'SQUELCH' 
UNE 

Q3 
BC549 

Q1 
BC549 

The finished unit. We've left housing of the project up to 
you as individual requirements will vary widely. The pc 
board will readily fit in a small plastic jiffy box. 
Alternatively, it could be housed in your receiver and a 
connector for linking the relay contacts to the cassette 
recorder ' remote jack fitted to the rear panel. 

Cl 

-4- 

100u 
I 

25V 

DI 
1N914 

02 
BC558 

o  O GND 

V ( 10-15V) 

TO CASSETTE 
RECORDER 
REMO TEiii 
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AEM 3502 0-0i 

thus eliminating the background noise. On most receivers hav-
ing this facility, a control line is also brought out to a con-
nector on the back of the receiver, the voltage level on this 
line indicating whether or not the squelch circuit is operat-
ed. This control line is employed to activate the cassette 
recorder motor via the AEM3502 project. 

Construction 
It hardly seems necessary to use a pc board for the project 
as it could be readily constructed on matrix board, Veroboard 
or even a lashed-up " rat's nest." However, for convenience, 
confidence and appearance, we present a pc board. 
Components should present few problems. The relay used 

is a common, low-cost pc-mount type having a nominal coil 
resistance around 200-250 ohms. These work quite happily 

Full-size reproduction of the 
pc board artwork 

AEM3502 PARTS LIST 

Semiconductors 
01 BC549. BC109 
02 BC558 BC559, BC179 
03  BC549, BC109 

Resistors all V4W, 5% 
R1  2M2 
R2  10k 
R3 2M2 
R4  10k 
R5  100R 

Capacitors 
Cl 100u/25 V RB electro. 

Miscellaneous 
FIL1 miniature pc-mount 

relay with 12 
volt/200-250 ohm 
coil SPOT contacts 
(e.g: OSE S7120. 
Jaycar SY-4060 or 
similar). 

AEM3502 pc board; jack plug to 
suit cassette recorder's remote 
jack, zippy box ( if needed): 
hookup wire, nuts, bolts, etc. 

Cost Estimate: $9-$11 

LEVEL 
We expect that hobbyists who are 

BEGINNERS 
in electronics construction should be able to 

successfully complete this project. 

CIRCUIT OPERATION 

The project was designed with the concept of using the absolute 
minimum technology .. . getting the most use out of the least 
amount of hardware. There are two ways the squelch line can work 
in a receiver: it can start at a ' high' voltage with the squelch 'closed' 
(no signal present), and go to a low' voltage (usually 0 V) when 
the squelch ' opens' on reception of a signal; or, it can be low when 
closed and high when open. Hence, the project has provision for 
either case. 

Shall we take the case where the squelch is low when no signal 
is present? The squelch line in this case is connected to point B. 
Your cassette recorder will be lying in wait to capture some trans-
mission. As the squelch line is at zero, there is no current fed into 
the base of 01 so it is off. The collector of Q1 is floating so there 
is no base current for 02, and it is also off. This means there is 
no current for the relay, so it too is switched off. But, Cl will be 
charged because, when you first applied power it will have charged 
via R1 and the base-emitter junction of 02. The relay operates for 
some seconds initially until Cl charges to within 0.5 V of the sup-
ply, when 02 will turn off, leaving the circuit prepared. 
Now, along comes a signal. The squelch line goes high, feed-

ing a tiny amount of current into the base of Ql. Most receivers 
can't supply a lot of current from the squelch line; that's why R1 
is such a high value. With some base current, 01 switches on, and 
its collector goes low. This discharges Cl, although not instantane-
ously, the rate being limited by R5 which also limits the discharge 
current throughout Ql. 
As 01's collector goes low, it pulls current through R2, allowing 

base current to flow in 02, which then conducts and switches on 

the relay, starting the recorder. Everything is now stable as long 
as the signal remains. 
When the signal disappears, the squelch line goes low again, 

switching off 01. But 02 can't switch off until Cl charges again 
to within 0.5 V of the supply. This takes several seconds. When 
Cl's voltage rises high enough for 02 to switch off, the relay opens, 
and the cassette recorder stops. 
The delays in the circuit's operation are quite intentional. The 

short turn-on delay prevents the cassette recorder from starting 
every time there is a " sput" or " plop" from the receiver, caused 
by static or whatever. The signal must be properly established be-
fore the recorder switches on. This may sometimes chop off the 
first words of fast talkers, but it's better than having the cassette 
run with every burst of noise. The long turn-off delay waits for a 
possible reply to a message before turning off the recorder. In fact, 
if you record the constant barrage of traffic on some busy repeat-
er, the recorder may seldom switch off at all! 
The delays may be varied by varying Cl and R5. 
If your're using a receiver which has an ' inverted' squelch line, 

such as the Icom R-71, you'll need the optional part of the circuit, 
03, R3 and R4. This is a simple inverter to turn the squelch signal 
upside-down. The squelch line connects to point C, and point A 
is linked to point B. 
Some receivers, such as the popular J.I.L. SX-200, have an open-

collector NPN transistor in the squelch line output. In such cases 
a sensitive relay with a high impedance coil may be used, connected 
between the collector and a suitable supply. A suitable type may 
not be readily available; in which case, discard 01, 03 and associat-
ed components and connect the collector output line to point D 
(and common to chassis). 
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aem project 3502 

over a voltage range from 8-14 V. Jaycar stock them as cata-
logue no. SY-4060 and Dick Smith stock them as cat. No. 
S-7120. 
Assembly is quite straightforward. Leave the relay till last. 

The resistors and capacitor can go on first, but watch the 
orientation of the capacitor. Then, solder the transistors in 
taking care you orientate them correctly also. After mount-
ing the relay, you can attach the leads that go to the receiver 
and cassette recorder. 

Hooking it up 
To connect the relay to your cassette recorder you will most 
likely need a 2.5 mm sub-mini jack plug. The connector you 
need to interface to your receiver will be dictated by the plug 
or socket the manufacturer provides on the rear panel (see 
your manual). The squelch signal line on the Yaesu receivers 
mentioned earlier is brought out to pin 6 of their CAT ('com-
puter aided transceiver') connector. On the Icom R71, the sig-
nal is on pin I of the accessory connector. 

In Yaesu receivers such as the FRG-9600 scanner and 
FRG-8800 shortwave receiver, the control line goes to around 
+4 or + 5 volts when the signal disappears (don't believe what 
you read in the FRG-8800 operating manual it has it the other 
way around!). In the case of the Icom R71, the control line 
is the other way around, with + 8 V on the line when a sig-
nal is present, and zerovolts when the signal disappears (as-
suming the literature is correct). Check your equipment's 
manual and confirm with a multimeter. This project has been 
used for many hours on both the Yaesu FRG-8800 and 
FRG-9600 receivers. With those receivers having a squelch 
line that operates opposite to the Yaesu's, the extra transis-
tor inverter circuit is necessary. 
The "output" end of the circuit, the relay contacts, connect 

to the remote socket that is on just about every cassette record-
er ever made. Of course, there must also be a connection be-
tween the receiver's audio output ("record" connector) and 
the cassette recorder's audio input ("mic" or "aux" jack). Be 
sure your cassette recorder can record your receiver all right 
on its own before using this project. 

FROM 
SQUELCH 

UNE 

FROM POWE▪ R▪ SUPPLY 

AUDIO 
OUTPUT 

AEM 3502 

fiEl 146000 

Ir 
SCANNER OR RECEIVER 

TO RECORDERS 
'REMOTE' JACK 

CASSETTE RECORDER 

General block diagram of how the project is hooked up 
between a receiver and cassette recorder. 

Power for the project may be 'pinched' from the receiver 
it's being used with. Otherwise, it may be run from a dc plug 
pack or small power supply. It seems to work OK on every-
thing from + 8 to + 14 volts. You can get + 11 volts from the 
Yaesu FRG-8800 from pin 4 of the accessory plug, and ground 
is on pin 1. The FRG-9600 has a + 8 volt supply on an RCA 
jack on the back of the unit. The Icom R71 has + 13.8 volts 
on pin 2 of its accessory connector, and ground on pin 8. 
The general hookup is shown in the accompanying block 

diagram. 
If, once it's going you feel the time delays are too long or 

too short, you can change them by changing the value of Cl. 
A smaller value will speed things up. 

Finale 
Sneak preview time: Shortly, we are going to publish a project 
for receiving facsimile (FAX) pictures from weather satellites 
with a home computer. You'll find the AEM 3502 handy for 
automatically recording the transmissions from these satel-
lites as they pass overhead. So if you want to try satellite pix, 
you'd better get cracking on this project! 

BRIGHT STAR CRYSTALS PTY. LTD. 
Wish to announce that with the introduction of New High lbc 

equipment to our production line B.S.C. now offer a full range of 
STATE OF THE ART RESISTANCE WELDED CRYSTAL UNITS 

SMALL HC/49u 

Í 

HC/50u LARGE HC/51u HC/48u 

RESISTANCE WELD the seal of perfection for 
*Highset Accuracy *Very Low Ageing Rate 

Custom Crystal Units to your specifications, ALSO stock MICRO-P 
Crystals CUSTOM AND STANDARD Hybrid Clock Oscillators. 

Postal Address: PO BOX 42 Springvale, 3171. 
Phone: (03) 546 5076. Telex: AA 36004 
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DAVID TILBROOK 
DOES ITAGAIN! 

Were talking about the exciting new David 
Tilbrook designed speaker kits which use 
VIFA's high performance drivers from 
Denmark. His 2-way and 3-way digital-ready 
masterpieces. The name Tiibrook is synony-
mous with brilliant design and performance 
characteristics and these new systems keep 
the legend alive and well. The magazine 
The Australian Electronics Monthly — where 
David is Project Manager — published full 
details of the designs. Hundreds of speakers 
have now been built with superb results. 
You'll save 55-60% when compared to 
something you buy off the shelf with similar 
characteristics. If you compare its perform-
ance to fully imported, high-priced 
speakers from Mission, Heybrook, Monitor 
Audio, Bang & Olufsen and many others. 
you'll see that they too use VIFA drivers. 
The complete kit comprises drivers, cross-
overs, flat-pack cabinets and all parts. 
Total price for the kits; 
2-way 8" PC Woofer $680.00 pair 
3-way 10" PC Woofer $1050.00 pair 

SX-155 

26 

32, 
68 

88, 
138 

1;36 
3130 

to 
5iet 
MHz 

• 
«MI Mile IMO 

• g 
Ma Si» 

MUM UM WM 

NM» Ulm am 
-4111•Mixxe,k.- do.-eo 

PROFESSIONAL 
POCKET SCANNER 
WITH OVER 16.000 
CHANNELS & 160 

MEMORIES 

'S; 
se/ 

See and hear the speakers at the following 
dealers where your can obtain reprints 
of the projects: 
VIC: RADIO PARTS, Malvern & Melbourne. 

FOOTSCRAY AUDIO. Footscray. 
BELAND ELECTRONICS, Cheltenham 
STEVE BENNETT HI-FI,Geeiong West. 

TAS: WILLS HI-FI, Launceston. 
QUANTUM SOUND CENTRE, Hobart. 
HI- Fl HOUSE, Devonporl. 

NSW: HEMPEL SOUND, Roseville East. 
JAYCAR ELECTRONICS, all stores. 
NEWCASTLE HI-FI, Newcastle West. 
BYRON BAY SOUND, Byron Bay. 
HI- Fl HOUSE, Wollongong. 

OLD: HANDOS HI-FI, Toowong. 
JAYCAR ELECTRONICS, Buranda. 

WA: ALBERTS HI- Fl. all stores. 
SA: MILTRONIX, St. Peters. 

EAGLE ELECTRONICS, Unley. 
INTERNATIONAL SOUND,Adelaide. 

ACT: DURATONE HI-FI, Philip. 
NT: SOUND SPECTRUM, Darwin. 

; 7 

PROGRAMMABLE 

POCKET 

SCANNER 

D/wetiketeCOmen S• 1 b5represents the latest develop-
meats in State of-the- art LSI CMOS technology as 
applied ro scanning monitor receivers. It incorporstes 
many features, a lot of which are not even f lurid in 
today's larger base scanners 
For example the Sx 5‘.:. has 160 memory channels 
which can be programmed in either of two modes. The 
first allows you to manually program the entiro 160 
Channels The second mode provides for manual 
programming of the first 40 channels with the trip 120 
reserved for use by the Sx 155 while in its SEARCH 
mode it uses these channels to automatically store 
frequencies on which it has found signals during the 
search phase 
The So ' 55 also features a Priority Channel ( for that 
important frequency( An LCD display providing 
readout of all receiver functions including an accurate 
crystal controlled 24 hour clock 
Supplied complete with rechargeable Nicad batteries. 
charger and rubber duck antenna. the So 5 5is a must 
for anybody with an in rest in monitoring. 

PRICE 5 449 
+ S14 P P 

AUSTRALIAN DISTRIBUTOR 

CIFS ELECTRONIC IMPORTS 
Division of DERIBAR PTY LTD 

17 McKeon Road, Mitcham, Vic. 3132 
PO Box 97, Mitcham, Vic. 3132 

Telex: AA 38053 GFS 
Phone . (03) 873 3777 3 Lines 

YOUR FIRST CHOICE 
FOR FEATURES, 
QUALITY 84 VALUE 

FLUKE 73 FLUKE 75 FLUKE 77 
Analog/digital display  Analog/digital display  Analogzdig,tal display  

spits ohms 10A diode Volts ohms. 10A mA Volts ohms. 10A. mA 
tes/  diode test  diode test  

Autorange  Audible continuity  Audible continuity  

07% basic 0C accuracy Autorange/range hold Touch Hold.'" funchon 

2000+ hour bailey lite 05% basic dc accuracy Autorange/range hold  
3-year warranty  MO* hour battery life 03% bas,c dc accuracy  

  3- year warranty  2000 e hour battery life 

  3-ftar warranty  

Multipurpose holster  

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 

See the 70 Series at leading electronics stores 
or contact us for data 

ELMEASCO 
Instruments Pig. Lid. 

NEW SOUTH WALES VICTORIA QUEENSLAND 
15 McDonald Street 12 Maroondah Highway TO , 071 359 8688 
MORTLAKE RINGWOOD S AUSTRALIA 
PO Bor 30 CONCORD P 0 Box 623 RINGW000 

4-141-ife 
NSW 2137 3,34 
Tel 1021 736 2888 w AUSTRALIA 
Telex AA25887 481 1500 
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ELECTRONIC FACILITIES 
TECHNOLOGY TO MAKE IT HAPPEN 

74LS SERIES 

PART NUMBER 

MICRO & 
4000 SERIES CMOS PERIPHERALS 

PRICE EA PART NUMBER PRICE EA PART NUMBER PRICE EA 
›. . 

74LSOO 55 4001B .50 8085A $4.90 
74LSO2 
74LSO4 
74LSO5 

35 
.35 
55 

4002B 
4006B 

.50 

.85 
8155 $4.90 
8212 $3.85 

74LSO8 4007UB 8216 $3.85 
74LS10 

.35 
55 

.50 
8251 $4.90 

74LS11 55 4008B 
.85 
8255 $3.85 

74LS13 , ( 
74LS14 

1 
74LS20 

55 

.45 

4011B 
4012B 

.50 

.50 
8039 $4.90 
8259 $4.90 

OVER 25 ITEMS OF ANY TYPE 74LS22 50 4013B .90 
74LS30 .45 4015B 1.20 LESS 71/2 % 
74LS32 
74LS38 

.50 
65 

4016B .80 
74LS42 
74LS74A 

65 

55 

4017B 
4020B 

1.40 
1.40 

MEMORY 
74LS83A 

.65 4023B 1.50 74LS86 

74LS90 

50 

.60 4024B 1.10 
PART NUMBER PRICE EA 

74LS93 80 4025B .90 
74LS109 
74LS123 
74LS125A 

60 
60 
65 

4040B 
4044B 

1.60 
.95 2114 3.00 

74LS126 
74LS132 
74LS136 

75 
90 

.  75 

4049B 1 
4069UB -‘1 111:-\ 

.50 

.50 
NMC 9817 
5V EEPROM 2K x 8 36.50 

74LS138 
74LS139 
74LS157 

.45 

.45 
65 

4071B 
.1.1 

4081B 
.50 
.50 41256-15 9.00 

.50 4164P- 15A 74LS161A 75 4085B 
74LS162A 
74LS164 
74LS165 

.80 

. 85 .90 

4093B 
40160B 

.50 
1.65 

150ns 64K 
DYNAMIC RAM 3.00 

74LS 174 
74LS175 
74LS190 

.75 

75 
. 95 

40174B 
4503B 

.90 

.65 
6264LP-15 

150ns 8K X 8 
74LS192 lk .80 4510B 1.60 STATIC CMOS RAM 7.20 
74LS240 1.25 4512B 1.60 
74LS244 1.25 0 2764-25 250ns 
74LS245 1.45 8K X 8 EPROM $5.40 
74LS247 .95 

6116LP-3 74LS251 .85 
74LS257A .65 150ns 2K X 8 
74LS258A .90 STATIC CMOS RAM 3.80 
74LS259 
74LS365A 

.90 

.90 2716 
74LS367A .55 2K X 8 
74LS368A 

74LS373 
.80 

1.45 
EPROM 5.95 

74LS374 1.45 2732A 
74LS377 
74LS390 

1.45 
1.40 

ellelleille> 250ns 4K X 8 
74LS393 .. . 

r 
EPROM 5.60 

_ 
.95 

/ 

Ae 
OVER 25 ITEMS OF ANY TYPE OVER 25 ITEMS OF ANY TYPE 

1 
OVER 25 ITEMS OF ANY TYPE 

LESS 71/2% 
_ 

LESS 71/2% LESS 71/2 % 
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ELECTRONIC FACILITIES 

I.C. SOCKETS 

QUALITY DUAL-WIPE TIN SOCKETS 
6 Pin 
8 Pin 

14 Pin 
16 Pin 
18 Pin 
20 Pin 
22 Pin 
24 Pin 
28 Pin 
40 Pin 
64 Pin 

.18e ea. 

.240 ea. 

.420 ea. 

.480 ea. 

.540 ea. 

.6oe ea. 

.660 ea. 

.720 ea. 

.840 ea. 
$1.20 ea. 
$1.92 ea. 

OTHER DEVICES 

MC 1488 
Quad Line-Driver  $1.44 ea. 

MC 1489 
Quad Line-Receiver $1.44 ea. 

ULN 2003A 
Transistor Array $1.68 ea. 

AN 6912 (equiv LM 339N) 
Quad Op-Amp 0.72 ea 

AN 6781 Period Timer 
Lap Time Indicator 
AN 6780 Long Period Timer (1 week max) 

  $5.33 
$2.30 

TOP QUALITY LOW COST HEATSINKS 

The 225 SERIES heat sink is a press-on, low cost unit for TO-5 devices. 
2. 

This SERIES is designed for use with plastic-cased TO-220 style devices. 

63 

The 637 SERIES are high performance heat sinks designed for plastic power transistors. 
673 .95 

The 673 SERIES heat sink is designed for use with either the TO-3, TO-66, or two TO-220 style devices where low 
height is required. 

.95 

.55 

$1.50 

225 2 70 

1110M. 

637 673 

OVER 25 ITEMS OF ANY TYPE LESS 71/2 % 

Trimpots 
Opto-Electronics 
Transistors & Diodes 
Resistors 
Resistor Networks 

Capacitors 
Disc Drives 
LCD's 
LED's 
Switches 
IC Sockets 

D Type Connectors 
Relays 

ELECTRONIC FACILITIES PTY. LIMITEDMAL . 
Mail Orders: TOLL FREE (008) 22 6385 67 Dickson Avenue, Artarmon. 

Sydney N.S.W. 2064 Australia. 
Telex AA177084 

POSTAGE RATES 
13.011 

PO Box 351, Artarmon, N.S.W. 2064 Sydney 439 3786 

ALSO PWALAGLL FROM 
MAYAN CAT INOU.rI.S PTV. LTD. 

10/59-61 Gymea Bay Road, Gymea. 
N.S.W. Australia 2227 
TEL (02) 526 2222 526 2900 
Telex: AA 70492 

— — - 
NOVOCASTRIAN ELECTRONIC SUPPLIES 

24 Broadmeadow Rd. 
Broadmeadow N.S.W. 2292 

NEWCASTLE (049) 62 1358 

All ELECTkONte COMPONENTS 
118 - 122 LONSDALE STREET. MELBOURNE, 

VIC 3000. Austral. 

Telephone 662 3500 

DEALER AND TRADE ENQUIRIES WELCOME. 
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reler TEST INSTRUMENT CENTRE e" FOR YOUR LABORATORY — WORKSHOP — HAM RADIO 
SHACK — HOBBY — WE STOCK FAMOUS BRANDS: 

• OSCILLOSCOPES • FRED. COUNTERS • DIGITAL & ANALOG 
MULTIMETERS • LCR METERS • SWR & RF POWER METERS • 
PANEL METERS, etc. 

KIKUSUI COS5020-20MHz DU_ TRACE 

Sensitivity > 5mV/div-5V/div, 

ImV/div at x5 MAG 

Bandwidth DC or 10Hz-20MHz 

Sweep Speed 0 2 , S.5s/cfiv 
Sweep Mode AUTO NOFM, SINGLE 

 — 

Trigger Source CHI CH2 LINE EXT 
X-Y Operation. CHOP and TV 
CRT 6-inch rectangular 
Z-axis CHI Output 

n- i RADIO COMMUNICATION 4 el. 
4 CENTRE SCAN AUSTRALIA 

••• TLL L;7( D S i-Ji 
SCANNiAiG RiCEivE. 

zan-aDcm 
SCAN AUSTRALIA WITH THE BEST! 

AAR AR-2002 

20 lc-Ma 

iieu aril 
1. e 
• •di 

1.1 as 

FEATURES: • 25-550MHz, 800-1300MHz 
(UHF TV CHANNELS 550-800MHz EXCLUDED) 

• NBFM-WBFM-AM MODES • 20 CH MEMORY 
• CLOCK • PRIORITY CH • S-METER 
• MANY OTHER FEATURES Send for colour brochure 

Nrw Personal 2-way U, radio here at last! 
"EMTRON ACE" 

A QUALITY 40 Su in. ELOWER LEER CB ELAND IIEL El TRANSCEIVER 

• OFSGNED roel AUSTRAl IA DUC M'PROVf D 
FEATURES: 

40 CHANNEL OPERATOR 
HER ( 2 OWE LOW ( I) SEAD R; OurRur 
OFFSET FOR RELNANA °RERAN> OPTIONS: 
HEAD Rocriulaluoll BA T TE ME S • sw READ 
EllulArNAND DIAL LOP NEHE OPERATOR • SP Win 

yelp SLAM L Silt ELE .1 RE RE >MARTI • LL. 
• STANDEE; 

APPLICATIONS: CHARGER 
• Ter CELL EARANNL. 

FEHRE BOATING HLINTNG BuS(;;;;ALr(NG PACK 
BuSH ENE CONTROL • XIX 
AG SELOWS CONvERTER 

ANO SECuRn MARCr 

CONSTRuCTEON S(TES MORE 
CAR PAL L ( E 5 
CROWD CONTROL AND Me, °TREK, 

DEALER INQUIRIES WELCOME 

Retell 0.pon of ENIONA ELECTRONICS PL 

NSW STORE & HEAD OFFICE: 
92-94 Wentworth Ave, Sydney, NSW. 2000 
Ph: (02) 211 0988. Telex: AA73990 (EMOLEC) 

VIC STORE: 
288-294 Queen St, Melbourne, Vic. 3000 
Entrance from Little Lansdale St. 
Ph: (03) 67 8551 or 67 8181 

Correspondence I. Mall Orders, Elos K21. Haymarket, NSW. 2000 

THE KITSET 
SPECIALIST!!! 

A.E.C. is proud to offer a new series of kitsets and com-
ponents from Australian Electronics Monthly, expand-
ing our already huge range, and representing real value 
for money. 
We cater for the serious enthusiast and do not sup-
ply any " hobby grade" parts. We don't reduce our 
quality to match a price — rather, we put into kits 
what we ourselves would like to receive. Because 
A.E.C. stock such a large range, we have many com-
ponents that our competitors have never ever heard 
of! 
You owe it to yourself to visit All Electronic Compo-
nents, or write r3questing our free kitset list. Mail ord-
ers also welcome. 
Sample for yourself, Efficient, Old-Fashioned Service. 

ALL ELECTRONIC 

COMPONENTS 
118-122 LONSDALE STREET, MELBOURNE, VIO. 

TELEPHONE: (03) 662 3506 

OBI10141180»1•14115•103•••••••11•3111.1•11•1•0311111•111•30 

AUTHOR! 
e 

• 
• So you've written this great article. e 

• 
• Tell us all about it then! • • 
• Maybe you've developed a project you think 
• 
• others might be interested in? e 

I We'd like to hear from you! 
• 

• Perhaps you'd just like to write in and comment 
• 
•• on the magazine, tell us what you think of 

• and what you'd like to see us doing. 
• 
• 
• We're only too happy to hear from you! • 
• 
• (All bouquets gratefully accepted, brickbats • 

• door, please!) 
• 

• Write to: • 
• 
• Roger Harrison • 
Australian Electronics Monthly 

• 
• PO Box 289 
• 
• WAHROONGA 2076 NSW • 
• 
• •••••••••••••••••••••••••••••••••• mmmmm • 
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SPECTRUM 

Icom releases all-mode scanner 
with coverage from 
25 MHz to 1.3 GHz 
Featuring advanced technology to achieve continuous 
I" coverage from 25 MHz to 1300 MHz, Icom's new IC-
R7000 scanning receiver complements their now-famous HF 
receiver, the IC-R71A. 

