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A real computer for only $69! 

The REAL computer that starts from under $ 100! 
You'd love to learn about computers? But thought 
all you could buy for your money were a few boring 
games. Now, we are the EXCLUSIVE Australian 
distributors of the new Aquarius. Not the "Claytons" 
computer but the perfect beginner's computer 
which gives you the opportunity to see what a real 
computer does. 

Learn how to RUN YOUR OWN PROGRAMS in the 
Basic language! PLAY GAMES! Organise your 
HOUSEHOLD FILES! And much much more! 

Simply connect the Aquarius to any colour TV and 
it's ready to teach and entertain the whole family. 
There's something for everyone. And what's more, 
you won't outgrow the Aquarius! As you need to 

1.MINI EXPANDER 
Adds versatility to your AQUARIUS. Game playing is 
easier and more exciting with 2 detachable hand 
controllers and additional sound channels. Also has 2 
cartridge ports so you can plug in your expanded memory 
cartridge into one even while you're using software in the 
other. 

Cat X-6005  

2. DATA RECORDER 
Save your own program or utilise one of the many great 
software programs available on cassette with this great 
value unit. 

 $69 

Cat X-6010  

3. MEMORY EXPANSION 
CARTRIDGES 

16K or 32K memory cartridges give you far greater 
flexibity by giving your computer a much larger memory. 
For more advanced programming. 

$49 

16K Cartridge Cat X-6015  

32K Cartridge Cat X-6020 

$69 

  $129 

4.THERMAL PRINTER 
Ideal for documenting programs, keeping records 
or printing charts and records. You'll probably never 
again see one at this price! 

Cat X-6025   

Paper roll to suit. Cat X-6026   

$129 

$350 

Aquarlus Colour Computer 

Ca X;61 
W $99 

HOW $69 °Nu 

learn more, the Aquarius offers a huge range of add-
ons that will take you into the world of electronic 
wizzardry once offered only by the BIG ones. 

With a full moving-key keyboard Aquarius is truly 
EASY to USE. Microsoft BASIC computer language 
is built right in! The easy-to-read manual and 
simplified instruction cards make learning a snap. 

CREATE your own VISUAL EFFECTS with 16 
colours and 256 built-in characters or design your 
own sound effects! Once you start to expand your 
Aquarius with the huge software and hardware 
range you'li find endless uses and possibilities for 
your system. With it's own mini expander, data 
recorder, memory expansion cartridges and 
thermal printer you'll soon wonder what the Great 

Computer Secret was all about! 

FANTASTIC SOFTWARE RANGE 

With more than two dozen fantastic games and 
educational programs available now and many being 
developed to add to the range shortly, there's just no 
end to the versatility of Aquarius. Software cartridges 
just plug into your Aquarius and you're ready for work 
or play. All software programs are available sep-
arately so you can purchase only those which 
interest you. 

AQUARIUS with built in 2K memory (expandable to 
34K) and its long list of expansion units and 
software is the REAL computer for the price of a 
TOY! 
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Your one stop computer shop at your 
nearest Dick Smith Electronics centre. 
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WITH THE GOVERNMENT'S recently introduced incentives for young people to un-
dertake tertiary study, now is the time to tackle that course you were considering in 
electronics or computing. One of our major features this month is thus very timely. 
"Courses and Careers in Electronics & Computing" will run in this issue and the next. 
It covers the career levels and required courses for those of you contemplating a career 
in the industry, and includes considerable detail on the courses offered and the various 
tertiary institutes conducting them. Educational qualifications are of vital importance 
in this era of rapid technological development and change. Now is the time for action 
to gain the educational background you'll need for the future. 
This month we commence three new 'features' in the magazine. The first is a ' Letters' 

page. We're very encouraged by your responses to date. We'd like to see some intelli-
gent letters commenting on current issues or affairs in electronics, and we're only too 
happy to answer technical questions via this page. In fact, we received several letters 
along these lines and answers from sources outside the staff are currently being sought. 
However, before sitting down to dash off a missive, consider your thoughts carefully. 
Long, rambling diatribes that don't get to the point are boring to others and will likely 
be severely edited. The letters page is your forum — go to it! See page 129. 
The second feature introduced this issue is 'Admarket' — free advertisements for read-

ers, clubs or associations wishing to announce announcements, arrange arrangements, 
or to sell, swap or otherwise dispose of personal items no longer required. See page 128. 
The third feature introduced this month is the first in a 'collection' of practical arti-

cles for the not-too-technical hobbyist/handyman — "Getting the Best TV Reception". 
We trust it reaches the desired audience. If you're way past this level, no doubt you run 
across those who aren't. It will repay you to pass on the articles(s) on appropriate occa-
sions. You might just win a convert to the hobby! 

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 con-
cerned about individuals constructing projects for their own private use, nor by bands for 
example, constructing one or more units for use in perfomances. 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 infringing our copyright 
as aforesaid. 

LIABILITY: Whilst all efforts have been made to ensure that all constructional projects and 
circuits referred to in this issue will operate as indicated efficiently and correctly and that 
all necessary components to assemble the same will be available, no responsibility what-
soever 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 responsi-
bility is accepted for the failure to obtain any components in respect of such project or cir-
cuit. 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, illustrations, computer software or photographic 
material although all care will be exercised. Comments and test results on equipment 
reviewed refer to the particular item submitted for review and may not necessarily pertain 
to other units of the same make or model number 
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Artist's impression of 
Halley's comet in the 
southern skies. Artwork 
commissioned from 
Patrice Guilbert, cover; 
design by Marni 
Raprager. 
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TO BUILD 

AEM601OLL 
,Ultra-fidelity Preamp 
  4 

Ti/brook does it again! Th 
pecs on this project 
•etter anything available 
•ar nought. 

AEM6502 
The Bandbox' 

  63 

or small bands or groups. 
elivers 150 W-plus and 

eatures four inputs plus: 
ass/presence/t obi:' 
ontrols. 

EM4501 
n 8-Channel Com Ute 
elay Interface 

ow you can get your 
omputer to really do 
omething useful. Attaches 
o any computer with 
-bit port or data bus. t 

STAR PROJECT 
R Remote Control 
epeater 

un your remote-controlled 
, VCR, etc. from another 

oom. 
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TECHNICAL 

racticallties 
114 

look inside ultrasonic 
st repellers. 

-IF 

he Standard Circuit 
Symbols 
  110 
or 'Starters', the first 

step to understanding a 
circuit is recognising the 
standard circuit symbols 
used. 

-AEM Data sheet # 1 
  89 

The 74LS259 8-bit 
addressable latch — 
heart of the AEM4501 
Computer Relay Interface. 

AEM Data Sheet #2 
  117 

The XR2211 phase-locked 
loop chip — heart of our 
popular AEM3500 
Listening Post from the 
July issue. 

Benchbook 
  1 

Monthly collection of 
hints, tips and circuits fo 
the hobbyist. 

oPRACTICAL 
COMPUTING 

Computing Halley's 
Comet 

76 
Here's a simple, practical 
way to locate Halley's 
comet. The software may 
be readily adapted for a 
variety of popular 
computers. 

. REM Software Review 
— Flashprintll 
  80 

Here's a beauf software 
package for Wordstar 
owners. 

EM Computer Review 
— Amstrad's new 128K 
machine 
  90 

Another scoop! Amstrad's 
new computer sure looks it 
like creating a stir. 

1 BeeBuzz 

  94 ' 
Banish the bad load 
blues. 
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The quiet sun, its 
characteristics and 
influences on the earth 
and the ionosphere. 
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CONSUMER 
ELECTRONIC 

Getting the Best TV 
Reception 

A practical guide to TV 
reception. Part 1 of a 
'collection' on the topic. 
This month — the 
antenna system. 

Tracks & Trends from 
the Perth Electronics 
Show 
  32 

Satellite TV terminals 
arrive, CD goes ghetto 
blaster and 8 mm video is 
here. 

0.00001% Distortion! 
Really? But Mine 
Sounds Better!! 
  36 

Bob Fitzell explains how 
measurements and 
listening tests 
complement one another. 

Introduction to 
Surface Mount 
Device Technology 

How surface mounted 
components are 
revolutionising electronics 
construction. 

NEWS & 
GENERAL 

Courses & Careers in 
Electronics and 
'Computing 

•Guide to employment 
prospects and tertiary 
courses. 

,Unique Offer on an 
A3 Plotter! 

NEXT 
MONTH! 

THE INS & OUTS 
OF RS232 
A practical guide through 

18 the RS232 maze. Sort your-
self out about standard' 
and non-standard inter-
faces, etc. 

  75 

Here's your chance to get 
6-pen, A3 plotter at less 

than half price. 

News Review 

AUSSAT's away! 

Consumer Electronics 
  31 

Sony debuts 8 mm tape 
technology. 

7 

Retail Roundup 

You got to fan it! 

Spectrum 
97 

A new propagation 
mode? 

New Product News 
113 

Toroid takeover? 

Letters 
128 

The Last Laugh 
130 

Kikusui CRO Offer 
13 

Pocket DMM Offer 

Solar Charger Offer 

Subscriptions 
  35 

  109 

Admarket 
  128 

Toolkit Offer 

THE ULTRA-FIDELITY 
PREAMP 
The stringent demands im-
posed by the coming of the 
'digital era' has placed de-
mands on the electronics in 
audio systems unheard of a 
few short years ago. David 
Tilbrook's design meets 
those demands head-on. 

BUILD A REAL TIME 
LOCK FOR YOUR 

MICROBEE 
Ever wanted a ' real time' 
lock for your Microbee? 
his simple, low cost add-on 
or the ' Bee is just the 
thing. It plugs into the 
Bee's parallel port and is 
battery-backed to keep the 
time once you've set it, so 
that it does not have to stay 
plugged-in. 

A KEYBOARD IN THE 
HAM SHACK 
,I\leil Duncan discusses the 
pros and cons, trials and 
tribulations of incorporating 1 g computer into the typical radio amateur installation 
(the ' shack'), and offers 
some practical advice. 

.While these articles are currently 
being prepared for publicaticn, 
unforseen circumstances may 
affect the final contents of the 
Issue. 
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The new Amstrad 6128. 

A comparable 128K computer 
could easily cost you 

twice as much. 

The popular Amstrad personal 
computers have quickly become 
top sellers in Europe and Australia, 
and have established an enviable 
"value for money" reputation. Now 
comes the remarkable Amstrad 
6128 computer. 

The Amstrad 6128 offers a 
powerful 128K memory, high defi-
nition green screen monitor, inbuilt 
disc drive and sophisticated CP/M 
PLUS* operating system from 
around $800 all up. (Colour moni-
tor package from around $1000.) 
Other computers with similar 
capabilities can cost hundreds or 
even thousands of dollars more. 

$800 package offers 
real value for 

home or business. 
• Powerful 128K computer 
• High definition green screen 
monitor 

• Inbuilt floppy disc drive 
• CP/M PLUS* and 
AMSDOS operating systems 

• GSX Graphics Enhancement 
• Comprehensive User Manual 
• Introductory program and 
exercises 

Rapid loading, 
instant cataloguing. 
The availability of such a low 

cost, disc based 128K system is a 
real breakthrough for both busi-
nesses and home computer en-
thusiasts. Programs are loaded 
rapidly and cataloguing is instant-
aneous. The CP/M PLUS* operat-
ing system is acknowledged as one 

of the best and most practical in the 
world. 

Other key features of the 
Amstrad 6128 system include a 
highly functional alpha-numerical 
keypad with programmable fun-
ction keys and broad sound and 
graphics capabilities. Thus, the 
system offers considerable scope 
not only for educational and enter-
tainment uses but also for many 
serious business requirements. 

Wide range of programs 
available now. 

Most of the programs deve-
loped for the Amstrad 464 and 664 
computers can be used on the 6128. 
These cover a broad range of sub-
jects including Business, Educat-
ion, Games, Brain Power, Programm-
ing and Electronic Home. 

In addition, there is an excellent 
range of custom CP/M PLUS* disc 
-based programs available. 

In all, there are hundreds of 
titles to choose from covering all 
aspects of personal and business 
computing. Programs include 
Wordprocessing, Spread-
sheets, Graphics, 
Accounting and many 
popular games. The 
Amstrad 6128 com-
puter offers a wealth 
of applications for 
home and business. 

Amstrad. Distributed and 
guaranteed by AWAThorn. 

Amstrad computers are dis-
tributed and guaranteed by 
AWAThorn, one of Australia's 
most trusted names in home 
products. The new 6128 system is 
available at leading retailers and 
computer stores throughout Aus-
tralia. Ask for a demonstration and 
you'll agree — no other system 
adds up to Amstrad. 

For the location of your nearest 
Amstrad dealer, please telephone: 
Sydney, 638 8444;  Newcastle, 
52 7088;  Melbourne, 459 1688; 
Brisbane, 44 7211;  7bwnsville, 
72 7755;  Canberra, 80 5314; 
Adelaide, 269 1966; Perth, 
277 7788; Hobart, 72 4366; 
Darwin, 84 3243 

'CHM PLUS is a registered trademark of Digital Research 

IISTRAD 
Distributed and guaranteed throughout Australia by 

AWA -THORN 
TPI3/623 



Wait for it, wait 
for it AUSSAT's away! 
Following a delay of several days due to bad weather at 
E the Cape Kennedy launch site, the space shuttle Discov-
ery carried AUSSAT aloft in the last week of August, well 
and truly launching Australia into the space communications 
era. 
The 528 kg satellite, built by 

Hughes Communications of the 
US, was first placed in a 'hold-
ing' orbit and then accelerated 
into geostationary orbit by an 
on-board 'kick' motor, taking it 
to its parking spot 36 000 km 
above 156 E. All control of the 
satellite following its launch 
from the shuttle was done from 
AUSSAT's ground control facil-
ity located at Belrose in Sydney. 
The satellite is due to become 

operational in December and 
will provide direct television 
and sound broadcasting to re-
mote communities, plus tele-
phone and television relay 
facilities. 
The Australian electronics in-

dustry has been involved with 
the construction of the satellite 
and the major earth stations. 

Standard Telephones and 
Cables (STC) provided wiring 
harness aboard the satellite, 
while J. N. Almgren Data Com-
munications Engineers provid-
ed voice communications 
systems for in-house communi-
cations at the Sydney and Perth 
major earth stations. 
AWA provided two sub-

systems for the AUSSAT track-
ing, telemetry, command and 
monitoring (TTC&M) system 
which forms part of the Aus-
tralian satellite system under a 
$5.5 million contract. In addi-
tion, AWA supplied the Broad-
cast Performance Monitoring 
Sub-systems for all the AUSSAT 
major city earth stations under 
a $1.6 million contract to Mit-
subishi. 
This satellite is the first of 

three which are expected to 
open the way for the introduc-
tion of many more communica-
tions and bradcasting services 
for Australians, no matter 

where they may be situated. 
Congratulations are in order 

to all concerned. 

— Roger Harrison 

United States 
policeman partly 
saves face with 
computer 

cad any good books lately? 
How about any written by 

computers? Yes — the inevitable 
has happened — a computer has 
finally written a book. 

In the United States (where 
else?) an IMS International 
computer has created a book of 
poetry and prose called "The 
Policeman's Beard is Half Con-
structed". It featured at a night 
of poetry reading in California 
(where else?) recently, but at 
least it wasn't read by the com-
puter as well as written by it. 
The book was composed com-

pletely by a BASIC program 
named Racter (a six- letter file 
name for Raconteur) on an I MS 
computer. Racter, co-authored 
over a five-year period by Wil-
liam Chamberlain ! listed as 
author of the book) and Thomas 
Etter, is claimed to be the most 
highly developed artificial writ-
ing system in the field of prose 
synthesis today. 
Fundamentally different from 

artificial intelligence, which 

tries to replicate human think-
ing, Racter can write an origi-
nal work without promptings 
from a human operator. 
This feat is so unusual that 

Racter and The Policeman's 
Beard have been discussed in 
magazines such as Omni and 
Forbes. The book will also be 
featured at a conference on ar-
tificial intelligence to be held 
later this year in the United 
States. 
Chamberlain doesn't claim 

Racter represents artificial intel-
ligence, however, or even inspi-
ration. Part of Racter's program 
does what he calls the "book-
keeping" of English — conjugat-
ing regular and irregular verbs, 
for example, and assigning 
number and gender to nouns. 
The system also chooses 

words from a dictionary file and 
rules from a syntax file to make 
sure the words are properly 
connected. " Identifiers" relate 
every entry to every other entry; 
for example, "cow" is related to 
"bovine" and "hoofed animals". 
This cross-indexing also helps 
Racter avoid such mistakes in 
logic as making pigs fly ( Racter 
will choose a more appropriate 
verb, such as "eat"). 

"There is no reasoning here at 
all," says Chamberlain. " Rather, 
the program creates by follow-
ing the geography of a sentence. 
It's a closed system, simply 
repeating variations of identifi-
ers. In theory it's not much 
different than Pascal's number 
generating machine." 
While The Policeman's Beard 

is said to be neither E. E. Cum-
mings nor Rod McKuen, 
Shakespeare nor Robert Frost, 
some people apparently enjoy 
reading it enough to buy the 
book. The next question obvi-
ously is — how long before the 
movie? And could the Aus-
tralian computer industry 
produce the same feat? 
Note: The Policeman's Beard 

is Half Constructed is published 
in the USA by Warner Books. It 
has been reviewed in numerous 
magazines, including Scientific 
American ( jan. ' 85). 

From circuit 
diagram to 
completed 
assembly 

A s WA seems now to be 
well and truly in Bond-

age, as it currently headquarters 
Australia's 8th largest corpora-
tion headed by Alan Bond (— 
you know — he won that cup), 
one might be tempted to assume 
other western corporate 
pioneers might be outshone. 
Not so! Well, not according to 

Malcolm Sells of the Perth-
based jemal Products. Malcolm 
heads up what he claims is one 
of Australia's most expedient 
producers of high quality print-
ed circuit boards, panels, chas-
sis and racks. Not only is lema! 
'into the hardware,' but they 
offer an electronic assembly 
service, too. 
jemal can knock out single 

and double-sided printed circuit 
boards to order and offers what 
must be a unique "while-you-
sleep" prototype service for 
eastern states customers. Get 
your artwork to them by air 
express one day and lemal will 
expedite your prototypes by in-
terstate overnight air freight the 
same day. 
jemal recently expanded their 

'mainline' services of pc board 
manufacture, close limit metal-
work and production assembly. 
In-house services now include 
artwork production and photog-> 
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NEWS REVIEW 
raphy, roller-tinning and solder 
mask application on pc boards, 
plus silk-screening of annota-
tion on boards. 

Just to add that 'touch' to their 
range of services, Jemal can 
print on just about any surface, 
including powder-coat, for 
which they have developed 
specialised inks. Jemal can en-
grave acrylic panels and do 
reverse prints, plus process 
photo-etched panels in alumini-
um, brass and stainless steel. 
Want your invention assem-

bled? Jemal can do it, including 
chasing components orders as 
well as component sourcing. 
Jemal can perform component 
preforming, top-load boards 
and wave solder production 
runs. In addition, they offer 
hand soldering expertise and 
ATU facilities. You can start 
with a circuit diagram and end 
with the finished product! 

Contact Jemal Products Pty 
Ltd, PO Box 166, Victoria Park 
6100 WA. (09)350 5555. 

Fancy a call from 
a robot? 