A prominent front panel 
rotary tuning knob drives an op-
tical incremental tuning 
mechanism that provides a 
minimum 100 Hz steps over the 
entire tuning range. This is en-
hanced, Icom say, by a direct-
entry keyboard on which you 
can punch-up known frequen-
cies. You can select dial step 
increments of 100 Hz, 1 kHz, 5 
kHz, 10 kHz, 12.5 kHz and 25 
kHz. 
The dial indicator employs a 

7-digit, dual-colour fluorescent 
readout that always displays fre-
quency along with the mode 
selected. 
Icom's R7000 uses multi-

conversion techniques for 
reception of FM (both narrow 
and wide band), AM and SSB 
(upper and lower). Ninety-nine 
memories are available, each 
capable of recording mode and 
frequency. Further, the memory 
can record active frequencies 
while in the scan mode without 
disabling the scan. Later, the 
memory may be interrograted 
for active frequencies. Scanning 
may be done by mode, 
programmed scan, full scan, 
selected scan, memory channel 
scan, auto-write programmed 
scan and priority scan. 
An optional infra-red remote 

control, model RC-12, will con-
trol all the functions of the 

R7000. This will be available 
shortly. 
Icom claim outstanding per-

formance of the R7000 places 
the radio in the professional 
class. The spurious and image 
rejection performance they 
claim is better than 60 dB and 
sensitivity typically better than 
0.5 uV for 12 dB SINAD. 
The radio is powered from 

either 13.8 Vdc or a mains sup-
ply. The compact size of the 
R7000 allows mobile use. 
Further details are available 

from Icom (Australia) Pty Ltd, 
7 Duke St, Windsor 3181 Vic. 
2284. (03) 529 7582. 

New through-line 
power meter 

Vicom has announced de-
tails of a new range of RF 

thru-line power meters from 

ELMEASCO HANDLING EATON 
The Electronic Instrumentation Division of Eaton Corp has ap-
pointed Elmeasco Instruments as the exclusive distributor for 
its products in Australia. 

Eaton's Electronic Instrument Division is based in Los An-
geles, California and is a leading supplier of high performance 
RF and microwave test and measurement equipment. 
The product range includes spectrum analysers, noise-gain 

analysers, noise figure indicators and noise generators, linear 
broadband amplifiers, frequency synthesisers. manual and 
computer-aided EMI measurement systems for all common 
specification measurement capability, phase angle voltmeters 
and synchro/resolver ratio instrumentation. 
Elmeasco are headquartered at 15 McDonald St. Mortlake 

2137 NSW. (02) 736 2888. 

Fujisoku Electric Company of 
Tokyo. Japan. Fujisoku is a lead-
er in RF test instruments with 
many years experience in pre-
cision power meters. 
The new series TLP-52X is 

capable of directly reading for-
ward and reflected power 
together with unique "cross-
needle" reading of SWR. 
Frequency coverage is 1.8 to 

1000 MHz with various power 
ranges. Quoted accuracy is 
±10% of full scale. The unit also 
provides for -RF sampling" 
with an isolated output for 
monitoring with a spectrum 
analyser. Fukisoku also offer 
models with a built-in frequency 
counter. 

Further details can be ob-
tained from the Australasian 
distributor, Vicom Australia 
Pty Ltd, phone Melbourne: (03) 
62 6931; Sydney (02) 957 2766 
or Brisbane on (07) 229 9278. 

Townsville 
amateurs look 
forward to an 
active 1986 

Tlie Townsville Amateur 
Radio Club looks forward 

to a healthy 1986 following elec-
tions late last year which saw 31 
of 32 available positions filled. 
Outgoing 1985 President, Bob 
Mann VK4W1. welcomed 1986 
President Harry Verner 
VK4BBC. 

It seems 1985 was another 
successful year for the club. 
Their amateur television (ATV) 
repeater was successfully com-
missioned during the year. 
which saw quite a bit of club 
ATV activity. 

Your Editor notes some 
familiar names (old acquain-
tences) among 1986 club officer 
bearers: Peter Renton VK4PV. 
Anne Renton VK4MUM (since 

when?), and Bill Sebbens 
VK4XZ. amongst others. If you 
live in the 'deep north'. the 
Townsville ARC can be contact-
ed via PO Box 964, Townsville 
4810 Qld. 

Versatile antenna 
tuner covers 
1.8 to 30 MHz 

A continuous frequency 
coverage antenna tuner 

for use over the L8 to 30 MHz 
Frequency range has been re-
lased by GFS Electronic 
Imports. 

Manufactured by MFJ Enter-
prises in the USA and known as 
the Model MFJ-900 Econo 
Tuner it is designed to match 
virtually any HF transmitter to 
almost any antenna. MF) claim. 

The unit's wide matching 
range comes about through 
MFj's use of a large air-cored in-
ductor with taps at 12 locations 
varied via a front panel mount-
ed 12-position switch. 

It is ideally suited to use on 
dipoles, inverted-vees, random 
wires, verticals, beams, mobile 
whips and other antennas fed 
with coaxial cable or single 
wire. 

The MFI-900's small size, be-
ing 135 x 60 x 190 mm (w/h/d), 
makes it easily adaptable for 
both marine and land mobile 
use. If you would like further in-
formation, contact GFS Elec-
tronic Imports, 17 McKeon 
Road, Mitcham, 3132 Vic. (03) 
873 3777. 
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'Stacking' your UHF 
Yagis for more gain 
Roger Harrison VK2ZTB 

Have you built, or are you contemplating building, the 'Star Project' 
13-element UHF Yagis from Dick Smith Electronics (AEM January and 
February 1985)? Well, you can improve the performance of a single 
Yogi by 'stacking' a pair and connecting their feedlines via the 
'phasing harness' described here, available as a precut assembly 
through Dick Smith stores. 

THERE IS a ' rule of thumb' about antennas — " the more 
metal you've got in the air, the better"! 'Stacking' antennas 
— that is, mounting them such that they are physically sepa-
rated by a certain amount and feeding them in-phase to 
achieve a gain increase — is a popular method of increasing 
gain to improve station system performance. It's often cheap-
er than buying or building an RF power amplifier which will 
deliver as much power as a pair of stacked antennas. 
Stacking a pair of antennas is a mechanically simple oper-

ation and will yield around a 2.5-3 dB gain increase. Another 
advantage of employing stacked antennas is that the pair will 
have a smaller turning circle diameter for a single (longer) 
Yagi of the same gain. To feed the pair, all you need do is 
'split' the feedline and feed each in-phase, ensuring you cor-
rectly match the two antennas to the feedline. The 'phasing 

CLAMP 

MAST -› 

CLAMP 

INNER ELEMENT 

SPACING 

(SEE TEXT) 

t. 

CROSS-BOOM 

(A) STACKING IN THE SAME PLANE 

Figure 1. Suggested ways to stack vertically polarised Yagis. 

(A) STACKING IN PARALLEL PLANES 

harness' described here does both jobs at once. Dick Smith 
electronics supplies phasing harnesses to suit their UHF CB 
antenna (cat. no. K6298) and 70 cm amateur band antenna 
(cat. no. K6299). They are precut to the correct length with 
the ' Y' termination sealed with hot-melt glue and the joint 
covered in heatshrink tubing, all to keep the weather out. 
They cost just $9.95. 

Stacking techniques 
There are two ways you can go about stacking a pair of Yagis 
— whether for vertical polarization or horizontal polarization. 
You can stack them with the elements in the same plane, or 
with the elements in parallel planes. Figure 1 illustrates the 
two methods for vertically polarized Yagis. Figure 2 shows 
the alternatives for horizontally polarized Yagis. 

CLAMPS 

CROSS- BOOM 

-MAST 
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SPACING 

(SEE TEXT) 

(B) STACKING IN THE SAME PLANE 

CLAMPS ---

MAST 

S-STACKING DISTANCE (BOOM TO BOOM) 

(0) STACKING IN PARALLEL PLANES 

Figure 2. Suggested ways to stack horizontally polarised Yagis. 
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The stacking distance, 'S', is open to debate, depending on 
what result you want. However, the debate reduces to the 
following: for a 'cleaner' radiation pattern (fewer sidelobes, 
sidelobes well attenuated with respect to the main lobe), 
closer stacking is preferred. This incurrs a slight gain penalty, 
but it's generally less than 1 dB; for maximum gain, wider 
spacing should be used, but the penalty is greater amplitude 
sidelobes. The latter pick up more noise, which is definitely 
a penalty where you have a low noise receiver front end. It 
also means greater potential for interference to or from other 
stations, particularly on fixed path, point-to-point services. 
The choice is yours. 

In stacking the two antennas with the plane of the elements 
parallel, the stacking distance can be anything suitable from 
% to 11/2 wavelengths (measured boom-to-boom). There is no 
significant increase in gain spacing them further than that. 
When stacking them in the same plane, the ends of the in-

ner elements (between directors) should be no greater than 
1/8 wavelength apart, which puts the boom-to-boom spacing 
at virtually 11/4 wavelengths. However, a minimum boom-to-
boom spacing of % wavelength could be used. 
Tables 1 and 2 tabulate the relevant stacking distances. 

TABLE 1: Stacking distances 
for 438 MHz Vagis 

TABLE 2: Stacking distances 
for 477 MHz Vagis 

Boom-to-boom Boom-to-boom 
S(À) spacing, S S(\) spacing. S 

5/8 

3/4  

1 
11/4 

1 1/2 

428 mm 

514 mm 

685 mm 
770 mm* 

1027 mm 

5/8 393 mm 

3/4 472 mm 

1 629 mm 

11/4 708 mm* 

11/2 944 mm 

• Maximum recommending spacing for Ya gis mounted with elements 
in the same plane. 

Phasing and matching 
The general arrangement of the phasing harness is shown 
in Figure 3. It has been designed so that the two transmis-
sion lines from each antenna to the main coaxial feedline ter-
mination are identical electrical lengths. This ensures each 
antenna is driven in the correct phase. In addition, each 'leg' 
of the phasing harness acts as an impedance matching trans-
former. 

'Y JOINT, 

UNES PARALLELED 

UNES OF 
EQUAL LENC11-1 

TO MAIN 
FEEDLJNE 

50 OHM 
FEEDPO/NT 

VAGI DIPOLE 

50 OHM 
FEE DPOIN T 

e 

'YAM DIPOLE 

Figure 3. General arrangement of the phasing harness. 

Obviously, if we paralleled two 50 ohm antenna feedpoints 
via 50 ohm transmission lines, we would end up with a 25 
ohm load impedance at the join. This would result in an im-
pedance mismatch of 2:1 were we to connect that to a 50 ohm 
transmission line. As 25 ohm transmission lines are as rare 
as the proverbial, we need to transform the two feedpoint 
impedances to 100 ohms each before paralleling them in ord-
er to end up with a 50 ohm load impedance. 
We can make a 'transmission line transformer' to do this 

for each antenna feedpoint. This employs the impedance-
transforming properties of a quarter wavelength, or an odd 
multiple thereof, of transmission line. 
The input impedance of a quarterwave transmission line 

terminated in a resistive impedance is given by: 

Z 20 

Z = 
S ZL 

(see Figure 4) 
where: ZQ is the characteristic impedance of the 'transformer' 

Z L is the load impedance 

Zs is the source impedance 

1/4 WAVELENG111 

Figure 4. A quarterwave length of transmission line can act as 
an impedance transformer, the impedance of the line (ZQ) 
providing a match between the source (Z,) and the load (ZL). 

As we know the load impedance (the antenna feedpoint) is 
50 ohms, and we know the source impedance required is 100 
ohms, we want to know what impedance the quarterwave 
'transformer' line needs to be. Rearranging the above equa-
tion, we get: 

ZQ = ./ZL Zs 

ZQ = N/50 x 100 

= .15000 

= 70.7 ohms 

So we need a piece of 70 ohm transmission line a quarter-
wave long, or a convenient odd multiple of that length. 

In practice, 75 ohm RG59 cable is the closest commercial-
ly available equivalent (widely used in TV and video systems). 
This results in only a small mismatch of 1.125 at worst, which 
is hardly worth losing sleep over in this application. 

It is necessary to correct for the velocity factor of the ca-
ble used, which is dependent principally on the dielectric 
employed, for each transformer in the harness. The RF ener-
gy travels through the coaxial cable at a speed of about two-
thirds (0.66) its ' free-space' velocity (i.e.: the velocity of light). 
Hence, an 'electrical' wavelength of cable will be shorter than 
a wavelength in free space. 
Manufacturing tolerances mean that individual batches of 

cable vary slightly and, with the physically short lengths 
necessary at these frequencies (438 and 477 MHz), each piece 
of the phasing harness has been cut accurately to the required 
electrical length using a 'vector voltmeter' which permits 
measurement of voltage amplitude and phase of a signal sent 
down a length of cable. 
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Now, a free-space quarter wavelength at 438 MHz is about 
171 mm, at 477 MHz, it's about 157 mm. To allow stacking 
a pair of Yagis the maximum recommended distance of 11/2 
wavelength between booms — that's 1027 mm at 438 MHz 
and 943 mm at 477 MHz — the two phasing/matching lines 
need to add up to something longer than this. Quarterwave 
lines would be clearly too short, so 7/4-wavelength lines have 
been employed. 
The configuration of the phasing harness supplied is shown 

in Figure 5. The two phasing/matching lines have been ac-
curately precut to the required length and the feedpoint ends 
prepared for attachment to the dipoles. These must not be 
shortened. However, the short length of 50 ohm coax 'tail' 
can be trimmed if necessary. 

Assembly 
The harness may be attached either before or after mount-
ing the antennas, whichever is the most convenient. Care-
fully attach each end of the phasing/matching lines to each 
dipole as illustrated in Figure 6. Do not cut or trim these short-

TO DIPOLE 

FEEDPOINT 

75 OHM RG59 

7/4 WAVELENOIN 7/4 WAVELENGTH 

(ELECTRICALLY) (ELECTRICALLY) 

JOINT 

50 OHM RG58 

ARBITRARY LENGTH 

TO DIPOLE 

FEEDPOINT 

Figure 5. Configuration of the OSE phasing harness for their 
UHF antenna kits. 

er. Seal the dipole terminations with a generous application 
of silicone sealant, such as Selley's 'Silastic'. Once the an-
tennas are mounted in their final positions, secure the har-
ness to each boom and the mast, using all-weather tape or 
zip-up cable ties, in one of the various manners suggested 
in Figure 7. 

BOOM 

Y-JOINT FACES DOWN 

MAIN 
FEEDLINE 

BOOM 

Y-JOINT FACES DOWN 

BOOM 

MAIN FEEDLINE 

CABLE 

BOOM 

Figure 7. Securing the harness. The Y-joint should face down-
wards to avoid water possibly getting into the joint which would 
markedly degrade performance. Only the Yagi dipoles have 
been shown for clarity. 

The 50 ohm tail' should be terminated in a suitable con-
nector (BNC is recommended) to couple to the main trans-
mission line. Seal this coupling with suitable all-weather tape 
to keep moisture out which can seriously degrade the per-
formance of your antenna system. 
The best of DX to you! 
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It's the affordable amateur radio! 
With the dollar so weak against overseas 
currencies, imported amateur products are 
out of many amateurs' reach. Consider the 
benefits of home brew: 
• You supply the labour - so you save! 
• You sharpen up those old skills: 
soldering, construction, etc. 

• You catch up with the latest technology: 
otherwise you could get left behind! 

• And best of all, you're keeping alive one 
of the basic reasons for being an amateur 
in the first place: you have the skill 
to do it yourself! 

Try th"e latest 

kits frogil PSEs 

VZ-200/ 00.00e 
300 
RTTY DECODER 
The low cost way to go RTTY. Use your 
VZ-200 or VZ-300, add this decoder, 
and you're ready for RTTY decoding. 
Simply plugs into computer's expansion 
port. Suitable for both amateur and 
commercial standards. 
Cat K-6318 $6950 

UHF YAGI ANTENNA 
At last a kit to build a commercial g3995 
quality Vagi. Everything's supplied 
boom, brackets, elements, the lot. 13 
elements, 12.5dBi gain. Go on - give it a go! 
Cat K-6305 

RG-213 Low-loss 
Co-ax to suit: Cat W-2099$2.75 per metre. 

HF TRX KIT 80m version supplied — DIGITAL RDF KIT 
other bands 

available 
soon. 

Cat K-6330 

Ideal for the novice — or the old timer. 
12V operated, so it's a great mobile too. 
Any 500kHz band between 3 and 30MHz 
30 watts SSB output and CW or SSB 
operation. Digital frequency display. 
complete kit including deluxe moulded 
case. 

1TH 
ELECTRONICS 
SEE PAGE 8Pil Y TÓR ADDRESS DETAILS 

Here's a great new kit to build — and it 
will give you a real edge in fox hunts, 
field days. etc. Uses digital techniques 
to plot and display direction of any 
signal. Use in conjunction with virtually 
any FM receiver (or transceiver). 
Operates over 50 to 500M Hz range (with 
suitable receiver). 
Cat K-6345 

Ideal for 
locating 'jammed' 
transmitters! sl 39 
UHF WATTMETER 
Operate on 70? Here's a low-cost way 
to check out your system. No more 
guesswork — the UHF Wattmeter tells 
you instantly power output plus allows 
SWR extrapolation. At this price, you 
can't go wrong! 
$ • 95 Cat K-6312 

? Ask your 
Want to save even more  
local DSO store for a copy of our 

on 'PRO Series' Bonus Kit Catalogue. 

It's free - and you could save $$$  

(Also available to mall order customers through the kits you build! 

v ss). 8 129/MM 

s Xpre  A 

FREE HAM OFFER! 
SPECIAL INTRODUCTORY OFFER! 

Congratulations to those successful candidates who passed the 
February DOC Amateur Examinations. By way of showing our 
support for those joining the amateur fraternity. Dick Smith 
Electronics will REFUND the DOC licence fee of $23. when 
amateur radio goods to the value of $250 are purchased. 
Simply bring your amateur licence and DOC receipt to any of our 
stores to qualify. 

EXCLUSIVE TO DSEI Valid to 1st June. 1986 
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Variations with solar activity 

As with the day-to-day variations. we are not really able to 
describe in detail how the ionosphere varies with changes 
in solar activity, because there are still too many unknown 
things going on. However, we can be fairly successful if we 
just use some simple indicators of what the sun is doing. The 
sunspot number, which we met in Part 2. is one of the 
parameters most widely used to describe the behaviour of 
the sun as it affects the ionosphere. It is found that the month-
ly median values of the critical frequencies of the ionosphere 
for a particular month are linearly related to the monthly 
average value of the sunspot number, smoothed over 12 
months. In other words, if we draw a graph of foF2, say. 
against sunspot number. R. the points will lie close to a 
straight line. 

Figure 4.7 shows the 35 values of the monthly median foF2 
for noon in December (winter) and (tine (summer) at 
Washington. D.C.. from 1934 to 1968 versus the sunspot num-
ber for each of the 35 months. The straight lines are the ones 
which best fit the data points. It can be seen that the lines 
are very good fits, except for very high values of sunspot num-
ber. Diagrams such as Figure 4.7 can be drawn up for all sta-
tions for which data are available (about 150). for each month 
(12) and for each hour (24). This gives a total of about 40 000 
graphs! 

Each of these figures can be thought of as a calibration curve 
relating what the sun does to how the ionosphere responds. 
For example, if the smoothed monthly sunspot number is ex-
pected to be 50 in some December in the future. Figure 4.7 
tells us that at noon in December at Washington the observed 
value of foF2 will be 8.6 MHz. with a little uncertainty be-
cause the data points do not all lie exactly on the straight line. 
One advantage of a straight line is that it is completely de-

fined by specifying two points which lie on it. lit is only a 

14 -t 

foF2 (MHz) 

13 - 

12 - 

10 - 

9 

8 

1957 

DECEMBER 

• 1947 

WASHINGTON 
NOON 
1934-1968 

JUN( 

7 - • •• 
1957 Figure 4.7. The calibration graph of monthly median values 

of foF2 versus the monthly sunspot number smoothed over 
twelve months, R,„ for Washington, D.C., for noon in 
December (winter) and June (summer). There are 35 data 
points, one for each December or June since the station 
opened in 1934, up until 1968. The straight lines are the 
best-fit straight lines. The values of foF2 at R.0 (4.8 and 
5.9 MHz in this case) and R.100 (6.8 and 11.2 MHz) are 
used to describe the variations of foF2 with solar activity 
for noon in June and December respectively, at 

100 200 Washington. 
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rumour that ionospheric physicists use just one point to de-
fine a straight line). It is therefore common practice to 
represent each of the calibration curves by the two points 
R = 0 ( sunspot minimum) and R = 100 (a fairly high sunspot 
number and level of solar activity). We can therefore fully 
describe the solar-cycle variation of the ionosphere at any 
location, month and hour by just two data points and the 
straight line joining them. 

It may seem strange at first sight to find that the behaviciur 
of the ionosphere is so closely related to the sunspot num-
ber. After all, as we saw in Part 2, sunspots are relatively cool 
areas of the sun, and it is hardly likely that they would do 
any more to the ionosphere than the hotter areas. What is 
actually important are the plage regions surrounding the sun-
spots in the active regions, since these are sources of in-
creased UV radiation which causes increased ionization of 
the earth's atmosphere. The special value of the sunspots is 
that they are much easier to observe than plage regions, while 
at the same time being very good indicators of how much 
of the sun is covered by plage areas. They have also been ob-
served on a systematic basis for over 300 years. giving us 
some idea of what to expect in the future. 

We can in practice do better than the sunspot number when 
drawing the calibration curves. In many cases, straight lines 
do not fit the data very well, especially for very high levels 
of solar activity. In general. it is better to replace the sun-
spot number. which is a measure of what some vaguely rele-
vant feature of the sun is doing, by an ionospheric index, 
which is a measure of what the ionosphere itself is doing. 
After all, it is the ionosphere in which we are interested. This 
is done by averaging the behaviour of the ionosphere over 
a group of stations, cancelling out any variations which oc-
cur at only individual stations, and leaving the variations 
which are common to all the stations. 

We will not pursue this point further because the descrip-
tion of the prikedures for calculating an ionospheric index 
is very long-winded. Suffice it to say that virtually any 
ionospheric index, no matter what goes into making it, is a 
better indicator than the sunspot number of what the 
ionosphere is doing or will be doing. However, the differ-
ences are not world-shattering and we can often get along 
quite nicely by using the sunspot number. 

The effects of different levels of solar activity on the 
ionosphere can be seen from the difference between the 
upper and lower panels of Figures 4.4 and 4.5. As a general 
rule, the critical frequencies of all ionospheric layers will be 
greater at higher levels of solar activity. The exceptions to 
this rule will be described in a later part. which describes 
disturbed conditions. The higher critical frequencies arise 
because of higher UV flux levels which occur because there 
are more active regions on the surface of the sun at high lev-
els of solar activity. This. after all, is the definition of high 
solar activity. 

SUNSPOT NUMBER R12 



Sporadic E 

We shall encounter sporadic E many times in this series, both 
as a friend and as an enemy. As its name implies, sporadic 
E is a reflecting layer in the ionosphere which comes and 
goes sporadically at E-region heights. At mid-latitudes, 
sporadic E ( Es for short) layers are a few kilometres thick 
(or less), up to a few hundred kilometres across, and occur 
at altitudes between approximately 90 and 130 km. To a ra-
dio wave, they look like rather good quality mirrors. 

The most important aspects of Es as far as HF communi-
cations are concerned appear to be the maximum electron 
density or critical frequency, foEs, and how this varies with 
time or day ánd season. Attempts to predict these features 
of Es have to date been unsuccessful, but we are able to make 
general statements which are useful under some conditions. 
The occurrence properties of Es at different latitudes, 
described in terms of the probability of foEs exceeding 
5 MHz, are summarized in Figure 4.8. 
Mid-latitude Es is essentially a daytime summer phenome-

non, occurring most often at these times and with the highest 
critical frequencies. Midday values of foEs during the sum-
mer typically reach about 10 MHz. At least some mid-latitude 
Es is thought to be caused by high altitude winds blowing 
in opposite directions and compressing the very fine debris 
of meteors into a narrow sheet. There are still many unan-
swered questions about midlatitude Es. 

Low-latitude Es is essentially a daytime phenomenon, with 
little seasonal variation, and the critical frequencies are 
higher than at mid-latitudes. Near the geomagnetic equator 
(see Figure 4.11 later) the critical frequency foEs exceeds 
5 MHz for 90% of the time during daylight hours. Equatori-
al Es is very patchy and transparent, and vertically incident 
signals are little affected by it. However, it does seem to be 
a useful reflector on lone circuits. 

MAGNETIC 
EQUATOR 
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High-latitude Es also has little seasonal variation, but it oc-
curs most often at night. Critical frequencies greater than 
5 MHz are observed for more than 50% of the time prior to 
midnight, and somewhat less often from midnight to dawn. 
The different diurnal and seasonal variations at different 

latitudes tells us that Es is caused by different things at differ-
ent latitudes. Simple deductions like these can save years of 
misguided effort since in this case, for example, we know 
not to try to explain all Es by the one grand theory. 