A computerised telephone 
calling system has added 

new dimension to a repetitive 
task everyone likes to groan 
about (and may well induce a 
few groans from recipients of its 
product! — Ed). 
Manufactured by the Au-

tocomm Corporation of Santa 
Monica, California, and based 
on the Texas Instruments 
Professional Computer and TI's 
Speech Command System, the 
Autocomm Messenger automat-
ically calls a list of telephone 
numbers, plays a recorded mes-
sage and records a response. 

It combines flexible, high 
quality computerised calling 
with the functionality of a com-
plete business computer system 
at a price lower than typical 
dedicated robotic callers. 
The Messenger is said to pro-

vide a timely cost-effective way 
to get information to a targeted 
group of people. It can complete 
up to 40 calls per hour, more 
than twice the number that can 
typically be completed 
manually. 
"Because it uses TI-Speech 

Synthesis, the quality of the 
recorded message remains high 
even with continual use, com-
pared to the tape systems that 
can lose quality over time," said 

Dennis Vlasich, Executive Vice 
President of Autocomm Corpo-
ration. " For example, banks 
could use it to notify accounts 
that are overdrawn. Insurance 
agents could call for policy 
renewals, or stockbrokers could 
send buy/sell messages to 
clients." 
Autocomm claims that The 

Messenger provides flexibility 
for designing specific calling 
sessions. The user can record a 
number of messages, file them, 
and select up to nine messages 
to be played during each call. 
The messenger can call the list 
at a pre-established time, 
delivering messages to each 
name on the calling list, record-
ing responses, and recalling 
busy or unanswered numbers. 
All information is stored in 

the computer, at the end of the 
calling session, the system can 
detail the number of completed 
calls, busy signals (very useful 
in Sydney), and hang-ups (mind 
reading too? — Ed), as well as 
specific information about each 
call. 
Included with The Messenger 

is special software; a 256K TI 
Professional or portable Profes-
sional Computer with a 10 
megabyte Winchester disk; 

Speech Command hardware 
and software; and a TI Model 
850 dot-matrix printer. The TI-
Speech software allows the 
computer to be used as a tele-
phone answering machine as 
well as a calling system. 

Acesat place 
order for AUSSAT 
equipment 

A cesat Satellite Receiver 
Corp. Pty Ltd, the Sydney-

based national distributor of 
satellite receiver equipment, has 
placed the first 'substantial' ord-
er with Plessey (Aust) for sup-
ply of B-MAC indoor units 
required for the Australian re-
mote area satellite TV and radio 
service from the AUSSAT 
satellites. 
Mr Ivan Trayling, marketing 

executive for Plessey, con-
firmed the order would secure 
delivery of the first production 
of B-MAC equipment to Acesat. 
The Acesat complete system 

will be available in late October 
in readiness for the first satel-
lite transmission, expected on 
1st November. 
For further details, contact 

Douglas Sawtell, (02) 521 5994. 

EVERYTHING IN 'PHONES FROM CAPTAIN COMMUNICATIONS 

;UPERPHONE HT 660 

# Single or dual line 
# 60 Memories — direct I/P 

no codes 
# Loud speaking — complete 

hands off 
# PABX compatible 
# 3-way conference calling on 

2 line model 
# $449 single line. Dual line 

and quantity price on 
application 

CALL DIVERTERS 

# From $849 
# Don't lose calls worth 

$dollars 
# Answering service available 
# Unique range of options 

RADIO PAGERS 

Rental & Purchasing 
# Tone only — $21 per month 
# Digital — $33 per month 
# Alphanumeric — $60 per 

month 
All inclusive 
Sydney * Newcastle 
* Wollongong 
Country available 
Systems negotiable 

....:â4iLm1Mdtha 
COMIVIIIILt!" a •riet.nre• 

MAIL ORL ¡vs.;u.j.stt.n.ia 

2 days to most parts of Australia. 28 Parkes St, Parramatt 
Just phone, work out what you want MOST CREDIT 

and we will despatch immediately CARDS WELCOMED 
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Getting the Best TV Reception 

NO MATTER HOW GOOD the quality of your TV receiver, 
it just won't give of its best if you don't collect the signal ef-
fectively and feed it to your set as efficiently as possible. 
The place to start is at the antenna itself. Figure 1 shows 

the general TV receiver antenna system. I might be pointing 
out the obvious, but the diagram shows the important ele-
ments in the system. Let's examine each element of the sys-
tem in turn and the factors one needs to consider in achieving 
the best TV reception. 

The antenna 
The function of the antenna is to gather the signal radiated 
by the television transmitter or transmitters you wish to 
receive. Television channels are allocated on a regional basis 
by the Department of Communications and the antenna must 
be designed to cover the channel frequencies allocated to 
your area. As you can appreciate by looking at Table 1, this 
may mean it has to cover an extremely wide frequency range. 
There are five 'bands' allocated for television broadcasting. 

Bands I, II and III are in the very high frequency (VHF) range, 
while bands IV and V are in the ultra-high frequency (UHF) 
range. Band II stations are being ' moved' to other channels 
where they are allocated to particular regions, as channels 
3, 4 and 5 are on frequencies which lie in the FM (stereo) 
broadcasting band. 
The UHF channels are not widely used at present, but the 

Special Broadcasting Service (SBS), which currently 
broadcasts on channel O in the VHF band and channel 28 
in the UHF band, will be using UHF exclusively from 1986. 
A number of VHF stations have their programmes re-
broadcast on the UHF band to ' fill in' areas which may be 
unable to receive their primary VHF signal. Thus, in some 
areas there is a requirement to be able to pick up stations 
on both VHF and UHF. Antennas are available to cover just 
the VHF or UHF bands, while some special models are made 
to provide reception of both VHF and UHF bands with the 
one antenna. We won't cover choice of the antenna here — 
that's a separate subject all on its own! 

If you don't know the TV channels covering your area, the 
Department of Communications publishes a book, through 
the Australian Government Publishing Service, which lists 
full details on TV stations and translators Australia-wide. See 
the accompanying panel. 
Figure 2 shows some common types of TV antenna. Note 

the similar component parts. Every antenna has a `feedpoint' 

TO TV STATION 

FEEDPOINT 

FEEDLINE 

Figure 1. The TV antenna 
components. 

V—DIPOLE 

V—DIPOLE 

FEEDPOINT 

ANTENNA 

ANTENNA INPUT 

CONNECTOR 

TV RECEIVER 

-1 U. 
system and its important 

DIRECTORS 

DIPOLE 

FEEDPOINT 

FEEDPOINT 

REFLECTOR 

'V' TYPE 'YACI' TYPE 

Figure 2. Common TV antenna types. 

TABLE 1 

'PHASED ARRAY' 
TYPE 

DIPOLE 

REFLECTOR 

Channel 0 

Channel 3 

Channel 54 
Channel 8 
Channel 11 

Channel 28 
Channel 31 
Channel 34 

Channel 39 
Channel 42 
Channel 45 
Channel 48 
Channel 51 
Channel 54 
Channel 57 
Channel 60 
Channel 63 
Channel 66 
Channel 69 

OESIGNATION AND FREQUENCY LIMITS OF AUSTRALIAN TELEVISION CHANNELS 

BAND I 

45 52 M, Channel 1 56-63 MN, Channel 2 

85 92 MHz 

BAND II 

Channel 4 94-101 MHz 

63-70 MHz 

Channel 5 101-108 MHz 

137-144 MHz 
188.195 MHz 
215.222 MHz 

526-533 MHz 
547-554 MHz 
568.575 MHz 

BAND III 

Channel 6 174.181 MHz 
Channel 9 195.202 MHz 

BAND IV 

Channel 29 
Channel 32 
Channel 35 

533-340 MHz 
554-561 MHz 
575-582 MHz 

Channel 7 
Channel 10 

Channel 30 
Channel 33 

181-188 MHz 
208-215 MHz 

540 547 MHz 
561 ,568 lV1H 

BAND V 

603-610 MHz Channel 40 610-617 MHz Channel Cl 
624-631 MHz Channel 43 631-638 MHz Channel 44 
645-652 MHz Channel 46 652-659 MHz Channel 47 
666-673 MHz Channel 49 673-680 MHz Channel 50 
687.694 MI-le Channel 52 694-701 MHz Channel 53 
708-715 MHz Channel 55 715-722 MHz Channel 56 
729-736 MHz Channel 58 736-743 MHz Channel 59 
750.757 MHz Channel 61 757-764 MHz Channel 62 
771-778 61Hz Channel 64 778-785 MHz Channel 65 
792-799 MHz Channel 67 799-806 MHz Channel 68 

813-820 MHz 

617-624 MHz 
638-645 MHz 
659-666 MHz 
680-687 MHz 
701-708 MHz 
722-729 MHz 
743-750 MHz 
764-771 AlHz 
785-792 MHz 
806-813 MHz 

Note: 
The dial markings on some older 'knob type' UHF tuners show only 

approximate channel number. 
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and is intended to receive best from a particular direction 
(indicated by the arrows in Figure 2). The antenna feedpoint 
is where the received signal is collected for transmission to 
your TV receiver. The feedpoint of the antenna will have a 
'characteristic impedance' which must be matched to the 
characteristics of the particular feedline employed, but more 
on that shortly. This characteristic impedance cannot be 
measured with a multimeter, but it is generally expressed in 
'ohms' — usually either 75 ohms or 300 ohms, which are 
standard values settled upon many years ago for reasons of 
simplicity and uniformity in manufacturing TV components. 
A transmitting or receiving antenna, as a result of its 

construction and mounting, will be polarised in a particular 
plane — either vertical or horizontal. The TV stations in 
different areas will transmit using a particular polarisation 
and your antenna must be polarised the same way. In the 
capital cities, with the exception of Canberra, horizontal 
polarisation is used. Some country areas use vertical 
polarisation, to reduce possible interference from other areas 
using horizontal polarisation. 
When the elements of your TV antenna are horizontal, it 

will be horizontally polarised: likewise, it will be vertically 
polarised when the elements are vertical. 
A TV station will have a primary service area, designed 

to cover, in general, the audience in the region the 
broadcaster chooses to serve. In the capital cities, for 
example, the TV stations' primary service area corresponds 
to the greater metropolitan area. The further away from the 
transmitter you are, the weaker the signal. You may, of 
course, receive a TV station though you live well outside its 
primary service area, and this is termed 'fringe' area 
reception. 
Generally speaking, VHF and UHF signals travel in straight 

lines so that reception depends on your being within 'line 
of sight' of the TV transmitter. Where local terrain may 
'shadow' the TV signal within the primary service area, 
reception may be poor due to the lower signal strength. 

In general, TV antennas are designed to operate best in a 
particular area as TV channels are allocated on a regional 
basis. Those antennas designed to operate well in the capital 
cities may perform poorly in country regions. and vice versa. 
An antenna designed to give good fringe area reception may 
cause problems with your receiver when used in a primary 
service area, rather than give the " fantastic" reception you 
might expect. 

The feedline 
The function of the feedline is to convey the signal from the 
antenna to the receiver input with a minimum of loss and 
without picking up extraneous noise or other signals which 
may degrade the TV signal. 
A feedline consists of a pair of conductors separated by 

insulation which maintains the two conductors a constant 
distance apart. There are two fundamental types of feedline 
— 'balanced' and 'unbalanced'. It's unnecessary to go into 
the technical background to these terms, but '300 ohm TV 
ribbon' is a balanced line (see Figure 3), while '75 ohm TV 
coax' is an unbalanced line (also see Figure 3). 
A feedline has a 'characteristic impedance' and, like the 

antenna feedpoint, it is also specified in 'ohms'. The availa-
ble feedlines have standard characteristic impedances of 
either 300 ohms (for balanced lines) or 75 ohms (for coaxial 
cable). Coaxial cable is so-called because the two conductors 
have the same axis — through the centre line of the centre 
conductor. 
The most commonly available TV coaxial cable is known 

as '3C-2V'. It is about 5 mm diameter and the type intended 
for installation outdoors has a black outer sheath. 
An important characteristic of all feedlines is loss. That 

is, a feedline will degrade the signal strength of any signal 

CAP 

OUTER CONDUCTOR 

(BRAID) INSULATION 

75 OHM TV 
COAXIAL CABLE — 

300 OHM 
TV RIBBON 

OUTER SHEATH 

IN 

Figure 3. TV feedlines. 

PH I AMP 

SCREW 

CENTRE PIN 

INSULATOR 

CENTRE 
CONDUCTOR 

  TWIN 
CONDUCTORS 

BODY 

Figure 4. The PAL' or Belling- Lee' coax plug. 

COAX 

BRAID 

yl INSULATION 

3mm 

CENTRE 
CONDUCTOR 

2 2 rn rn 

Figure 5. Preparing coax cable for a PAL plug. 

BODY 

Figure 6. Ribbon cable plug. 

INSULATION 

_ 
—4 25mm 

PINS 

CONDUCTORS 

Figure 7. Preparing 300 ohm ribbon cable for attaching a 
plug. The conductors are soldered to the pins. Cut off any 
excess lead after soldering. 

conducted along it. The amount of loss depends on its con-
struction and on the length of feedline employed between 
the antenna feedpoint and the TV receiver's antenna input. 
No matter what type is used, the longer the feedline, the great-
er the loss. 

All else being equal, 300 ohm line has less loss than 75 ohm 
coax. However, ribbon feedline is much more suscepti-
ble to being affected by weather than coax, and it deteriorates 
much more rapidly. Its loss tends to increase substantially 
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when wet. 'Low loss' balanced feedline is available. This may 
be like ribbon with lengths of insulation removed at regular 
intervals, or simply consist of two conductors supported by 
insulators every so often along the length. 

In addition, balanced feedline is susceptible to being af-
fected by nearby objects, which can increase the loss or cause 
it to pick up extraneous signals. Thus, a great deal more care 
is necessary with TV ribbon during installation, compared 
to what you can do with coax. 

Matching the antenna and feedline 
It is important that the antenna feedpoint and the feedline 
have matching impedances to ensure the maximum amount 
of signal is conducted to your TV receiver. Most TV anten-
nas are built with a balanced feedpoint having an impedance 
of 300 ohms. If you're using balanced ribbon feedline, it can 
be connected directly to the antenna. 

If you're using coaxial cable, then some means of trans-
forming the impedance from 300 ohms to 75 ohms is neces-
sary, and at the same time changing from balanced to 
unbalanced feed. Such a device is generally referred to as 
a 'balun transformer' or just balun (derived from the term 
"balanced-to-unbalanced"). A balun may be used to convert 
300 ohm systems to 75 ohms or 75 ohm systems to 300 ohms. 
In other words, they work 'either way'. 

Connectors 
The PAL' or Belling-Lee' connector is almost universally em-
ployed with 3C-2V coaxial TV cable. The component parts 
of a PAL plug are shown in the exploded drawing of Figure 
4. It may have a metal body and cap, or plastic body and cap 
with metal rim at the end for making contact with the sock-
et. The cable clamp serves to mechanically secure the cable 
and plug, as well as provide connection between the plug's 
metal body and the coax cable's braid outer conductor. Figure 
4 illustrates the common, modern type where the coax ca-
ble's centre conductor is secured by a screw to the plug's 
centre pin. Older models require the coax's centre conduc-
tor to be soldered to the plug's centre pin. 
Figure 5 shows how to correctly prepare TV coax when 

assembling a PAL plug to it. The cap and clamp from the 
plug should be slipped on the cable before cutting the end 
and exposing the conductors as shown. Use a sharp-bladed 
instrument such as a penknife or 'hobby' scalpel and take 
care not to nick the centre conductor or it may break later 
with disastrous results. Fan out the braid wires and cut them 
to a length of about 5 mm. 
Firmly seat the insulator/centre pin assembly, making sure 

that no stray braid wires are shorting to the centre conduc-
tor. Tighten the securing screw, but not so tight as to sever 
the cable centre conductor. Cut off excess centre conductor 
protruding beyond the end of the centre pin. You can solder 
it too, if you feel it's necessary. However, use an iron with 
a small tip radius and complete the joint quickly or the plug's 
insulator may melt. Seat the cable clamp against the insula-
tor and lay the braid down before screwing the cap and body 
together. 
Ribbon cable is generally terminated with a two-pin plug, 

as illustrated in Figure 6. The plastic body may be solid or 
split, so that it clamps the ribbon when closed. Ribbon cable 
is prepared as shown in Figure 7 when attaching a plug. The 
insulation should be cut back with a sharp-bladed instrument 
such as a penknife or 'hobby' scalpel. Take care not to nick 
the conductors else they may break later. 

Antenna siting and aiming 
Indoor 'set-top' antennas are fine where a really strong sig-
nal direct from the stations is available, but best results are 
almost always obtainable with an outdoor antenna. 
Remembering that we're dealing with 'line-of-sight' signals. 

the antenna should be sited so that it has more or less an un-
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Figure 8. Re-siting the antenna to clear its view toward 

the TV stations. 

obstructed 'view' in the direction of the transmitter. Large 
obstructions in the path near the antenna will almost certain-
ly affect the signal strength to some extent. If your antenna 
is sited so that it's 'looking' through a large tree — or worse, 
a block of flats — you may not be getting the best signal you 
can. You needn't cut down the tree, and there's little hope 
of doing anything about a block of flats, but re-siting your 
antenna can have a remarkable effect on results. 
Figure 8 illustrates a situation where re-siting the antenna 

puts the obstructing tree out of the antenna's line of view 
to the TV station. Another way of improving the antenna's 
view, if available, would be to raise it, so that the tree (or 
whatever obstruction) is substantially below the height of the 
antenna. This particularly applies with UHF reception. 
Some experimentation with temporary siting of the antenna 

may pay good dividends, especially if terrain obstructs your 
direct view of the TV transmitters. 
Most TV antennas have a relatively broad directional 

response, so that aiming accuracy is not really stringent. An 
accuracy of ± 10-15 degrees is generally fine. If in doubt, and 
you cannot actually sight the transmitters, a local area map 
and a compass can greatly assist. However, make sure your 
map shows the magnetic deviation from true north so that 
you can correctly align it. 

'THE BROADCASTERS 
BIBLE' 

This book, published by the 
Department of Communications, 
lists complete data about all the 
national and commercial TV and 
sound (AM and FM) broadcast-
ing stations, translators and 
repeaters operating Australia-
wide. Channel frequencies are 
listed, along with transmitter lo-
cations, power, antenna polarisa-
tion, etc. 

This book is invaluable for 
obtaining data on the TV chan-
nels available in your area, apart 
from data on the other broad-
casting services. 
Copies are obtainable from 

Department of Communications 
offices in each state or through 

Sound and 
television 
broadcasting 
stations 

1984 

the Australian Government Pub-
lishing Service. The book is list-
ed as DOC 503, ref. no. ISSN 
0812-2016. 



STANDOFF 

300 OHM 
RIBBON 
CABLE 

(TWISTED 
TO MINIMISE 

CABLE PICKUP) 

Figure 9. Typical installation of balanced TV feedline. 

Feedline installation pointers 
If you're not currently installing a new antenna, examine 
your existing feedline. If it's ribbon, check that the insula-
tion is not cracked or split and that all joints are mechani-
cally sound. Replace your feedline if it's showing such signs 
of ageing. Joints showing signs of corrosion should be dis-
assembled, carefully cleaned to expose bright metal, and re-
assembled. You can weatherproof joints by smearing a seal-
ing compound such as ` Silastic' over them. 

If replacing ribbon feedline, take a look at how it's installed. 
It must be conducted down the mast and external walls us-
ing ' standoff' insulator clips. It should not be tucked flat 
against the wall, or casually dropped down inside a wall cavi-
ty. It should be held away from the wall where it runs for 
any length by at least 50 mm, preferably more. The ribbon 
should be twisted, with about one twist per 100 mm. This 
maintains the ' balance' of the feedline and reduces pickup 
of extraneous noise, etc. Figure 9 illustrates a typical instal-
lation. 