The equatorial ionosphere 
At first thought, we might expect the equatorial F region to 
be more or less the same as the mid-latitude F region, with 
perhaps higher critical frequencies because the sun is more 
directly overhead, and not much difference between winter 
and summer. However, there are some basic differences be-
tween the mid-latitude and low-latitude ionospheres, the 
main one being the fountain effect which redistributes elec-
trons at low latitudes, moving electrons from over the equa-
tor down to latitudes of 10-20 degrees. 
We do not really need to understand how the fountain effect 

works, but it is fairly easy to get a good idea of what it is all 
about and it explains so well the observed equatorial 
ionosphere. 
We start off with a background ionosphere which is more 

or less what we would have expected to see. To this we add 
an eastward electric field and the north-south magnetic field 
of the earth, both of which are horizontal, or nearly so, in 
the equatorial regions. Then we start creating large numbers 
of electrons at the equator by photoionization due to the sun. 
The combined effect of the electric and magnetic fields on 

the electrons is to cause them to rise (or drift) upwards, as 
illustrated in Figure 4.9. As they rise, they encounter horizon-
tal lines of force of the earth's magnetic field. The electrons 
move (or diffuse) down these field lines and re-enter the main 
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Figure 4.9. The fountain effect in the low latitude 
ionosphere. Electrons produced near the equator by 
photoionization drift upwards under the combined 
influence of horizontal electric and magnetic fields, then 
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diffuse down along lines of force of the earth's magnetic 
field towards lower altitudes and higher latitudes. Large 
numbers of electrons produced near the equator thus end 
up in the crests of the equatorial anomaly. 
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Figure 4.8. Contour plots of the time for which the critical 
frequencies of the sporadic E layer, foEs, exceeds 5 MHz. 
In the equatorial zone, foEs exceeds 5 MHz over 90% of 
the time during daylight hours. Mid- latitude Es, on the 
other hand, has its highest critical frequencies during the 
day in summer. At high latitudes, high values of foEs occur 
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mainly at night and do not depend very much on season of 
the year. Note that Washington and Narsassuak are 
northern hemisphere stations, for which summer occurs in 
June/July. After E. K. Smith, 1957, "Worldwide occurrence 
of Sporadic E. NBS (USA) Circular 582. 
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body of the ionosphere where the field lines cut through the 
F region, giving rise to large clumps of electrons at latitudes 
10 to 20 degrees from the equator and on both sides of it. 
These clumps are called the peaks or crests of the equatorial 
anomaly. Of course, since we know what causes the crest, 
the equatorial anomaly is not really an anomaly any more. 
The crests of the equatorial anomaly are most developed 

in the late afternoon and early evening, during the equinox-
es, and at solar maximum. The critical frequencies associat-
ed with them often exceed 15 MHz at the equator. The height 
at which the maximum electron density occurs, hmF2, is less 
at the crests than it is at the equator. Figure 4.10 illustrates 
how foF2 and hmF2 varied with latitude during the late 
afternoon on an Australia-to-Japan circuit on selected days 
in August 1970. The significant changes with latitude of foF2 
and hmF2 make it a little harder to determine the effects of 
the equatorial ionosphere on HF propagation at any time, 
and also lead to some interesting propagation modes, as we 
shall see in a later part of this series. 
The variations of the ionosphere at low latitudes are in-

fluenced by the earth's magnetic field, to such a large extent 
that, instead of looking at how the ionosphere varies with 
the normal geographic latitude, it is more fruitful to consider 
how it varies with geomagnetic latitude or with the dip angle 
of the earth's magnetic field described shortly. 

GEOMAGNETIC LATITUDE ( degrees) 

Figure 4.10. The late afternoon variation of foF2 and hmF2 
(the height at which the maximum electron density occurs 
in the F2 layer) along a circuit from Yamagawa in southern 
Japan to Townsville in northern Australia, for August 1970. 
The regions of high critical frequency occurring on either 
side of the geomagnetic equator are called the crests of 
the equatorial anomaly. The hmF2 reaches a maximum 
value (of about 550 km) over the geomagnetic equator, 
where foF2 has its lowest value. 

FIELD LINE 
(LINE OF FORCE) 

GEOMAGNETIC 
NORTH 

GEOGRAPHIC EQUATOR 

MAGNETIC 
AXIS 

Figure 4.11. Simple model of the earth's magnetic field, in 
which it is assumed that the field is caused by a large bar 
magnet tilted 11 degrees from the geographic axis of 
rotation. The plane to which the bar magnet is 
perpendicular cuts the surface of the earth in a great circle 
called the geomagnetic equator. Note that the southern 
end of the equivalent bar magnet is actually a north 
magnetic pole, which attracts the south pole of a compass 
needle. 

The polar ionosphere 
The ionosphere over the north and south poles, alternative-
ly called the polar or high-latitude ionosphere, is exceeding-
ly complicated and discussion of it is best left until later. HF 
communications are not easy at high latitudes. 

The earth's magnetic field 
The earth's magnetic field, or geomagnetic field, is not very 
strong compared to magnets in everyday use, but it has im-
portant effects on both the ionosphere and HF propagation. 
To a good approximation, the geomagnetic field is the same 
as that of a large bar magnet tilted at an angle to the geo-
graphic north-south axis of rotation of the earth. This is 
illustrated in Figure 4.11. The southern end or pole of the 
magnet, is at approximately 79S, 110E, while the northern 
end is 79N, 70W. The plane at right angles to the axis of the 
magnet cuts the surface of the earth in a ring known as the 
geomagnetic equator, which is analogous to the more familiar 
geographic equator. The two equators do not coincide be-
cause the axis of the magnet is tilted (at an angle of 90-79 
= 11 degrees) with respect to the geographic axis of the earth. 
Geomagnetic latitude and longitude are measured in the 

same way as geographic latitude and longitude, but using the 
geomagnetic poles and equator. Figure 4.12 illustrates how 
these geomagnetic coordinates vary over the surface of the 
earth when it is drawn in the common Mercator geographic 
projection. 
The strength of the geomagnetic field is conveniently meas-

ured in terms of the electron gyro-frequency. Charged parti-
cles such as electrons cannot move across a magnetic field 
line but are forced to spiral or rotate around them. The rate 
at which they rotate is called the gyro-frequency and depends 
on how heavy they are, their electric charge, and the strength 
of the magnetic field. The lighter the particle and the stronger 
the field, the faster the particles rotate around the lines of 
force. 
For electrons in the geomagnetic field, the gyro-frequency 

is around 1 MHz and varies with latitude and longitude over 
the surface of the earth. See Figure 4.13. It is least near the 
equator (about 1 MHz) and greatest near the poles (about 
1.6 MHz). An interesting feature of the geomagnetic field is 
the low values of the gyro-frequency in the South Atlantic. 
This is known as the South Atlantic anomaly, and leads to 
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Figure 4.14. Sketch of one line of force of the earth's 
magnetic field, illustrating how the dip angle varies along 
the line of force, and thus over the surface of the earth. At 
the dip equator, the dip angle is zero and a suspended bar 
magnet would remain horizontal. 

corresponding anomalies in the behaviour of the ionosphere 
and of HF propagation. 
Another interesting feature of the geomagnetic field is the 

dip angle of the field. The field is horizontal only along a great 
circle around the Earth called the dip equator. At all other 
positions on the surface of the earth, a suspended bar mag-
net free to move in any direction will point downwards, as 
illustrated in Figure 4.14. The needles of magnetic compasses 
are usually weighted at one end so that they stay horizontal, 
since they are mostly used to see how the field varies in a 
horizontal direction. Figure 4.15 shows how the dip angle 
varies over the surface of the earth. The dip equator. which 
is where the dip angle is zero, does not coincide with the ge-
omagnetic equator because the real geomagnetic field is not 
exactly the same as that of a simple bar magnet as assumed 
earlier. The dip angle reaches 90 degrees at the poles, where 
a compass needle would stand up vertically if allowed to do 
so. 
The behaviour of the ionosphere at low latitudes depends 

to a large extent on the dip angle. For example, the crests 
of the equatorial anomaly discussed earlier lie at positions 
with dip angles of approximately 15 degrees, independently 
of what the geographic latitude happens to be. At mid-
latitudes there are significant differences between the 
ionosphere at points in the northern and southern 
hemispheres simply because the geomagnetic field is differ-
ent at the two points. Equatorial Es also illustrates the 
dominance of the magnetic field at low latitudes — this type 
of the equatorial anomaly discussed earlier lie at positions 
and centred on the dip equator. 

Irregularities in the F region 
As though the F region were not complicated enough, Nature 
has conspired to make it even more complicated at night by 
sometimes causing the ionization to break up into small 
bunches of electrons, rather than stay in a uniform, 
homogeneous, sea of electrons. These bunches of electrons 
are know as irregularities, because when they exist the dis-
tribution of ionization in the F region is no longer a regular 
phenomenon. The processes which cause the nighttime F 

Figure 4.15. Contours of the observed dip angle of the 
earth's magnetic field, superimposed on a normal Mercator 
projection of the earth's surface. The contour labels are 
given in the middle of the diagram. Note that the dip 
equator does not coincide with the geomagnetic equator. 
This is because the magnetic field of the earth is only 
roughly similar to that of the bar magnet used to define 
the geomagnetic equator. 
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Figure 4.16. Vertical incidence ionospheric sounding 
(ionogram) showing " range-spreading" of the echoes far 
from the critical frequency (foF2). 
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Figure 4.17. Vertical incidence ionogram showing 
"frequency-spreading" of the echoes close to the critical 
frequency (also called " spread F"). 

region to break up into irregularities are also the enemy in 
the fight to develop a reliable system of controlled ther-
monuclear fusion. 
Since electrons are free to move at will up and down along 

lines of force of the earth's magnetic field, but not across 
them, the irregularities «)ecome stretched along the lines of 
force soon after they are created. We therefore talk about 
field-aligned irregularities, or FAI, in the F region. When the 
FAI are present, a single pulse reflected from the ionosphere 
will be 'spread' or stretched in time, echoes arriving with 
time delays significantly longer than those normally ob-
served. We call such echoes from the F region spread F echoes 
and speak rather loosely of the irregularities as Spread F, 
although this term strictly applies only to the echoes. 
Spread F irregularities can lead to echoes which are 

stretched in range (which is equivalent to stretching in time), 
in which case they are described as range-spread. See Figure 
4.16. There is also the case in which the irregularities cause 
spreading at the critical frequency, which is no longer a 
simple frequency but instead covers a band of frequencies. 
The echoes in this case are called frequency-spread. See 
Figure 4.17. 

In general, spread F at low and mid-latitudes occurs only 
at night, whereas at high latitudes it can also ocpur during 
the day. Range spreading and frequency spreading of echoes 
seem to have different causes because they have different var-
iations with location on the earth, level of solar activity, sea-
son and time of day. 
Spread F will usually have detrimental effects on HF com-

munications, and also on ground-satellite links, but under 
some circumstances spread F is necessary for communica-
tions on particular circuits, as we shall see later. ibr. 
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BYTE WIDE 

Computer add-on 
allows direct 
input of TV 
pictures 
Colour or black & white pictures from a standard 

625-line (PAL) TV camera or VCR can be fed directly 
into a computer by means of an input module developed by 
a British company called Primagraphics Ltd. 

Described as suitable for use 
in inspection systems. medical 
imaging applications and robot-
ics control, the VV17 provides 
facilities for pictures enhance-
ment and freeze-frame effects. 

Incoming signals are fed via 
an analogue multiplexer to a 
7-bit analogue/digital converter 
which samples at 15 MHz. The 
resulting data are stored in a 
temporary buffer and then sent 
in the form of 16-bit words to a 
software-defined memory area. 

The module may be used in 

conjunction with the company's 
recently introduced video frame 
store to allow a sustained data-
transfer rate of 15 Mbyte/s. so 
that a complete 625-line frame 
can be input in 40 milliseconds. 
With colour signals, the red, 
green and blue frames are writ-
ten in sequence over a period of 
120 ms. 

Details from C. Childs, 
Primagraphics Ltd, Melbourn 
Science Park, Melbourn, 
Royston, Hertfordshire, En-
gland SG86EJ. 

'Insatiable lust' for 
under-$200 
Viatel modem 

A vtek's NI inimoclem II, 
priced at $ 199, has proved 

a 'boomer' product for them, ac-
cording to the proprietor. Phil 
Gleeson. "We just can't make 

cav ILK 

MINI MODEM II 

enough to satisfy the cravings of 
the market at the moment", he 
said. 
Gleeson claims he increased 

production over 500% in the last 
quarter of 1985, but was still un-
able to satisfy the demand. Com-
modore, Apple and IBM owners 
make up most of the market, he 
says. 
Avtek place great store in 

modem reliability, claiming the 
use of digital filters in the 
Minimodem II makes it ultra 
reliable, even on bad lines. This 
is becoming very important 

with the increasing use of Viatel 
for banking transactions. "After 
all, you wouldn't want to wipe 
out your bank balance with a 
crummy modem, would you" 
said Phil, jokingly. 
Minimodem supports both 

300/300 and 1200/75 baud rates, 
catering for database and Viatel 
use, at the flick of a switch. 
Avtek can also supply a Viatel 

software package to comple-
ment the Minimodem. Indeed. 
you can get a Minimodem and 
Viatel software for the Microbee 
for $249.00 complete. 
Avtek are currently support-

ing Viatel software for Micro-
bee, Commodore. Apple and 
most MS-DOS machines. 

For further information con-
tact: Avtek Electronics on (02) 
427 6688. 

How about a 'nice 
modem'? 

A Western Australian com-
pany, The Nice Computer 

Company of Australia, has 
released a modem based on the 
AMD7910 'world chip'. Called 
'The First Nice Modem' it 
boasts Bell 300 baud 
answer/originate. Bell 1200/5. 
5/1200 baud ( with/without 
equalization), and CCITT 

600/75. 75/600 baud. Conform-
ing to the Bell 103. 202 and 
ccirr V.21. V.23 standards. 
The 300 baud modes are used 

mainly for the various bulletin 
boards and databases around 
the country. Th q 1200/75 baud 
mode would be used mainly for 
videotex services (such as Tel-
ecom's Viatel). although there 
are databases and bulletin 
boards appearing which are tak-
ing advantage of this mode. 
A useful facility which has 

been included is the reverse 
videotex ( 75/1200 baud) mode. 
Two versions of 'The First 

Nice Modem' are available — an 
RS232 version which plugs into 
any computer. and one that 
plugs directly into the Commo-
dore 64's user port. 
You don't need to use differ-

ent cables for the 300 baud. 
videotex and reverse videotex 
modes. It has its own telephone 
and power supply. 
The Commodore 64 version 

includes free terminal, file 
transfer ( including 1200 baud 
file transfer). and videotex 
software. 
The modem also has auto-

answer capability ( under soft-
ware control), is fully Telecom 
approved and plugs into any 
standard Telecom telephone 
wall socket. 
Two options are a hardware 

auto-answer and a baud rate 
converter for computers and 
terminals that do not have split 
baud rate capabilities. 
The modem comes complete 

with a full 12 month warranty 
and is priced at $299 for the 
Commodore 64 version and 
$279 for the RS232 version. 

Details from The Nice Com-
puter Company of Australia 
Pty Ltd, 36 Parliament Place, 
West Perth, 6005 WA. 
(09) 321 6636 

Visionhire goes 
'computerhire' 

isionhire Business Sys-
tems recently opened its 

first outlet at 293 Church Street, 
Parramatta. with the Mayor of 
Parramatta, Alderman Paul El-
liott, officiating at the opening 
ceremonies. 
The Parramatta Business 

Centre is the first of what will 
be a nationwide network of Vi-
sionhire Business Systems out-
letss, in keeping with the 
company's expansion into the 
business communications 
sector. 
Visionhire Business Systems 

claim they will be one of the 
first companies to offer com-
puters for rent, particularly on 
short term. Popular personal 
and microcomputers will be 
available for rent on a weekly. 
daily or even hourly basis — a 
concept which should prove at-
tractive to small businesses, as 
well as university students in 
the area. 

Promac-2 
programmer 
expanded 

The PRONIAC-2 program-
mer, has been upgraded to 

program the new high density 
27512s and 27513s and its buffer 
has been increased to 64K bytes 
to accommodate the larger 
devices. 
New devices supported in-

clude: Intel 27916, 27512. 27513; 
Fujitsu MBM27C512; AMD 
AM27512. and new EEPROMs 
from Xicor. SEEQ. INTEL and 
NCR. 
PROCOM, the program that 

interfaces the P2 to an IBM/PC 
or compatible, is also being up-
graded to include these new 
devices and the 512 capability. 
An added feature of the up-

grade is the battery-backed 
retention of the interface set-
tings and other select functions 
making it unnecessary to 
re- initialise the P2 at power-
on. Details from Current 
Solutions, PO Box 20, Canter-
bury, Vic 3126. (03) 836 9220. 

Low-cost word 
processing on the 
C64 

asman Software, known 
for their Taswords word 

rocessor for Amstrad and Sin-
clair Spectrum computers, has 
released Tasword 64 for the 
popular Commodore 64. 
The program provides the 

same features that made 
Taswords such a success: 80 
words per line on-screen, what 
you see on the screen you get on 
the printout, auto word-wrap 
and right justification, block 
move and copy, insert, margin 
setting. paragraph reform, 
several scroll modes, two help 
pages, an in-built tutor etc, etc. 
It costs $55.90 on cassette, 
$65.90 on disk. 
Tasman Software is distribut-

ed in Australia through Dolphin 
Computers Pty Ltd, Unit 2/7 
Waltham St, Artarmon 2064 
NSW. (02) 438 4933. 
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Compact IIMML. 
...with real testbench performance 
Priilips Series 18 DMMs give you a magic combination — no-

compromise testbench features and performance. packaged in a 

choice of three compact, easily poi table instruments that are 
always handy for lab, workshop or field use 

Our range of three models lets you select 

exactly the functions you need for every 

application and environment 

DM —11,'"# 
re s C iiu  

min/max. auto data 

hold,100 kHz RMS AC, 

0.05% DC 

PHILIPS 

41131k 

411117 

nek.4 lc to 
ri Coeu  

electronic calibration, 

200 kHz counter. 0..3% 
bargraph an 10 MHz 
logic view 

PH 298  
RMS AC, 
direct temperature, 
dB and relative 
measurements 

Contact your local Philips organisation 
Or: 

SYDNEY: Box 119 
North Rvde 2113 
Tel. (02)' 888 8222 
(Toll free (008) 22 6661) 

MELBOURNE: Locked bag No. 5 
Oakleigh South 3167 
Tel. (03) 542 3600 
(Toll free (008) 33 5295) 

PHILIPS 

Yellow case colour Charcoal or yellow case 
colour Analog/Digital display 

Touch Hold' function 123) 

0°C to 50°C operation 

05% & 03% basic accuracy 

100 uV to 1000V dc 

lmV to 750Vac 

10 uA to 10A (23). all fused 

10 uA to 320 mA (211. fused 

Three-year warranty 

Analog! Digital display 

Touch Hold— function 

-15°C to 55°C operation 

01% basic accuracy 

100 uV to 1030V ac and dc 

0 1 uA to 10A. all fused 

Relative ( difference) 
mode 127) 

MIN/ MAX recording 
mode (27) 

Ruggedized. waterproof 
case 

Two-year warranty 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FL!. !'e' 

See the Fluke 20 series at leading electronics 
stores or contact us for data 

EILMILACO 
I. Is PIN. Ltd. 

NEW SOUTH WALES VICTORIA QUEENSLAND 
15 McDonald Suert 12 Maroondan HIghway Tel I071 369 8688 
MORTLAKE RINGWOOD 

S AUSTRALIA p o Box 30 CONCORD P 0 Box e23 RINGWOOD re , , 06 , 344 9,00 
NSW 2137 WC 3134 
Tel )02) 736 2888 Tel ID31 879 2322 W AUSTRALIA 
Telex 80209.87 Telex AA30418 ELTENT Tel 109'481 1900 



GENDER CHANGERS 
01:1: . A quick, inexpensive way to avoid 

modifying or replacing incompatible 
RS 232 cables Our gender changers 
are shielded to meet new FCC 

emmissions regulations. All . 
25 pins are live, our gender 

. _ changer works on any 
shielded EIA cables. 

r> n.odel GC-25MM Male-Male 
Model GC-24FF Female- Female 
$14.00 

DAT TRACKERS 
The most economical method to 
diagnose EIA RS-232 interface 
problems. Our RS-232 Mini 

Tester is pocket sized and no 
battery is required. Twenty-
five pins are connected 
directly on PC board. LEDs 

indicate the status of pins: pin 2 transmit 

data (TD). pin 3 receive data (RD), pin 4 request to send 
(RTS), pin 5 clear to send (CTS), pin 6 data set ready 
(DSR), pin 8 carrier detect(CD), and pin 20 data terminal 
ready (DTR). Model MT-25MF Male to Female $25.00 

NULL MODEM 
Replaces two modems when 

connecting two DIE or two DCE 
devices together over short 

distances. The unit operates 
within EIA RS-232C specifi 

cation. Install directly to equip 
ment ports or insert in between 
two cables. 

Model NM-25MM Male to Male 
+Model NM-25MF Male to Female 
Model NM-25FF Female to Female 
$14.00 

SPIKE SUPPRESSOR 
This protect( r has built-in MOV (metal-
oxide varistor) to protect pins 2, 3 
and 7. Plug the surge protector into 

RS-232 ports to prevent costly 
equipment damage and data 
" loss from large voltage surges 
caused by lightning, electrical 

interference, static electricity etc. 
Model SP-25MF Male to Female $20.00 

MINI PATCH KIT 
The fastest way to reconfigure mis 
matched EIA RS-232 connectors. 
Mows you to make your own 

cross-over cable, null modem 
and cable matcher. Each 

e kit includes 2 covers, 2 
• " RS-232 connectors, 
mounting hardware, 10 M-F 

jumpers, 2 F-M/F "Y" jumpers 
and 2 M-M/F "Y" jumpers. 
Model HH-10MF Male-Female 
Model HH-10MM Male-Male 
$20.00 

Convert What You Have 
To What You Want! 