If your current installation has a coax feedline, give it a 
good going over, especially any external joints or connec-
tors. If the coax is damaged at all, it's likely water either has 
got inside, or will do so. Nothing makes the feedline loss soar 
more quickly than the ingress of water. Replace the affected 
section, or the lot. 

Where a balun is installed outside, check all joints careful-
ly. If there's any substantial corrosion, disassemble the joints, 
clean them back to bright metal and re-assemble. It's always 
good insurance to weatherproof them. (Silastic is suggested 
as before). 

Whatever feedline is used, go over the antenna connection, 

ANTENNA FEEDPOINT 

BALUN 

COAXIAL CABLE 

STANDOFF 

BALANCED 

FEEDUNE 
(OPEN WIRES) 

CABLE MAY BE RUN 

AGAINST WALL AND/OR 

INSIDE WALL CAVITY 

(A) FOR SHORT TO MEDIUM 
FEEDING RUNS (UNDER 20 19 ) 

BALUN 

f I] II TO TV SET COAX 

ANTENNA FEEDPOINT 

flI 
TO TV SET 

(B) TO REDUCE LOSS WHERE 
LONG FEU:LINE IS NECESSARY 
COVER 30 r.) 

Figure 10. Typical variations for installing coax TV 
feedline. A balun must be used at the TV set end where 

the set only makes provision for 300 ohm blanced line 
connection. 

cleaning this up and weatherproofing it, if necessary. 
If you're replacing ribbon feedline, seriously consider in-

stalling coax. Note that coax is used almost exclusively on 
UHF antenna installations. Generally speaking, while TV rib-
bon is lower in cost than coax, the latter gives better results 
in the long run. Coax can be run against the antenna mast, 
walls etc, without any affect on its operation. However, if 
the length of line necessary turns out to be 50-100 metres and 
you live on the outher reaches of the service area, then con-
sider using low-loss balanced feedline for part of the run and 
coax where the cable has to run along and/or through walls, 
installing a balun where they join. This will minimise feed-
line loss. The other alternative is to add an ' amplifier' at the 
antenna (generally called ' masthead amplifiers') and use coax 
all the way. However, that's a subject all its own. 

If you're using coax and your TV set only has 300 ohm 
balanced input, then you'll need a balun at the set. Figure 
10 shows typical installation variations with coaxial cable 
feedline. 

TELEVISION ANTENNA SPECIALISTS 
TELEVISION ANTENNAS 

• Indoor VHF Spiral .... $7.50 (F5000) 
• Indoor VHF/UHF Spiral $12.50 (F5030) 
• Indoor Rabbit Ears . $19.50 (F5020) 
• VHF Quick Rig, suited to flats, units, 
boats, includes 10m ribbon FREE! 
  $39.95 (F5410) 
• UHF Antenna, guaranteed excellent 
channel 28 reception (Remember channel 
0 ceases 31/12/85) .. $49.50 (F5100) 
• VHF Metropolitan, save up to 25% on 
this high gain anti-ghost model 
  $69.50 (F5200) 
• VHF, UHF multiband suits all Metropolitan. 
areas, suited to problem areas, features 
high gain, anti-ghost, most popular antenna 
  $79.00 (F5310) 
• VHF Log Periodic Antenna, high gain, 
ideal for fringe areas as well as receiving 
regional transmissions . $79.50 (F5250) 

AVAILABLE FROM 

PLUGS, SOCKETS, WIRE & BALUNS 

Plastic Coax Plugs (F655I) 
Sockets Coax Plastic ( F6550) 
Metal Coax Plugs (F6553) 
Metal Coax Sockets (F6552) 
300 Ohm Line Plugs (F6554) 
Waterproof Baluns (F7030) 
Balun. 75 to 300 Ohm (F7010) 
Balun, 300 to 75 Ohm (F7020) 
Flush wall mount. 75 ohm socket (F6560) 
Raised wall mount. 75 Ohm socket (F6510) 
Raised wall mount. 2 x 75 sockets (F6580) 
VHF/UHF Diplexer ( mixer) (F6010) 
TV game/computer switch (F6080) 
Ribbon Lead 300 Ohm (W6505) 
75 Ohm coax cable TV3C2V (W5500) 
75 Ohm coax cable TV5C2V (W6502) 

55C 
95C 

51.50 
$1.50 
95C 

$4.45 
$2.50 
$2.50 
$3.95 
$3.50 
$3.95 
$8.50 
$5.95 

40C /m 
658/m 
Sl/m 

Zeie ELECTRONICS 

, cOeS 

S1OCKSD 

BURWOOD 51 Burwood Road (02) 745 3188 
CHATSWOOD 16 Anderson St. (02) 411 7366 
PARRAMATTA 60 George St. (02) 635 5877 
LIVERPOOL 270 George St. (02) 602 0777 
EASTWOOD 10A First Ave (02) 858 2288 

DJ 
t OsJ e. • • .3) (N -ees ool .$19 

) sse 1- „es- 45 02B) 
‘0 

ALL ACCESSORIES 
Support mast. 8.. I-. dia (F4I 10) 
Chimney strap mounts (F4I20) 
27 .- Antenna wall mount (F4100) 
Hockey stick mount (F4200) .. 
Mast head amplifier (F6I00) . 
Splitter 2 way 75 Ohm (F6020) 
Splitter 4 way 75 Ohm (F6040) 
Splitter 2 way 300 Ohm (F6050) 
Splitter 4 way 300 Ohm (F6070) 

$12.95 
$19.95 
$ 9.95 
$12.95 

$129.00 
5.95 
8.95 
4.95 

$ 6.95 
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EXCLUSIVE AEM READER OFFER 

KIKUSUI °sea, SCOPES: 
Here is a fabulous opportunity to own a top-quality, high performance oscilloscope from one of the 
world's leading CRO manufacturers, Kikusui. Save hundreds of dollars on the normal retail price 
— an offer exclusive to readers of Australian Electronics Monthly. 

Emona Instruments of Sydney, in conjunction with the publishers of this magazine, is making these oscilloscopes available 
as a special offer exclusively to readers of Australian Electronics Monthly. The magazine is acting as a clearing house 

for orders. 

* Offer closes last post 30th November 1985 
Choose from analogue or digital — 

• 60 MHz/3-channel delayed- • Digital storage/20 MHz 

sweep model COS5060A TWO YEAR 2-channel model DSS5020 
WARRANTY! 

COSà"0b0A Features: 

• Dome Mesh CRT. 12 kV 
Acceleration potential 

• 3 Channels 
• 1 mV/DIV 20 MHz (at x 5 MAG) 
• Maximum sweep speed 

5 ns/DIV (x 10 MAG) 
• Continuous, Simultaneous 

Delay Sweep Function (with 
two time bases 

• Alternate Sweep Function 
• Trigger Function in Vert Mode 

• Multi-Mode Display 

Emona offer a two-year 
warranty on all oscilloscopes. 

backed- up by Kikusui. 
Full warranty details 
are available from 

Emona. 

• Built in Delay-line 
• 6 inch Rectangular flat faced 

CRT with internal Graticule 
• Dynamic Bias Circuit 
• Linear Focus Circuit 
• 2 Channel X-Y Operation 

• Variable Hold-off function 
• ADD Mode 
• Trigger level Lock Function 
• Newly designed TV 
• Synchronisation Circuit 
• CH1 Signal Output 

DSS5020 Features: 
Digital Storage 
• A high resolution made possible 

by the 8 bit vertical and 1024 word 

horizontal axes. 
• maximum sampling speed: 

1 megasample/sec. 
• Effective handwidth: dc-400 kHz. 
• Sine and pulse interpolation 

functions. 
• Enlargement of stored waveforms. 
• Pretrigger function for observation 

of the phenomenon preceding 
triggering. 

SPECIAL OFFER PRICES 
*COS5060A 60 MHz/3-Channel 
$1490.00 exc. sales tax 

— çave S236! 

$1766.00 inc:. sales tax 
This instrument's normal retail price is 
$1726.00 exc. sales tax, $2006.16 with tax. 

HOW TO ORDER 

Input probes are included 

SPECIAL BONUS! 
The first 30 orders received 
will get a 31/2-digit Escort 
Multimeter thrown in, 
totally free of char•e! 

Cut out, or photocopy, and complete the coupon. Send it together with 

your cheque. money order or credit card details to: 

`Kikusui CRO Offer' 
Australian Electronics Monthly 

PO Box 289, WAHROONGA 2076 NSW 
•Please make cheques or Money Orders payable to: 

'Australian Electronics Monthly' 

Delivery: Pleas e allow up to four (4) weeks from receipt 
of payment for delivery to be effected. 

Name   

• Roll function for continuous 
observation of a waveform. 

• A built-in jitter-cancelling circuit. 
• 1024 word reference memory. 
• Store interval function 

Non-storage 

• A 2-channel oscilloscope with a 
dc-20 MHz bandwidth. 

• maximum sweep time: 50 ns/div. 
• maximum sensitivity: 1 mV/div. 
• Trigger function with a level lock. 

*DS S Digital Storage/ -Channel 
$1650.00 exc. sales tax 

- save $283! 
$1952.00 inc. sales tax 

This instrument's normal retail price is 
$1933.00 exc. sales tax, $2242.28 with tax. 

Please supply: 

Sales Tax No  (if applicable) 

Please add $ 20 for packaging, delivery and 
insurance for delivery anywhere in Australia 

TOTAL COST: 

1 enclose payment by: 
Money Order Cheque* 
Bankcard Li Mastercard 

Amex E 
Visa H 

Credit Card No' Expiry date: .../.../... 

Cheque or Money Order No:   
(Unsigned orders cannot be accepted) 

Address 

Postcode  Signature 

*If you would like to inspect either of these oscilloscopes, 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. 



Tie great new 
offer from 
microbee 

Microbee, the ideal Education and Home/Business 
Computer is solving problems every day. Now 
microbee has solved another problem, the 
'COMPUTER-IN-A-BOOK' is now a Computer in a 
package. Read on and find out how you can have a 
whole ready to go computer package for one incredible 
price. 

THE INTERFACE OF 
TECHNOLOGY AND EDUCATION 

The COMPUTER-IN-A-BOOK has the perfect low 
cost, highly reliable, disk drive system that enables 
expansion to meet your changing needs. It's also 
available with several options, but most of all, it's an 
economical way of achieving Disk Drive capability. 
Featuring, an economical 3.5 inch 400K high 
speed/high density drive which is very compact and 
expandable to two drives. 

The Offer 
This great package offer boasts all of the following 
equipment 

• 64K microbee. 
• 3.5 Inch Disk Drive. 
• Monitor in either Amber or Green Screen. 
• Full Documentation including a Manual in a binder 

which details all user requirements and operation. 
• In addition to the manual, an exciting 

Demonstration Disk Bee Primer' is included. 
'Computer- In-A-Book' also features: 
• Microworld Basic ( Basic Language). 
• Word Bee ( Word Processing Software). 
• CP/M ( Operating System). 
• Disk Catalogue — Keep a record of all your disks 

with this easy reference diskette. 

The 'COMPUTER-IN-A-BOOK' package offer 
doesn't stop yet. For NO extra cost you have the choice 
of one of these four great software packages: 

The Games Package — Arcade Games Vol. 1 and 
Family Games Vol. 1 which consists of two disks, 
valued at $59.00 — Yours FREE! 

Arcade Games Volume 1 

• Robot Man 
• Scrambler 
• Viper 
• Eureka 
• Target 
• Destroyer 
• Hustle 

Family Games 

• Australian Economy 
• Concentration 
• Chess 
• Draughts Plus 

OR 

The Primary Education Package which consists of 
'Learning Can Bee Fun With Words' and ' Learning 
Can Bee Fun With Numbers'. Also valued at $59.00 
— Yours FREE! 

Learning Can Bee 
Fun With Words 

• Rescue 
• Frog Opposites 
• Spelling Wars 
• Alpha Sort 
• Land of Lex 
• Spelling Wars 2 
• Alpha Sort 2 
• Land of Lex 2 

Learning Can Bee 
Fun With Numbers 

• Maths Muncher 
• AC Math 
• Add Star 
• Gorilla Maths 
• T.N.T. 
• Fraction Race 
• Maths Race 
• Square Targets 
• Number Mine 

OR 

The Secondary Education Package which consists of 
'Bee Scientist' and ' Social Studies', valued at $59.00 
— Yours FREE! 

Bee Scientist 

• Intro to Millikans 
• Millikans Experiment 
• Kepper's Law 
• Coulomb's Law 
• Chemical Compounds 
• Valency 
• Elements and Symbols 
• Vector Tutorial 
• I J Vectors 

Social Studies 

• Geograbee 
• Histribee 
• Aussiebee 

OR 

The Home Office Package which contains Business 
Graphic and Simply DB - Database on 2 Diskettes. 
Valued at $59.00 — Yours FREE! 

Finally, The Software Super Offer — for just an 
additional $ 133.00 you can take all four packages, 
representing a saving of $ 103.00. 



The Right Options 
Unlike other computers where you need to buy further 
equipment such as Disk Drive, maybe even an interface 
to link to the drive, microbee has it all — built in. 

But. microbee is not without its exciting options. Extras 
include Bee Modem. Connect your Bee with the rest of 
the world with this Telecom approved Modem that will 
convert your microbee into a Videotext Terminal. 
PRICED AT $ 189.50. 

The Viatel Option at $49.50 used in conjunction with 
the Bee Modem, will bring the world to you. Viatel 
puts you in touch with what's happening — News, 
Weather, Stock Market, Tele Banking Information and 
the new microbee service. 

The DP100 Dot Matrix Printer is another microbee 
option at just $399.00. 

The swivel base adjusts for ease of use at just $24.50. 

For this Fabulous 
All Inclusive Computer Package 
JUST $995.00 
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A HANDHELD LCD 
31/2 -DIGIT DMM FOR 
LESS THAN $50 

The Parameters 8005 features: 
• 31/2-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! 

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. 

COUPON 

PLEASE RUSH ME ... Parameters 8005 dmm(s). 

I enclose payment by: 

Money Order D Cheque* D Credit Card 

Bankcard D Visa D Mastercard 

Credit Card No   
Expiry date:   
Cheque or Money Order No:   

*Please make cheques or Money Orders payable to 
'Australian Electronics Monthly', 

Name   
Address 

Signature 

Postcode 

(Unsigned orders cannot be accepted) 

tor'et'17 
°et' Portable 

solar generator 
Designed as a portable power source and/or battery charg-

er, the NV.500M from Solar-Tech is capable of charging nickel-
cadmium ( Ni-Cad) batteries with capacities from 0.5 amp-hour 
to 2.0 amp-hour (Ah). 

It's Just the thing for charging portable video tape and video 
camera batteries. 

With the NV.500M you can also power portable stereos, radio 
cassettes, AM/FM radios, handheld transceivers, PA systems or 
portable fluorescent lights — anything that operates on power 
at 3, 6, 9 or 12 volts dc — using an optional 12 V Ni-Cad bat-
tery pack. With this, you can draw up to about 0.45 A at 3 or 
12 V, while at 6 and 9 volts, you can draw up to I A! The 
NV.500M will recharge this battery pack from the Sun. 

It's great for experimenters, tool 
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SPECIAL OFFER PRICE: 
NV.500M $ 189 

12 V/1.2 Ah Ni-Cad battery pack $ 59 
plus post & handling, delivered anywhere in Australia by 

Certified Post, $ 10. Please allow up to four weeks for delivery. 

COMPLETE THE COUPON AND SEND IT, TOGETHER WITH YOUR CHEQUE, MONU 
ORDER OR CREDIT CARD DETAILS. TO: 

'Amtex Solar Generator Offer' 

Australian Electronics Monthly 

PO Box 289, WAHROONGA 2076 NSW 
thr, olter . brtny made to .1nItett Lie, (mow, a Do ',too "t ILE Ltedrhal PI) Ltd in Nynex l'on with Auftraltan tier Iron 

.lonthly who are « tend a., a tlearrm hone for order, The Try 500M o offered exthorvely to reader, or rho, rnagaittt , 

PLEASE SEND lit 
NV.500M Solar Generator(s) 
12 V/I.2 Ah Ni-Cad battery pack(s) 

Total Cost.  
I enclose payment by: 

Money Order E Cheque' E Amex 

Bankcard E Mastercard L Visa 1:i 

Credit Card No   Expiry date: ... /... I. 

Cheque or Money Order No:   

'Please make cheques or Money orders payable to Australian Electronics Monthly 

Name   

Address 

 Postcode   

Signature   
.111M1 

# If you would like to inspect one of these solar generators, 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. 



I3W Nee /.5 pop AED ier 
Ifflethe/S! 

The best news you'll 
4 hear all month . • • 

GREAT 
VALUE! 

It's our fantastic 
DSE Soldering Sta-
tion! A professional 
station at a hobbyists 
price. Fully variable temperature control (around 
200 - 500 degrees C.) and a temperature meter to let you 
know what's happening! Lightweight iron, stand, cleaning 
sponge, comprehensive instruction manual... the lot! 

Value like this has to be the best news around! 
Cat T-2000 

STOP PRESS! 
Accessories Tell The Story. 

T-2002 Medium chisel tip . $3.50 
T-2004 Thick chisel tip , Aee • $3.50 
T-2006 Fine conical tip AIC, ee $3.50 
T-2008 Element and barrel  $13.95 
T-2010 Replacement sponge ige I .—  $1.75 

The 
Main 
Feature. 
just has to be the price! These incred-
ible value 240 volt DSE Soldering Irons 
are a real scoop! Lightweight and reli-
able you won't find better value. 

• • 

$1 99 
DIC - ITH 
ELECTRONICS 

Don't Blow It! 
With our great saving on 
Desoldering Braid there's 
no excuse for a messy job! 
Uses capillary action to 
remove solder. Save 
nearly 30%! Cat N-1682 

YOUR 
CHOICE 
15 OR 20 
WATTS 

T-1330 240V 20 Watt 

T-1 301 Hot Tip 
To Suit... 

$1 3 5° 

T-1310 240v 15 Watt 

Yes! With every 240V soldering 
iron purchased from any Dick 
Smith Electronic Store you get. 
completely FREE a 4 piece quality 
Solder Aid Set!' 
Now that's one exclusive you'll 
only see at DSE. The set includes 
— heatsink clip, wire brush, 
assorted scrapers, component 
leg bender (also handy for 

LbvItreD Cffee-
FIRST 3,0pc) 

cii.57efrieRs eev! 

snoopy reporters) and much 
more! Cat T-2605 

VALUE $3.95 
'otter valid this month only, 

World-Wide Rush On Famous 
Perth, Mon. 
A 99 year old woman was 
arrested for vandalism 
today. She told the court she 
just couldn't resist the 
opportunity to try out her 
new Adcola S30 12 watt iron. 
"The telephone box was 
already damaged" she said, 
and she was putting it back 
together when she was 
arrested. "Thanks to DSE any-
one can afford quality." 
Cat T-1820 
Tips to suit! T-1850 - Medium $5.50 

T-1854 - Fine 

Darwin, Sun. 
Two men were caught camping 
in front of a DSE store today. 
When questioned they were 
reported as saying, "We just 
couldn't wait till tomorrow. We 
want to be first in to get our 
Adcola S50 16 watt iron, for 
those heavier jobs around the 
workshop and out in the field." 
Cat T-1825 

Tips to suit! T-1856  s395 

Sydney, Sat. 
Professional solderer and full 
time electronics wizz, I.C. Kit-
builder, today purchased another 
Adcola iron. He was reported as 
saying, " I need professional 
quality and 21 watts of power, so 
I chose the Duotemp DR30 with 
2 temperature modes. Besides at 
DSE I'm never stuck for value" 
Cat T-1830 

NEW STAND! 
Fantastic value! Don't want to 
burn our fingers — do we? 
Check out our low price on 
this amazing Soldering Iron 
Stand! Cat T-1 302 
(To suit T-1 330) 

s 65°1 nc ea e 
C/R Puller 

$4.50 

ADCOLA Irons! 

'3295 

$3595 

Up To The Minute Bargains 

Solder Sucker 
Wow! A great value tool for the 

workshop or toolbox. Rugged construc-
tion with teflon tip. The safe way to 

Cat T-2560 $795 clean up your PCBs. 
Spare Teflon Tip to suit ", 

Cat T-2 56 5 0 

When you wish you had a spare hand 
— here it is! Spring loaded for remov-
ing components from board without 
damaging that valuable PCB! 
Incredible value! Cat T-2600 
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Courses and careers in 
electronics and computing 
If you're contemplating a career in electronics or computing you 
should read this article. The first of a two-part series, this article is a 
guide to the various courses available and the employment levels 
within these industries. Information on the subjects available and the 
different tertiary institutions is also included. 

OVER THE LAST TWENTY YEARS there has been a rapid 
expansion in the electronics and computing industries. 
Electronics permeates everyday life to a very large extent and 
has revolutionised technology, communications, medicine, in-
dustry, business and many other areas. With developments in 
VLSI circuitry and surface-mounted componentry, it is now pos-
sible to design and build electronic products which only two 
decades ago would have seemed unthinkable. Due to this rapid 
growth, electronics is becoming increasingly complex and there 
is a great demand for skilled tradespeople and professionals in 
this field. 

In response to this demand many educational institutions have 
introduced a large range of courses catering for people wishing 
to become tradespeople, technical officers and professionals in 
these areas. These courses proliferate at a remarkable rate as 
new courses are introduced and old ones are revised and altered 
to meet the changing needs of the industry. Increasingly, 
computer courses are being offered by engineering faculties and 
across a wide range of disciplines e.g. Business Administration, 
Computer Science. As a result of this rapid rate of change the 
prospective student faces a bewildering range of subjects and 
options as well as career choices. 

Kerry Upjohn 

Part 1 

This article is an attempt to illustrate the range of courses and 
career options available. Because of the large number of tertiary 
institutions offering courses it is only possible to discuss a brief 
sample of the courses offered rather than include all the avail-
able information. 

According to the various professional bodies such as The 
Institution of Engineers, Australia, there is a critical shortage 
of trained technical officers and engineers and this shortfall 
should continue throughout the eighties until the supply catches 
up with the demand. Rapid technological change in the Aus-
tralian manufacturing industry has resulted in the need for 
skilled rather than unskilled labor. With new advances in robotics 
for example, this trend will become even more pronounced. 

The increasing complexity of the electronics and computing 
industries has resulted in more specialisation and this is already 
evident in the computing field where an interest in program-
ming is no longer sufficient to become a computer programmer 
and a degree in computer science or its equivalent is necessary. 

The continued demand for trained people is evident in the high 
salaries and greater range of career opportunities offered to ter-
tiary graduates. 
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Employment in the Electronics Industry Pm-apprenticeship Courses 
If you are considering a career in electronics it is necessary to 
be familiar with the various levels of employment offered within 
the industry. The electronics industry generally recognises three 
categories. The first category consists of "tradespeople" who are 
usually apprenticed to an employer and study for three years 
part time at a College of Technical and Further Education 
(TAFE). On gaining a certificate of proficiency the tradesperson 
is qualified to assist the engineer or technical officer in the in-
stallation, servicing and maintenance of electronic equipment. 
The second category is the "middle level" or para-professional 

group and these people are usually referred to as "technical 
officers." In NSW the term technical officer has replaced tech-
nician as it is thought to reflect the greater specialisation and 
complexity within the industry. The technical officer usually does 
a Certificate Course at TAFE over three years. The Certificate 
courses offer more of a background in the theory of electronics 
and includes a greater range of subject areas. It is possible to 
upgrade trade qualifications to certificate level and tradespeople 
are accepted by TAFE Colleges and Institutes of Technology to 
further their career prospects. 
The final category is the professional engineer, who has 

obtained an engineering degree at a University, Institute of Tech-
nology or College of Advanced Education. Most engineering 
degree courses are of four years duration and a prospective stu-
dent needs to obtain good passes in Maths, Physics and Chemis-
try at Higher School Certificate level. Computer Programmers, 
Systems Analysts and Computer Scientists also require either 
a degree in Electronics/Electrical Engineering specialising in 
Computing or a specific degree in Computer Science. 

TRADESPEOPLE 

The term "electrical trades" covers electrical fitters, armature 
winders and electrical mechanics (more commonly known as 
electricians). These people are involved in the manufacture, 
installation, servicing and maintenance of a wide range of elec-
trical and electronic equipment. They are employed in either 
government agencies eg. Electricity Commission, State and 
Commonwealth Public Service or in private industry, or they 
operate their own businesses. 

If you decide to become a tradesperson you need to obtain 
an apprenticeship with an employer and undertake three years 
of part-time study at a technical college. Electrical and electronics 
trade courses provide the theoretical and practical skills neces-
sary for employment in the electrical, electronics and commu-
nications industries. This training is a mixture of "on the job" 
training provided by the employer and attendance at a TAFE 

college. 
Competition for apprenticeships is very keen and most 

employers advertise for apprenticeships from December to 
February. Entry into TAFE trade courses is dependent on secur-
ing an apprenticeship, although it is possible to do a pre-
apprenticeship course for a year and then try to obtain an 
apprenticeship. 
Attendance at TAFE is usually on a "day release" system where 

the apprentice spends one day per week at tech. and the 
remainder of the week with the employer. There is sometimes 
provision for "block release" with semesters spent on the job 
and then at college on an alternating basis. Correspondence 
courses are also available through TAFE College of External 
Studies for students unable to attend because of distance, lack 
of facilities etc. 

Educational requirements for apprenticeships vary with each 
employer but the minimum standard is the School Certificate 
with reasonable passes in English, Maths and Science. As com-
petition for places is high some employers are taking people with 
year 11 standards. 

Pre-apprenticeship courses are offered at selected metropolitan 
and country TAFE Colleges. These courses are offered on a 
yearly basis and successful completion of them often results in 
an apprenticeship, although this does not guarantee you one. 
When an apprenticeship is gained the student can then proceed 
to stage three of the relevant trade course. These pre-
apprenticeship courses are restricted to people under twenty who 
have their School Certificate and only a limited 4Lumber of 
students are guaranteed places. Courses include: Electronics, 
Electrical Fitting and Applied Electricity. 

Trade courses 

Entrance requirements 

There are no specific educational requirements, however, the 
School Certificate is advisable. Priority for admission is given 
to apprentices, then displaced apprentices and finally those in 
relevant employment. 

Electronics Trade Course. 

This course has replaced the Radio Trades Course and is 
designed to provide instruction in basic electronics principles, 
circuit operation and the manual skills required to supplement 
the apprentices' industrial experience. The basic electronics 
knowledge is offered in the first two stages (which are the same 
as the Telecommunications Course) and in the third stage the 
student specialises in electives in such areas as digital systems, 
television servicing principles, sound systems, principles of elec-

Kitset Specialists 
As our name suggests, we stock a huge range of 
electronic components; and have access to just 
about everything electronic. For all your electronic 
needs, and for some of those " unusual" 
requirements — contact us first. 

STUDENTS — Looking for a practical, functional, 

interesting Project for your course or own 
enjoyment? Look no further as we are undoubtedly 
Australia's largest kitset suppliers. We cater for all 
tastes. 

Call in and browse through our comprehensive list, 

or write for our FREE kitset list. 

SCHOOLS AND UNIVERSITIES — CONTACT US 
FOR TAX EXEMPT ORDERS; AND CREDIT 

ACCOUNTS. 

MAIL ORDER AVAILABLE. 

ALL ELECTRONIC COMPONENTS 
118 - 122 LONSDALE STREET, MELBOURNE, VIC. 3000, Australia 

Telephone 662 3506 

General Radio Microwave Radar Pulse Industnal 
Importers . Sales • Equipment " Equipment . Equipment • Techniques Electronics . Instrumentation 
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tronic control theory introduction to microprocessors etc. The 
course is offered by day release and alternative attendance 
depending on numbers. People over twenty can take the course 
at night. 

Successful completion of the course enables graduates to work 
under the supervision of engineers/technical officers on the 
installation, operation, maintenance and servicing of electronic 
equipment. 

iblecommmunications Trade Course 
The Telecommunications Trade Course replaces the Telegraph 
Mechanics Trade Course and provides instruction in electron-
ics, telecommunications and alarm systems. The first two stages 
are common to the Electronics course and the third provides 
more specialised electives in telephone line communications and 
domestic and commercial security systems. Attendance is avail-
able on a day release basis. 

Post-trade courses 

These courses are available to tradespeople who want re-training 
or need increased specialization in the industrial applications 
of electronics. Entry is normally restricted to those who have 
completed the relevant trade courses. Courses include Semicon-
ductor Electronics, Industrial Electronics and Industrial Instru-
ments Conversion. 

Electronics (PTC) 
At present this course is under review, however, it is available 
to tradespeople who have completed at least one stage of an ap-
propriate electrical trade course. Students undertake 216 hours 
of study and the choice of units includes basic instrument ap-
plications, digital principles and applications, electronic equip-
ment servicing, power control, industrial controls, industrial TV 
and microprocessors. 

Industrial Electronics (PTC) 
This course is designed to give a deeper understanding of elec-
tronic devices commonly used in industrial electronics. The 
emphasis is on operating semiconductor circuits and under-
standing electrical circuitry. It is recommended that students 
study the appropriate units from the Electronics (PTC) to fur-
ther their study. After successfully completing the required 216 
hours of instruction students can qualify for the Electronics post-
trade certificate. 

Radio Transmission (PTC) 
Designed to give students a thorough grounding in the princi-
ples of radio transmission, this course provides students with 
experience in handling high power equipment. 

Special Courses Offered by TAFE 1 

Basic Electronics 
This is not a certificate course but comes under the category 
of special courses. It is the most widely available of all the TAFE 
electronics courses, being designed to provide the basic electronic 
and electrical principles for tradespeople in the industry It is 
often used to familiarise salespeople with basic electronic fun-
damentals. Attendance is three hours per week for a year. At 
present this course is under review. 

Other special Courses 
These include Closed Circuit Television Production, Electrical 
Contracting and Estimating, Film and TV Production Tech-
niques, Electrical Salesmen, Technical Principles of Two-Way Ra-
dio and several others. 

Microprocessor Circuits and Applications 
This a technically oriented course restricted to qualified 
tradespeople in the electronics industry It is designed to pro-
vide training in microprocessor principles and equipment and 
basic skills in programming at machine language level. The 
course requires four hours attendance weekly and is only avail-
able at Newcastle TAFE (NSW). 

Microprocessor Evaluation 
Unlike the previously described course, the Microprocessor 
Evaluation course is designed for non-technical people. Students 
learn how to interpret the terminology of microprocessors and 
people with a technical background can move on to more specia-
lised courses. The course is offered over eighteen weeks for two 
hours per week. 

For further enquiries 
Contact the TAFE Information Centre, Railway Square, Broad-
way, NSW 2007 (02) 212 4400 or your nearest TAFE college. 

"MIDDLE LEVEL" POSITIONS IN 
ELECTRONICS & 
COMPUTING 

The term "middle level" or para-professional applies to people 
seeking positions as technical officers, design draftspeople, tech-
nical supervisors, technical salespeople or service engineers in 
the electronics and computing industries. Technical officers, 
engineers assistants and design draftspeople work as immediate 
support staff to professional engineers. They work either with 
or without direct supervision in the development, installation 
and servicing of electronic equipment. 
They should possess a combination of practical skills and 

theoretical knowledge so they can communicate effectively with 
both tradespeople and engineers. Often the technical officer 
supervises the work of tradespeople and may share in the design 
work with the engineers as well as the maintenance and instal-
lation of various electronic equipment etc. Technical officers 
need to possess reasonable communication skills as they are 
required to write reports and interpret and draw technical 
diagrams. 
A wide range of career opportunities exist within the Com-

monwealth and State public services as well as positions in 
private industry either in research and development, laboratory 
work and design. There are also many positions available as sales 

To page 124 I> 
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Introduction to Surface 
Mounting Technology 

Surface Mounted Assembly (SMA) is a totally new 
kind of automated electronic assembly technology 
that uses a totally new kind of electronic device called 
a surface mounted device (SMD), since it is mount-
ed on the surface of the substrate, as opposed to be-

ing inserted through the surface. 
SMDs can be mounted on substrates using conven-

tional materials and these substrates may be single-
sided, multi-layer, plated-trough-hole, etc. SMDs can 
also be assembled on ceramic and flexible sub-
strates, which can be combined with conventional 
mother boards using leaded components or a mix-
ture of SMDs and leaded components. 

Electronically, SMDs perform the same functions 
as their conventional, leaded cousins, but mechani-
cally they are very different. 
SMDs are designed for handling by automatic 

placement machines, and for soldering by any 
modern technique such as immersion soldering, or 
reflow soldering. They offer four well-defined ad-
vantages: 

— reduced size of final equipment 
— lower cost of assembly 
— higher reliability of both components and 

equipment 
— better high frequency performance. 

With all components available in leadless form, 
boards can be made without holes for component 
leads and with surface mounted components on both 
sides. However, at the present state of component 
technology, some components still have leads and 
these still need to be mounted on the same boards. 
It is possible to mount leaded components on one 
side of the board by automatic insertion and mount 
the surface mounted devices on the other side by au-
tomatic placement; other combination of the two 

techniques are also possible. 
The following pages outline the techniques, the de-

sign differences and other changes reflected in this 
new technology. 

The technological shrink: comparing the sizes of a conventional plated-through hole 
board with the same circuitry employing surface mounted assembly. 



Stetace 
SURFACE MOUNTED RESISTORS 

urface mounted resistors are very small 
and yet are capable of handling 
high voltages and dissipating consid-

erable power. 
A high grade ceramic (aluminium oxide) 

body is used as the substrate. Internal metal 
electrodes are added at each end to ensure 
a good connection between the end electrodes 
and the resistive film which are added later. 
A resistive paste is applies between the inter-
nal electrodes, the composition of the paste 
being adjusted to give an approximation to the 
resistance required. Trimming of the resistance 
value if effected by laser cutting of the resis-
tive layer. The surface of the resistive layer is 
then glazed, and finally the end. 

CERAMIC MULTILAYER CAPACITORS 
eramic ' multilayer' capacitors for sur-
face mounting are available in a var-
iety of dielectric characteristics. These 

dielectrics differ in the way their capacitance 
and loss angle vary with voltage and temper-
ature. However, the high resistivity of all the 
ceramic dielectrics gives a consistently high 
value of insulation resistance. The ceramic 
also withstands high temperature, and rapid 
changes of temperature, thus permitting 
soldering by any modern method including 
high speed wave (immersion) soldering. 
The dielectric is first made in film form, and 

the electrode pattern is applied by a screen-
ing process. The films are stacked and lami-
nated under high pressure, ready for cutting 
into small blocks, After " binder burn-out", 
these are fired at high temperature to form vir-
tually monolithic units. The metal terminations 
are then added, again using a firing technique, 
to provide the electrical connections to alter-
nate conductive layers on each side. 

WET ALUMINIUM ELECTROLYTICS 

T
hese capacitors are constructed with 
etched aluminium foil electrodes rolled 
with paper separators, impregnated 

with electrolyte and inserted into an alumin-
ium case. This unit is then inserted into the 
moulded plastic outer case. The two connec-
tions are formed at opposite ends, and the con-
tacts for soldering are wrapped under the 
moulding. 
There is adequate space between the 

soldering terminals to allow pc board tracks to 
pass under the insulating moulded body of the 
capacitor, thus making board design easier. 

mounted - Deees 

Prptectu,e coot.ng 

Trimming cut 

Resist, 're layer 

Cemm,c substrate 

End eteceode 

C000Cdever element 
anode foil coMode foul • 

pope. spacers 

Bevelled edge 

Cotheeje _ 

terminpl 

Mastic case 

cose 

Rubber plug 

22 — Australian Electronics Monthly — October 1985 



TANTALUM CAPACITURS 
urface mounted tantalum capacitors 
have already earned for themselves 
an excellent reputation and manufact-

urers of professional electronic equipment 
need no introduction to the high capacitance 
values and high reliability that characterise 
these small capacitors. 
Each capacitor contains a rectangular anode 

of high-purity sintered tantalum. The anode 
has an electrolytically formed oxide dielectric 
layer. This is encapsulated with its solid elec-
trolyte in an extremely rugged body, to which 
shock-proof and vibration-proof solderable 
terminals are attached. 

INTEGRATED CIRCUITS 

D
eveloped originally for use in electron-
ic watches, they have proved valuable 
for all forms of hybrid circuits (thin film 

and thick film) and in the miniaturisation of 
printed circuit boards. 
They contain the same integrated circuit 

chips as their larger counterparts, but the metal 
connections and the plastic encapsulations are 
designed to make the final device very much 
smaller. A lead-frame of ferro-nickel alloy is 
spot-plated for " die-attach", and connections 
to the leads are made with gold wire. The en-
capsulation is of high-grade epoxy, and the 
external leads are tin-plated. 

TRANSISTORS AND DIODES 
urface mounted transistors and diodes 
have a well-established reputation, 
earned over many years. The SOT-23 

encapsulation was introduced in the late 60s, 
the SOT-89 in the mid-70s, and the SOT-143 
in the early 80s, and now there's the SOD-80, 
the leadless surface mounted diode encapsu-
lation. 

High reliability is a feature of the gold-
aluminium bonded transistors which are now 
also included in the range of SM devices. 
Virtually any of the standard " leaded" types 
are available in SM form. 
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SM 
SM, 
tomorrow's 

technology 

today. 

THE PURPOSE of this article is to outline the 
differences in the design and assembly of sub-
strates using SMDs and in particular, "mixed 
print" substrates, utilising a mixture of lead-
ed components and SMDs. However, since 
SMA is a very new technology and one that 
is evolving and changing fast, this informa-
tion should not be seen as representing a set 
of SMA rules: instead it should be viewed as 
an illustration of the applications. 
Apart from using much smaller compo-

nents, SMA is fundamentally different in that 
placement is relative, not absolute. When a 
leaded component is inserted, there is an 
absolute go/no go situation. Either the device 
goes through the holes, or it does not, and 
when it does, it's in the correct position for 
subsequent soldering. 
However, with SMDs this is not the case. 

A small shift, either way, caused by a combi-
nation of variations in component size and 
positioning accurately is not critical, though 
big shifts obviously are. 
But placement accuracy does not stop 

there. If the component has ( 1) small dimen-
sional tolerances and (2), the placement 
system can position the device accurately 
above the solder pads, there is still (3) the rela-
tive position of the solder pads. If the accur-
acy of the substrate pattern is low, then the 
solder pads will not be where they're sup-
posed to be, and as a result placement will 
not be correct. 