• RS232 Serai 
• 3 Baud Rates 
• Latched Outputs 

No longer voll your penpleral cnaces oe bided by 
the type of port you have avadablef Out new He 
Performance Converter provee the mrsseg Ink 
Based on CMOS technology these unds feature lull 
baud rate selecten to 19 2K voin handshake 
yenals to mavvvvre trLeslef efhcency Detaded 
document:den allows simplified estallaten 

• CentronocK Paiaei 
• Handshake Senals 

S150 PLUS TAX 

DB 25s 

CRIMP TYPE 
MALE (Pins) $6.95 
FEMALE (Socket)$6.95 
SOLDER TYPE 
MALE $1.80 
FEMALE $1.90 

IDC 
CONNECTORS 
SOCKETS 

16 $1.94 
20 $2.00 
26 $2.71 
34 $3.30 
40 $3.38 
50 $4.75 

CARD EDGE 
CONNECTORS 

20 
26 
34 
40 
50 

$4.00 
$4.40 
$4.58 
$5.56 
$6.30 

4" 240V $16.95 
31/2" 240V $15.95 
3" 240V $15.50 

1.25mm dia. 
2.00 
3.5 
5.5 
8 
14 
22 
38 
60 

FANS 

L ALL BRAND NEW 
ALL EX-STOCK 

CALL FOR QUANTITY DISCOUNTS 

COVER THOSE EXPOSED 
CONNECTORS 

VINYL BOOTS 

6 COLOURS AVAILABLE 

10 100 
0.62 5.40 
0.70 5.50 
0.85 6.00 
0.98 6.40 
1.05 6.95 
1.20 10.50 
1.34 11.85 
1.65 13.79 
2.70 22.34 

2AMP 
TRANSFORMERS 

PRIMARY 240V 
SECONDARY 6, 9, 12, 15 
SOLDER LUGS 
$11.50 each 

1 

BITS ilk PIECES 
CABLE TIES 

LENGTH 
75M 
100 
120 
150 
180 
200 
250 
280 
300 
380 

SIZE 1A 
SIZE 2A 

LENGTH 
8 
10 
12 
15 

PER 10 
1.65 
1.83 
2.65 
3.50 
4.71 
6.26 
9.80 

14.13 
20.72 
23.80 

CROCODILE CLIPS 
10 
2.88 
2.74 

MIXED COLOUR 
INSULATION COVERS 

NYLON STAND OFFS 
PER 10 
2.80 
3.00 
3.30 
4.20 

PER 100 
13.50 
15.30 
22.10 
29.20 
39.30 
52.20 
82.40 
117.80 
172.70 
198.40 

100 
18.40 
24 09 

PER 100 
2160 
28.50 
30.60 
36.60 

INSULATION 
SPAGHETTI 

TEFLON 
MANY SIZES 

CUT LENGTH__J 

IN-LINE 
POWER PAK 
WITH 240V 
POWER CORD 

+5 @ 0.8 
+12 cit 0.25 
-12 e 0.25 
$65.00 

DISC DRIVE 
POWER 

CONNECTORS 
51/4" $1.40 
8" $2.50 
INCLUDES PINS 

SHORTING 
BLOCKS./ 
4/$1.00 

SWITCHING 
POWER SUPPLIES 

CPI-604 + 5 e 7 
160 x 120 x 50 + 12 e 2.5 

$85 -12 e 0.5 
-5 e 0.5 

+5 e 7 
+12 e 2.5 
-12 e 0.5 
-5 e 0.5 

+5 e 2.0 
+12 e 2.0 
-12 e 0.2 

CPI-107 
250 x 90 x 55 

$95 

CPI-4203 
148 x 98 x 42 

$45 

CPI-622 
160 x 120 x 50 

$72 

CPI-625 
160 x 120 x 50 

$75.60 

PSA-523 
145 x 80 x 50 

$140-

+5 e 3 
+12 e 2 
-12 e 0.5 

+5 e 4 
+12 e 2 

-12 e 0.1 
+ 5 e 5 
+ e 2.5 

- _e 0.5 
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COMPLETE PC 

256K 1 Serial Port 
2 x 360 Drive A Clock Calender 
1 Parallel Port 1 Games Port 
MONITOR e4950 

, EXTRA e 

à 

ON BOARDS 
PART NO DEscmp- •. 
CCC.001 MULDEUNCY Cr. . - 
CDC-002 256K MULTItut,c• J. 
CDC 002 S STACK CARO FOR VER 1. 
CDC 0016 384 MULT1FUNCDON COI •-• 
CDC 004 COLOUR GRAPRICSA404.0 
coc,cce moRocRnooD CARD 
CDC 007 11 MONOCRROME GRAPRK CARD 
CDC 008 'DO CARD 
CDC 009 GAME ADAPTOR 
CDC-0I0 MIN SIZE IDO CARO 
CDC-0.1 MULTIOISK CARO 
CDC 012 VARO MI( CONTROLLER 
COL-012- II HARD DISK CONTROLLER yII 395 29 
COL-012 Al RARO OtSK CONTROLLER V II DRIVE 2 111T EDO 421 42 
CDC 013 256K RAM CARO 113 17 
CDC.013.0 OPTION CARD 66 15 
CDC-014 36AK RAM CARD 11317 
CDC.014 11 384K RAM CARD w PdoNTER PORT 160 19 
CDC 0,5 512K RAM CARO 107 94 
CDC OIE IS PLUS 11 4 war led 14 
COL-DIE MULTI 1,1) CARD 275 13 
CDC 019 ASYNCHRONOUS COKaiuroCATKIN ADAPTER 107 9: 
CDC 020 PARALLEL PROdTER CARO 713 
CDC-021 fiRMWARE CARD 60 9? 
COL-022 BUY dER PRINTER CARD 166 3' 
COL-023 AD-DA CARD 207 2' 
CDC 024 PC SUPER MODEM 303 8T 
COC.025 PC-BUS CARD 131 45 
CDC.026 L TYPE MA1NBOARD 
CDC-027 SUPER AlArNEIOARD . 256K, 4--
COL-027 1 SUPER MAINBOARD 10K, 367 
CDC OM SUPER TURBO MAPABOARD 400 
CDC.029 COLOR/GRAPINCletaNTER CARD 236 
COL-030 MONOCRROME COLOR CARD 
CDC (131 DtAMONO r() CARO 
CDC 032 512K Mutt, 0 CARD 
CDC 033 576K RAM CARD 
CDC 034 8 S COMAutoCATON CARD 
CDC 035 8255 up CARD 

CDC 036 SuPER AD OA LARD 
CDC 037 NETWORK ADAPrEre 395 29 
CDC 038 EPROM BURNER 251 62 
CDC 039 TELEX CARD 3+3 05 
CO. 001 EmPTy CASE 100 00 
CD. 004 EmPTy CASE 100 00 
CD« 001 03M PC 6 PC AT KErBOARD 302 5.1 
COK 002 IBM PC KE.BOARD 
CC* CO3 IBM PC AErBOARD 
CC* 004 IBM PC ttf',BOARD 
cm 1130 

CP. • 10,4 

199 37 
238 56 

D 128 64 
r* 238 56 

246 40 
160 19 
212 43 
107 94 
66 15 
113 17 
356 11 
447 54 

PC RELATED BOOKS 
C Programming Tutor $37.95 
Graphics Made Easy for the 
IBM/PC XT 35.95 

C Programming Guidelines 52.00 
Lotus 123 Self Taught 29.50 
Illustrated MS/PC DOS Book 32.50 
C Programmers Hand Book 22.95 
From Basic to 8086/8088 
Assembler 32.95 

Lotus 123 At Work 32.50 
MS/PC DOS Users Guide 33.95 
Software Solutions for the IBM/PC 27.95 
Assembler IBM PC/PCXT 32.50 
Inside the IBM PC 42.50 
IBM PC/XT Assembly Language 37.95 
8087 Applications Programming 47.50 
Assembly Language Programming 

.os r5' • for the PC 33.95 
r, I Accounting On Your IBM PC 17.95 
rs MS/DOS Handbook 20.00 

.Basic A Handbook 20.00 

238 

r! 

343 

4164 MEMORY $ 1 90 

224 ,6 41264 
171 0' 
176 / 1 

PC CLOSE POWER SUPO? I Sw,TC. ON BACK 160 00 
18.4 POWER SURIR, r SweCer Orr S.OF 195 00 

PLUS TAX 

$8.50 
PC PARALLEL PRINTER 

CABLE $30.00 

3 FOR THE PRICE OF 1 

TVM MD-3 
COLOUR MONITORS 

GREEN/AMBER/ 
COLOUR AT THE 
TWIST OF A 
SWITCH 

$750 TAX PAID 
mria116.1111111606 .4111111111•11• 

IIIIIII 

14", 90 DEGREE, 
0.39MM DOT PITCH, 
DARK TINT 
IMPORTANT FEATURES: 

Multi- Display Amber/Green/Full Colour versatility 
available with multidisplay control knob 

• Direct compatibility with almost any PC using 
R.G.B.I. TTL level 

• Wide Bandwidth 
• High resolution with 2.000 characters on 8 x 8 
dot matrix 

• Full UL/FCC, CSA, TUV and VDE/PTB approval 

r---

MITSUBISHI 4851 
40 TRACKS 

$195.00 
TAX INC 

$25- OFF LIST $25-
E. & O.E. 

20 MEGABYTE 
HARD DISK UPGRADE 
FOR THE PC & CLONES 

INCLUDES DTC & 
CONTROLLER CABLES 

$1400.00 TAX INC. , 
DEALER ENQUIRY WELCOME MAIL ORDER HOTLINE (02) 808 3050 

HYPEC ELECTRONICS PTY. LTD. 
21 Ryedale Road, West Ryde NSW 2114. 
Ph: (02) 808 3666, 808 3050 

PO Box 438 Ryde, NSW 2112. Telex: AA71551 

MAIL ORDER 

POSTAGE RATES 
SI -S9.99   $2.00 
S10-524.99   $3.00 
S25-S49.99   S3.50 

S2004499   $IO IZ 

$50499.99   S5.00 
S100-5199   S7.50 
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SUBSCRIBE NOW AND 
RECEIVE A SPECIAL 

FREE GIFT 
When you subscribe to Australian Electronics Monthly, not only do you receive 
the brightest, most informative and most useful magazine around, but we'll give 
you a free gift of your choice! 
Fill in the subscription form here, post it to us and we'll start your subscription 
from the next issue and send you your free gift. 

GIFT CHOICE $10 Gift Voucher 
If you elect to take our Subscribers' Gift Voucher, you can use it to get a $10 discount when you purchase 
any item or items by mail order or in-store from any of your favourite electronics or computer retailers 
honouring the voucher when you make a purchase in excess of $20. This offer is currently available from 
Jaycar, All Electronic Components, Applied Technology and Magraths 

CM CHOICE 2 
A set of C. K. Allen Keys. Top West 
German quality. These little beauties are 
always in need and come in nine different 
sizes. They're ideal for anyone with an 
interest in electronics. 

Off CHOICE 3 
Best quality West German screwdrivers 
from C.K. 
We use these in our laboratory and 
consider them excellent as they are 
specifically designed for eletronics 
reauirements. 

GIFT CHOICE 4 

A pack of 23 selected 74LS ICs to the 
value of approx. $27. This super pack 
contains the most common ICs, and are 
ideal for design, servicing, project 
construction, etc. Please post to 

Australian Electronics Monthly 
PO Box 289 Wahroonga 2076 

grAmr.dairAiseAsiorAmrsanniamdarliorAorrAmor..m.AmmliaiKiimr.sordiundisrAimr.m.Aurimr.ammiarrAmirAmr.morfflorlimrAmoraali 
• 
Please forward me 12 issues of Australian Electronics Monthly and the gift GIFT CHOICE 1 I', GIFT CHOICE 2.7 GIFT CHOICE 37, GIFT CHOICE 47 

All cheques or money orders should be made payable to Australian Electronics Monthly. 

Price for subscription is $31.20 N.Z. $A52.80 airmail 

Please tick payment method Cheque/money order E Bankcard L Visa E 

Not actual size 

MIMI OM 

Mastercard E 

Card No.   Expiration 

Signature   

Name   

Address 

American Express H 

(Note Unsigned credit card 
orders cannot be accepted) 

Post Code 

Allow a minimum of 4 weeks delivery of your gift 

1111rAllar.d/41110,4111110%.0111rAMPAII.AZIPIIBrAMIlirAmPAIIIP:MIPAIIIPAIIM.:441111FAMPIMIIPAIIIIPIMPFAIBIPIMPIIIrAlà 
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aem software review 

BeeArtistic tools for 
the computer artist 
Jamye Harrison 

With this clever, well-priced software package, Microbee owners 
can join the world of computer graphics artists. BeeArtistic is not 
just for 'doodling,' but can readily be used as an everyday 'tool.' 

IT HAS BEEN a while since we have seen 
any good, third-party software houses 
producing programs for the Microbee, let 
alone anything with even half-way decent 
graphics. Well, from the early part of 1985 a 
number of software firms have cropped up, 
and it looks like they're here to stay. Unfor-
tunately, many concentrate on producing 
games programs. This is disappointing be-
cause many of us have now had our com-
puters for quite a while and want to do our 
own things, not merely play around. 
Also games, up till now, have been about 

the only things people wished to incorporate 
graphics into. Now Exitek, a Melbourne-
based company, has produced a graphics 
utility for the Microbee computer called, cute-
ly, "BeeArtistic" allowing the user to design, 
edit, save and print out high quality, high. 
resolution graphics at a very low price for the 
facilities it offers ($49.95). 
BeeArtistic eliminates the need for labori-

ously calculating your own PCG character 
values or screen co-ordinates when making 

your own graphics. The package itself con-
sists of a command file, BA.COM, the actual 
program, a number of overlay files, BEES-
LIDE — a ' slide show' utility allowing a se-
quential, timed display of your pictures, plus 
a few demonstration pictures. For any of 
those familar with the MacPaint program on 
the Apple Macintosh, BeeArtistic is some-
what reminiscent of this. 
To run BeeArtistic, as a minimum require-

ment you need a Microbee with at least 32K 
of memory, one or more disk drives, the CP/M 
operating system and a monitor. This pretty 
well means you need at least a Computer-in-
a-book, Vol. 1. Exitek say an Epson (or com-
patible) printer and Microbee joystick are op-
tional, although I'd say that, without the 
printer, you're only halfway there. 

Tools 
When first booted, the program displays a 
graphics screen of a Microbee and monitor, 
then a copyright notice followed by the "can-
vas," the actual drawing space. This consists 
.•••••••••••me.. 

'P Main Menu. o 

 1::  1:: \ u 
041 fl R 

Oco 

1 à .. 

1 e i 

BeeArtistic. 

(e) 1985 Exitek. 

All rights reserved. 

of the whole screen area allowing some quite 
complex drawings to be generated. 

At this point, you may now start drawing, 
but first you may need to select the appropri-
ate tool. The tools are a series of drawing im-
plements allowing for a number of different 
effects to be generated. You can select from 
the following: 

• The pencil. This is the default tool. If 
you start drawing straight away, you're us-
ing the pencil. The pencil draws high-res 
thin (single pixel) lines and points. It is 
selected by the D key. 

• The eraser. As you'd expect. this is on 
the end of the pencil. It allows you to erase 
of parts of a picture and is aptly selected 
by the DEL key. 

• The brush is used for generating broad 
strokes and you can 'paint' using a pattern 
selected from a small ' menu.' or you can 
generate your own (explained further 
later). The brush is engaged using the I 
key. 

• The spray-can paints using the brush 
pattern but only in a random spray instead 
of a solid pattern. The : key is used to 
select this tool. 

• The fill can is used to fill large areas 
of canvas with a particular pattern. This 
tool is selected, appropriately, with the F 
key. 

The tools are all controlled — moved over 
the screen canvas — with keyboard entry us-
ing the normal Wordstar control characters. 

Alternatively, you can use a standard 
Microbee joystick to control the tools. The 
space bar or the joystick fire button is used 
to start drawing with the tool ( i.e: putting it 
on the canvas) and to stop it drawing (taking 
it off the canvas). 
You may control the rate at which the tool 

moves by pressing the 1 to 0 keys, 1 being the 
smallest amount (one pixel) and 0 being a fair-
ly large space. 
As mentioned previously, the brush, eraser, 

spray-and fill-cans require you to specify a 
pattern with which to draw. BeeArtistic 
comes with 32 brush patterns (also applica-
ble to the eraser and spray-can) and 32 fill-
can patterns. You may edit these and save 
them to disk if required. 

March 1986 — Australian Electronics Monthly — 79 



Shapes, effects, text and 
printout 
A variety of shapes can be called up' by 
BeeArtistic, including such useful ones as cir-
cles and ellipses: 

Text may also be added to pictures by sim-
ply pressing the T key (TEXT) and typing 
away. When you're finished, you just press 
ESC. 

o 

To provide positioning flexibility the whole 
picture may be moved around on the screen 
or only small pieces, if desired. By pressing 
the H key BeeArtistic presents the user with 
a selection of special effects such as: 

.erutcip ruoy ot txet 

fo noitidda eht suella citsitrkeB 

Beertistic lets you 

flip the screen 

horizontally or vertically 

or even both, like here. 

1•••••• 

7 

Screen Things, 

Invert screen, 

Flip horizontal, 

Flip vertical, 

Cancel command, 

BeeArtistic, 

o 

c] 

(c) 1985 Exitek, 

Pictures, including those with text, can be 
printed out to an Epson (or Epson work-alike) 
printer in two modes, draft or final copy. Draft 
provides you with a small, quick idea of what 
your masterpiece will be like. The final mode 
presents a darker, larger copy. 
Icons can be selected to produce small, eas-

ily repeatable picture-lets on your main pic-
ture, such as: 

e 
Some 

saeple icons. 

All BeeArtistic functions are able to be 
selected from a main menu, eliminating the 
need to remember each command, or keep a 
copy nearby. The main menu is selected by 
pressing the '?' key. 

Finally, BeeArtistic lets you edit your work 
in fine detail by zooming-in in on a small area 
and blowing it up to almost full screen size. 
One more interesting feature is that BeeAr-

tistic saves your pictures as COMMAND 
files, i.e: you can boot them from CP/M just 
by specifying the extension as ".COM". 

Applications 
BeeArtistic has some very effective and use-
ful applications. After a quick look at the Icon 
Menu, one was immediately obvious; that of 
printed circuit board layout. 
You can layout the major components, 

draw in the tracks, and edit or modify as you 
go along. This is where the two print modes 
(draft and final) come in handy. Your first 
hardcopy can be a draft to see the design on 
paper, for checking etc. Your final copy can 
be done when everything is correct. Surpris-
ingly, despite the output being a dot matrix 
print, perfectly usable Scotchcal board nega-
tives are readily made and workable pc 
boards result. 
The only problem here is a mechanical one 

— matching the printout to required mechan-
ical dimensions, particularly with IC pinouts. 
It's not an insurmountable problem, as you 
can terminate tracks in the approximate po-
sition and use the Bishop Graphics or Chart-
pack stick-downs. You can line it all up on 
a draft, then edit as necessary for a final copy. 
Sure beats tape and pads, and is streets ahead 
of those dinky resist pens, when you want a 
quick board layout for your latest brain flash 
project. 
The Icon menu, note, also includes com-

mon electronic circuit symbols so you can 
draught circuits with relative ease with quite 
acceptable results. 

Naturally, mechanical- or architectural-type 
draughting can be accomplished, too. Mind 
you, BeeArtistic should not be compared to 
the performance and features of 'profession-
al' CAD (computer-aided draughting/design) 
packages, but they start at around 20 times 
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BeeArtistic's price and go through the roof 
at 300 times its price. One should always keep 
in mind "horses for courses." 
For computer clubs, amateur radio clubs 

• and other hobby organizations, BeeArtistic 
is a cheap, convenient alternative to produc-
ing diagrams and pictures for your club news-
letters and circulars. What's more, unless you 
h ave a tame' draughtsman on-tap, the result 
is streets ahead in legibility, judging from 
many of the newsletters I've seen. 
WordStar or WordBee may be used for the 

written content. After both graphics and text 
are printed, you just cut and paste in the time-
honoured way. ( It is a pity that neither Word-
Star or WordBee are able to ' take-in' BeeAr-
tistic files with the text. One software package 
I've seen advertised in Microbee's Online 
magazine, BEETEX, claims this can be done 
on their wordprocessor.) Here's a crude ex-
ample of a newsletter banner you might make 
with BeeArtistic. 

BeeArtistic is also suited to students who 
wish to produce diagrams for assignments 
and projects (subject to teacher approval. 
There's nothing you can do about Luddite-
brained educationists who disapprove be-
cause they believe ". . the computer does it 

7805 

5U DC 
 o 

all for you"!) Teachers can design maps and 
diagrams for lessons and use BeeSlide to dis-
play them. 

For those into creating their own games 
and programs requiring graphics, you can 
create designs on BeeArtistic and either dis-
assemble the file or include the code in REM 
or DATA statements in BASIC programs. 

It occurs to me that it would be possible to 
produce posters and advertisements using 
BeeArtistic — or at least "design roughs", 
enabling quick, easy and cheap production. 
Then there's the field of cartooning! And 

with the Beeslide facility. .. the mind toggles 
(computer hackers' pun on 'the mind 
boggles'). 

Documentation 
A comprehensive 84-page manual comes 
standard with your package. This doubles as 
a reference and a tutorial manual and is set 
out in a clear manner with examples 
throughout. 

Summary 
All in all, the BeeArtistic package enables a 
much broader range of applications with the 

fggE egpE;;TigiefftinffliM.weËgmiglillunmumgkeii I 
Late City Edition, June llth 1986. 
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FOR QUALITY AND 
VALUE TALK TO 
THESE PEOPLE 
ABOUT FLUKE 
MULTIMETERS 

A.C.T. 

Actiec Pty Ltd 
34 Geelong St Fyshwick 
(062)80 6676 

George Brown & Co Ply Ltd 
Canberra 
804355 

N.S.W. 

Ames Agency Pty Ltd 
605 Elizabeth St Redfern 
699 4524 

George Brown 8 Co Pty Ltd 
174 Parramatta Rd 
Camperdown - 5195855 
Newcastle - 686399 

Bryan Call Industries Pty Ltd 
10/59-61 Gymea Bay Rd 
Gymea 
526 2222 

Collier Tools (Aust) Pty Ltd 
185 Parramatta Rd 
Homebush 
763 1 

D G E Systems Pty Ltd 
103 Broadmeadow Rd 
Broad meadow 
(0491 69 1625 

Davred Electronics Ply Ltd 
127 York St Sydney 
267 1385 

W F Dixon 8 Co Pty Ltd 
P.O Box 42 Wickham 
(049161 5628 

Macelec Pty Ltd 
99 Kenny St Wollongong 
1042) 29 1455 

Ebson Pty Ltd 
%Hoskins Ave Bankstown 
707 2111 

Selectro Parts Pty Ltd 
482 Hume Hwy Yagoona 
708 3244 

Standard Communications 
Pty Ltd 
6 Frank St Gladesville 
896 1755 

Geoff Wood Electronics 
Ply Ltd 
656A Darling St Rozelle 
8106845 

WESTERN AUSTRALIA 

Atkins Carlyle Ltd 
1 Milligan St Perth 
321 0101 

Dobbie Instruments ( Aust) 
Pty Ltd 
9 Boag Rd Morley 
276 8888 

Cairns Instrument Services 
32 Wickham St East Perth 
325 3144 

Willis Trading Co Ply Ltd 
165 Albany Hwy 
Victoria Park 
470 1118 

FLUKE 

VICTORIA 

Radio Parts Pty Ltd 
562 Spencer St 
West Melbourne 
329 7888 

G B Telespares Pty Ltd 
504 Queens bury Rd 
North Melbourne 
328 3371 

Browntronics Ply Ltd 
93 Sackville St Collingwood 
419 3986 

R K B Agency 
20 Council St Hawthorn 
82 7704 

A J Ferguson 8 Co Pty Ltd 
558-568 Swanston St Carlton 
347 6E88 

SIRS Sales Ply Ltd 
4 Ed ols PI North Geelong 
(052) 78 1251 

Mektronics Pty Ltd 
195 Ferrars St. South Melbourne 
690 4593 

A W M Electrical Wholesale 
Throughout Victoria 

SOUTH AUSTRALIA 

Protronics Ply Ltd 
174 Wright St Adelaide 
212 3111 

Trio Electrix Pty Ltd 
177 Gilbert St Adelaide 
212 6235 

Redarc Electronics 
253 Main Rd Blackwood 
278 7488 

QUEENSLAND 

L E Boughen 8 Co 
33 Railway Tce Milton 
369 1277 

Colourview Wholesale 
5 Commerce St Salisbury 
275 3188 

Fred Hoe 8 Sons Pty Ltd 
246 Evans Rd Salisbury Nth 
277 4311 

Nortek 
36 Punari St Townsville 
(077) 79 8600 

St Lucia Electronics 
71-77 Brunswick St 
Fortitude Valley 
52 7466 

Selectro Parts ( Old) 
44 Esher St Ekibin 
394 2422 

TASMANIA 
George Harvey Electrics 
Head Office 
76 York St Launceston 
IC03) 31 6533 
Hobart - (002) 34 2233 

NORTHERN TERRITORY 

Thew 8. McCann ( NT) Ply Ltd 
Menmuir St Winellie Darwin 
1089(84 4999 

ELIKEASCO 
Instruments Pt,. Lid. 

NEW SOUTH WALES VICTORIA QUEENSLAND 
IS McDonald Street 12 Haroondah Highway Tel 1071 3e2 8666 
MCPTLAKE DiNGWOOD S. AUSTRALIA PO Box 30 coNconc P 0 Box 623 RINGWOOD Tel 0:6 , 344 gocc 
NSW 2137 viC 3134 
Tei (021 736 2fieB Tel (031879 re W AUSTRALIA 
Telex AA26187 Telex AA3)118 ELTENT Tel 109)48119M 



How to save a marriage 
by converting data from 
6809E to Z80 
Bruce Bathols VK3UV 

Here's how a reader found a practical 
method of transferring files between 
vastly-differing computers, from a Tandy 
Co-Co to a Microbee 128K. 

THE HEADING for this article is probably a bit of a mis-
nomer, as in reality this is the story of five years of being 
a user of personal computers, but does describe how we con-
verted our complete data base text file from a Tandy Color 
Computer, onto a Microbee 128K disk system and DBase II. 

I certainly don't consider myself as a "computer freak" or 
"hacker", I just enjoy "messing about" with electronics. 
There is an apt description for people such as me, it is 
"cranky". 

Some history 
Five or so years ago, I became interested in computers as 
a hobby adjunct to amateur radio, in which I have been 
licensed for 14 years, and to investigate and experiment in 
radioteletype (RTTY). 
At the time, the only real desktop computer a person of 

my meagre means could support was a used (Tandy) Radio 
Shack TRS80 Model 1, level 2, 16K tape-based system, using 
an old black and white TV as the monitor. 
After studying the manual and tinkering around, I expand-

ed the 16K to 48K with the help of some pretty nifty hard-
ware modifications from ASP Microcomputers in Caulfield. 
Victoria (are they still around?). 
Some terrible BASIC programs were written by me, ( I could 

never really hack machine code then), but with persistance 
I managed to drum out a reasonable Morse code and RTTY 
program for the amateur radio side of my hobby interests. 
The Model 1 gave excellent performance, but I soon learnt 

to realise that a tape system was awfully slow and limited. 
Besides, I had acquired sufficient knowledge to want to ex-
pand the computer hobby interests further. 

I had to go to a disk-based system. 
Selling the Model 1. I purchased Tandy's then latest seller, 

the 16K TRS80C Colour Computer (Co-Co), which had been 
given some rave reviews by overseas and local magazines. 
I also bought secondhand a single disk drive and controller. 
Being a complete ignoramous, and not yet fully appreciat-

ing CP/M or other operating systems for business purposes, 
I began to develop the Co-Co for my hobby purposes. 
The first thing changed was that awful toy-like keyboard 

(the later versions have a more semi-professional keyboard). 
and this was replaced by the NIL full travel, you-beaut, every-
thing matching, professional keyboard from Paris Radio, in 
Sydney. 
Next, I upgraded the 16K to 64K from a kit supplied by a 

local Co-Co users group (in Geelong). 
Software acquired (actually we imported it from the USA 

from distributors listed in the Australian Co-Co magazine) 
was the VIP library, which included VIP Writer. VIP Calc, 
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and VIP Database, also Spectaculator, some excellent utili-
ties, plus a host of rather crummy BASIC programs of games 
(the latter for the kids, of course!). 

Branching out 
The system suited my purpose admirably, until we decided 
to branch out into a small secretarial business. 
My wife, Gwen, is an 80 wpm touch-typist (me about 30 

wpm, two fingers), with two years previous Wordstar ex-
perience at a local hospital. Together with her typing capa-
bilities, and my technical(?) background, we launched our 
secretarial business. We borrowed money from the bank, 
bought a new Lingo PX 120 dot matrix printer with RS232 
interface ( I think it still is the best value around, and is cur-
rently marketed under various brand names), plus an Adler 
electronic daisywheel typewriter, also with an RS232 inter-
face, and awaited our first customers (that is another story 
by itself). 