In the case of "mixed prints", the applica-
tion of an adhesive is another new parameter 
that has significant influences on the auto-
mated assembly of SMDs. Not the least of 
these is its influence on the design of the sub-
strate pattern. 
Another very important and new parameter 

is the packaging of SMDs. Leaded compo-
nents are, of course, also "packaged" on tape 

for automatic insertion, but with SMDs, pack-
aging takes on roles other than those of trans-
portation. The system's aspect of packaging 
is reflected in the following four packaging 
criteria. 
One, the packaging medium must convey 

the devices in a protected environment from 
the shop floor of the component supplier to 
the component user. 
Two, it must maintain the devices in the 

correct orientation. 
Three, it must ensure that there is an unin-

terrupted flow of devices to match the high 
placement potential of modern systems e.g. 
32 devices placed simultaneously in under 
three seconds. 
And four, it must ensure that a device is 

always available at the precise place needed 
for the system to pick it out of the tape and 
place it on the substrate. 
Only tape, and in particular blister tape, can 

meet these criteria and only tape manufac-
tured to a high, well defined standard. 
Therefore SMD packaging is an important 

and integral part of the assembly process. 

Partitioning and reflow 
soldering 
Before considering "mixed prints", it is im-
portant to remember that an all-SMD sub-
strate is the one that optimises the benefits 
of the technology. When this is not possible 
a 'partitioned' design is used, with part of the 
circuit made on an all-SMD substrate (ceram-
ic or epoxy) and the remainder on a conven-
tional or mixed-print substrate. The very 
small dimensions of an all-SMD circuit often 
allow such a circuit to be repeated several 
times on a single substrate, as illustrated here. 
(Fig. 1) 
All-SMD substrates can employ the reflow 

solder technique. The solder paste is applied 
to the metallisation pads ( Fig. 2) and its adhe-
sive quality serves to hold the SMD in place 
until the substrate is heated and the solder has 
reflowed. 

Figure 1. 

Fig. 2. All-SMD substrates can employ 
reflow soldering. 

Mixed prints 
The basics of mixed print assembly are 
shown in Figs. 3a, b and c. First the leaded 
components are inserted automatically or 
some automatically and some manually and 
the ends clinched. Then the substrate is 
turned over and adhesive applied either to the 
component or to the substrate. The SMDs are 
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then placed in position and the adhesive 
forms a bond between component and sub-
strate. When all SMDs have been placed the 
substrate is transported to a curing station, 
where the adhesive cures so as to form a good 
bond before soldering. 
Note that it is also possible to put SMDs on 

the same side of the substrate as the leaded 
devices. 

Fig. 3a. Mixed-print assembly. The first 
stage... insertion of leaded components. 

El U 

Fig. 3b. Following insertion, substrate is 
turned over and adhesive applied. 

Fig. 3c. SMDs then placed in position and 
retained by adhesive. 

Minimal adhesive 
The application of adhesive either to the com-
ponent or to the substrate is a new factor that 
must be taken into account when designing 
substrate. As shown (Fig. 4) the amount of 
adhesive is critical since "C" must be great-
er than the combined height of the metallisa-
tion height of the substrate "A" and that of 
the device "B" (or in the case of SOT and SO 
devices, the lead height). If it is not, then no 
bond is made. However, if too much adhes-
ive is applied, then it may be forced out onto 
the solder pads and prevent a good solder 
joint being made. 

It is therefore clear that the minimal 
amount of adhesive should be used that will 
ensure a good bond being made. 

In order to meet this important objective, 
some figures are needed for "A" and "B". Fig. 
5a shows typical metallisation heights for a 
print-and-etch substrate and 5b for a plated-
through-hole substrate. The following table 
shows how these metallisation heights are 

derived. Thus "A" is around 35µ for a ' print 
& etch' substrate (common PC board) and can 
be 135µ or more for a plated-through hole sub-
strate. In addition, for the latter "A" has a 
wide tolerance, varying from around 75 to 
135/2. 

Thickness of metallisat on (A) 

P&E P.T.H. 

Copper 35 35 

Galvanic copper — 30-60 

Galvanic Pb/Sn 
(Reflowed) 

— 10-20 
(20-40) 

Total 35µ 75-135µ 

Fig. 6a illustrates a device having a metal-
lisation height "B" of between 10 and 50µ 
(depending on the individual SMD) on a print-
and-etch substrate and Fig. 6b is the combi-
nation of a SOT-23, with a lead height of 100 
to 200µ, on a plated-through-hole substrate 
having a 135p metallisation height. Clearly 
this poses problems for the C > A + B criteria 
when normal assembly procedure (details 
later) is to apply the same amount of adhe-
sive to all placement positions. 
Therefore a special "low profile" SOT is 

used (Fig. 7). The lead height of this device 
is between 0 and 100µ, which is much closer 
to the 10 to 50p of passive SMD devices. In 
practice this means that variations in the 
value of " B" are not significant. However, in 
the case of plated-through-hole substrate, the 
tolerance of "A" is almost 100% and "C" can-
not be allowed to vary by this percentage. 
The solution to this apparent problem is to 

put a track under the device, as shown in 
Fig. 8a and Fig.8b. Quite often the high com-
ponent density of SMA makes this essential 
for layout purposes. Where it does not, then 
a short dummy track can be introduced. This 
is an elegant solution since changes in metal-
lisation height (due to the nature of the gal-
vanic plating) influence the real/dummy track 
in exactly the same way as the metallisation 
height "A". Thus "A" is eliminated from the 
C > A + B criteria and in practice this means 
that C can be a virtual constant. 
C is also a virtual constant for print-and-

etch substrates, since the metallisation height 
is constant at around 35µ. However, here too 
the use of real/dummy tracks is recommend-
ed since this further reduces the amount of 
adhesive required. 

Fig. 4. SMDs only adhere when C - A + B. 

j35 Copper 

Punched hole 

Fig. 5a. 35 p metallisation height for P&E 
substrate. 

75-1a5g 

Plated through hole Galvanic copper 

Fig. 5b. 75 to 135 p metallisation height for 
P.T.H. substrate. 

Fig. 6a. Passive device on P&E substrate. 
A + B = 45 to 85 p. 

Fig. 6b. SOT-23 on P.T.H. substrate. 
A + B = 175 to 335 p. 

Fig. 7. Low-profile SOT reduces A + B. 
Now 75 to 235 p. 

Fig. 8a. Dummy track employed with 75 p 
metallisation height P.T.H. substrate. 

Fig. 8b. Idem for 135 p metallisation height. 
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...with Philips' PM 3311 
ultra-fast, high resolution Digital Storage Oscilloscope" 
"The specs tell the whole 

story. With a 125 MHz sample 
rate, the PM 3311 can store 
single shot events with a reso-
lution of 8 ns, for repetitive 
waveforms it has a 200 ps reso-
lution. Now, do you know 
another digital scope that can 
beat that? 

PHILIPS Test & 
Measurement 

The PM 3311's digital delay 
up to 9999 allows me to choose 
where I need the extra resolu-
tion. Different signals or parts 
of the same one are entered 
into one of four memories for 
simultaneous display. 
These features - and more - 

plus two-way IEEE bussability 

of data and settings are reason 
enough to send for complete 
details, to ... 
Philips Scientific & Industrial 
SYDNEY: Box 119 North Ryde 2113 

Tel (02) 888 8222 
(Toll free (008) 22 6661) 

MELBOURNE: Locked bag No. 5 
Oakleigh South 3167 
Tel (03) 542 3600 
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In practice it is possible to employ double 
tracks under some sizes and other devices 
and these are normally covered with solder 
resist, as illustrated in Fig. 9. This further 
reduces the amount of adhesive required and 
double tracks provide a broad base on which 
the adhesive can be applied. 

Dummies Solder resist 

Fig. 9. Double-dummy (or real) tracks with 
solder resist. 

Adhesive application 
Adhesive can be applied in three basic ways. 

(1) It can be screened onto the substrate, but 
not if the leaded components are inserted first 
since their pointed ends get in the way. And 
if the leaded components are not inserted 
first, high densities cannot be realised, since 
space must be provided for the clinching 
operation. 

(2) It can be applied using a software-
controlled syringe, which allows different 
amounts of adhesive to be applied to differ-
ent placement positions. Moreover, by using 
an adhesive with a specific theological 
characteristic, a relatively high dot height can 
be realised, as illustrated in Fig. 10. However, 
this technique is difficult and expensive if the 
adhesive must be applied simultaneously to 
different placement positions. This therefore 
places a limit on the high productivity poten-
tial of SMA. 

(3) Adhesive can also be applied using the 
pin transfer system, which does permit simul-
taneous application onto all placement posi-
tions. This technique employs an adhesive 
having a relatively low dot height, as shown 
in Fig. 10. However, since the use of 
real/dummy tracks under devices enables 
minimal amounts of adhesive to be employed, 
this is not a problem. 

Pin transfer is a simple but highly effective 
technique. A squeegee first passes over a tray 
of adhesive to make the surface level. An 
array of pins is then dipped into the adhesive, 
as shown in Fig. 11a. A small amount, deter-
mined by the shape and dimensions of the pin 
plus the thickness of the adhesive layer, is 
retained when the array is withdrawn. This 
is subsequently deposited on the substrate, 
Fig. 11b, when the array is lowered onto the 
surface. 

t Alt\ 
Fig. 10. Adhesive dot height determined by 
type of adhesive and application method. 

Squeegee 

in ;t 
Fig. 11a. Array of pins picks up adhesive. 

o 
Fig. 11b. Transfer of adhesive to placement 
positions. 

Which adhesive? 
Thermoset epoxy is an excellent adhesive, 
with characteristics that are well known to 
the electronics industry. It retains the SMD 
in position during the adverse environments 
of the defluxing and soldering operations and 
has no long-term influence on device or sub-
strate. As its name implies, it is cured by heat 
and Fig. 12 shows the curing characteristic, 
the time axis of which excludes warm-up. 

ITItne (min.) 
29 

Flg.12. Curing characteristic 
of thermoset epoxy adhesive. 
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10 
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Defining footprint guidelines 
The space between solder pads is an impor-
tant and critical parameter, since it must be 
as wide as possible in order to accommodate 
the tracks, yet narrow enough to allow the 
metallisation ends of the device to make an 
overlap with the solder pads. This second 
criteria is determined by the accuracy with 
which the device can be placed with respect 
to the solder pads. 

Fig. 13 illustrates how placement accura-
cy is made up from a combination of: 

(1) positioning accuracy, determined by the 
placement system 

(2) pattern accuracy, determined by the sub-
strate manufacturing process 

(3) dimensional tolerances, determined by 
the SMD manufacturer. 

Thus the space between the solder pads 
must allow for a situation in which position-
ing error is in one direction, while the pattern 
error is in the opposite direction, and at the 
same time the SMD has minimal dimensions, 

(assuming the normal situation whereby !lie 
placement system centres the SMD with 
respect to a reference). 

Fig. 14 shows the equation that determines 
this distance between solder pads (Dmax) is 
related to the minimal length of component 
(Lmin), minus the positioning error (hp) and 
substrate error (hq) together with an empiri-
cal figure for minimal overlap (0). 

Fig. 14 is a similar equation for the distance 
between SMDs (Fmin). Thus the minimal dis-
tance is related to the maximum width of the 
device: (Wm.), the positioning error (Ap) 
and a second empirical figure (I), which is a 
necessary minimal distance to avoid short cir-
cuits occuring when soldering the substrate. 

• re...riel.a 

Centerline 
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Fig. 13. Placement accuracy determined by 
three interactive parameters. 
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Fig. 14. Determining space between 
solder pads. 

Centerline 
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Fig. 15. Determining space between 
components. 

Fig. 16 concerns the rotation of the SMD 
with respect to the print pattern. The illus-
tration is exaggerated, since in actual prac-
tice the amount is just a few degrees. Typical 
figures for the various parameters are: 
— positioning error (hp) ± 0.3 mm 
— pattern accuracy (Aq) ± 0.2 mm 
— rotation ± 3° 
— normally an empirical figure of 

0.1 mm is selected for the metallisa-
tion overlap (0) 
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Fig. 16. The influence of rotation. 

Soldering the substrate 
A correctly soldered SMA substrate is illus-
trated in Fig. 17. The criteria for a correct sol-
dering process are three-fold: 

(1) the solder must reach the solder pad 
and the metallisation of the device 

(2) there must be no short circuits be-
tween devices or between devices 
and tracks 

(3) there must be no flux gases trapped. 

so-called shadow effect). Obviously this 
phenomenon becomes more critical due to 
the kind of high component densities that can 
be achieved with SMDs. And equally obvious-
ly, drag soldering is impractical since it re-
lies on a horizontal flow of solder over the 
substrate. 

Fig. 17. A correctly positioned and 
soldered SMD. 

Therefore since the first objective cannot 
be met with a horizontal flow of solder, it 
must come from the Z-axis. Instead of mov-
ing the substrate through a bath of solder we 
must direct the solder up against the under-

With a conventional substrate using lead- side of the board using a jet or wave of solder. 
ed components, the solder can easily flow However, a relatively large amount of solder 
right around the clinched end of the leaded is required to accomplish good wetting and 
device. And the flux gases can escape up the this can introduce short circuits. 
insertion holes. The use of double wave soldering is recom-
SMDs however, are placed directly onto the mended as illustrated in Fig. 19. The first 

substrate. This means that the solder cannot wave directs a jet of solder up in order to en-
flow underneath the device to reach the sure good wetting of the metallisation areas 
metallisation areas, instead it must flow and hence meet the first soldering objective. 
around the device. Thus in situations such as The second, gentler, wave removes the excess 
Fig. 18a and Fig. 18b, one end of a device can solder and ensures that there are no short 
block the other from the flow of solder (the circuits.  

We gratefully acknowledge the assistance of Philips Electronic Components & 
Materials for the supply of information used to compile this feature and for permis-
sion to reproduce diagrams and illustrations from company material. 

Substrate direction 

Fig. 18a. Solder only reaches one end of 
high-density SMDs (the "shadow effect"). 

Substrate direction 

Fig. 18b. One SMD blocks flow of solder to 
another SMD. 

Substrate direction 

Fig. 19. Double-wave soldering 
accomplishes objectives. 

Other techniques are constantly being de-
veloped and evaluated since soldering is the 
primary constraint on component density for 
SMA substrates. 

Applications of 
surface mounted 
assembly 

SM integrated circuits are used where-
ever miniaturisation of a complex 
circuit is desirable. Electronic 

watches were the first major application in 
consumer products, and the need for minia-
turisation here is obvious. More recent appli-
cations have been less obvious, and include 
applications where miniaturisation is a way 
of reducing costs. Some current applications 
are: 

Watches 
Clocks 
Cameras 
Pocket memo recorders 
Portable cassette recorders 
Portable radios 
Radios with automatic tuning 
Advanced hi-fi 
Video recorders 
LCD driver circuits 
Automobile circuits 
Telephone headsets 
Handheld transceivers 
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Y ou can come on an incredible 
journey, not to the future, but to 

a technology available today for 
innovative electronics users. Philips, 
custom design and manufacture right 
here in Australia, both hybrid circuits 
or custom I.C. chips, to suit your 
budget and product concept. 

Access to reliable hi-technology 
at very competitive cost even in 
modest production quantities. 

Tell the Philips Elcoma designers 
what you are trying to achieve and 
they will create for you a unique 
microcircuit solution. Perhaps you 
already have a design. That's where 
Philips 50 years of continuous 
production experience in Australia 
will ensure an efficient result. 
Naturally, your product design 
security is always assured and the 
resulting microcircuit is exclusively 
your own property. 

Philips years of practical 
experience in computer aided design 
(CAD/CAM) will get you off to a good 
start. Your new electronics package 
will require little space, will improve 
reliability and the performance of 
your "new product" At the same time 
it will provide you with more features 
and added benefits for your 
customer, and protect your design 
against "copycats"! 

PHILIPS Electronic 
Components & 
Materials 

Imagine the new 
business opportunities 

with Philips 
custom microcircuits 
The time it takes, from engineers 

briefing to delivery of your first 
electronic microcircuit or micro sub-
assembly, will pleasantly surprise 
you. Design sampling and testing 
may be as little as 8 to 10 weeks for 
hybrid circuits. More advanced 
custom "monolithic chip" designs will 
take longer, depending on the size of 
the chip and complexity of the design. 

Send off the coupon today or 
call Philips Electronic Components & 
Materials to get the ball rolling on the 
improvements you'd like to make to 
your product. 
Sydney 
Melbourne 
Adelaide 
Perth 
Brisbane 

(02) 4393322 
(03) 5423333 
(08) 2430155 
(09) 2774199 
(07) 440191 

eñidedeciremie/imwrewii, 
rI'd like to explore the benefits of Philips microcircuits in my products. 

I My area of Interest is  

AEM 

Name:  

Organisation: 

Address: 

Postcode:   Phone: 

Send to: Philips Elcoma, 11 Waltham Street, ARTARMON, N.S.W. 2064. 
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BIG CHOICE ART UNION . 13. 
SOTA SAPPHIRE TURNTABLi 
THIS TURNTABLE WILL TURN YOUR HEAD — AND IS 

ONLY PART OF A FABULOUS $35,000 PACKAGE OF HI- Fl 
EQUIPMENT which includes SOTA Sapphire turntable, mod 
squad triplaner tunearm, hybrid tube and transistor pre amp, 
250 Watt power amp for driving bass speakers, Vandersteen 
Speakers. (Value $35,000) also included is an IBM AT Personal 
Computer, Blackfin 24 Power Boat and a Qualtrovalvole 
FERRARI. 
To summarize, the winning ticket holder receives superb Hi-Fi 

equipment (value $35,000) plus an IBM AT Personal Computer 
with Software (value $ 15,000) plus a Blackfin 24 Express 
Centre Cabin Power Boat with full electronic fit out (value 
$50,000) plus a GTS 308 Qualtrovalvole FERRARI (value 
$80,000). 

TOTAL VALUE $180,000 

BIG CHOICE ART UNION NO. 132 DRAWN 8th NOVEMBER, 1985. 
OR Select from these alternatives: 
A three bedroom fully furnished Gold Coast home OR A "Round 
Australia" package including a Range Rover, Viscount caravan, 2 trail 

bikes, camera equipment, $ 10,000 of Flag Inns accommodation and 
services, a Ford Fairlane, camping equipment, diamond pendant, and a 
Haines Hunter Cabin Cruiser OR A Silver Spirit Rolls Royce 
($161,000) plus a $ 19,000 diamond pendant A Mack Ultraliner 
(Model MHR 613R) OR a Mack Superliner (Model 721 RS) both with 
extras A GTS 308 Qualtrovalvole Ferrari ($80,300) a 
Haines Hunter 850 FBC Cruiser with dual Volvo 6 Cyl. turbo motors 
($89,700) a $ 10,000 diamond pendant. 
Each valued at $180,000. Tickets $5 each. 

IN AID OF MARIST BROTHERS SCHOOLS AND PROJECTS 

AND SPORTING WHEELIES DISABLED SPORTS 

ASSOCIATION OF GUEENSLAND 

BOOK BUYERS PRIZES 
$10 BOOK 

Choose from: A Ford Spectron XLT OR a BMW K100 
motorcycle with extras OR a Mitsubishi L300 4WD Wagon 
OR Ford Falcon GL Sedan OR a diamond pendant. 

Each valued at $15,000 

$20 BOOK 
Choose from: A Nissan Patrol 4WD Wagon OR a Haines 
Hunter 19'4" Cabin Cruiser with 140 h.p. Johnson outboard 
with Roll-Ezy trailer OR a Ford Fairmont 4.1 T- Bar Auto. 
Sedan (with extras) OR a diamond pendant. 

Each valued at $20,000 
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PLEASE PRINT CLEARLY TICKET ORDER FORM 
Mail for your tickets to . 

FREEPOST No. 5 

P.O. Box 111. Ashgrove, Q. 4060 

Phone (07) 38 4134 

Name   

Address   

  Postcode   

BIG CHOICE ART UNION 
Permit No. 7250 A.C.T. Permit No. 85/333 

o 

Books of 20 Consecutive Tickets $100 

Books of 10 Consecutive Tickets $50 

Books of 8 Consecutive Tickets $40 

Books of 4 Consecutive Tickets $20 

Books of 2 Consecutive Tickets $10 

1 Ticket $5 iDoes not quality to, Book Buyer Seller Prize) 

The name/s below qualify 
for Book Buyer-Sellers Prize 

Card Name 
Card 

Number 

Signature 

ALL CREDIT CARDS ACCEPTABLE 

1 1 1 1 I 1 1 1111111111 
E xpiry 
Date 

111 NO POSTAGE REQUIRED 

Should you ensh tickets in different names 

please enclose a list — also indicate clearly 

ticket seller s name and address 

enclose Cheque 

PrOrder 

Other 

Monies payable to The Big Choice Art Union 

Thank you ror your support 



CONSUMER ELECTRONICS NEWS 

Sony debuts 
8mm tape 
technology 
The era of a 'universal' audio/video analogue/digital tape 

standard has arrived, according to Sony, who launched 
the long-awaited 8 mm tape standard in releasing their new 
video camera-recorder, the CCD-VS in July. 

The new 8 mm tape cassette 
may be used for both analogue 
and digital sound recording, as 
well as video recording in a sin-
gle format. The tapes are not 
much larger than a compact 
audio cassette, measuring just 
95 x 62.5 x 15 mm (length/ 
width/depth). 
The new tape standard first 

appeared in prototype in 1980, 
following some 102 Japanese 
and 25 other companies from 
around the world agreed to 
form the "8 mm Video Confer-
ence". In February 1984, agree-
ment was reached on the new 
format and a n umber of 
manufacturers have been work-
ing on it ever since. 
Whan 8 mm tape offers is 

much improved recording den-
sity with greatly increased 
recording time per cassette. 
Two types of tape will be 
offered: a 'super' grade evapo-
rated metal tape and a lower 
quality metal powder-coated 
tape. 
Video8 recording permits 

either FM audio or PCM (digi-
tal) audio recording, laid down 
along with the video tracks 
which are helically scanned 
using two heads with a track 

width of 34.4 microns. 
Two erase methods are avail-

able: full erase and 'flying' 
erase. Full erase covers the 
whole tape width and employs 
a stationary head while flying 
erase employs a rotary head, 
getting rid of problems asso-
ciated with the former. 
Sony's CCD-V8 camera em-

ploys a unique charge-coupled 
device (CCD) retina in place of 
the vacuum tube image orthicon 
employed in current cameras. 
The CCD has advantages in low-
er power consumption and no 
image retention from bright 
sources which leaves streamers, 
or 'comet tails', on the image 
from conventional camera 
tubes. The CCD image sensor is 
rated to 22 lux, according to 
Sony's literature. 
The CCD-V8 features an elec-

tronic viewfinder through 
which you can playback any-
thing you've just recorded. The 
whole camcorder is smaller 
than most current convention-
al camera-recorders, and the 
recorder includes most of the 
features found on domestic 
VCRs. The CCD-V8 is expected 
to retail for around $2200 

Plug-in timeswitch 

u ntil now there have been a 
number of serious draw-

backs with the timeswitches 
that have been available on the 
home user market, Arlec say. 
The sophisticated types have 
been somewhat difficult to set 
and operate, whereas the sim-
pler ones have offered little 
more than a single ON/OFF 
period in 24 hours. Others have 
been clumsy, unreliable or inac-
curate. 
Arlec has just introduced the 

PC737 Multitimer Plug-in 
Timeswitch which is accurate 
and provides up to 96 switch-
ings every 24 hours, they claim. 
Completely self-contained, 

the PC737 plugs directly into 
any 240 volt power socket and 
can control a wide variety of 
electrical appliances, such as 
heaters, electric blankets, air-
conditioners, cooking appli-
ances, swimming pool filters, 
security lighting etc. 
Extremely simple to set and 

operate the PC737 has 96 switch 
buttons around the rim of the 
time dial, each one representing 
a 15 minute time interval. 
Switch-on time is set by press-
ing down one or more of the 
switch buttons according to the 
length of time the appliance is 
required to operate. 

tune. 

• 

.....A111Limumw„.  

Further information on the 
PC737 Multitimer is available 
from the manufacturer Arlec 
Pty Ltd, 30 Lexton Road, Box 
Hill 3128 Vic (03) 895 0222 

ABC CHOOSES LOCAL MONITOR SPEAKERS 
The ABC chose 'Australian-made' when they came to install 
monitor loudspeakers in their control room at the Sydney Opera 
house recently. Audisound Laboratories' Linz 8066 monitors 
were chosen for the installation, manufactured in North Curl 
Curl, a northern Sydney suburb. 

According to Ron Cooper, of Audiosound, the 8066s have 
an extended sub-woofer performance in the bass end and with 
excellent mid-range and HF smoothness, were preferred to 
Quad ESLs in an independent test report. Copies of the test 
report can be made available. Full details are available from 
Audiosound Laboratories, 148 Pitt Rd, North Curl Curl 2099 
NSW. (02) 938 2068. 
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Eyes up! tracks and trends 
from the Perth Electronics 
Show 
Roger Harrison 

In seven years the Perth Electronics Show has grown from a 
small local event to the largest consumer electronics show 
staged in the southern hemisphere. It is now a show of 
national commercial importance and attracts international 
attention from companies and clientele alike Here's a 
rundown on equipment and market trends discernible from 
the 1985 Perth Electronics Show. 

CD PLAYERS and stereo hi-fi VCRs were the dominant new 
products at the 1984 show, while the industry was 'standing 
around' in the marketplace asking " . . . where next?" It seems 
from the 1985 show the industry has shaken off it's 'where 
next' malaise, for there were dominant new products in just 
about every arena. 
Topping the list would have to be satellite TV receive-only 

(TVRO) terminals — of particualr interest to West Australians 
living in remote areas, but something that looks like being 
a considerable influence on quite a large sector of the popu-
lation. 
The video marketers were tight-lipped last year about the 

fate of the new 8 mm video format, meanwhile the VHS 
camp, led by JVC, launched their VideoMovie camcorders, 
using the VHS-C compact video cassettes against the Be-
taMovie. This year, Sony stole back their lead with the 
`Video8' camcorder using the 8 mm video cassette format 
while the VHS camp companies squabbled over the spoils 
of the camcorder market. 

In the compact disc arena, this year it is "CD to go" and 
"CD with pictures." Philips previewed a portable compact 
disc player which will be launched against Sony's D-50, 
released six months ago. Philips has not indicated a release 
date for this product, yet. However, "Walkman" style play-
ers weren't the only new thing in CD. Both Philips and Sony 
showed transportable "ghetto blasters" built around a CD 
player. 

Philips clearly stole the march in CD technology this year. 
They demonstrated the `CD with pictures' concept with work-
ing prototype machines. The trend towards integration of 
domestic audio and video equipment into a 'home entertain-
ment' package is clearly not far off. And the word is, the home 
computer might well be included. 
The big move in hi-fi this year was — into the car! It seems 

some people are willing to spend as much on their car audio 
gear as on their home hi-fi. Even though AM stereo station 
programming is reported as almost universally abysmal, AM 
stereo car sound tuners are leading the big growth in this 
area. Pioneer dominates the market, but Sansui, Fujitsu, 
Mitsubishi, Nakamichi and Yamaha are moving-in in a big 
way; and KEF launched a car speaker. 
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Philips previewed a portable CD player, to be launched against 
the Sony D-50 which has been on the market six months. 

The digital audio era seems to have brough on a re-think 
among amplifier and loudspeaker designers. The wider dy-
namic range and much lower noise performance of compact 
disc is responsible. New amplifiers from Luxman, NAD and 
Nakamichi were exhibited plus John Bowers' new 'active' 
loudspeakers with the amps incorporated. 
On the computer front, the 'serious' machines now 

dominate the market. 'Toys' are well and truly a thing of the 
past. It seems consumers have travelled up that 'learning 
curve' far enough to realise the power and utility of personal 
computers and they're now much more discerning, and pre-
pared to pay more. Prominent at this year's show were AWA-
Thorn with the Amstrad and Mitsubishi MSX computers; 
Commodore — who released their new 128K machine, and 
Australia's own Applied Technology with the Microbee. A 
surprise, however, was in store from Atari. 
That newest of all growth industries — information tech-

nology — raised its ubiquitous head at this year's show for 
the first time. While Viatel, Telecom's public videotext in-
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The CD ghetto blaster arrives this summer, to blow you away at the beach! This is Philips' CD-555. 

teractive information service, is currently leading the way, 
private enterprise is eager to grab or create a few niches for 
itself. Directronix, a WA firm, seem set to make their mark 
in this arena while Rank Klarion ran up a flag for videotex, 
too. 
But all that deals mainly with the 'here and now'. AWA-

Thorn contributed the 'futuristic' with the Mitsubishi "Home 
Automation" system. The concept employs a bus cable run 
throughout the home with terminal/controllers where you 
want them so you can control room lighting, domestic ap-
pliances, even security systems — or whatever. And it links 
into the telephone/home-intercom system. So even if you're 
away from home, you can call your house and operate any-
thing you like. 

Naturally, it's all controlled from a central computer, which 
Mitsubishi dub the ' Invisible Silent Robot' (ISR). By install-
ing slave 'phone modules, which also act as system con-
trollers as well as an intercom, you can activate any functia 

from any room where one's installed. 
The system was first shown at the Chicago Electronics 

Show in June and it's second public showing was at Perth. 
A team of Japanese technicians were flown in to instal it. 
AWA-Thorn took over a whole pavilion and reportedly 

spent some $60 000 on their exhibition. Curiously, the big 
and the small among the exhibitors mix quite happily at this 
Show. Philips dominated one of the main pavilions, occupy-
ing a huge area with an open, flow-through exhibit that al-
lowed them to show a lot of product in 'thematic' areas. And 
it was 'hands on' all over. 

Sky high-lights 
Some five of companies fielded satellite TV receiving equip-
ment, but AWA-Thorn gave the concept and their system the 
'gee-whizz' push with an impressive sound-and-light audio-
visual spectacular. 
The Sydney-based company, Acesat gave their terminal 

equipment a solid push for it seems the largest early pur-
chasers for TVRO will be West Australians living in the re-
mote regions. 

CD grows apace 
Over the past year, CD players for the car market became 
available and exhibitors did not waste this opportunity to 
show them off. However, personally I have reservations about 
the mobile environment with CD as you just can't get the dy-
namic range — the car's interior is too noisy (Rolls Royce's 
reputation notwithstanding). 
No doubt we'll be confronted by CD's on the beach this 

summer with the introduction of the "ghetto blaster" with 
CD player concept. The Philips system, dubbed the CD 555, 
includes an auto-reverse cassette deck, a 4-band stereo tuner, 
two-way detachable speakers and a 25 Wlch. amplifier with 
graphic equaliser. 
Sony's system, the CFD-5, has a similar line-up and fea-

tures an automatic music sensor for both the disc and tape 
to help you find favourite tracks. You can tape from CD to 
cassette and a `synchro' facility inserts a four-second pause 
between selections for use with the automatic music sensor. 
Both are due for release this summer. 

Sounding off 
Luxman's radical Brid series featuring (?) valve/MOSFET 
hybrid circuitry was on-show with Vince Ross Audio but au-
dio results would have to be judged 'inconclusive' without 
an in-depth analysis. 
Falk Electrosound teamed the new NAD 2200 (see 'Con-

sumer News' in last month's issue) with KEF's 104/2 speak-
ers for stunning demonstrations (using the Telarc Straussfest 
CD — you have to hear it to believe it!). 
Convoy teamed Nakamichi's new amp with B&W's 802 

speakers and stunned the crowds where they stood. It was 
a curious experience watching the crowd at the end of a demo 
session just stand there, while the silence roared around 
them, taking 20 seconds to recover. Impressive! Nakamichi's 
amp features the "Stasis" circuit topology currently causing 
not a little controversy in the overseas hi-fi press. 

It seems amplifiers and loudspeakers will get closer 
together in future — if Britain's innovative speaker design-
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For a glimpse into the possibilities of the future, AWA-Thorn 
created a little switched-on excitement with the Mitsubishi Home 
Automation system display. 

er, John Bowers, has any say in it. 'Active' loudspeakers, with 
the power amp in the speaker enclosure is a distinct new 
trend and Convoy seems set to lead the way as they demon-
strated Bowers new speakers to some incredulous customers. 
I was priviliged to get a private preview early one morning. 
The sonic results were remarkable, especially when driving 
the speakers direct from a CD player's output (no preamp, 
no volume control!) 

Video revamp 

Video8 was not the only new thing in video launched by 
Sony. In an effort to push Beta technically yet further ahead 
of the rival VHS system, Sony has launched 'Super Beta', an 
enhanced Beta system claimed to give a 20% improvement 
in the picture as well as upgraded sound quality. 
Meanwhile, autofocus is the latest addition to the VHS 

cameras and camcorders, designed to appeal to the mass mar-
ket as well as the videophile. 
The VHS manufacturers are now concentrating on the au-

dio systems in the domestic VCRs. Both National Panasonic 
and Akai brought out 'surround sound' VCRs. 
Stereo TV was a genuine new product at last year's show, 

but few companies had them. This year stereo TVs joined 
the 'rank and file' consumer products, but they're still placed 
at the top-end of most companys' product range. 
When it comes to video screens, high resolution monitors 

made their debut this year. Ever one to lead the way, Sony 
launched a hi-res colour monitor with both analogue and dig-
ital RGB inputs plus composite video and an audio input. It's 
designed for use with both VCRs and computers. Using a re-
fined Trinitron construction, they've managed to achieve 
80-column character resolution. Sony expect it will appeal 
to IBM PC and compatible market. It is expected to sell for 
around $800. 

Keyboard kings 
Atari, under new boss Jack Tramiel (ex-Commodore), seems 
set for a Phoenix-like rise from the ashes of its home com-
puter crash last year. The new Atari 520 ST (dubbed the 
"JackIntosh," after Tramiel) looks like setting new perfor-
mance standards in both hardware and software if it delivers 
what it promises. 
Atari currently has no Australian distributor, but Perth 

businessman Jeff Krasnostein, who owns a chain of consumer 
electronics stores in the WA capital, has an agreement with 
Atari to import and sell their products until a distributor is 
appointed. 

34 — Australian Electronics Monthly — October 1 

The 520 ST employs the Graphics Environment Manager 
(GEM) operating system and a 16/32-bit 68000 processor run-
ning at 10 MHz. It will come with half a meg of RAM, 192K 
of built-in ROM software, expandable to 320K through plug-in 
cartridges. The cartridge port is configured to interface with 
'compact disk ROMs' when they become available. 
You get three graphic display modes, each screen being 

bit-mapped and taking 32K of memory. Low-res mode gives 
320 x 200 pixels in 16 colours, medium-res gives 640 x 200 
pixels in four colours and high-res 640 x 400 in mono. The 
520 ST offers similar features to the Macintosh, with icons, 
multiple windowing, pull-down menus and mouse operation. 
It has the ability to do bit-block transfers and has a unique 
vector graphics drawing feature. 
Sophisticated sound facilities are included, so Atari see 

such as not the province of toy computers alone. Just to rein-
force that, they've included a midi interface which allows 
you to connect it to electronic musical instruments like syn-
thesisers and drum machines. 
Back on the home computer front, MSX computers quiet-

ly made their debut on a number of stands. MSX is the home 
computer 'standard' adopted by nearly all the major Japanese 
electronics manufacturers (except for Sharp and NEC). 

With Aussat up, the satellite TV terminal market is set to flourish. 

Satellite dishes sprouted like mushrooms at this year's show. 

Where next for the show? 
It seems the show organisers will give more encouragement 
to the trade side of the show in future, to bring retailers and 
dealers in from all over Australia. This year a whole day was 
devoted to the trade (no public access), as against a half-day 
in 1984. Over 3000 registrations from retailers were record-
ed, coming from all over Australia. 
A series of industry seminars were organised this year and 

all were well attended. Topics covered included "The laser 
disc and electronic shopping", "CD with pictures" and 
"8 mm video". It seems such seminars will now become a 
permanent feature of the show. 
Year by year, the foreign principals of the major local dis-

tributors are taking this show more seriously. Witness the 
effort expended by AWA-Thorn and Philips this year. Atten-
tion from the local retail distributors was markedly up this 
year and the organisers will emphasis the trade aspect of the 
show in future, it seems. Next year, they're talking about 
changing the dates to capitalise on the runup to the 1987 
America's cup. 
Whatever, for the consumer electronics industry in this 

country, the Perth show is where it all happens. 
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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 card in this issue, post it to 
us and we'll start your subscription from the next 
issue and send you your free gift. 

Oft eee" 
A set of C. K. Allen Keys. Top 
West German quality. These lit-
tle beauties are always in need 
and come in nine different 
sizes. They're ideal for anyone 
with an interest in electronics. 

Gig M ee 2 
Best quality West German 
screwdrivers from C. K. We use 
these in our laboratory and 
consider them really excellent as 
they are specifically designed for 
electronics requirements. 

COICE 3 

[
$10 Gift Voucher 

This $ 10 dollar voucher can be used to purchase any item or items by mail order or in-store 
from many of your favourite electronics or computer retailer when you make a purchase in 
excess of $20. 
This offer is currently available from Jaycar, All Electronics Components, Applied Technology, 
Magraths. 

»Mail»  

••••••• 
I.* 

Not actual size 

MR>L_-1 

eeAlliasactuie 
Not actual size 

Allow a minimum of 4 weeks for delivery. 
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0.00001% distortion! 
Really? 

But mine sounds better! 

Robert Fitzell 

How many times have we heard the argument that laboratory 
testing is a load of rubbish and that the only true performance test 
for audio components is to listen? In fact I have, on occasion, 
agreed with the latter claim although I believe that in many cases 
the subjective test does not tell which is the BEST performer. Instead 
it answers "which one do I prefer?" 

WHETHER we like it or not, we all suffer from the "coloured 
ear" syndrome (not a Van Gogh). We are all more familiar 
with aspects of performance which are pronounced in our 
own sound equipment and then tend to like or dislike those 
aspects in other equipment. So, irrespective of any exactness, 
the subjective test is a necessary and valid one — it doesn't 
matter a hoot how good the measured performance of a com-
ponent is if you simply can't stand listening to it. 

I do think it unfortunate, however, that criticism of objec-
tive testing (i.e.: test measurements) frequently comes from 
persons marketing equipment or advising intending pur-
chasers in a hi-fi store. The fact is, that listening tests are 
essential, take time and are the first step one should take in 
assessing suitability of some intended purchase, but you 
should not be discouraged from examining and making your 
final decision on the basis of both listening tests and the 
results of laboratory performance testing. 

Which leads me to the most important question — why do 
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some components perform well in laboratory tests but sound 
just terrible? Hopefully I can explain why, and also why this 
problem should reduce. 