It was not long before we discovered a serious drawback. 
The main criteria for a successful typing business, is oper-

ator compatibility with the wordprocessing software. 
After spending considerable time with Wordstar on a CPIM 

system at her previous employment, Gwen was rather 
astonished to discover the Co-Co and VIP Writer word-
processing resembled nothing to what she had been used to 
(first mistake!). 
No full-screen editing, no page breaks on-screen, and a fair-

ly cumbersome editing and formatting process, meant she 
had to learn a complete new system (second mistake!). 
The VIP Writer manual, in Gwen's opinion, was too tech-

nical — heck!, it only took ME three weeks to fully get used 
to it, and for nearly 18 months I had received much delight 
with VIP Writer, and also VIP Calc and VIP Database. 
Well, dear reader, have you ever tried to convince your 

partner to walk three miles to the shops to buy the weekly 
supplies, when they had previously been able to drive the 
car in comfort? 
This is virtually the analogy I was expecting (third and fi-

nal mistake!), and one does not have to require much forsight 
to anticipate the end result. That's right, complete disaster! 
Our first customers came along; then we obtained our first 

mailmerge mailing list/database job. Luckily it was only 100 
names and addresses. Yes, VIP Database and VIP Writer com-
plement each other for mail merging, and we managed to 
struggle through the job. 

The cup runneth over 
After three months operating, our database/mailing list had 
grown to over 2000 names and addresses, and I was begin-
ning to realise our requirements for the VIP system was get-
ting beyond its capabilities. 
We had nine separate database disks, crammed full with 

names and addresses, and as each disk only held about 180K 
of disk storage, we certainly needed a disk system with great-
er storage capacity. 
By this time, I had purchased a new disk drive, a double-

sided Chinon, (from Daneve in Sandringham, Vic.) and with 
some tricky tinkering from some friends (thanks to Ron Cook 
VK3AFW, and Bill Roper VK3ARZ), we were able to make 
it work as two single-sided disk drives on the Co-Co. The Co-



Co can access up to four single-sided drives. So we had a 
complete and expensive range of hardware, the colour com-
puter, disk controller, Tandy single drive (drive 0), the Chi-
non double-sided drive (drives 1 and 3), two printers, plus 
a photocopier and telephone answering machine to boot. 
We had everything going for us, but the operator was still 

thinking in Wordstar instead of VIP writer. 
A steady flow of work was coming in, and with several stu-

dent's theses, which in some cases ran to over 100 pages of 
A4 typing, we were starting to slow down our output. This 
was due solely to operator incompatibility with the VIP 
software. 
There was only one decision we had to make, and that was 

to purchase Wordstar itself, but regretably, Wordstar is not 
written for the TRS80 Colour Computer. We contemplated 
a software purchase to allow the Co-Co perform as a CP/M 
system, but this too was only available in the USA. 
We had no knowledge of any locals using it, so we didn't 

really want to be the pioneers of such an adventure, as it was 
relatively expensive, around US$400 for a system not yet 
proven in Australia. 
This meant we had to look around for a complete new com-

puter system, within our limited budget and which includ-
ed the Wordstar/Mailmerge package. 

Here we go again! 

Initial enquiries were frightening. The IBM Apricot was 
$5200 with software included at a small discount. This was 
entirely out of the question for our small but developing bus-
iness. Wordstar itself was quoted at $750 (cripes, I only paid 
$150 for VIP Writer and thought that was a real touch!) 
Over a period of several weeks in January 1984, I called 

on every computer distributor in Melbourne. 
Yes, Tandy had a suitable business system, but their prices 

were on a par with IBM and Apple's Lisa. Medfly had a 
sophisticated and suitable system for around $3000, but soft-
ware was an extra $1200. 
Several of my amateur friends were experimenting with 

32K Microbees, and after listening to them extolling the vir-
tues of the Microbee "cheapie", I noticed an advertisement 
for the new CP/M Microbee 128K dual-disk system. 
This has a full software package which included Word-

star/Mailmerge, end many other programs and utilities for 
around $2000. I could not believe my eyes! Surely there was 
something amiss, and after having been thoroughly disillu-
sioned with the other big computer manufacturers' prices, 
here was a locally made computer with all the purported bells 
and whistles of the big names, for less than half the price. 
We had to check it out, was this just another "cheapie" 

computer? 
Far from it, as from the moment we had our first demon-

stration, I knew it was the computer which we had been look-
ing for and which best suited our pocket and purpose. 
Sure the keyboard is not the IBM type, but it has standard 

QWERTY full-travel keys, and the usual array of control keys. 
Now in reflection, by comparison, the extra keys on the larger 
keyboards would not have served our purpose any better than 
the Microbee. 
Wordstar was the software my wife was used to, even af-

ter six months or more of battling with VIP Writer ( I said 
earlier I was ignorant, but I had to be sure!), and within 
minutes of our Microbee demonstration, she had a complete 
screen of typing, properly and automatically formatted, and 
printed on the shop's printer. 
The sales manager was most impressed, and offered her 

a job there and then as a Wordstar demonstrator (she was 
quite tempted at the offer actually!). 
We purchased the Microbee with dual 386K (formatted) 

disk drives, and a high quality amber monitor, and put it to 

work immediately on the word processing side of the 
business. 
We noticed an immediate improvement in our output of 

work with Wordstar, Gwen was able to work at her full ca-
pacity, and our relations began to soothe. All because she 
was now "at-home" with a software package she was able 
to understand. 
Now came the difficult part, what to do with the now huge 

data base we had built up on the Co-Co. Should we perse-
vere with VIP Database, or start again with a new database 
system on the Microbee? 
We decided the best thing would be to go the whole way, 

and use the Microbee and CP/M exclusively, so that all of 
our work would be compatible with the one system and par-
ticularly Wordstar/Mailmerge. 
After reading Les Bell's excellent article series on DBase 

II in Your Computer magazine, we decided DBase II seemed 
to offer all the facilities we required. So we purchased DBase 
II, and then contemplated the mammoth task of transferring 
the data file from one system to the other. 

The next problem 

Of course the Co-Co's 6809E and Microbee's Z80 processors 
and operating systems were not compatible, and neither are 
the disk drives. So, I decided to try, at first, to utilise the TEL-
COM package on the Microbee to retrieve data from the Co-
Co. In broad terms it worked and this is how it was achieved. 
For those unfamiliar with TELCOM, it is a terminal-type 

program used mainly with a modem, or for communicating 
directly with other computers. 
The Microbee receives data via its RS232 port, and via TEL-

COM it then dumps the data, in a maximum lump of only 
30K, to the storage buffer. Therefore, we had to break up the 
incoming data into something less than 30K so that the buffer 
could be dumped onto disk, and then cleared to accept the 
next lot of 30K. 

SOME COMMENTS ABOUT THE INDUSTRY ITSELF 
In these past five years or so, I have discovered that there are still 
a lot of "get rich quick merchants" in the personal computer in-
dustry, in particular the business software. I won't go into specific 
detail, suffice to say that there is a dearth of Australian-oriented 
CP/M full-bodied accounting software available, at what I might con-
sider a " reasonable" cost (under $500). 

Computer technology is going ahead in large leaps and bounds, 
16- and 32-bit systems, MSDOS and PCDOS seem to be becom-
ing the industry standards; every man and his dog are producing 

IBM and APPLE look-alikes at give-away prices, but with all this 
new technology, I still believe there are " horses for courses". I do 

not accept the argument from many writers and reviewers that 8-bit 
and CP/M systems are on the way out, or have gone out. My per-
sonal experiences have proven that. No doubt many will howl me 
down as being non-progressive and resistant to change. 

Quite the contrary actually, t recognize that 16/32-bit high ca-
pacity RAM (256K + ) is a necessity for medium-sized businesses, 
engineering and scientific work, and large businesses go for mi-
nis and main frames. 

However, there are may thousands of hobbyists, hackers and 
one man businesses like ours who really don't need, nor can af-
ford, expensive hardware and software. 
One of the main criteria for the small businessman and his com-

puter system must surely be backup and service. An old friend often 
says to me, " If you pay peanuts, you get monkeys!!" 

I have discovered many monkeys out there in the computer in-
dustry, and plenty of gorillas on the sales side. I am astounded 
at the lack of technical knowledge from most computer sales per-
sonnel who really know little of the product they are selling. If you 
know nothing about computers and are looking to purchase a small 

business systems, go to an established trader who deals in recog-
nised brands and don't be tempted by slick advertising and cheap 
prices. 

Shop around, it is the only way to learn. 
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The solution 
Each file on the Co-Co VIP Database contained 17 fields, and 
our file lengths were 497 bytes, but as the VIP Database sys-
tem allocates 512 bytes minimum per file, we designed each 
file to maximise the space available instead of wasting it. 

I wrote a small BASIC program for the Co-Co, based on 
the examples shown in the Co-Co disk manual. This took text 
from the Co-Co's disks in 512 bytes and put it into the 
"FILES" buffer in exact proportions of each field in the 512 
byte file. The disk manual is not very specific with this, so 
here is a description of the program. 
The program is fairly simple and straightforward, and no 

doubt a " real" programmer could drive a truck through the 
holes in it, but at least it works extremely well in its raw state. 

Lines 1-6 print a screen message as to which disk file num-
ber is to be printed, and is an indicator to the operator as 
to the next group of 50 files to be sent to the buffer. 

Lines 9 and 10 set up the buffer storage area, and calls the 
data file from the disk. 

Line 12 allocates the buffer into the data base fields and 
specific characters. 

Lines 14 and 15 are the operator file number input as deter-
mined by what is displayed on the screen as a result of lines 
1-6. 
Lines 30-50 directs buffer output to either the screen ( line 
45), or the printer ( line 50). Edit these lines as appropriate 
by placing a REM indicator at the start of the line you don't 
want. 

As the No. 2 computer (the Microbee in my case) substi-
tutes for the printer, the output data will go straight into the 
No. 2 computer's input buffer, as discussed elsewhere in this 
article. 

Lines 64-75 determine how many files are to be sent to the 
buffer. 

Lines 78-100, as the number of files as specified are reached, 
the program prints the next file NUMBER to be copied at 
the top of the screen, clears the buffer, and re-runs the pro-
gram which evaits operator input. 

During this pause, the operator can check the accuracy of 
the data received on No. 2 computer. If any transfer errors 
are detected, that buffer can be cleared, and the same data 
sent again from No. 1 computer. 

Once a satisfactory transfer of a group of files has been ob-
tained on No. 2, they are then saved under a separate file-
name on No. 2's disks. The buffer is cleared, then the process 
starts over again for the next batch of 50 files from No. 1 
computer. 

When the last file on the disk is encountered on No. 1, an 
"1E" error occurs. I should have cleaned up the program so 
that the computer would reset properly, but no harm is done. 
I didn't worry about closing the " D" buffer, and just ran the 
program again for each new disk ( in our case there were nine 
data disks). 

The entire process was quite time consuminB in design-
ing the program to work efficiently, but it was very reward-

FIGURE 1 

1 PRINT" INPUT THE NUMBER OF THE FIRST FILE TO BE 

COPIED, AS DISPLAYED IN THE TOP 

2 INPUT ZS 
3 Z=VAL(Z$) 
4 Y=Z+49 
5 ' Z=OPENING FILE, Y=CLOSING 
6 CLS:PRINT" FIRST FILE NOW BEING COPIED IS " Z:PRINT AND THE 

LAST FILE WILL BE " Y:PRINT" ALSO, 
NOW ENTER THE NUMBER DISPLAYED IN THE TOP right hand corner" 

9 FILES 1,512 
10 OPEN " D",#1,"FILENAME.DAT",512 
12 FIELD # 1,6 AS A$,40 AS B$,51 AS C$,51 AS D5,48 AS ES,20 AS 
F5,19 AS G5,8 AS 1-15,27 AS 15,17 AS J5,12 AS K5,17 AS L5,28 AS 
MS,54 AS N5,54 AS 05,24 AS P5,21 AS QS 

14 INPUT RS 
15 R=VAL(RS) 
30 GET#1,R 
45 ' PRINT AS R,A$;13$;CS;DS;ES;FS;GS;HS;IS;JS;KS;LS;MS;NS; 05 ;PS; 

QS 
50 PRINT #- 2,A$;B$;C$;DS;E5;FS;GS;H$;15;J$;KS:L$;M 5 ;N$; 05 ;P$;C;1$ 

64 IF R=50 THEN 90 
65 IF R=100 THEN 90 
66 IF R=150 THEN 90 
67 IF R=200 THEN 90 
68 IF R=250 THEN 90 
69 IF R=300 THEN 90 
70 IF R=350 THEN 90 
71 IF R=400 THEN 90 
72 IF R=450 THEN 90 
73 IF R=500 THEN 90 
74 IF R=550 THEN 90 
75 IF R=600 THEN 90 
78 R=R+1 
90 CLS:PRINT R+1:CLOSE#1 

100 RUN 

left hand corner" 
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ing and one learns a lot from this type of experimentation. 
I wrote the program so that only 50 files at a time would 

be transferred to the Co-Co's RAM, and then pause for the 
next instruction. Instead of driving the printer, I construct-
ed a patch cable from the Co-Co to the Microbee, with the 
ASCII data output from the Co-Co going to the REG DATA 
terminal on the Microbee's RS232 port, pin 3, with system 
ground on pin 7 (saved myself about $50 for about half an 
hour's work for the connecting cable alone). 
This used 25.6K of memory in the Microbee's TELCOM 

buffer, well within the 30K buffer limit. I could have sent 58 
files to the buffer, but it was easier to keep track of with mul-
tiples of 50. 
The data transfer worked, although cumbersome and time 

consuming, the entire 3000 data base files from the Co-Co 
VIP Database were transferred onto the Microbee in ASCII 
format, and then dumped to the Microbee's disks in individu-
al 50-file segments. 

I found that 2400 baud and slower was the best transfer 
rate, as 4800 and 9600 baud missed one or two bytes and 
messed up the data collection. At 2400 baud, we were 100 
per cent successful. 

DBasing it 

The next problem was to get the data received by TELCOM 
and saved on the disks, onto DBase II. This was quite intri-
cate. I configured the DBase II fields into exactly the same 
number of fields and characters as we had on the original 
VIP Database and appended to the new DBase II filename 
using the Microbee's "logical" drive (drive "L") in system 
data format (SDF). It took a couple of hours to complete the 
job, but we were again 100 per cent successful. 
We discovered how really versatile DBase II and the 128K 

Microbee are, as we were also able to convert the new DBase 

II files into a smaller file length of 252 characters instead of 
a minimum of 512 on the Co-Co-s VIP Database. We were 
also able to copy the DBase II file into Mailmerge format 
which can be directly read by Wordstar in the non-document 
mode for personalising circular letters etc. 
So there you have it!, a complete new system incompati-

ble with the previous, but now containing all of the fruits 
of our labours with VIP Database, without having to re-type 
the entire list. 

Observations 

I have now taken a critical look at both systems, and for my 
specific purposes have decided CP/M is the only way to go, 
especially the disk-based Microbee, and for any small busi-
ness with the range of packaged software available, it is hard 
to beat and at much reduced cost to the bigger names. 
After several months of operation with the Microbee, we 

have found it operates perfectly for at least eight hours per 
day, and up to seven days a week. We are now looking around 
for a 10-20M hard disk drive to complement the system. 
Wouldn't you know it, Microbee has just released a 10 

Megabyte hard disk drive for about $1200 installed! I don't 
know how they do it, but it has certainly paid me to buy "Aus-
tralian Made". 
Well done Microbee!, but by the way, if Tandy's prices were 

a litle more "realistic" by comparison, we would have stayed 
with the brand which had already given us faithful service 
previously, and probably never discovered the real benefits 
of computing with the Microbee. The TRS80 Co-Co has now 
been sold. 
Our secretarial work has grown steadily over the last few 

months, so much so that we purchased a second Microbee 
and printer as a back-up unit to the first. Also I needed a com-
puter for the amateur radio side of things, didn't I? 

DSI-32 IBM PC 
XT AT — 
Compatible 
Coprocessor. 

UNIX 

SERIES 32000TM 

SYSTEM 
V.2 

VAX TM equivalent power C. FORTRAN_PASCAL compilers 

MS PC Dos Environment 

Contact. Daniel Anisimoff or Charles Begg (02) 888 3674 

Distributed in Australia By: Pepete Pty Ltd. P.O. Box 417 Nth Sydney 2060 
Serres 32000 is a Registered TradeMark of National Semiconductor Corp 

VAX is a Registered TRADE MARK of DIGITAL EQUIPMENT CORPORATION. 
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BeeBuzz 

Ports: getting 
it in and 
putting it out 
A COMPUTER ISN'T GOOD FOR MUCH if you can't put 
it to a practical use to do some work for you. You can make 
nice things happen oh the screen of course, as seen in games, 
but you couldn't really call that work! For practical purposes, 
you've got to be able to get information in and out of the com-
puter, and send it to devices such as printers, plotters, or 
other computers at the end of a telephone line. The part of 
the computer where information flows out and in, is called 
a PORT. 

Ports are usually of two different types: serial and parallel. 
The serial port sends and receives 8-bit data bytes by han-
dling each bit in turn, one at a time. This is done at some 
pre-arranged rate of bits-per-second, or baud rate. Serial 
printers usually run at 1200 bauds, or bits per second. A re-
mote computer that you access through the telephone net-
work usually transfers data at 300 bauds, although the 
popular Viatel system uses two rates ... 1200 bauds for 
receiving information from the system, and 75 bauds for 
sending information into the system. 

Parallel ports send and receive all eight bits at a time 
through eight wires running side by side, or "parallel". There 
are usually a couple of control lines as well. . . one tells the 
receiving device that a data byte is being sent, and the other 
is for the receiving device to acknowledge receipt of the data. 

PARALLEL PORT 

DAG -0 13 - - 1 SERIAL PORT 

1-05   0 

2 -0 12   0 

3 -0 4 - - 1 

4 -0 11 - - 1 

5-03   

6 -010   0 

DA7 -0 2 - - 1 

DB-15 SOCKET 

2-0 

3 -0 

DB-25 SOCKET 

ONE BIT 

nnri 
1 0 10101 

the parallel port in some way. The easiest way to make use 
of the parallel port is through BASIC, using the inbuilt in-
structions "IN" and "OUT". Here's how you can try it for 
yourself: 

If you've got a joystick, plug it in (yes, yet another use for 
the parallel _port). Now, from Microworld BASIC, type 
"PRINT IN(0)" and then hit RETURN. The computer should 
respond with "255". BASIC treats the state of a port as a vari-
able, and we have specified the one at address 0, which is 
the parallel port. 
Now, type "PRINT IN(0)" again, but before you hit 

RETURN, press the FIRE button on the joystick. This time 
the computer should respond with "127". If you press the 
joystick forward and try again, the computer should print 
"254". Moving the joystick in other directions should 
produce different numbers. 
When the joystick is connected, all the data lines are pulled 

to logical high (+ 5 volts) by some resistors within the joystick, 
or maybe within its plug. When you move the joystick or press 
the fire button, the switches short the selected line to ground. 
The fire button is tied to the "DATA BIT 7" (DB7) line, the 
highest-numbered one. So when it's pulled low, the result-
ing number from the port changes from 255 to 127. In the 
case of the "forward" switch, it is tied to DATA BIT 0 (DBO), 
the lowest one. So when you press the joystick forward, the 
number changes from 255 to 254. 
The other BASIC command, "OUT", lets you send a speci-

fied number out to a port at a particular address. The syntax 
is something like "OUT 0,255" to send the number 255 to 
port 0. This would set all its eight data lines high. If there 
were little lights hooked up to the lines, all eight would light 
up. To do this practically, though, you would need to use a 
driver chip or some transistors. The port doesn't have the 
"guts" to drive lights directly, or anything else for that mat-
ter. It just supplies information and external electronics must 
do all the dirty work. 

The Microbee has one serial port and one parallel port, 
although physically they are two halves of one parallel port 
integrated circuit. The 'Bee uses software techniques to send 
serial bits out of one of the eight data lines, and it uses others 
in the same half of the chip for serial port control lines. The 
cassette interface, and even the speaker, are connected to this 
same half of the chip. The other half of the same chip is 
brought out to a 15-pin connector on the back. You can hook 
a parallel printer to it, or use it for anything you desire. Other 
computers, such as Apples, don't usually have built-in ports. 
You can get the type of port need, serial or parallel, on 
a card which you plug into a' slot within the computer. 
The Microbee's parallel port is a most useful device, and 

just about every project I've designed for the 'Bee has used 
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'Shifting gears' in the PIO 
There is obviously some software in BASIC that "shifts the 
gears" within the port chip, changing it from an input or an 
output as required. But if we want to use the port chip 
without the help of BASIC, we must "shift its gears" our-
selves. This will usually be done from a machine code pro-
gram. We won't delve too deeply into it, but here's a brief 
outline of how you use the chip for your own purposes. 

In a Microbee, with a Z-80 microprocessor, the chip is 
called a "Z-80 PIO" for "parallel input/output" controller. 
It's a big 40-pin chip that looks exactly like the microproces-
sor itself. Considering all the functions it performs, it's a fairly 
inexpensive chip, which is fortunate. If you're like me, you'll 
likely blow a few of them up with your experiments. 

The chip contains two, more or less identical, sections with 
each consisting of eight data lines and two control lines. The 
section brought out to the rear plug on the Microbee is known 
as Section A of the chip. Section B handles the serial port, 
the cassette, the speaker, and even the on-screen clock coun-
ter in some ROM-based 'Bees. 
The Z-80 sets aside 255 special memory areas, apart from 

its normal memory addresses, for use by in/out chips. These 
are accessed by the machine code instructions "IN" and 
"OUT" (surprise, surprise!). The PLO in the Microbee is at 
address 0, as we found in the BASIC experiment. Any INs 
and OUTs involving address 0 will affect whatever is plugged 
into the 15-pin plug on the back of the 'Bee. 



with Tom Moffat 

Associated with each in/out section of the PIO is a "con-
trol register", through which you send the commands to tell 
the PIO things like whether it is to be an input or output. Each 
control register has an address which is one higher than the 
port it controls. So the control register for port 0 is at ad-
dress 1. At address 2 is the B section of the PIO, the part with 
all the serial goodies hooked up to it. And section B's con-
trol register is at address 3. 

With this in mind, we can now make the parallel port do 
our bidding. If we want it to be an output, we send the hex-
¡decimal number "OF" into the control register at address 
1. We first put the "OF" into the A register and then use the 
assembly language command "OUT" (1),A". with that done 
we can now send whatever we want out the port with com-
mands like "OUT (0),A" where the A register has the num-
ber we want to send. 

To make the port an input, we first put the number "4F" 
into the A register and then send "OUT (I),A" to the control 
register. We can then read the state of the port's data bits 
with the command "IN A,(0)". The A register would then con-
tain the number collected from the port. 

Another mode of operation is "bidirectional". This makes 
use of all four control lines from both halves of the chip. Since 
those from Section B are not brought out on the Microbee, 
this mode is of little use. In fact, in these early examples, we 
haven't taken any note of these "handshake" lines. If they 
don't get the response they expect from some external device, 
they may cause the whole computer to "hang up". To pre-
vent this, you can trick the PIO by tying the control lines 
together so they just talk to each other! 
ADDR CODE LINE LABEL MNEM OPERAND 

0488 
0A00 

8A80 
0A03 
8A85 
OA87 
BA89 
8A8C 
BABE 
BAI8 
GAI 2 
0A14 
IDA17 
'Ale 
0A19 
0A1C 
BAIE 
8A28 
0A23 

3A43AB 
FEB4 
2005 
3E51 
32EBOB 
3ECF 
0301 
3EFF 
0301 
21180C 
7E 
23 
CD4280 
FE3F 
28E7 
CDF4OB 
18FB 

80100 ; LostenIng Post nnn Comblned RTTY, Morse, 
00110 greceivIng program. Tom Moffat, April 29, 
00120 
00130 OEFR 16 
00140 ORB 00;00 
00150 
88160 OnItealixe Clock and PIO and select rec..... mode. 
00170 
00180 LO 
00190 CP 
08208 JR 
00218 LO 
80228 LO 
88230 LO 
08248 OUT 
08258 LO 
00260 OUT 
80278 LO 
00280 OPEN LO 
08290 INC 
08300 CALL 
08318 CP 
08328 JR 
08330 CHOOSE CALL 
88348 JR 
80350 

and Fax 
1995. 

A,(0All143) 

884 ;CHECK IF 2 OR 3.375 MHZ CLOCK 
NZ,te7 
A,51 ; FOR 2 MHZ CLOCK 
(CLOCK),A 
A,8CFH ; SET PIO FOR CONTROL MODE 
(1),A 

A,BFFH ; SET ALL LINES AS INPUTS 
(1),A 
HL,MESS ; DISPLAY SION-ON MESSAGE 
A,(HL) 
HL 
8042 ¡VDU 

;END OF MESSAGE, 
NZ , OPEN 
JMPKEY ; LOOP UNTIL A KEY IS PRESSED 
CHOOSE 

Here's a practical example: the first 20 lines or so of the 
Listening Post program contains the setup conditions for 
the P10. 

A fourth mode of PIO operation is called "CONTROL". 
This is the one you will find most useful for experimenting, 
since you can make the port be an input and an output at 
the same time. If, for instance, you want lines 0, I and 2 to 
be inputs, and 3-4-5-6-7 to be outputs, you first set up the con-
trol mode by sending "CF" to port address I. You must then 
prepare a binary number to tell the PIO which lines are to 
be inputs and which are to be outputs. Any "1" in the num-
ber makes that data bit an input, and a "0" makes it an out-
put. Just remember that I looks like I, and 0 looks like 0, and 
you'll remember which is which. 