Laboratory testing technology 
This magazine is devoted to technology. Our subjective test-
ing is dependent entirely on the state of technology and it 
will always lag behind what we may want. It takes the thought 
to develop the science to permit technological advancement, 
so to the cynics who view that as a criticism, I'll say I don't 
think any scientist or technician would expect it to be 
otherwise. 
So our objective opinions have to be restricted to what we 

can measure, not what we may wish we could. In a broad 
sense, until recently all laboratory tests on audio equipment 
were carried out for static conditions, that is signal ampli-
tude and frequency were unchanging for the duration of the 
test. Using laboratory instruments, it has been possible for 
many years to obtain very accurate measurements of, say, 
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Figure la(top)/1b(bottom). Frequency content and waveform. Figure 2a(top)/2b(bottom). Frequency content and waveform. 
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how accurately an amplifier can reproduce al kHz pure tone 
of 1 volt peak to peak amplitude. Distortion could be meas-
ured by subtracting the amplifier response from the input 
signal and measuring how much spurious noise remains. 
Frequency shift could be measured — is the output 1000 Hz 
or 1002 Hz? etc. 

This of course represents a problem to an audiophile. If 
Beethoven had scored his 9th solely for 1 kHz pure tones this 
testing would be eminently useful. Fortunately, Beethoven 
found others. 

An improvement to single-tone testing is multiple simul-
taneous tones, again of fixed frequency and amplitude, from 
which interaction effects (intermodulation distortion) may 
be observed. Whilst two tones are musically more interest-
ing than one, there have not been many two-tone composi-
tions and this still does little to indicate performance of a 
component under the test of actual musical reproduction. 

Music is complex in both frequency and amplitude con-
tent. The reason that a violin sounds different from a flute 
and a piano different from an oboe lies in the characteristic 
waveforms of each instrument type. Middle C is middle C 
on all instruments. However, each will carry with the fun-
damental tone a vast array of harmonic overtones, the am-
plitudes and distribution of which determine the 
characteristic tonal quality. 

If w,' plotted the frequency analysis of a stringed instru-
ment tone and showed it to an amplifier designer his imedi-
ate response would be "look at the distortion!!!" The result 
would be the fundamental plus strong harmonics at each in-
tegral multiple of the fundamental. So, just to produce one 
solitary tone of a real instrument our audio system has to cope 
with multiple frequencies without introducing many others, 
otherwise our violin starts to sound more like say, a steel 
guitar, due to the waveform distortion. 

To reproduce music our system has to handle complex 
waveforms, varying almost constantly in both amplitude and 
frequency content. Just to give you some idea of what I am 
describing I have manufactured Figures 1, 2 and 3 which 
show frequency content and waveform still much like a sine 
wave; Figure 2 is decidedly distorted and Figure 4 is 
approaching a square wave. 

This does not eliminate the need for static tests. If an am-
plifier cannot reproduce above 15 kHz under static tests then 
we can confidently assume that it will be worse when tested 
dynamically. The analogy is that if your family car needs to 
seat six then the basic specifications start at that point and 
the performance under road testing follows later. 
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Figure 3a(top)/3b(bottom). Frequency content and waveform. 

A confident guide to performance under actual operating 
conditions can only be obtained using dynamic tests and until 
recently, such tests remained in the realm of the thought 
experiment (or perhaps locked in the laboratories of heavily 
funded institutions, if any such beasts still exist). 

Until we are shown something better I will continue to 
believe that assessment using wideband pulse sources or 
pulsed square waves with analysis by an instrument which 
can examine the system frequency response with time, is the 
most likely candidate for meaningful objective assessment. 
With increased availability of analysers using fast fourer 
transform techniques we can now look at electronic compo-
nent response over time using map displays — frequency out-
put traces each perhaps 1 millisecond apart — to examine 
the component performance with input pulses. 

Frequency/time response 
The concept of frequency versus time response of a system 
is nothing new to those working in architectural acoustics. 
Exploded balloons, starting pistols and other similar impulse 
sources have been used for years to examine early decay 
effects, early reflection patterns in rooms and overall 
frequency balance. For technical reasons, the measurements 
have usually been bandlimited octave or one-third octave de-
cay traces, however the concept and areas of interest have 
been identical. 

Eighty years ago, Sabine developed the concept of rever-
beration time and whilst the importance of reverberation is 
now evaluated quite differently, the original step was fun-
damental to the development of architectural acoustics. 
Perhaps now that we are better able to examine audio equip-
ment frequency/time response, we may see similar improve-
ments to design sophistication. 

For those unfamiliar with architectural acoustics, who may 
be wondering why we could measure room response 80 years 
ago and are only now able to do similarly with electronics, 
the answer lies in the time periods involved — 0.5 to 3 se-
cond decay time in rooms can be satisfactorily processed by 
mechanical pen traces and analogue filters. Electronic equip-
ment requires examination from microsecond periods up to 
about 0.25 second, which is about the lower limited of pen 
level-recorders. 

Hidden in the decay times given above is an important bot-
tom line. It is a fact that the listening environment is the true 
performance determinant. If you are unlucky enough to have 
a bad listening room, no matter how good your audio equip-
ment is it will never sound good except through headphones. 
More about that problem later, but remember it when next 
you are trying listening tests of equipment. Don't just listen 
in one room once and hope that you will be satisfied. 

What tests and why 
There will be many who are very familiar with interpreta-
tion of test results that we publish. In last month's article on 
the Philips loudspeakers I pointed out that the frequency/time 
response of equipment is not able to be easily compared with 
static tests with which we are more familiar. 

In the same way architectural acoustic design went through 
a period of learning before room decays were able to be con-
fidently interpreted, we will have to accept a similar learn-
ing curve for our audio tests. I will be learning all the way 
and if any readers have any comments or suggestions to make 
I would be delighted to hear from them. In the meantime, 
I feel it is appropriate to summarise the interpretation of the 
map display and of the static test so that readers will be sure 
thay are interpreting our tests results correctly. For those who 
think they know it all, read on anyway. I might make an error. 
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Figure 4. Frequency response chart. 

Frequency response 
Figure 4 shows a Bruel and Kjaer swept-tone frequency 
response chart with an ideal responsive curve. We obtain this 
by feeding a B&K oscillator tone through the test device into 
a B&K amplifier and then to a B&K graphic level-recorder. 
The typical roll-off of many items of equipment (expecially 
tape recorders) is shown dotted. Apart from amplifiers and 
similar signal processors, we rarely see ideal curves. Test 
results summaries are usually given in one of two ways — 
as a bandwidth contained within a plus or minus 3 dB enve-
lope, that is a 6 dB wide envelope, or as a 3 dB down point 
relative to a specified frequency, usually 1 kHz. Figure 4 
broken curve results are 20 Hz to 12.5 kHz + /- 3 dB, or a 
3 dB down point, relative to 1 kHz, of 8 kHz. 

The dimensions of the original chart are given in Figure 
4 so that the paper and writing speeds make sense. Remem-
ber you are usually looking at reduced scale traces. The set-
tings we usually use are a potentiometer range of 50 dB, RMS 
rectifier response, a lower limit frequency of 20 Hz with a 
writing speed of 200 mm/second, and a paper speed of either 
3 or 10 mm/second. I had not thought the latter choice to be 
particularly important until we tested the Philips speakers 
last month. 

Notice that the frequency scales are logarithmic. This is 
most consistent with what we hear, but in some cases does 
lead to loss of detail at high frequencies compared with a 
linear frequency scale. 

Signal/noise and crosstalk 

respresenting the two channels. The separation between each 
curve is the crosstalk in dB. 

Distortion 
Most of our distortion measurements are obtained using a 
Hewlett Packard FFT analyser in conjunction with B&K 
measuring and signal equipment. We also use an AWA ultra-
low distortion oscillator. 

For the distortion analysis we can choose either logarith-
mic or linear frequency scales. Whilst for consistency and 
familiarity I prefer logarithmic scales, it is true that distor-
tion products are frequently easier to see using linear scales. 
This is because the distortion peaks occur at regular spac-
ing across the diagram. Figures 5 and 6 show 1 kHz distor-
tion analysis for the same source, Figure 5 being logarithmic 
and Figure 6 being linear. The harmonic distortion compo-
nents are seen as peaks at 2 kHz and 3 kHz (called second 
and third harmonics) with very slight peaks at 4 kHz and 
5 kHz. 

The total harmonic distortion (THD) result for Figures 5 
and 6 is -71.19 dB. Figure 7 shows a distortion test for a 
recording tape, with a logarithmic frequency scale and a 
pronounced 3rd harmonic distortion component may be 
seen. The total harmonic distortion is -44.01 dB. 

To obtain maximum accuracy we average the input signal 
to the analyser to effectively cancel spurious noise. The num-
ber of averages is shown at the top of each figure. 

Signal-to-noise results are usually given as a single number 
or on the same B&K charts as Figure 4. Crosstalk between 
channels is also given on these charts with the two curves 
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Figure 9. Frequency/time diagram, response to a rectangular 

pulse. 

Frequency/time 
This is where the history of performance testing is short. We 
do not use tone-burst testing, although this is mainly due to 
belief that the alternative we have, map displays of transient 
response for the full frequency bandwidth, is better. In the 
absence of this we also would do tone-burst testing. 
Figure 8 is a simplistic diagram of a response to a square 

pulse. The source is a rectangular pulse of duration T and 
the two response anomalies. Figure 8b is an overdamped 
response, one where the response cannot follow the imposed 
source and lags behind. Figure 8c is an underdamped 
response, one where the device responds rapidly but cannot 
stop in response to an amplitude plateau. 

Either response may occur, and the two responses will oc-
cur within the one device but at different frequencies. This 
leads to non-linearity of frequency response, but is only iden-
tified when the response is examined with time. The tone-
burst does this, as do square waves to some extent, however, 
to represent musical response by an audio component it is 
obviously necessary to examine amplitude, frequency and 
time concurrently. Our map displays do precisely this. 
Since the concept of response with time is usually present-

ed with time across the bottom of the diagram, I have includ-
ed Figure 9 before discussing the Hewlett Packard analyser 
output further. Figure 9 shows a freqency/time diagram for 
a hypothetical rectangular pulse response of 25 millisecond 
duration. The hypthetical item being examined is generally 
overdamped and does not follow the source well. It is non-
linear, particularly at 50 Hz, 1 kHz and 6 kHz. 

The steady-state response of the system is reached before 
the pulse terminates and is shown as a projection onto the 
Y-Z plane. This is a flat response except for a high peak at 
1 kHz and wider but shallower peaks at 150 Hz and 6 kHz. 

The response with time shows the types of anomalies which 
we are seeing in the frequency maps using the analyser — 
at 35 milliseconds, shortly after the pulse terminates, the 
anomalies are more pronounced. At 75 milliseconds the non-
linearities at 150 Hz and 6 kHz are almost gone and the 1 
kHz peak reduced. However, at 100 milliseconds an anoma-
ly at 50 Hz has appeared and the 150 Hz anomaly has reap-
peared. Figure 9 is not taken from any test but describes 
typical features seen in the analyser maps. 
The frequency/time map displays obtained from the 

Hewlett Packard analyser look at Figure 9 from a different 
direction, giving instead frequency increasing across the page 
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Figure 10. Frequency/time diagram, response to a rectangu-
lar pulse. 

and time advancing toward or away from the page. While 
this format, which is shown on Figure 10 for the same 
hypothetical example, does not show time quite so clearly, 
it is a necessary format where ampliture or frequency con-
tent is the main aspect of interest. To measure time it is 
simply necessary to count the traces. You will note that we 
always indicate the direction in which time is advancing 
since we show it either way according to how well particu-
lar effects show up. Usually we use logarithmic frequency 
scales although again there will be instances where the linear 
trace is more meaningful. 
Figures 11, 12, 13 and 14 show the real difference between 

static and dynamic tests. Figure 11 is an averaged response 
at a distance of 50 mm for a mid-range loudspeaker with 
pulsed pink noise of 400 Hz to 4400 Hz. Figure 12 is the same 
test but at a distance of 900 mm from the cone. As can be 
seen spurious effects are visible since the two traces are not 
equal. The dotted lines for both figures are 10 dB apart so 
the trace of Figure 12 is + /- 8 dB. Whilst this test is meaning-
ful the information in Figures 13 and 14 tell a great deal more. 
Figures 13 and 14 give 25 sequential frequency response 

traces each 1.6 millisecond apart, or a total time of 40 mil-
lisecond with time advancing toward the reader. Figure 13 
shows the response at 50 mm and is therefore primarily the 
driver alone. Anomalies are few and whilst they start at about 
5 to 10 millisecond do not become marked until 'after 30 
millisecond. Figure 14 however shows anomalies through-
out. The ragged commencement of the map trace is due to 
the trailing effects of the previous pulse and quite severe dips 
in performance may be seen at 700 Hz, 1 kHz, 2 kHz and 
2.3 kHz. A late dip occurs at 275 Hz after about 25 mil-
liseconds. 
Interpretation of frequency/time maps requires some cau-

tion. Dips which extend throughout the map traces may be 
due to anomalies in the equipment, such as a crossover phase 
problem, but for loudspeakers may also be due to phase can-

5 
os 

/DIV 

RMS: 20 

START: 400 Hz BW: 38.194 Hz STOP: 4 400 Hz 

Figure 11. Frequency response, loudspeaker at 50 mm. 

cellation caused by a reflection from an adjacent surface. 
Reflection from a remote surface will cause discrete dips 

as the out-of-phase reflection passes the microphone and can-
cels the source signal. These components can be identified 
by adjustment of the test configuration and looking for cor-
responding changes to the suspected reflection cancellations, 
however, a fully interpretation for environmentally affect-
ed tests, particularly loudspeakers, requires more knowledge 
than the map alone provides. Anechoic test conditions will 
remove these problems. 
The real problem signals to look for are delayed lumps of 

energy or sharp dips in performance, particularly inside ten 
millisecond from the pulse. Many of the anomalies which 
occur later are room effects although not all. Loudspeakers 
which have appeared to suffer from dips and troughs at 
longer delays have proven to sound muddy, delayed high fre-
quency spikes have been consistent with sounding harsh and 
irregularities at low frequencies have clearly coincided with 
uneven or untidy subjective bass performance. 
At the moment, we still need to test many more compo-

nents before we can really establish criteria for subjective 
assessment. We are presently looking at test results which 
make more sense compared with subjective testing than any 
previous techniques. 
The problem of identifying which aspects of time/frequency 

response are attributable to room effects and which are due 
to the loudspeaker is not trivial. It is possible to determine, 
by looking at the first part of the time period, what period 
of the sample shows the output of the source alone, guaran-
teed free of room effects. However this is not the entire 
problem. 
Components do exhibit anomalies over extended periods, 

and others may perform well in an open or anechoic environ-
ment but suffer more strongly from interactive effects with 
a listening room or with other components in the amplifica-
tion chain. In relation to identifying which aspects are im-
portant to typical performance of a particular item under test 
you will have to rely on us at present. 

Rooms 
As I stated earlier, the room is not the final nail in the coffin, 
it is the hammer that put your poor suffering sound system 
in there in the first place. However delightful your lounge 
room might be, it almost certainly has enough decay anoma-
lies to make a frequency/time map of your pride and joy look 
like a pin-cushion. 

In case you are wondering what such a map for a "bad" 
room might look like, Figure 15 gives some insight — 60 
traces each 1 millisecond apart for a balloon burst in a room 
with significant speech intelligibility problems. Compare 
Figure 15 with Figures 13 and 14 and you can see the poten-
tial for distortion. The dips in Figure 15 are typically on the 
order of 30 dB! 
The problems of room acoustics are too extensive to 

describe here, although we hope to carry articles on the sub-
ject in the future. It is correct to say the influence can be of 
the order of 30 dB, and can occur over periods from millise-
conds to two or three seconds. In terms of distortion the room 
effect could be as high as 300 per cent! 
What can you do about it? Unless you have a fairly free 

budget, do as most acoustic consultants do — weep bitter 
tears! 

RHS: 20  

START: 400 Hz 8W: 38.194 HZ STOP: 4 400 HZ 

Figure 12. Frequency response, loudspeaker at 900 mm. 
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I.C. SPECIALS 

FROM 

Promark 
EPROMS 

(T) 2716-45ONS   $3.60 
(T) 2764-25ONS   $4.10 
(T) 27128-45ONS   $5.05 
(T) 27128-30ONS   $5.50 

CMOS-EPROMS 
(T) 27C16   
(T) 27C32   

$8.60 
$10.24 

C-RAMS 
(H) HM6264LP-15   $7.95 
(H) HM6116P3   $3.85 

MICROPROCESSORS 
(S) 8085A   $5.00 
(N) 8748HD   $8.00 
(N) 8749HD   $10.00 
(T) 68000P-8   $29.50 
(T) 68000P-10   $44.50 
(S) 8086   $13.50 
(N) UPD8087-8MHZ  $300.00 

D-RAMS 
(H) HM50256-15   $6.85 
(S) HYB4164-P2   $1.50 

V, REG TO3 STEEL 
(T) LM338K   $5.50 
(T) LM323K   $2.45 

QUAD BI-FET OP-AMPS, ETC. 
(T) TL064DP   $1.10 
(T) TL074DP   $1.30 
(T) TL084DP   $1.15 
(T) TL494DP   $1.45 

UNIVERSAL MODEM 
(T) 7910CP   $25.90 

BRANDS OFFERED: 
(T) THOMSON, (H) HITACHI, 
(N) NEC, (S) SIEMENS 

All prices + 20% tax. $4 00 freight, minimum 

order $50 00 before tax and freight 

If you use big bags of this stuff - call Clive 
Barry or Vivian in Sydney. or Ian, David or 
Lena in Melbourne, and we will fix you up 

with even better prices! 

Prornark 
Electronium 

SYDNEY 
02-439 6477 

MELBOURNE 
03-878 1255 

TOLL FREE 
008-22 6226 

Ian J. Truscott's 

ELECTRONIC 

WORLD 
MORE 8c MORE 

People are discovering us each week. 
Both the home enthusiast through to 

the small manufacturer. 

Motorola and national data books, 
wima capacitors, vero and riston 

printed circuit boards. Amidon toroids 

Components for the hobbyist 
and radio amateur. 

COMPONENTS • TOOLS • KITS 
In any quantity, buy one, or one 

thousand, we're happy to oblige 

SCHOOLS • CLUBS • ETC. 

For all your electronic needs, see us. 

Inquire about our bulk discount deals 

Save yourself a trip to the city — come to 

30 LACEY STREET CROYDON 
OR PHONE 

(03) 723 3860/723 3094 
Mail orders welcome. 

SAVE $$$ or ROCKWELL INTEGRATED CIRCUITS 
FROM THE AUSTRALIAN DISTRIBUTOR. 
568000 CPU OIL QUIP, CERAMIC PLASTIC: MIL 883 6, 8, 10, 12 MHZ 

R6502, R6503, R6504, R6507 CPU 
R65020 PIA, R6572 VIA, R6532 RIOT; 
R6545, R6545-1CRT; R6551 ACIA; 

Single Chip 
R6511Q 64 Pin Quip 2 x ctr 31 I/0 192 RAM corn Port. 
R6541Q 64 Pin Quip, letr, Bus I/F, 23 110 64 RAM. 
R65F11 P 40 Pin FORTH Kernel. I/O Coins RAM. 
R65F12 Q 64 Pin FORTH Kernel. I/O Corns RAM. 
R65C29 64 Pin Quip. RAM. Dual CPU. MPY. CMOS 
Corn Port. Call tor latest prices. 
many new 65 CXX parts now available in LOW Power Cm0S. 

1984 Data Book 1300 pages available now. 

PRINTERS. By CTI of Japan. 
All with tractor/friction feed. Graphics TrUe descenders. 
Provision for 4K Buffer. Square Pin Head Technology 
gives solid vert. and hor. lines. IPI for centronicsUF 151 
for RS232 with X on X off. 
CPA-80 25cm 100 cps 
CPB-80 25cm 130cps 2K Buffer IBM compatible. 