To set up data bits 7-6-5-4-3-2-1-0 as described above, the 
required binary number would be "00000111", or in hex-
idecimal, "07". Now send this to port address 1, following 

the "CF". You now have five outputs and three inputs at port 
0. 
This information only scratches the surface of the PIO. The 

device is capable of all kinds of magic things, like triggering 
off interrupts when some input line changes. If you'd like to 
become really proficient in PIO-ology, get a copy of the book 
Z-80 Assembly Language Programming by Lance Leventhall. 

Listening Post update (again) 
A couple of new happenings on the Listening Post front: 
First, I'd like to welcome back with open arms some decent 
radio propogation conditions. We've been on a long dry spell 
for many months, with all the normal daytime radio frequen-
cies dead. The only daytime reception has been on the usual 
nighttime frequencies, such as 5 MHz. And FAX pictures 
have been pretty scruffy. As of just before Christmas, things 
improved dramatically, and now we're getting beautiful, clear 
FAX pictures though on 13 MHz and above, from both AXM 
and overseas stations. 

And from mid-December, AXM has had a major change 
of program. They've deleted most of their teletype and gone 
almost all FAX. (There's still plenty of RTTY about from other 
sources.) The format of the pictures have been changed in 
some cases, and new types of charts have been added. A cou-
ple of their latest charts are reproduced here. 

Some recent Listening Post FAX printouts from station 
AXM. Decent reception has returned! 

(Prescience: Your editor tells me my New Year Speculation in the January is-
sue was spot on! Microbee's new baby is called "the gamma", just one of a 
family, due for release this year.) 
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Just Hamming AROUND! kleONBUIELD 

40-CH UHF 
TRANSCEIVER 
WOW! Enter the exciting world of HAM radio and save 
$5 with a DSE kit.., you don't have lobean Einstein to 
put this beauty together!! It's got the features and 
performance of 'off the rack' units —that's why it is such 
a great buy. 
• 40 Channels within the 438.025 - 439MHz frequency 
range 

• Sensitivity: 0.4uV for 20dB quieting 
• Selectivity: -6dB 7.5kHz; -60dB 15kHz 
• Adjacent channel rejection: better than 80dB 
• Power output: 5W (typical) 
Cat K-6300 

19 
NSW 
Swift & Young Sts. 
T55 Terrace Level 
Shop 1, 65-75 Main St 
613 Princess Hwy 
Oxford & Adelaide Sts 
531 Pittwater Rd 
Campbelltown Mall Queen St 
Shop 235. Archer St Entrance 
147 Hume Hwy 
164 Pacific Hwy 
315 Mann St 
4 Florence St 
Elizabeth Dr & Bathurst St 
450 High St 
173•Maitland Rd, Tighes Hill 
Lane Cove & Waterloo Rds 
George & Smith Sts 
The Gateway High & Henry Sts 
818 George St 
125 York St 
Treloar's Bldg. Brisbane St 
263 Keira St 

YAESU 
FT-757 
GX 
Second to none! A 4 bit microprocessor 
controlled transceiver designed for the 
dedicated Ham: 
• 100W continuous Output (SSB/CW/FM) 
• Built-in mode and WARC HF bands 
• Twin VFOs and 8 memories 
• Covers:- TX 10. 12, 15, 17. 20. 30. 40, 80, 
160 metre bands; RX 0.5-30MHz 

• Tuning steps: 10HZ and 500Hz 
• PLUS MORE FEATURES!! 
Cat D-2940 

'1395 

YAESU 
FP757HD 

HEAVY DUTY 
Just what the doctor ordered for 

enthusiasts. Maintains its cool 
during long qsos. Rated at 13.8V, 
20A continuous (30 minutes lx, 30 

minutes rx) $395 Cat D-2945 

FT-290R 
Have the best of both 
worlds! Be ready for all 
mode action (not AM). 
Features: 10 memories, 
recall and scanning. Covers 
144-148MHz freq. range. 
Power output: 2.5/0.5W at 
12V, CW/FM/SSB. 
Cat D-2885 

'599 

AUTOMATIC ANTENNA 
COUPLER FC757AT 
It thinks for itself! Remembers which antenna you selected for a 
particular band plus settings, etc. Built-in 4 bit microprocessor 
quickly matches impedance. Features self calculating SWR 
meter and built-in RF wattmeter. 
Cat D-2942 

STORE LOCATIONS 
Albury 21 8399 
Bankstown Sq 707 4888 
Blacktown 871 7722 
Blakehurst 546 7744 
Bondi Junction 387 1444 
Brookvale 93 0441 
Campbelhown 27 2199 
Chalswood Chase 411 1955 
Chullora 842 8922 
Gore Hill 439 5311 
Gafford 25 0235 
Hornsby 477 6833 
Liverpool 600 9888 
Maitland 33 7886 
Newcastle 61 1896 
North Ryde 88 3855 
Parramatta 889 2188 
Penrith 32 3400 
Railway Square 211 3777 
Sydney 287 9111 
Tamworth 68 1961 
Wollongong 28 3800 

ACT 
96 Gladstone St 
VIC 
Creswick Rd & Webster St 
145 McCrae St 
Shop 46.Box Hill Central.Main St 
Hawthorn Rd & Nepean Hwy 
260 Sydney Rd 
1150 Mt Alexander Rd 
Nepean Hwy & Ross Smith Ave 
Shop 9 110. High St 
291-293 Elizabeth St 
Bridge Rd & The Boulevarde 
Springvale & Dandenong Rds 
OLD 
157-159 Elizabeth St 
166 Logan Rd 
Gympie & Hamilton Rds 
Queen Elizabeth Dr & Bernard St 
Gold Coast Hwy & Welch St 
Bowen & Ruthven Sts 
Kings Rd & Woolcock St 
Cnr Pacific Hwy & Kingston Rd 

Fyshwick 80 4944 

Ballarat 31 5433 
Bendigo 43 0388 
Box Hill 890 0699 
East Brighton 592 2368 
Coburg 383 4455 
Essendon 379 7444 
Frankston 783 9144 
Geelong 43 8522 
Melbourne 87 9834 
Richmond 428 1814 
Springvale 547 0522 

Brisbane 229 9377 
Buranda 391 6233 
Chermside 359 6255 
Rockhampton 27 9644 
Southport 32 9883 
Toovroomba 38 4300 
Townsville 72 5722 
Underwood 341 0844 

SA 
Wright & Market Sts 
Main South & Flagstaff Rds 
Main North Rd & Darlington St 
24 Park Terrace 
WA 
Wharf St & Albany Hwy 
66 Adelaide St 
William St & Robinson Ave 
Centreway Acde. Hay St 
TAS 
25 Barrack St 
NT 
17 Stuart Hwy 

'449 

Adelaide 212 1962 
Darlington 298 8977 
Enfield 280 6088 
Salisbury 281 1593 

Cannington 451 8866 
Fremantle 335 9733 
North Perth 328 6944 
Perth City 321 4357 

Hobart 31 0800 

Stuart Park 81 1977 

Dear Customers, 
Quite often, the products we advertise are so popular they run out within a few days, or unforseeen circumstances might hold up shipments so that advertised lines are not in the 

storesby the time the advert aPPears. And very occasionally, an error might slip through our checks and appear in the advert (after all, we're human too!) Please don't blame the store 
manager or staff: theyCannot solvea dock strike on the other sideof theworld, nor fix an error that'sappeared in print. If you'reabout to driveacrosstown to pick upan advertised line, 

why not play it safe and give them a call first ... just in case! Thanks. Dick Smith Electronics. 

MAJOR DICK SMITH ELECTRONICS AUTHORISED RESELLERS 

NSW: • Rabin*: & Cummings 8 Co. 91-93 River St 86 2284* Utladaital Punis Electronics. 10 Wason Street. 55 39890 Sorrel: Barry Gash Electronics. 370 Bong Bong St 61 2577* Broken Hill: Hobbies 6 Electronics. 31 
Oxide St 88 4098 • Charlestown: Nevetronics 131 Pacific Hwy 43 9600 • Cons Harbour: Cons Harbour Electronics. 3 Colts Plaza. Park Ave. 56 5684 • DenlliquIni.Deni Electronics, 220 Cressy St. 81 3672 • °Word: 
Tomorrows ElectroniCS&HiFi. 68 William St. 24 7246 • Liernorei Docto 3A/6-18 Carrington St. 21 4137 6 Pod Macquarie: Hall of Electronics. Horton Centre. Horton St. 83 74 40 • Orange Fyle Electronics 173 SurnmerSt. 
62 6491•TumucTurnut Electronics Wynyamd Si. 47 1631* nosed Heads:Stuart Street Electronic Sales, Stuart St. 367 5744 • Swansea: Swansea Electronics. 184 High St. 71 1674 • Waggai Phillips Electronics 82 Forsyth 
St. 21 6558* Wind.= Al 8 E Electronics. Sh7. Mc Ewans Arcarde, 206 George St. 77 5935 .Young Keith Donges Electronics 186 Boorowa St 82 1279 VIC:• Hamilton: John Thompson 8 Co. 138-148 Gray St. 72 2000• 
Schwa: Webster Electronics. 220 Packeharn St 82 2956. Miklunt: McWilliams Electronics 110A Langtree Ave, 23 6410* Homan: Morwell Electronics. 95 George St. 34 6133 • Shepparton: GV Electronics Centre 100 
High St, 21 8866 CILO: • Bunclaberty. Bob Elkin Electronics. 81 Bourbong St. 72 1785 • Cairns: Electronic World Shop 27 K-mart Westcourt Plaza. 51 8555* Gladstone: Purely Electronics Shop Cnr. Herbert & Auckland 
Sts 72 4321 • blacker. Stevens Electronics. 42 Victoria St. 51 1723 • blatyborough: Keller Electronics. 218 Adelaide St. 21 4559 • Mt lam Outback Electronics Shop 71 Barkley Hwy 43 3331 • Rockhampton: %nth' 
Electronics. 15 East St, 21 058 SA,. Mt Gambier: Hutchessons Communications. 5 Elizabeth St, 25 6404 • Whyalla: Eyre Electronics S hop 2 Forsythe St. 45 4764 WA: • Albany:Micro Electronics 133 Lockyer Ave 41 3432 

TAS: • Launceston: Wills Electronics 5A The Quadrant. 31 5688 

= CRESS ORDER SERVICE 
Use your Bankcard, Mastercard or Visacard. 

Just Phone 008 226610 (toll free) for, despatch of 

your orders. Enquiries: By mail or phone (02) 888 2105 

Fax ( 02) 888 3631 Telex AA20036 

POST á Order Value Charge Order Value Charge 

PACKING $5.00 - $9.9J $2.00 $50.00 - $75.00 $6.50 

CHARGES $10.00 - $24.99 $3.50 $75.00 or more N.A. 

$25.00 - $49.99 $4.50 

Terms available to approved applicants 

SA Customers: Credit facilities available through t3G1E1 

Adelaide: 10 Pulteney St Adelaide 

ORD, 
FR ,:-:TS oven $ 

D ELIV 75 ERy 

VISA 

ELECTRONICS 
PTY LTD P.O. Box 321, North Ryde N.S.W. 2113. Tel: 888 3200 

B 132/RB 
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NEW PRODUCTS NEWS 

New range of 
switchmode 
supplies 

mtex Electronics has released a new range of five 

Boschert switchmode supplies each featuring four out-
puts comprising special dual + 12 V outputs along with + 5 
V and -12 V outputs. 
The dual output is especially 

designed for computer applica-
tions to enable independent 
powering of the disc drive and 
monitor with no interference 
between the two. The + 5 V sup-
ply is for general logic and the 
—12 V is for the RS232 port. 
There are five models rated 

from 60 W (XL 50) to 160 W (XL 
160) continuous output. They 
include input surge protection, 
short circuit protection and 110 
Vac/220 Vac selectable input. 

Details from Amtex Electron-
ics, 36 Lisbon St, Fairfield, 
NSW. (02) 728 2121. 

Basic dc accuracy is given as 
2%. 

Pocket calculator 
sized DMM 

easuring a mere 108 mm 
tall by 56 mm wide by 

10 mm slim, and weighing just 
80 grams (inc. batteries!), Dick 
Smith Electronics' new Q-1555 
digital multimeter slips easily in 

1P3OCkeet 
pertacarteet cnvit1/44 

the pocket, yet features a 
3.5-digit LCD readout and 13 
measurement ranges. 

On dc and ac volts, it boasts 
four ranges each, up to 400 V. 
On resistance it has five ranges 
from 200 ohms full-scale to 2M. 

Better yet, it has autoranging 
plus an audible continuity test 
and permanently attached 
probe leads. At $49.95, you 
should check it out at your 
nearest Dick Smith store or 
dealer. 

Allen-Bradley 
acquire Relco 
Singapore 

A lien-Bradley, the US-based 
electronics components 

manufacturer and supplier, has 
acquired majority ownership of 
Relco Industries Private Ltd of 
Singapore. 
Relco makes cermet thick film 

resistor networks and chip 
resistors widely employed in 
electronics equipment from test 
gear to telephones, computers 
and communications 
equipment. 
Rodney Salzwedel, V-P of 

Allen-Bradley's International 
Division, says the move will 
directly benefit their Australian 
customers. Allen-Bradley is a 
Rockwell International compa-
ny. Further details from Allen-
Bradley Pty Ltd, 37 Chapman 
St, Blackburn 3130 Vic. (03) 
899 0335. 

RF video modulator 

A nnounced recently by GFS 
Electronic Imports was 

MF) Enterprises' new RF video 
modulator, Model MFJ-1431A. 

The RF modulator converts 
video and audio signals to Aus-
tralian VHF channels 1 or 3. 
These video/audio signals from 
units which do not have a built-
in RF modulator, such as com-
puters, video cameras, VCRs, 
image enhancers or distribution 
amplifiers, can then be moni-
tored on a standard PAL colour 
TV set. 

The MFJ-1431 is set up to ac-
cept standard level video and 
audio signals, although internal 
level controls are provided to 
cater for the situation where 
non-standard levels are present-
ed to the modulator. 

Input and output impedances 
of 75 ohms or 300 ohms may 
be achieved by using a ba-
lun/switch, which is supplied. 
All the necessary cabling is 
provided. Operation is from 12 
volts dc or from an optional 12 
V, 300 mA ac adapter. 

GFS advise that the price of 
the RF Modulator is $215 plus 
$7 P&P. Contact GFS Electron-
ic Imports, 17 McKeon Road, 
Mitcham 3132 Vic. (03) 
873 3777. 

Get the facts, man! 
airchild's Advanced CMOS 

E Technology, known as 
'FACT', is based on their two 
micron CMOS process, said to 
be the fastest in the business. 

Fairchild claim it sits in a lead-
ing edge position and removes 
any customer need to use: 
74ALS 
74HC 
74LS 
4000 

in that order of priority in any 
new project from now on. 

Being CMOS, it is easily inter-
faced with CMOS microproces-
sors and memory devices for 
operating frequencies under 65 
MHz, or can perform very well 
as stand-alone logic. 

It is made of the same two 
micron process used for their 
gate-array CMOS family for the 
just- introduced 32-bit 
microprocessor denominated 
'clipper'. 

For further information, con-
tact: Mr Robert Ross, Applica-
tions Engineer, Fairchild 
Australia, PO Box 19, 
Nunawading Vic. 

French frequency 

A new signal generator 
manufactured by the 

French instrument firm. Adret 
Electronique, has been released 
by Vicom Australia. Dubbed 
Model 742A, it covers the fre-
quency range of 100 kHz to 2.4 
GHz with a resolution of 10 Hz 
to 1.2 GHz and 20 Hz to 2.4 GHz 
the company claims. 

aim 
:111: 

_ o 

Z p 
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The 742A is based on the suc-
cessful 740A and has resulted 
from customer needs and appli-
cations in the 1-2 GHz spec-
trum. Its spectral purity close to 
the carrier, the quality of its 
modulation and its very low 
residual FM make the 742A an 
excellent signal generator for 
research and development, 
production and servicing appli-
cations, Adret say. 
The 742A will be available 

from April 1986 and all en-
quiries should be directed to 
Vicom in Melbourne 
(03) 62 6931, Sydney 
(02) 957 2766 or Brisbane 
(07) 229 0278. 

Zeners cut 
the crap 

Transient absorptive zeners 
for absorbing power supply 

transients are claimed to be su-
perior to metal oxide varistors 
in this application as they do not 
suffer long term degradation, 
according to the manufacturers. 
Thomson semiconductors 

manufacture a wide range of 
transient absorptive zeners, 
called ' transit', in mono and bi-
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NEW PRODUCTS NEWS 
directional types in rated oper-
ating voltages from 5 to 500 
volts and featuring picosecond 
response times. A wide range of 
package styles is available. 
A new version, called `trisir, 

goes to a short when overload-
ed. providing a solid state 
equivalent of the gas-filled tran-
sient arrestor. These devices 
have application on telephone 
and data communications lines. 
The transil and trisil devices 

are distributed by Promark 
Electronics, PO Box 381, 
Crows Nest 2065 NSW. (02) 
439 6477. 

Unique construction 
for miniature 
trimmer capacitor 

M urata Mfr has evolved, 
through long exper-

nonce in the ceramic capacitor 
field, a new compact range of 
trimmer capacitors less than 
5 mm in height. 
The new TZ Series Trimcap 

features unique construction 
without a centre axle which 
used to be indispensable with 
any conventional ceramic trim-
mer capacitor. 

The axle-less contraction of 
the Murata TZ Series Trimcap 
offers many advantages over 
conventional trimmers, says the 
makers: excellent linear TC and 
capacitance drift; special care 
for chips and cracks is unneces-
sary. unlike conventional cer-
amic trimmer capacitors; a 
flame retardant plastic case; 
one-piece construction of the 
case makes the Murata TZ Ser-
ies ideal for dust and flux-proof 
requirements; mounting height 
is 4.8 mm. 
Nine different capacitance 

ranges are available, each phys-

icaliv the same dimensions (6.0 
x 4.8 mm) with a 5 mm lead 
spacing. IRH Components stock 
all nine values in the top adjust 
style: single ceramic plate type, 
100 Vdc — 2.0-7.0 pF, 3.0-11 pF, 
4.2 pF-20 pF, 5.2-30 pF, 6.8-45 
pF, 9.8 pF-60 pF. In monolithic 
ceramic plate type. 50 Vdc — 
6.0-50 pF 9.0-90 pF, 10 pF-120 
pF. 
Further capacitance values 

will be released from produc-
tion in the near future. IRH 
Components, PO Box 14, Lid-
combe 2141 NSW (02) 648 
5455. 

SWITCH SOLUTIONS WITH MEMBRANES 
Koloona Industries can offer solutions to special switch problems, 
particularly where customised keyboards are required. They dis-
tribute the DMC range of membrane switches which comprise stock 
prototype keyboard kits, modifiable stock switches and custom de-
sign switches. 
The stock prototype keyboard kit may be assembled in minutes 

according to the literature. They are available in 4-key, 12-key, 
40-key, 80-key and 102-key versions. You can choose your own 
key colours and lettering. 

With the modifiable stock switches, you add your own overlay 
to any combination of stock keyboard switches to achieve a cus-
tom design look at a very low cost, making them ideal for proto-
types or small production runs. 

Alternatively, you may order a membrane switch panel to your 
own design. Contact Koloona Industries Pty Ltd, PO Box 297, 
Rivenvood 2210 NSW. (02) 533 2588. 

e TEST AND MEASURING INSTRUMENTS 

OSCILLOSCOPES 

o IKIKUSUI 
Kikusui Electronics 
Corp specialise in high 
reliability oscilloscopes. 
The range covers CRO'S 
from 2MHz to 150MHz, 
including a 100MHz MIL 
SPEC unit. 

2 YEAR WARRANTY 

COS-5020 20MHz, 2 channels 

Compare KIKUSUI's features: 
1. Fast 2ns/DIV sweep speed — provides the resolution for 
timing measurements required of a 20MHz scope. 
2. Trigger level lock — automatically sets trigger level, if 
selected, so there's no resetting between measurements. 
3. Variable Hold Off — synchronises complex repetitive signals, 
like the BURST in a video signal. 
4. Linear Auto Focus — maintains clear bright Signal traces. 
5. Sweep modes — AUTO, MANUAL and SINGLE SHOT. 
6. DC trigger coupling. $629 ex tax $729 
* 2 HIGH QUALITY PROBES INCLUDED * 

f. 
EMONEI INSTRUMENTS 

inCI tax 

Generators 

-y2- FUNCTION GENERATORS 

GFG-8016D 

GW Instruments manufacture a range of 4 versatile function generators. 
Each model provides: 
* Frequency Range: 0.2Hz 2MHz 
* Outputs: sine, triangle, square, TTL, CMOS, pulse and ramp. 
* Voltage Control Frequency input: 0-10V 
* Variable DUTY CYCLE and Variable DC OFFSET 

MODELS: ex tax 
GFG-8015F full function generator, analog display $238, 

GFG-2D full function generator, DIGITAL display $327 
GFG-806S Auto/Manual, Log or Linear Sweep $302 
GFG-8016D with inbuilt FREQUENCY COUNTER $402 

incl tax 

$273 

$376 
$347 
$462 

\_..1 Division of EkIONA ENTERPRISES PTY LTD 
let Floor All correspondence to: 

720 George St PO Box K720 
Sydney moo. Haymarket 2000. 

Phone: (02) 212 4599 latex: AA74500 EMONA 

NSW Davred Electronics, Sydney Phone 267 1385 
Geoff Wood Electronics Ply Ltd Rozelle Phone 810 6845 
VIC Radio Parts Group. Melbourne Phone 329 7888 
OLD Balton Systems Pty Ltd Brisbane Phone 369 5900 
Nortek Townsville Phone 79 8600 
WA Hinco Engineering Pty Ltd Perth Phone 381 4477 

ACT R Electric Components Pty Ltd Fyshw.zk Phsne 
80 4654 
SA Int's Communication Systems Pty Ltd Port Adelaide 
Phone 47 3688 
TAS George Harvey Electronics Hobart Phone 34 2233 
Launceston Phone 31 6533 

90 — Australian Electronics Monthly — March 1986 



Why buy a toy computer when 
you can have the real thing for a 
little more? 
Optional expansion card e.g. 8 slot backplane 
AID converter and DIO 8088 processor 

asic configuration includes 
256kb Motherboard with 8 

sit backplane keyboard 
ase with flip flop lid 
160W Power Supply . 1 
D diskette drive • 
1140 ex tax 

video interface multifunction board optional 20Mb hard disk S1295 inc. tax 

DATASYSTEM 1 the computer that could 
have been designed just for electronics and 
computer enthusiast 

150W power supply 

flip top lid for easy access 

optional 8087 co-processor 

spare power plugs 

12V, 5V for your 

experimental set ups 

TEAC diskette drive(s) 

The DATASYSTEM 1 is a totally IBM compatible PC, it can run 
any program, board or peripheral that will run on an IBM PC 
and we guarantee it. The DATASYSTEM 1 has one extra fea-
ture — accessability — you can get inside the machine easily, 
you can add extra boards, drives, whatever you want. It's ideal 
for the enthusiast who doesn't think a computer is a box that 
crunches numbers. Best of all the DATASYSTEM 1 is quality 
all through, an excellent keyboard, high quality diskette drives 

11ross,... 

_ 
,/ 1111111111111111111 

and superb PC boards with solder masks. Every item is fully 
tested before it is delivered (by people who know computers,) 
and best of all it is backed nationally by Science and Comput-
ing Application (S.C.A.), one of Australia's leading profession-

- 
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al scientific computing specialists. 
With DATASYSTEM 1 you can run all the programs you can 
only dream about with the average home computer, such as 
Flight Simulator, spreadsheets like Lotus 1-2-3 or printed cir-
cuit board programs like Smartwork and Autocad. The possi-
bilities are endless! Don't buy a toy when you can have the 
real machine. Give us a call now. 

Features of the DATASYSTEMII 
• 8088 processor (4.77 MHz clock) 
• optional 8087 co-processor 
• fully socketed motherboard 
• 8 slot backplane with 256Kb RAM 
• 150 W power supply 
• attractive metal cabinet with lift up lid for easy 

access (especially practical for laboratory appli-
cations) 

• High quality IBM-PC style keyboard with indica-
tor LED's 

• TEAC double density or quad density diskettes 
(half height) 

• optional 20Mb SEAGATE hard disks (half height) 
• colour/graphics and/or monographics (HERCULES 

compatible) card; available 
• fully compatible with IBM-PC hardware and soft-

ware (runs Flight Simulator) 
• multifunction cards available with 384K RAM, 

parallel and serial ports, battery backed calendar 
clock. games Port 

• 12 months guarantee 

maim •   SCIENCE & COMPUTING APPLICATIONS 

P.O. Box 251, Kensington NSW 2033, Australia 

Options include monitor. 8087 Maths 
Co-processor, 2nd DD diskette drive, 
multi-function cards, hard disk drives all 
at equally low prices, call us for details. 

Portable Version also available with 
same motherboard and built in 9 inch 
screen — Just $2100 plus sit. 

N.Z.: S.C.A. (HZ.) (09) 665 918 
Vic: L.S.A. (03) 419 7400 
Qld: Baltec Systems (07) 369 5900 
S.A.: Microlog Controls (08) 297 2444 
Tas: HST Industries (002) 34 8499 

Tel: (02) 662 4255 
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aem data sheet 

LM1830 Fluid Detector 
General Description 
The LM1830 is a monolithic bipolar integrated circuit 
designed for use in fluid detection systems. The circuit is 

ideal for detecting the presence, absence, or level of 
water, or other polar liquids. An ac signal is passed 

through two probes within the fluid. A detector deter-
mines the presence or absence of the fluid by comparing 
the resistance of the fluid between the probes with the 

resistance internal to the integrated circuit. An ac signal 
is used to overcome plating problems incurred by using a 

dc source. A pin is available for connecting an external 
resistance in cases where the fluid impedance is of a 

different magnitude than that of the internal resistor. 
When the probe resistance increases above the preset 

value, the oscillator signal is coupled to the base of the 
open-collector output transistor. In a typical application, 
the output could be used to drive a LED, loud speaker 

or a low current relay. 

M/II National 
ea Semiconductor 

Features 
• Low exteraal parts count 

• Wide supply operating range 

• One side of probe input can be grounded 

• ac coupling to probe to prevent plating 

• Internally regulated supply 

• ac or dc output 

Applications 
• Beverage dispensers 

• Water softeners 

• Irrigation 

• Sump pumps 

• Aquaria 

Electrical Characteristics (y4 - 16V, TA = 25°C unless otherwise specified) 

• Radiators 

• Washing machines 

• Reservoirs 

• Boilers 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

Supply Current 
5.5 10 mA 

Oscillator Output Voltage 

Low 
1.1 V 

High 
4.2 V 

Internal Reference Resistor 8 13 25 Is1-2 

Detector Threshold Voltage 
680 mV 

Detector Threshold Resistance 5 10 15 kS2 

Output Saturation Voltage 10 r 10 mA 0.5 2.0 V 

Output Leakage VPIN 12 - 16V 
10 pA 

Oscillator Frequency C1 = 0.001pF 4 7 12 kHz 

Note 1: The maximum junction temperature rating of the LM1830N is 150'C. For operation et elevated temperatures, devices in the dual-in- line 

plastic package must be derated based on a thermal resistance of 175' CAN. 

Schematic Diagram vc, 

Absolute Maximum Ratings 

Supply Voltage 

Power Dissipation ( Note 1) 

Output Sink Current 

Operating Temperature Range 

Storage Temperature Range 

Lead Temperature (Soldering, 10 seconds) 

28V 

300 mW 

20 mA 

—40°C to +85°C 

—40°C to + 150°C 

300°C 

OSCILLATOR 
OUTPUT 

OSCILLATOR 
OUTPUT 

(RUT ) 

OPTIONAL 
OETE TOR FI TER 

INPUT CAPACITOR OUTPUT 
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Typical Performance Characteristics 
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LM1830 
Application Hints 
The LM1830 requires only an external capacitor to com-

plete the oscillator circuit. The frequency of oscillation 
is inversely proportional to the external capacitor value. 
Using 0.001siF capacitor, the output frequency is 

approximately 6 kHz. The output from the oscillator is 

available at pin 5. In normal applications, the output is 
taken from pin 13 so that the internal 13k resistor can 

be used to compare with the probe resistance. Pin13 is 
coupled to the probe by a blocking capacitor so that 

there is no net dc on the probe. 

Since the output amplitude from the oscillator is 
approximately 4 VBE, the detector (which is an emitter 
base junction) will be turned "ON" when the probe 
resistance to ground is equal to the internal 13 id2 
resistor. An internal diode across the detector emitter 

base junction provides symmetrical limiting of the 

detector input signal so that the probe is excited with 

-±2 VBE from a 13 k.S-2 source. In cases where the 131(52 
resistor is not compatible with the probe resistance 

range, an external resistor may be added by coupling the 

probe to pin 5 through the external resistor as shown in 
Figure 2. The collector of the detecting transistor is 

brought out to pin 9 enabling a filter capacitor to be 
connected so that the output will switch "ON" or 
"OFF" depending on the probe resistance. If this 

capacitor is omitted, the output will be switched at 
approximately 50% duty cycle when the probe resis-
tance exceeds the reference resistance. This can be useful 

when an audio output is required and the output 
transistor can be used to directly drive a loud speaker. 

In addition, LED indicators do not require dc excita-

tion. Therefore, the cost of a capacitor for filtering can 
be saved. 

In the case of inductive loads or incandescent lamp 
loads, it is recommended that a filter capacitor be 

employed. 

In a typical application where the device is employed 
for sensing low water level in a tank, a simple steel 

probe may be inserted in the top of the tank with the 
tank grounded. Then when the water level drops below 

the tip of the probe, the resistance will rise between the 
probe and the tank and the alarm will be operated. This 
is illustrated in Figure 3. In situations where a non-
conductive container is used, the probe may be designed 

in a number of ways. In some cases a simple phono plug 
can be employed. Other probe designs include conduc-
tive parallel strips on printed circuit boards. 

It is possible to calculate the resistance of any aqueous 
solution of an electrolyte for different concentrations, 

provided the dimensions of the electrodes and their 

spacing is known. 

The resistance of a simple parallel plate probe is given 

by: 

1000 d St 
R -   • — 

c.p A 

where A = area of plates (cm2 ) 
d = separation of plates (cm) 
c = concentration (gm. mol, equivalent/litre) 

p = equivalent conductance 
(Ç2-1 cm2 equiv.-1) 

(An equivalent is the number of moles of a substance that 
gives one mole of positive charge and one mole of nega-
tive charge. For example, one mole of NaCI gives Na+ + 

Cl - so the equivalent is 1. One mole of CaCl2 gives 
Ca ++ + 2CI - so the equivalent is 1/2.) 

Usually the probe dimensions are not measured 

physically, but the ratio d/A is determined by measuring 
the resistance of a cell of known concentration c and 

equivalent conductance of 1. A graph of common 
solutions and their equivalent conductances is shown 
for reference. The data was derived from D.A. Maclnnes, 
"The Principles of Electrochemistry," Reinhold 

Publishing Corp., New York., 1939. 
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CONCENTRATION (GRAM MOLECULAR 
EQUIVALENTS/LITRE) 

In automotive and other applications where the power 
source is known to contain significant transient voltages, 

the internal regulator on the LM1830 allows protection 
to be provided by the simple means of using a series 

resistor in the power supply line as illustrated in Figure 4. 

If the output load is required to be returned directly 

to the power supply because of the high current required, 
it will be necessary to provide protection for the output 
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FIGURE.1, Test Circuit 
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FIGURE 3. Basic Low Level Warning Device 

with LED Indication 

transistor if the voltages are expected to exceed the data 
sheet limits. 

Although the LM1830 is designed primarily for use in 
sensing conductive fluids, it can be used with any varia-
ble resistance device, such as light dependent resistor or 
thermistor or resistive position transducer. 

The following table lists some common fluids which may 

and may not be detected by resistive probe techniques. 
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FIGURE 2. Application Using External Reference Resistor 
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FIGURE 4. Direct Coupled Applications 

Conductive Fluids Non-Conductive Fluids 

City water Pure water 
Sea water Gasol ine 
Copper sulphate solution Oil 
Weak acid Brake fluid 
Weak base Alcohol 
Household ammonia Ethylene glycol 
Water and glycol mixture Paraffin 
Wet soil Dry soil 
Coffee Whisky 
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/electronics for starters 

The "in and 
out" of "AND 
and OR" 
explained by Theo Baitch 

Modern electronics, particularly digital 
electronics, intimately connected with 
computers, robots and other more 
mundane things, such as the operation 
of courtesy lights in motor cars, would be 
unthinkable without the use of logic 
elements. 

LOGIC ELEMENTS have emerged from developing com-
puter technology in the immediate post-war years. They were 
representing fundamentally the following two basic types: 

• the AND function, expressed electrically as a number 
of switches ( e.g: X, Y, Z) connected in series, so that X and 
Y and Z must be closed to complete a circuit; 
• the OR function, expressed electrically as a number of 

switches (e.g: X, Y, Z) connected in parallel, so that either 
X or Y or Z (or any combination of them) must be closed to 
complete a circuit. 

These functions were called logic functions (or " yes-no" 
functions) not only because of their decision making ability, 
but also because they could be manipulated using a special 
"Boolean" type of logic mathematics. This is a type of 
algebra, named after the English logician and mathematician 
George Boole (1815-1864), in which the elements are of two 
kinds only, and in which the basic operations are the logical 
AND and OR operations, which are normally symbolised as 
multiplication ( x ) and addition ( + ) respectively. The main 
applications of this type of mathematics are the design of 
switching networks and mathematical logic. 

The AND function 

The OR function 

Logic symbols 
In time, each of these logic functions was represented in so-
called logic diagrams (which tied them together) by logic sym-
bols. These were " dedicated" or " distinctive" symbols of a 

specific shape for each of the logic functions. 

Each major firm developing and building its own computer 
model or logic control system tended to independently in-
vent its own symbols. By the mid-' 50s, there were up to a 
dozen logic symbol systems in use throughout the USA, the 
US and continental Europe, leading to chaotic conditions. 

In time, two logic symbol systems emerged out of that con-
fusion and were generally accepted world-wide from the late 
'60s onwards: 
• the originally USA system based on a " curvilinear" rec-

tangle; 
• the originally European (incl. US) system based on a 

semicircle. 

INPUTS OUTPUT 

  1 D-
AND OR NOT 

The now obsolete,orlginally USA and Australian logic symbols. 

INPUTS OUTPUT 

AND 

 e. 

-- - A 

OR NOT 

The now obsolete,orlginally Continental and UK logic symbols. 

The two systems agreed in that all conductors entering the 
symbol from the left side were "inputs", while the conduc-
tor emerging at the right of the symbol is the "output". Also, 
that a small circle astride a conductor indicated a "NOT" 
function (inversion, or 180° phase reversal). 

From relay to silicon chip 
Originally, computers and logic control circuits were based 
on the then available technology of the day. This consisted 
of electro-mechanical ( i.e: electromagnetic) relays and vacu-
um ( radio) valves and their switching operations were shown 
by logic symbols. 

The advent of the transistor, semiconductor and integrat-
ed circuit technology has now made logic symbols not only 
to represent its conventional logic switching function, but 
also to become synonymous with complex electronic cir-
cuitry, an integrated circuit perhaps on a silicon chip, incor-
porating hundreds of transistors and other devices. Also, the 
types of logic (control) devices increased rapidly from the 
simple AND, OR and NOT function to any conceivable al-

ternative. 

The new square or rectangular IEC 
logic symbols 
There obviously was a limit to human ingenuity towards in-
venting novel distinctive shapes for new logic functions. 
Also, they became ever more complicated to draw. 

The International Electrotechnical Commission (IEC), as 
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A typical Industrial fault alarm logic diagram. 

the world-wide international standards body (and of which 
Australia is a member nation) resolved the problem of 
proliferating, complex, distinctive logic symbols in the late 
'70s by a simple and radical method. It created a new family 
of logic symbols, all based on a square, traditionally drawn 
with 12 mm side length. These squares can be stacked verti-
cally, if need be, to form rectangles. 

The function performed by each of these logic symbols is 
designated in a simple manner by an appropriate, universally 
understood mathematical symbol or expression written in-
side the square. Thus the symbol for all logic functions is now 
a square or a vertical rectangle, which are both clearly un-
derstood and easy to draw both manually and by computers. 
It supersedes, world-wide, all previously existing systems 
based on distinctive or dedicated symbols. 

INPUTS OUTPUT 

AND 

AND 
(6 INPUTS) 

OR 

r ---s 

'---J 
NOT 

The new Australian and International IEC logic symbols 

Introduction of IEC's square logic symbols 
The Standards Association of Australia (SAA) was quick to 
recognise the significance and merits of the novel block- (i.e: 
square) shaped logic symbols. These were recognised already 
in the 1979 Edition of the SAA Drawing Standard for Logic 
Symbols (AS 1102, Part 9) as the preferred system for Aus-
tralia. In view of the wide acceptance, however, at the time 
in Australia of the USA-type distinctive symbols, these were 
permitted (quasi "tolerated") until further notice. 

During the subsequent years, the IEC and thus all the 
world's nations agreed to abandon "distinctive" logic sym-
bols and to universally adopt the simpler "square shaped" 

HOOTER 

r AMBER   ›-  

(rectangular) logic symbols. It was interesting to note that 
the USA, whose distinctive (curvilinear) logic symbols were 
used most widely, spearheaded the campaign in favour of 
the new logic symbols which have found surprisingly rapid 
acceptance there. The IEC has now published its appropri-
ate world-wide standard for the new logic symbols. 

Only block-shaped logic symbols for 
Australia 

The IEC's block-shaped (square) logic symbols have now be-
come mandatory throughout the world. Distinctive logic sym-
bols have become obsolete and will gradually disappear, as 
people become aware of the simpler, square symbols. 

Implementation of the new symbols will entail their in-
troduction into the "menu" of any CAD (computer aided 
drawing) system and into drawing stencils, a minor 
operation. 

In Australia, the square symbols have been recommended 
by the SAA since 1979 as the preferred alternative. In line 
with world-wide practice, they have now become the only 
recognised ones, since the latest revision of the Australian 
Logic Symbol Drawing Standard (AS 1102, Part 9 — 1986) 
now completely omits distinctive symbols altogther. 
A great advantage of the new symbols is that, with com-

plex, multi-logic ICs, their operation can be deduced from 
their symbol, something which is impossible from the earli-
er symbols. 

Logic diagram 
Logic diagrams are simplified circuit or block diagrams 
drawn using the logic elements or symbols mentioned earli-
er. They provide quite detailed information about the oper-
ation of the circuit through the use of logic symbols, which 
are considered to be the smallest building block (consisting 
usually of an integrated [IC] circuit), representing electrical 
switching operations. 

Logic diagrams follow the rules of conventional diagrams. 
These are, basically, that events take place in sequence 
progressively from left to right and/or top to bottom, that is, 
that the "logic sequence" flows the same way. 
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— from page 81 

aem software review 

ci Selection. 

glismomm 
1111 e I 

1 

BeArtistie. ( e) 1985 e Exitek. 

N/icrobee computer at a price that is almost 
ridiculous. What is nice to see is that small 
Australian companies are prepared to 
produce easy to use, powerful software at 
cheap prices. Many people criticise the 
Microbee's graphics capabilities, but utilities 
like BeeArtistic just go to show that in-
genuity sees few barriers and all it took to ex-
ploit the Microbee's hidden talents was some 

creative application. 
The review package was kindly supplied by 

Exitek, PO Box 348, Balwyn North 3104 Vic 
(02) 842 6139. il}, 

Beertistic is available 
on 3.5" and 5.25" disk 
from all Microbee stores 
or from Exitek, P.O. 
Box 348, Bal n North 3104 

BASIC & BEEARTISTIC 
Those users who wish to use their BeeAr-
tistic screens from BASIC will need to re-
move the first 128 bytes before 
'GRLOAD'ing them. Presented here is a 
machine code program to REMOVE these 
128 bytes. Here's how to use it: 

After following the instruction in RE-
MOVE, jump into MicroWorld BASIC and 
load and RUN GRMAKER through your file. 

Here are the listings and instructions for 
REMOVE.COM and the BASIC listing of 
GRMAKER.MWS. 

MONITOR CONTROL KEYS 
A LEFT 
Z DOWN 
S RIGHT 
W UP 

After entering code, type z from monitor 
or Control-C from DDT then type: 

A>SAVE 1 REMOVE.COM 

Entering code in DDT 
To enter code in DDT type S100, 
then type the code. To enter in mo-
nitor hit [ reset MI and type A 100 
then type in the following: 

0100: 

0110: 

0120: 

0130: 

0140: 

0150: 

0160: 

0170: 

0180: 

0190: 

01A0: 

01B0: 

OICO: 

LUDO: 

11 

11 

00 

CD 

62 

36 

AO 

20 

20 

OE 

05 

4F 

42 

11 

AD 

5C 

11 

90 

01 

00 

00 

20 

46 

14 

00 

56 

72 

00 

01 

00 

80 

01 

OE 

ED 

54 

20 

49 

C3 

C3 

45 

6F 

01 

Now for GRMAKER.MWS: 

0E 

CD 

00 

E 1 

09 

130 

6F 

20 

4C 

05 

00 

20 

74 

21 

09 

95 

21 

87 

CD 

21 

20 

20 

45 

00 

00 

2D 

63 

00 

CD 

01 

00 

C2 

05 

DO 

73 

20 

4E 

OE 

4E 

20 

68 

40 

05 

3C 

40 

3F 

00 

01 

61 

20 

41 

OF 

6F 

42 

69 

01 

00 

C2 

E5 

01 

11 

11 

76 

41 

4D 

C3 

20 

79 

65 

00 

3A 

ID 

54 

11 

01 

AO 

65 

3E 

45 

05 

46 

20 

OD 

20 

5D 

01 

5D 

80 

40 

00 

20 

53 

2E 

00 

69 

48 

OA 

ED 

00 

C3 

CD 

00 

21 

01 

3A 

41 

45 

OE 

6C 

61 

24 

BO 

FE 

9A 

CB 

19 

00 

OE 

OD 

56 

58 

09 

65 

79 

OE 

C3 

20 

01 

01 

C3 

40 

00 

OA 

45 

54 

11 

24 

64 

IA 

00 

100 CLOSE 6 

110 ON ERROR GOTO 180 
120 PRINT " Graphic Maker - by Hayden Brotchie" 

130 INPUT " Enter filename: "; F1$ 

140 OPEN " 1",6,F1$ 

150 ON ERROR GOTO 190 

160 GRLOAD 6 
170 CLS:PRINT " FILE 0.K.":RUN 

180 PRINT " FILE NOT ON DISK":PLAY 0,7:RUN 

190 CLOSE 6:0PEN " 0",6,F1$ 

200 GRSAVE 6 

210 CLOSE 6 

CA 

AF 

11 

27 

01 

ED 

20 

20 

OD 

A5 

52 

65 

C3 

00 

9A 

32 

5C 

01 

7F 

BO 

20 

31 

OA 

01 

45 

6E 

05 

00 

01 

7C 

00 

11 

00 

C3 

20 

33 

24 

CD 

4D 

20 

00 

00 

Many thanks to Hayden Brotchie for the programs 
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WELLER CROSS WORD COMPETITION NO. 7 

SEND IN YOUR ENTRY BY LAST MAIL MARCH 18 

Our seventh crossword is for the computer buff, but it's pretty easy. The prize 
to the lucky winner is again a magnificent Weller VVTCPN Controlled Output 
Soldering Station. Post us your answers even if you've missed one or two 
(so might everyone else) by no later than March 18. Our crosswords are pre-
pared using 'Crossword Magic' supplied by and available from Edsoft Pty 
Ltd, 20 Blackburn Rd, Blackburn, Victoria 

The winner of our December crossword was H. Wood, Craigie W.A. 

The answers to last month's crossword are on page 18. 

We will accept entries postmarked no later than March 19. 
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ACROSS 

1. To increase the capabilities of a device. 
4. A program starting program 
5. A device for transmitting signals over a telephone line 
9. The electrical elements in a circuit that increases power or multiply current 

flow (2) 
11. A connected sequence of entities, such as characters, with a fixed length (2) 
12. One or more electrical conductors usually covered with a sheath 
13. Sometimes known as 'waiting time' 
18. Transfer of a program from a remote computer to your computer 
19. The hardware that connects computer and peripherals 
20. To reserve specific parts of a system 
22. The term that describes a system that controls an ongoing process (usually 2) 
23. To place a program from external storage into central memory 

DOWN 

2. An electromechanical device used to create graphics from digital data 
3. A keyboard key used to move a cursor from right to left 
6. A basic cartridge storage device 
7. A printing element in the shape of a disc (2) 
8. A data item that uniquely identifies a stored data record 

10. A set of programs and routines that guide a computer in performing its tasks 
14. Instructions designed to be used by other instructions to accomplish partic-

ular tasks on a computer (2) 
15. A device used to enter information into a computer 
16. Numbering system using a base number of two 
17. Code to be keyed in before a computer will operate 
21. A list of choices available to a computer user 

.. . 

SEND IN YOUR ENTRY BY 
LAST MAIL MARCH 18 
The competition is open to all persons normally resident in Australia or New 
Zealand, with the exception of members of the staff of Australian Electronics 
Monthly, the printers, Offset Alpine, and/or associated companies. 
The winning entry will be drawn by the Editor, whose decision is final; no 
correspondence will be entered into regarding the decision. 
Winners will be notified by telegram the day the result is declared and the 
winner's name and contest results published in the next possible issue of the 
magazine. 

Cut out or photocopy the entry form, complete it and send to: 

"Weller Crossword" 
Australian Electronics Monthly 
PO Box 289, 
Wahroonga NSW 2076 

In case two or more entrants correctly complete the crossword, 
we'll have to judge who's best at waxing lyrically, in 30 words 
or less, over: "Why I think the Weller WTCPN is the 
soldering station for me". 

Name   

Address   

  Postcode  
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— from page 34 aem hi-fi review 
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STOP. 1 015 

Figure 14. Here, the accelerometer was placed in the 
middle of the rear panel and an impulse source applied to 
the loudspeaker. The resonance at 92 Hz is well defined 
and takes around 0.8 second to decay to 60 dB. 
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dB 

/DIV 

-70.8 

START. 15 Hz 
X, 342.5 Hz Y1-88.16 dBV 
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 HI 

BW, 9.5405 Hz STOP, 1 015 Hz 

Figure 15. Vibration decay trace for a particle board panel 
measuring 350 x 550 mm, excited by tapping with a rubber 
mallet. Compared to the panel response of the CBR 200, 
there are more resonances at higher frequencies, but they 

decay more quickly. 

of performance at higher frequencies. Bass response was not 
at first as good as I expected from a seemingly large loud-
speaker, although I had to concede the performance was 
there if you really wanted it. Also, a disadvantage of asym-
metrical boxes is that they look larger when their volume is, 
in fact, not all that large. Stereo imaging was good, and over-
all quality throughout the listening room was surprisingly 
uniform. Whilst this may seem inconsistent with my earlier 
comments concerning phase effects in loungerooms com-
pared with studios, I also feel the listening criteria are differ-
ent. Uniform frequency roll-off and dispersion, for example, 
is more important than exact balance when on axis, and in 
this respect the lamo is good. 
The panel resonances are audible, not badly, but they do 

colour the source material. When driven hard, the bass 
response falls behind the higher octaves and overall, I feel 
the performance is better at low levels. Voice quality, in most 
instances, I liked, as with stringed instruments, although I 
disliked the tendency for piano to sound more like electric 
piano that the acoustic instrument. 

Probably because of panel resonances, some of the impact 
of impulsive material is lost, and performance for the lower 
to mid frequency is definitely muddy. This is a great disad-
vantage to classical music. However, the loudspeakers do 
have presence, the ability to produce very low frequencies 
without fuss, and the power to fill large rooms. I don't feel 
the loudspeakers would be all that satisfactory as monitors 
in the true sense, since the mid-low range is such an impor-
tant one. For steel string guitar and impulse sources at higher 
frequencies I thought the speaker sounded excellent. Added 
to the extended bass, the makings are definitely there. 

An overview 
I have had to ask myself how a loudspeaker using damped 
panels could miss out so badly in the exact area it promotes. 
I can only assume that all tests during development used 
separate single panels, and not panels incorporated into a 
cabinet where edge damping is different, coupling between 
panels significant, and the performance of panels quite differ-
ent from that when supported simply. We simply did not find 
the CBR 200 a well-damped enclosure. 

If I was asked to listen to the CBR 200 for a very long peri-
od I would not be all that unhappy at the thought since the 
speakers have some very real qualities, but by the end, I am 
sure I would be intensely frustrated that a loudspeaker with 
so many good facets of performance has missed out so bad-
ly in just a few others. These loudspeakers have that rare qual-
ity, related to bass response, coupled with power, of being 
able to make one's hair stand on end. They can be exhilarat-
ing. The skeleton is there, let's hope Jamo finds the flesh to 
fill out some of their excellent conceptual ideas. 

— from page 49 

AEM 5504 

Electromyogram 

Note the EMG response when you shrug your shoulders, 
both together as well as separately. See what happens when 
you move your head from side to side. Try various shoulder 
positions to see which gives the lowest pitch output and you'll 
soon see how to lose that tight feeling in your neck so often 
experienced after travelling or poor sleep. 
Using the EMG on your forehead can be very effective in 

controlling some headaches, even migraines. You can use 
it either sitting up in a comfortable chair or lying down on 
your back with your head and neck comfortably supported. 
The main electrodes can be placed not too far apart on your 
forehead, or on each temple. Close your eyes and slowly re-
lax your face. By consciously trying to 'lose' the tension in 
your head, you'll be able to determine from the feedback 
what's effective. For migraines or cluster headaches which 
exhibit themselves on one side of the head, attach the elec-
trodes over the affected area and follow the above procedure. 
For re-training affected muscles, attach the electrodes over 

the area and set the sensitivity and threshold so that the slight-
est activity is registered. Commence relaxed and then attempt 
to tighten the affected muscle or muscles, noting the 
response. If you're not successful, always check the setting 
of the controls. 
You never know, the EMG may be well-applied in treating 

galloping RSI (repetitive strain injury)! 
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PC BOARD 
SERVICE 

If your local retailer or board manufacturer 
is unable to supply you an AEM board, we are 

carrying a limited number of rolled-tin over 
copper circuit boards complete with silk screen 
component over-lay. 
Project 

1500 Metronome 

3500 Listening Post 
6500 Universal Meet Amp Module 
9500 Fleat.triggered Strobe 
6102 2.Way Speaker 
5501 Negative on Generator 
4500 Microtramer 

6510 4- Input Mixer 
60101.1 
6010MA 
6010F 
601OR 
Set of 4 

4501 8 Channel Computer Relay Interface 
6502 Order 6500 and 6501 
8500 Courtesy Light Extender 
4502 Real Time Clock 
4600 Dual•Speed Modem 
5502 Microwave Oven leak Detector 

2500 Sine/Square Audio Signal Generator 
6503 Active Crossover 
4504 Speech Synthesizer 

Note The boards found in this issue are also available. Price On ablakalion 

Retail Price 

S 4 67 
806 

$ 9 69 
$11 32 
$21 75 
$12 35 
$28 47 
$20 40 
$19 06 
$23 10 
$16 37 
$16 37 
$74 90 
513 00 

S 9 92 
$10 46 
$22 42 
S 9 12 
S 9 65 
$23 06 
511 53 

Please rush me the following boards 

Project No. Price 

$ 

Allow a minimum of 4 weeks delivery 
Price includes postage & packing 

New Zealand. add $ 1 00 to these charges 

All cheques or money orders should be made payable to 

Australian Electronics Monthly 

Name 

Address 

• 

Postcode 

I enclose my cheque/money order for 

Please tick payment method 

Cheque/money order 7 Bankcard D Visa D 

Mastercard American Express D 

Card No   Expiration 

Signature  

NNote Unsigned credit card orders cannot be accepted) 

You can buy the boards at our offices il you wish. at any time during business hours 

We're located at we Building. Cnr Fox Valley Rd and Kiogle St. Wahroonga NSW. the 
entrance is In Ktogle SI 

LISTENING POST 
SOFTWARE 

ANTENNA 

RECEIVER 

PRINTER 

AUDIO OUTPUT 
( TAPE 

LISTENING 
POST COMPUTER 

VDU 

VIDEO 
OUTPUT 

Decode RADIOTELETYPE/RADIO FACSIMILE PICTURES 8i/or CW 

using your computer and the AEM3500 Listening Post project. 

Software for our very popular AEM3500 Listening Post project. from 
the first issue (July '85) is available, on either cassette or disk, to suit 

any model Microbee. the Commodore 64 and Apple -series computers 

Ali it costa IS juSt. 

$17.00 
plus 82 50 post k handling 

All you have to do is • send us a blank CIO cassette. or a formatted 3 5" or 5.25' 

diskette to suit your machine). • Fill out the address label below and firmly attach 

it to your tape or diskette. • Complete the COUPON and send tt. to us. together with 

your labelled tape or diskette, enclosing payment by cheque or Money Order or you Credit 
Card details 

Enclose your blank tape or diskette in a jiffy bag 'for protection Put 5 25' diskettes between stiff 
cardboard 

All mail orders will be despatched by certified mail 

liesse allow for normal turnaround post delays prevailing at time of sending order 

We will gladly re record any software that does not run 

Fill Ir. and cut out this coupon. cut off and attach the return address label to you tape or diskette 
and send it to 

LISTENING POST SOFTWARE 

Australian Electronics Monthly 

PO Box 289, WAHROONGA 2076 NSW 

COUPON 

Yes please! Rush me software for the Listening Post. I require the software 
to suit the: 

Microbee & Commodore 64 Apple // 

C.Itoh 8510-type 

... Epson FX80-type 

printer 
(most printers) 

(tick appropriate one). 

Cost: $ 17.00 plus $2.50 post & handling 

TOTAL: $19.50 
I enclose payment by. 

Credit Card No.: 

Expiry Date  

Signed:   
(Unsigned orders cannot be accepted) 

(most printers) 

Cheque or Mdney Order No  

(• Please make cheques or Money Orders payable to 'Australian Electronics Monthly') 

( 
RETURN-ADDRESS LABEL 

RUSH ME TO:   (name) 

Address   

  Postcode  
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ELECTRONIC FACILITIES 
SPECIAL OFFER 

TO ALL 
AUSTRALIAN ELECTRONICS MONTHLY READERS. 

................................................................................................................................................................................................................. 
A SEMICONDUCTOR SPECIAL. 

This pack of selected 74LS IC's is ideal for any hobbyist or professional alike. The pack contains the 
most common IC's that are used for your designs, projects or servicing. 

All IC's in this special offer are top quality NATIONAL PANASONIC brand. 

A ONCE IN A LIFETIME SPECIAL. 

••••(.. •••&•M•t• . 1•1 

5 of Each 130 IC's FROM NATIONAL PANASONIC. 

74LSOO 
74LSO2 
74LSO4 I 
74LSO8 
74LS10 
74LS123 
74LS132 
74LS138 
74LS139 
74LS14 
74LS164 1 
74LS165 
74LS175 
74LS20 
74LS22 
74LS240 
74LS244 
74LS245 
74LS57A 
74LS30 
74LS32 
74LS373 
74LS374 
74LS393 
74LS74A 
74LS86 

-(•-•(- 4(-(-»1 • - e-t-

1‘40-4.:llev-k1*. 
46%4 00 ie j*pVeleged> e- , vei%14„,e, pfr 

r..r 141to le 

*I) O611.1$4  
Plus $2.50 P&P 

Would normally retail about $140.00 

THIS IS AN OFFER THAT YOU CANNOT MISS OUT ON. 

.. 

PLEASE SEND your mail order to ELECTRONIC FACILITIESL, 
PO BOX 351 67 Dickson Avenue, Artarmon 
Artarmon N.S.W. 2064 Sydney NSW 2064 Australia 

MONEY ORDER CHEQUE Telephone: 439 3786 

NAME   Telex AA177084 
TOLL FREE (008) 22 6385 

Nattonal 

ADDRESS 
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Bench Book 
+9V 

Cl 10.000k (up 'C') 
100n 

10.874-k 

11.800k 

 F-13 

12.781k 

•--I  
13.821k 

14.922k 

16.089k 

17.325k 

18.635k 

20.070k 

21.492k 

23.050k 

24.700k (MICI'C') 

— 1=-6 

VALUES — SEE TEXT 

Clock corruption 
fix for System 80/TRS80 - 

Here's a small tip for people who have built a hardware clock 
into their System 80 or TRS80 and have experienced corrup-
tion of the clock when switching the computer on and off, 
or a program has loaded into the wrong RAM area and clob-
bered the DOS and therefore upset the clock. 
As I had this problem and I thought of many complicated 

ways of overcoming this I came up with the simplest solu-
tion, a hidden pushbutton switch (normally off) which inter-
rupts the write line to the hardware clock chip. 
The only time that this write line is used is when setting 

the clock. So when I want to set the clock, all I have to do 
is set up the program and, while pressing the pushbutton, 
press RETURN (NEW-LINE) to enter the new time. 

G. Reiter 
Adelaide, SA 

11 
IC1 e IC1 f C2 

I 100n 

Stylus organ with vibrato war 

This simple experimenters' organ uses a selection of the six 
gates of a hex. Schmitt inverter for a variety of purposes — 
chromatic scale oscillator, vibrato (frequency modulation) 
generator and output driver. 
The first gate, together with Cl and the row of resistors, 

form a simple Schmitt oscillator which will generate twelve 
notes of the chromatic scale depending on which resistor is 
selected by the stylus. 

If the vibrato button is NOT pressed, the scale note oscil-
lations (square waves) pass on to the three parallelled out-
put gates, which drive the speaker via a current limiting 
resistor, R7. Note that, during the normal non-vibrato mode, 
Cl's charging/discharging current is routed equally through 
R2 or R3, depending whether it is coming or going. 
The bottom two gates, together with R4 and C2, form a 

buffered free-running, 3 Hz Schmitt oscillator, which is the 
vibrato modulator. 
When Si is pressed, current will pass from lines ' y' or 'z' 

into the diode circuit depending on which line is high at the 
time. They are contra-phased. If y is high at the same time 
as pin 2 is high, R6 shunts R3, and its extra current charges 
C quicker, shortening ICla's mark period. If z is high at the 
same time as pin 2 is low, R5 forms a voltage divider with 
R2 and C won't discharge all the way down to zero volts. 
Thus as the vibrato oscillator's output moves up and down, 
the output frequency of ICla rises and falls in sympathy with 
it — hopefully there is an equal addition using vibrato, so 
the note will not sing off-key. 
The note resistors need not be exactly as shown. i.e: their 

theoretical value. Because value separation is about 8%, an 
attempt to get close to 1% of the values shown, using series 
or parallel 1% resistors, should get them near enough to on-
key — otherwise, twelve 25k pots could be used, but the top 
resistor should remain fixed. ( i.e: 10k, 1%). 
Resistor R1 is essential because it charges up Cl when the 

stylus is not in use and causes current through the speaker 
to cease — reducing stand-by battery drain. 
All resistors and capacitors can be altered to improve any 

effect, with the proviso that R2 and R3, together with the scale 
resistors, must be maintained as shown. 
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BenchBook 

Red/green indicator 
A dual (or 1n-colour') LED, which consists of a red and a 
green LED in the one case connected back-to-back, can be 
made to show red ('stop') or green (' go') without the normal 
necessity of having to reverse the supply. 
The simple bridge circuit here will change the LED colour 

appropriately when a positive voltage with respect to com-
mon is applied to A or B. If you turn the two diodes around, 
then it can be used with a negative source applied to A or 
B. Use 470R resistors, for a 12 V source, 180R for a 5 V source. 

—Mike Collins 
Camberwell, Vic. 

A 

'TRI —COLOUR' LED 
e.g: TANDY XC— 5491 

(276-035) 

ALL RESISTORS 
SAME VALUE 
(SEE TEXT) 

Simple signal-tracer/signal-source 
Probably the simplest test instruments you can use for fix-
ing projects that won't work first time, the family's faulty 
transistor radios you're obliged to fix etc, is a signal-tracer 
and a signal-source. Combine them in one and what more 
could you ask? 

2n 2 22n BC549 
100V 100V 

PROBE 

17.1(eF —ss-e-1,, 

1 . 1.5V 

HI—Z EARPIECE 

tion on modulated RF signals, allowing you to trace the path. 
The switch, SW1, may be left off if you like as the unit 

draws little power and the battery should last most of its shelf 
life. 

—C. Johns 
Unley, S.A. 

Car voltmeter 
with 'expanded' scale 
The performance of your car battery and charger can be read-
ily determined from the battery voltage level, which usually 
varies between about 11 and 14 volts. Digital meters are only 
good for `static' (non-driving) checking, but the traditional 
moving coil meter is best for permanent installation and for 
observing battery voltage variations under varying con-
ditions. 

This circuit `expands' the reading range of a standard 
1 mA moving coil meter so that it reads over the range from 
10 to 15 volts. Two 4V7 zeners are used in a simple bridge 
circuit so that the meter only commences `reading' above 9.4 
volts or so. The meter series resistor, Rs, gives the meter a 
5 V range, so that it reads up to 15 volts. 
With 5% tolerance components, you get an accuracy of 

+ I- 0.1 volt, which is quite adequate. The commonly availa-
ble 1 mA meters have an internal resistance of 200 ohms. If 
the meter you use has a lower internal resistance, increase 
the value of the 100R meter series resistor accordingly. 

— L. Sharp 
Mosman, NSW 

This really simple circuit is a signal tracer when you plug-
in a high impedance earpiece, but it becomes a pulse oscil-
lator, which can be used as a signal source over a wide range 
of frequencies, with the earpiece unplugged. In this mode 
you can trace early-stage faults in a circuit with a working 
output stage. 

In the tracer mode, audio or RF signals are halfwave recti-
fied by the 0A90, then amplified by the BC549 and BC559. 
Use 100V greencaps on the input because you can encoun-
ter supply rails of 50-70 volts in some audio power amps. 
When checking receivers, the 0A90 will detect the modula-
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Benchbook is a column for circuit designs and ideas, workshop hints and 
tips from technical sources of the staff or you — the reader. If you've found 
a certain circuit useful or devised an interesting circuit, most likely other 
readers would be interested in knowing about it. If you've got a new 
technique for cutting elliptical holes in zippy boxes or a different use for 
.sed solder, undoubtedly there's someone — or some hundreds — out there 
ho could benefit from you knowledge. 
We'll pay from $10 to $100 for each item published. Send your gems to 

• Benchbook', Australian Electronics Monthly, PO Box 289, Wahroonga 
NSW 2076. Please include your postal address for publication with your 

item(s). 
As far as reasonably possible, material published in Benchbook has been 

checked fcr accuracy and feasibility etc, but has not necessarily been built 
and tested in our laboratory. We cannot provide constructional details or 
conduct correspondence or technical enquiries. 



letters 

J. 

Plea for a big amp 
Dear Sirs, 

I am in a four-piece band and have 
been looking around for circuit dia-
grams for power amps. You recently 
published a 120 watt module (the '6500). 
However, I would prefer something 
larger. An amp with 250 watts per chan-
nel into 8 ohms, or upwards of that, 
would be terrific. 
We are currently hiring PA systems, 

but would much rather put the money 
into a good power amp project. So, 
please — please — somewhere in your 
6000 series of power amps, perhaps you 
could squeeze in a little unit with 
almighty grunt capabilities to appease a 
frustrated rock band? 
Maybe? Yes?? 
Great magazine! 

D. Johnson 
Cooran, Qld 

The first power amp to be described in 
the 6000 series is capable of delivering 
around 150 W into an eight ohm load. 
This is a very conservative rating and the 
actual maximum output power is likely 
to be considerably higher than this. Also, 
the power amps are configured so that 
they are particularly suitable to be con-
nected in bridge mode. In this configura-
tion the AEM6000 power amp will 
probably deliver around 400 W into an 
eight ohm load. 
We also have a larger power amp un-

der development that would suit your ap-
plication ideally. 

David Tilbrook 

Consider the 
Amstrad owners! 
Dear Sir, 

I have been buying your magazine 
now ever since it was released and must 
say it is a very good one. However, in 
the last couple of issues you have pub-
lished a Commodore column. Just what 
we need, I though, yet another Commo-
dore column. 
There is a veritable mine out there of 

Commodore magazines, listings and ar-
ticles on this machine. I have not count-
ed them all but the shelves are full. 

I personally own an Amstrad CPC 664 
and this machine has very little on it at 
all. There is a fast-growing number of 
people that are getting into this machine 
and would like to see the magazines run 
some columns on it. 
The Listening Post is one piece of soft-

ware I would like to see converted. I am 
very interested in building this project, 

but lack the expertise at this stage to con-
vert the program myself. 
So, how about it Ed., can we have a 

column on the Amstrad please? It is a 
very powerful machine and would at-
tract a lot of enthusiasm I am sure. You 
would probably sell more magazines. 
Thanks in anticipation. 

R. Warner 
East Brunswick, Vic. 

Your point about the Commodore column 
is well-taken and we are aware of the 
plethora of Commodore publications 
available. So is our principal correspon-
dent, Neil Duncan. Our aim is to present 
practically oriented material directed at 
electronics hobbyists interested in com-
puting and computing hobbyists interest-
ed in electronics. 
As for the Amstrad, we have found a 

well-equipped correspondent to under-
take the task, and you'll see the results 
of his efforts in the magazine as soon as 
we can possibly arrange it. 

Roger Harrison 

Preamp questions 
Dear David, 

I have some questions concerning the 
AEM6010 preamp. Firstly, the power 
supply section circuit diagram on page 
43 of the November 1985 issue shows 
+/- 15 volt rails from the 7815 and 7915 
regulators. Is it feasible to take +/- 15 
volts from this area for external units 
and, if so, which would be the best point 
to tap from? 
The reason I ask is that presently, I 

have an active system based on 4 x 
ETI-480 50 W amps, 2 x ETI480 power 
supplies and a no-frills version of your 
5000 preamp. However, it's time to up-
date to the 6000 series preamp and 
amps, the only problem being, can I tap 
the 15 volt rails from the preamp for the 
active crossovers? 
My second question concerns the op. 

amps employed. My present active cir-
cuit, which comes from the National 
Semiconductor book (18 dB/octave), em-
ploys Texas Instruments TL074 low 
noise devices. However, I see NE5534s 
mentioned in articles frequently. Are 
these state of the art devices, or are the 
TL074s just as suitable? 
Thanks very much for your time. Con-

gratulations on the new magazine which 
is putting much-needed new blood into 
the marketplace. I'm eagerly awaiting 
the 6000 series amp! 

Paul Martin 
Paddington, NSW 
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The IC voltage regulators in the 6010 
preamp dissipate a fairly large amount of 
power so it is probably not a good idea 
to use these to power your active cros-
sover. We will be describing a complete 
active loudspeaker system based around 
the already described AEM6102 two-way 
and AEM6103 three-way loudspeakers. 
The fourth-order active crossover for the 
system was described in the February is-
sue and the remainder of the active loud-
speakers will be described soon. In this 
system we will be describing a power sup-
ply that is suitable for powering the pow-
er amps and the active crossover and 
would therefore probably solve your 
problem. 
Both the 71,074 and the NE5534 are ex-

cellent op-amps for high quality audio ap-
plications. Neither of thpse devices could 
now be described as "state of the art". 
Nevertheless, the TL074 is very good in 
active crossover designs. It has the advan-
tage of being a quad device and features 
a high slew rate at unity gain. Further-
more, the very high input impedance aris-
ing from its fFET front end is extremely 
useful for active crossovers. 

If you are searching for state of the art 
op-amps for audio applications then look 
at the OP37 or one of its derivatives. 

David Tilbrook 

NOTES & ERRATA 
AEM5103 3-way Loudspeaker, Jan. '86. 
In the box drawings on page 53, the sec-
tion CC and section BB drawings are trans-
posed. Also, the fairies at the bottom of the 
darkroom stole the port length measure-
ment. It's 225 mm (9"). 

AEM4503 'Port-A-Bee', Jan. '86. The 
printers deleted the first line of the first 
column on page 62 when inserting a cor-
rection. The first four lines should read: 
"(similar) type. The prototype was obtained 
from Energy Control, PO Box 6502, Good-
na Qld 4300. (07) 288 2455. They cost 
around $70. Other types may be used, of 
course, but this Hitachi display was the best 
value." 

8 mm Video Tape Technology, Jan. '86. 
The second last paragraph in the first 
column on page 111, mentions "... the 
latest National CCD VVVP F-2 camcorder 
. . .". In fact, the F-2 is only a camera. Mal-
colm Goldfinch, the author, apologises for 
this unfortunate error, but with 'camcorder' 
used so often throughout the article, it 
slipped through. 



The Last Laugh 

READERS WILL KNOW, from 
AEM's October 1985 issue, that sur-
face mount devices are bringing 
about a shrinkage in the volumetric 
size of electronic equipment the like 
of which has not been seen since the 
introduction of the integrated 
circuit. 
One multinational company with 

a high profile in the Australasian 
archipelago seems to be doing 
remarkably better than their oppo 
nents in the market. Since sales 
figures are not bandied about (not 
yet, anyway), how do we know? 
Well, we have heard it from a usual-
ly impeccable source that said com-
pany is ' sniffing around' the 
commercial real estate market, look-
ing for new premises. 
"Big deal", we said. " If they're do-

ing that well, it's obvious they're 
looking for room to expand their 
operation." 
"No", said our informant, "their 

OUR CARTOON was inspired by a recent report in New Scientist headed: " Halley's 
heart is frozen water — official". Cartoon drawn by the talented Debb Currie, spouse 

of our also-talented draughtsman, David Currie. 
New Spentga 17 °Moe, 1985 

31 

SCIENCE 
Halley's heart is frozen water—official 

etipOsun, of 

Halley ., one 

hour (wank chim 
MOtion rekta.t. tee the 
background gar, 
The coma dun“ well 
in thew computer 

component miniaturisation program 
is so successful they have to look for 
smaller premises!" 

Even if it plays dead, 

shoot it! 
US President Reagan's widely-
publicised militarisation of space 
policies — with tests of laser beam 
weapons, the strategic defence in-
itiative (` Star Wars') proposals, etc — 
seems to have backfired (pun 

definitely intended). 
In testing a new anti-satellite 

weapon last September, the US mili-
tary blew an ' old' satellite out of the 
sky. Problem is, it was still working! 
Scientists complained to the Penta-
gon that the satellite, called Solwind, 
was not ' useless', as the Pentagon 
claimed, but was conducting solar 
measurements when destroyed. 
Who was it said: "The only differ-

ence between men and the boys is 
the price of their toys"? 
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SPECIAL 
READER 
OFFER 

A HANDHELD LCD 3 1/2-DIGIT 
DMM FOR LESS THAN $50 
HERE'S A VERY SPECIAL OFFER, EXCLUSIVE TO READERS OF AUSTRALIAN 

ELECTRONICS MONTHLY. 
As an introductory promotion, Parameters are offering 
their Model 8005 five-function, 3 1/2-digit Handheld 
Digital Multimeter with liquid crystal display exclusively 
to readers of Australian Electronics Monthly at an 
unbeatably low price. 

This Parameters instrument would be expected to 
retail for around 30% more than that. How's that for 
a saving? 

The Parameters 8005 features: 
• 3 1/2-digit liquid crystal display 
• 5 functions 
• 15 ranges 
• side pushbutton operation 
• ' pocket' size — 130 x 75 x 28 mm 
• dc volts to 1 kV in four ranges 
• ac volts to 750 V in two ranges 
• resistance to 2M in four ranges 
• diode test 
• basic accuracy, 0.5% (dc V) 
• fully overload protected 
• safety 'finger guards' on probes 
• fully shrouded safety probe plugs 
• low battery indicator 
• 12 months warranty! 

Here's a not-to-be-missed opportunity to obtain an extremely handy, 
very portable digital instrument. If you haven't got a digital multimeter, 
then here's your chance to get a quality instrument, backed by a 
well-respected organisation that specialises in electronic instruments. 
If you already own a DMM, then here's your chance to get a second 
one for those awkward occasions that always arise where you need 
more than one! 

And the price makes it so affordable! 

This offer is being made by Parameters as an introductory promotion 
and Australian Electronics Monthly is acting as a clearing house for 
orders. All mail orders will be despatched by certified post. 

How to order; 

COMPLETE THE COUPON AND SEND IT, 
TOGETHER WITH YOUR CHEQUE, MONEY ORDER 
OR CREDIT CARD DETAILS, TO: 

'Parameters Multimeter Offer' 
Australian Electronics Monthly 
PO Box 289, WAHROONGA 2076 NSW 

Please allow up to four weeks for delivery. 

ulu' ulu BT. uTm meuluTm' ulm ulu-ulu-ulu uf,' 

We have checked a sample of the Parameters 8005 OMM 

in our laboratory and, so laras we could determine, it was 
within specification and functioned well. The construction 
makes handheld operation particularly convenient when 
held in the left hand, the range and function switches are 

readily thumb.operated while the probes are manipulated 

in your right hand The large display is easily read and it 
seems to be a robustly constructed instrument. Any 
hobbyist serviceman technician or engineer should find 

he Parameters 8005 a useful instrument 

wits wlw whis :wt. . 

COUPON 
PLEASE RUSH ME . . . Parameters 8005 dmm(s). 

I enclose payment by: 

Money Order D Cheque* D Credit Card D 

Bankcard El Visa D Mastercard D 
Credit Card No.:   
Expiry date .   
Cheque or Money Order No:   

'Please make cheques or Money Orders payable to 

'Australian Electronics Monthly'. 

Name   
Address   
  Postcode   

Signature   
(Unsigned orders cannot be accepted) 

• If you would like to inspect one of these instruments, call into our 
office any weekday during business hours. We're located at: WB 
Building, Cnr Fox Valley Rd and Kiogle St, Wahroonga NSW. The 
entrance is in Kiogle St. 



THE ULTIMATE HIS HERS PLUS PRIZE 

For Him a ($72,000) & for Her a ($59,000) PLUS a 
260 stern drive engine on a MT250 T-V Trailer ($49,000). TOTAL VALUE with $50 Book Buyers Prize 

$220,000. 

DRAWN MARCH 22 '86 TICKETS $5 
Book Buyers Prizes: 
$50 - TEN CHANCES - 
A Datson 300 ZX sport sedan. 
TOTAL VALUE $40,000. 
$40 - EIGHT CHANCES - 
A Pajero Diesel Super Wagon. 
TOTAL VALUE $26,000. 
$20 - FOUR CHANCES - 
A diamond pendant. TOTAL 
VALUE $20,000 
$10 - TWO CHANCES - 
A Nimbus 5 speed wagon 
TOTAL VALUE $15,000 

IN AID OF MARIST BROS SCHOOLS Et PROJ h SPORTING WHEELIES DISABLED SPORTS ASSOC OF OLD 

.IMMIMMIMMIZMI-111 

• PLEASE PRINT CLEARLY TICKET ORDER FORM 
Mai, for your tickets to 

Name   

Address   

  Postcode   

PERMIT NO. A7744 A.C.T. No. 85/520 

FREEPOST No. 5 
P.O. Box 111, Ashgrove, 0. 4060 
Phone (07) 38 4134 

Books of 20 Consecutive Tickets St 00 

Books of 10 Consecutive Tickets $50 

Books of 8 Consecutive Tickets $40 

Books of 4 Consecutive Tickets $20 

Books of 2 Consecutive Tickets 810 

1 Ticket S5 'Does Ne ,w Boo. Bur., See, m.ie 

Moult, you moll beets Or &been? name, gene 

eodenbe — Woo Ineecole cleoey ,eke seoer 
name end edbees 

, 0,00e Ceesue 

0,0e, 
Om.. 

The name's below qualify 
for Book Buyer-Sellers Prize Card Na e 

Care 

Number 

S•val,e 

ALL CREDIT CAROS ACCEPTABLE 