NEW release. 
CPB-136 38cm 130052K Buffer. IBM compatible, Linear 
tractor, 2 position ribbon. Call and save. 

ENERGY CONTROL PTY LTD. 
PO 80.8502 Goort. Ok1 45oo 
Brosbans AUSTRALIA 
P.or.• 107,2882455 
Tee. AA43778ENECON 
Po 80. 2753 W411'.O,00 500,75, 

T000 NZ3Oi35 

AUTHOR! 

AUTHOR! 

AUTHOR! 
So you've written 
this great article. 

Tell us all about it then! 

Maybe you've developed 

a project you think others 
might be interested in? 

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 it and what you'd like 
to see us doing. 

We're only too happy to hear 
from you! (All bouquets 
gratefully accepted, brickbats 
next door, please!) 

Write to: 

Roger Harrison 
Australian Electronics 

Monthly 

PO Box 289 
WAHROONGA 2076 NSW 



RETAIL ROUNDUP 

SUNON 
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You've got to 
fan it to keep 
cool! 
Spring is sprung, the temperature's riz, I wonder where 

the coolers is? When it comes to getting rid of heat in-
side equipment, you've got to fan it, the saying goes. 

Hypec Electronics has by hap-
penstance a happy bargain in 
fans this month. Made by Sunon 
in Taiwan, these three-inch 
huffers from Hypec hoperate 
from hundred and fifteen volts 
50/60 Hz and draw but 130 mil-
liamps. The label says they're 
himpedance protected. H'nuff! 
Normally, they're priced at 

$14.50, but this month Hypec 

'Universal' 60 VA 
franny 

perth based retailer and 
mail-order house, Altron-

ics, has recently added a versa-
tile little 60 VA transformer to 
their range, featuring two 
separate multi-tapped windings. 

Essentially, the new tranny 
comprises two 12 V/5 A wind-
ings, each tapped at 9 V. By link-
ing the appropriate terminals, 
you can obtain a wide variety of 
output voltages and currents, 
ranging from 9 V at 6.6. A, 
through to 24 V (centre-tapped) 
at 2.5 A. A label attached to the 
top of the transformer includes 
a table showing the various 

wish to hurry them ha-long at 
$8.50! We don't know their 
cubic feet/minute capacity, but 
they'll out-huff you any day (all 
day!). Overall width of these 
fans is 80 mm, with the mount-
ing hole centres at 72 mm 
spacing. 
Hurry to Hypec, 21 Ryedale 

Rd, West Ryde 2114 NSW. (02) 
808 3668 or 808 3050 

combinations and how to obtain 
them. 
Altronics list the transformer 

as cat. no. M2165. Details from 
Altronics, PO Box 8280, 
Stirling St, Perth 6000 W.A. 
(008) 99 9007. 

PROJECT BUYERS GUIDE 
Computer hobbyists will be pleased to note that kits for the 
AEM4501 8-channel Relay Interface might be found in Jaycar 
stores in Sydney and Brisbane, as well as All Electronic Com-
ponents and Active Electronics in Melbourne. 

Audiophile hobbyists seeking a kit for David Tilbrook's 
AEM601OLL Low Level Cartridge Preamp might enquire with 
All Electronic Components or Active Electronics in Melbourne, 
or with Jaycar in Sydney and Brisbane. However, for those hardy 
types getting it all together 'from scratch', components will be 
found generally stocked by most electronics retailers. 

For the boys in the band, our Bandbox project this issue will 
be of interest.The power amp and four-input preamp modules 
are available from firms like Active Electronics and All Electronic 
Components in Melbourne, Jaycar in Sydney and Brisbane, 
Geoff Wood Electronics in Sydney and Dick Smith Electronics 
stores all over. We did not know at press time who would be 
carrying a complete kit, with 19" case and all. 

If readers experience any difficulty obtaining printed circuit 
boards, we keep a stock at our office. You can order your re-
quirements by filling out the card in this issue, located between 
pages 34 and 35. 

Farads for sale 

M elbourne components 
and kit retailer, All Elec-

tronic Components, currently 
has stocks of high-farad, high 
voltage electrolytic capacitors 
made by Sprague and they're 
offering them at respectable 
price for the quality you get. 
Cheapest is the 5500 uF/25 V 

type, at just $6. Then comes the 
2500 uF/75 V type at $7.50, fol-
lowed first by the 1400 uF/150 
V type at $10 with the massive 
34 000 uF/50 V type at $15 to 
cap it off (in a manner of 
speaking!) 
These high quality capacitors 

are ideal in stringent power sup-
ply applications, particularly in 
audio power amps, for example. 

050 

SPRAGUE 
• 

SPRAGUE 
t 4 WERLYTIC' 

, t 60 5030250c 

Lo 74.261-
i 4DE IN USA 

But, the catch is, All Electronic 
Components advise that stocks 
cannot be replaced — once they 
go, that's it! 
Amble over to All Electronic 

Components, 118-122 Lonsdale 
St, Melbourne 2000 Vic. (03) 
662 3506. 

HARRISON & TILBROOK ON-TAP 
Enter it in red in your diary now — messrs Harrison (esteemed Editor) and 
Tilbrook (esteemed Engineer) will be appearing in Jaycar's York Street 
Store, Sydney, on the morning of the third Saturday in November (the 16th), 
from 10.30 am to noon. You'll be able to hear for yourselves the AEM6102 
two-way bass reflex speakers, and possibly the new ' ultra-fidelity' preamp. 
You're free to quiz the lads on any subject electronic that takes your in-
terest, or discuss the latest in projects, etc. 

Don't miss the opportunity! 
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An 'ultra- fidelity' 
preamplifier Part 1 

This project is an ultra-fidelity linear pream-
plifier designed to meet the demands of the 
serious audiophile. The aim of the project 
was to design a unit that would challenge 
the finest commercial designs. The increas-
ing use of compact disc players has placed 
new demands on the entire audio chain 
and this applies just as surely to the elec-
tronics as it does to the loudspeakers. 

IT IS BECOMING a widely recognised fact that systems com-
bining CD players with inferior integrated amplifiers or 
preamp/power amp combinations tend to sound considera-
bly inferior to the same units used with cassette deck or car-
tridge sources. 
The reasons for this would appear to be the increased de-

mands placed on the electronics through the higher signal 
slopes and dynamic range generated by a CD player. Com-
bine this with an otherwise clean signal source, excellent fre-
quency response and distortion characteristics, and any 
inability of the subsequent electronics becomes particularly 
noticeable and objectionable. 
The 6010 has been designed with the accent on acoustic 

performance. Its dynamic range, noise, distortion and fre-
quency response characteristics are all extremely good. But 
just as important to the acoustic performance are such 

David Tilbrook 

parameters as channel seperation, power supply regulation, 
to ensure freedom from certain types of dynamic distortion 
mechanisms, and maintainence of the integrity of the signal 
earth line. 

In order to ensure good performance in these respects the 
pc board layout must be done correctly. Many an otherwise 
good design has been ruined at the pc board design stage. 
All of these characteristics are important to the acoustic per-
formance of audio electronics as undoubtedly are many 
others. 
The design of a really good preamplifier (or power ampli-

fier) at the present time is as much an art as it is a science 
because we simply do not understand all of the parameters 
that determine the acoustic performance of this equipment. 
The AEM6010, and the AEM6000 series of power amplifi-
ers soon to be published, are the culmintion of a great deal 
of experiment and trial and error to develop a comprehen-
sive range of audio equipment with impeccible acoustic as 
well as measured performance. 
A block diagram of the 6010 is shown here. 
The cartridge input can be configured for either a moving 

coil or a moving magnet cartridge by the appropriate setting 
of the input cartridge select switches. These two 
switches are mounted on the rear of the preamp chassis. 
The low level (LL) cartridge input stage consists of two 

separate active gain stages and a passive filter stage which 
provides one half of the RIAA frequency correction. The rest 
of the R1AA is generated by feedback around the second 
stage. A detailed description of the topology of the LL stage 
is given later in the circuit operation section. 
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Figure 1. 

An important characteristic that should be mentioned at 
this stage, however, is its overlaod margin. The gain of the 
total LL stage is around 100, so that a 2 mV input signal at 
1 kHz will produce an output around 200 mV RMS which 
is comparable to the level expected at the other high level 
inputs. As will be discussed later, it is possible for signal lev-
els in the final LL stage to reach around 20 V RMS. To en-
sure that these very large output signal voltages do not cause 
clipping of the final LL stage it is powered from a regulated 
70 V supply. 
The high level inputs provided are compact disc (CD), two 

tuner inputs (TUNER 1 and TUNER 2) and an auxiliary in-
put (AUX). The two tuner inputs are provided to enable 
separate FM and AM stereo tuners to be connected to the 
system. Alternatively, a video cassette recorder can be con-
nected to some of these inputs. 
The high level inputs provided are connected to the main 

selector switch together with the output of a passive subsonic 
filter that follows the output of the LL stage. This filter is used 
rather than a more sophisticated active filter to ensure mini-
mum colouration of the low-frequency audio content. The 
filter provides a 12 dB/octave attenuation below 10 Hz and 
can be bypassed with a filter on/off switch located on the 
preamp front panel. 
The output of the main selector switch is fed via the moni-

tor switch and mode switch to the balance and monitor 
volume controls. There are no active gain stages provided 

between the selector switch and the monitor potentiometer 
to ensure complete freedom from any possibility of overload 
in this part of the preamp. 
The final gain stage follows the monitor pot. This stage is 

powered from a regulated 30 V supply which provides more 
than ample overload margin since this stage will have a typi-
cal maximum output signal of around 1 V RMS. Remember 
that the output of the preamp is connected to the input of 
a power amp that will be driven to full power, and hence into 
clipping, by a typical 1 V output signal. 

The output of the preamplifier is provided with relay mut-
ing that is driven from a control circuit and provides free-
dom from turn-on and turn-off thump. 

Since the aim of the design was to produce a very high qual-
ity linear preamplifier at a reasonable price, additional fea-
tures such as tone controls and level meters have been 
omitted. Nevertheless the demand for these facilities is such 
that they cannot be completely ignored. 

In order to solve this problem a preamplifier extension unit 
is planned which provides additonal control facilities such 
as tape/tape dubbing for several tape decks, tone controls and 
headphone amplifiers. This unit expands the capabilities of 
the main linear preamplifier and is connected via the moni-
tor switch on the 6010. When used without the extension unit 
this switch serves as the tape monitor and is therefore labelled 
EXTENSION/TAPE MONITOR. The use of the monitor> 
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A o4 PIONEER 12" GUITAR SPEAKER 
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PIONEER DOME 
TWEETER 

LOU THAN %PRICE 
Adorne tweeter for under $ 10, Ridiculous, Only 250 
available 

USUALLY #18.50 
SAYE *ass 

Cat. CT 2020 

011 ir Impedance 8 ohms * Power rating 25W RMS - 
100W RMS system power * Crossover frequency 
20C0Hz* Sensitivity 9543/w 1/2  metre * Frequency 
range 2000 - 2000OKS 

(,) PIONEER 
SAVE 09.55 
ONLY, A PIONEER HORN 

TWEETER 
Great sowang bum anodised square metal horn 
Two together sexed great Limited quartet 

IMES THAN 1/2  PRICE 
was $ 12.50 SAW? 117.00 

Cat a-2014 

QPIONEER 
* Impedance 8 ohms * Power rating 12W RMS 
system 60W RaiS * Crossover frequency 2'..f/..Fiz 
* Sensitivey 101 dB/w v. metre * Frequency 
response 2000 , 20.000Hz 

SAVE $7.00 
ONLY $6.50 

MANUFACTURERS/ 
WHOLESALERS!! 

Turn your surplus stock Into cash!! 
Jaycar will purchase your surplus stock dcomporamts 
electronic equipment or traded- in gear in good 
condition We are continually on the lookout for 
sources of pnme quality merchandise that can be 
resold to electronic enthusiasts 

Call Cary Jobston or 
Bruce Routley NOW 

(02) 747 2022 

GREY MIDRANGE IC 
TWEETER 

TWEETER car cr 2040 
USUALLY #5.95 ea 
MIDRANGE Cat CM 2042 
USUALLY #12.50 ea 
BUY 2 OP EACH FOR 
ONLY $25.90 

SAYING YOU ;MOO 
More than the two tweeters' 

(V)PIONEER 

NEVER TO 8E REPEATEV 
PIONEER 6" WOOFER 

4 OHMS 
Another huge scoop once only purchase Ideal 
woofer for cars, or a small speaker box or even two n, 
a tower box 
* Power Rating 15 watts RMS* Nominal Resonant 
Frequency 40-45Hz * Nominal Sensitivity 97dB /V., 
* Response Range fo 4.000Hz 

WE STOcK THIS IN A TWIN 
CONE VERSION For $ 17.50 
A REALLY SPECIAL PRICE WOULD 
RE CIO. RUT WE HAVE SLASHED 
THEM TO ONLY $6.00 ea. 

THAT'S CRAZY Limited uuantity 
Cat CW 2105 

SAVE #11.50 

ONLY $6 ea 

IMPORTERS DISTRESS STOCK 
6" PIONEER 
WIDEIRANGE 

4 ohm impedance As used in tI1 projects 

IISUALLY #11.95 
saws UP TO #4.45 

Cat AS-301 I 

ONLY $2.95 
10 up #2.S0 each 

MAIL ORDER HOTLINE 

(02) 747 1888 

JAYCAR 
NO l FOR 
SPEAKERS 

S" MIDRANGE 
This large magnet cone midrange really delivers the 
sounds Sealed back cloth surround 
* Impedance 8 ohms * Frequency response 1 kHz • 
12kHz * Senstterty9643*Power6OWRMS system 

USUALLY #12.50 
SAWN #3.00 

Cat CM-2062 

SAVE $5.00 

ONLY $9.50 

MONO- TO-STEREO ADAPTOR - VCR 
STEREO ADAPTOR 

This unit wit take a mono line input and convert it to 2 x •Psuedo 
stereo outputs You can use it to create a stereo effect from mono 
sources such as W. AM radio. VCRs etc ( It is not a stereo decoder for 
AM radio or TV) 
Inputs and outputs RCA sockets Dimensions 110 x 130 x 32mm 
Comes complete with 240V plug pack) 
Car AV 6506 

Wen 
SPEAKER 
SENSATION 

European Style 2-way 
Speaker kit 

Sensational NEW 
design by 

Dave Tillbrook 

SEE REM 
JULY 

sPiansunts& 
Tweeter DZSTG 8 ohm Cat CT-2020 

$45.00 ea - $90.00 pair 
Woofer PZIWO 8 ohm Lat ON-2132 

$122.00 - $244.00 
pair 

Crossover Network jKir) Cat CX 2630 

$39.95 ea - $711.90 pair 
Total $413.90 
Ayr stereo 
WIRCIAL 

INTRODUCTORY 
OPENER 

The low value of the Australian dollar may mean that 
the prices of these components will go up As a 
goodwill gesture, we will sell the speaker/crossover 
set for stereo) for only 

$599.00,11 
We estimate that you will be able to build the cabinets 
for around $50 • $90 ( depending on finish) This 
means that you can end up with a supenor 100 watt 
speaker system for under $500 ,, ' 

UNBELIEVABLE? 
technical Data • Woofer 

Nommai Impedance  t$ ohms 
Frequency Range 26 • 4000Hz 
Free Air Resonance  33Hz 
Operating Power 
Sensitivity OW e Irnt 
Norrunal Power 
Voice Coil Diameter 
Voice Coil Height 
Air Gap Height 
Voice Coil Resistance 
Effectrve Diaphragm Area _ . 
Moving Mass   
Thiele/Small Parameters 
Chn 24 
Oe 041 
at 035 
Vas 80 I 
Weight 1 65kg 

._ 2 5W 
92dI3 

_ 60 watts 
 40mrn 
  12rrim 

6mm 
58 ohmi 
222cm" 
20 grams 

NOW AVAILASLE 

WE'RE 
GIVING 
THEM 
AWAY 

AT ONLY 

$15 
EACH 

E 
E 

Cr 

3 2mm 

26,5mm 

This otter has been 

extended for October, 

as they were not 

available in 

August 

NOW OPEN: 
Our Gore HIII Store 
Is Open till 4 pm 

Saturdays 
Technical Date - Tweeter 
Nominal Impedance   6 ohms 
Frequency Range  2 - 24kHz 
Free Air Resonance   1500Fiz 
Operating Power   3.2 watts 
Sensitivity 11W @ I m)   90d8 
Nominal Power  90 watts 
Voice Coil Diameter  25mrn 
Voice Coil Height   1 6mm 
Air Gap Height   2 Omrn 
Voice Coil Resistance   4.7 ohmi 
Effective Diaphragm Area  7cm" 
Moving Mass   03 grams 
Weight   0 53kg 



GREAT PRICES... A 
PLESSEY POT PACK 
8AROAINS SACK! 

BRAND NEW STOCK 
You get over 50 assorted pots ( mostly English made 
by Plessey) in a pack weighing just under a kilo All 
have plain shafts, most wrth a flat some are log 
sorne are linear and some are swached This pack is 
a great bargain at under 121 a pot how could you go 
wrong' The price of pots has recently risen and even 
if you only use 3 out of the 50 you could be in front 
Cat RP 3900 

ONLY $5.95 

RESISTOR NETWORKS 
50 assorted values, top quality. 10 lead resistor 
networks This pack would normally be wort h $4/0. 
Values range from 680 Ohms to 1M Ohio 
Cat RR 3380 

ONLY $ 10.00 
That's 204 per artwork! 

22 PIN IC INSERTER 
USUALLY $6.50 

October only $2.50 
CMOS safe conductive plastic exclusive bent pin 
alignment guides in handle - ground strap can be 
connected one hand operation 

NO FRILLS 
KEYLESS CAR ALARM 

GIVE AWAY 
No foils burglar alarm complete vnth siren 

FEATURES 
• Easy to install 
• No key lock switch required 
• Alarm sounds whenever the boot or Sonnet is 

opened or stereo/radio is removed 
• Highly sensitive to any attempt to enter the car 

• Low current drain 
• Solid state, professionally designed product 
Many people want car alarms with all the gadgets 
included like ultrasonics and glass break detectors If 
you ve been thinking of a car alarm for your second 
car, then now is the time to buy it 
Cat LA 5315 

USUALLY $49.65 

this month $27.50 
SAVE $22.45 

EXPERIMENTERS RF 
MODULATOR 

We have a quantity of Video Modulators to clear We 
call them experimenters because we cannot offer a 
warranty, but at the price who would expect one 
Complete in its own metal box and with 3 metres of 
75 ohm coax with plug attached ( That alone ts worth 
82 001 
Cat LT 3805 

LIMIT 5 PER (. 1'çTOMER 

ONLY $2 each 

WHAT ARE 
MICROCHARTS? 

MICROCHARTS are prot.-sstonal comprehens, 
plastic summary cards pi. lied with key time savm,, 
information on micropr, e ... or, electronics, pro 
gramming, and tools fc •...mess Colourful 100% 
plastic MICROCHARTS ,refully organised for 
fast use at home, work.. the classroom 

7400 PINOUTZ 
Cat BM-8503 
COO CPU 
Cat BM-8500 

avosorriu, 
Cat BM-8506 

5502 ( WSRX) 
Cat BM-8502 

BOOS a BOBO 
Cat 8M-8508 

C' LANGUA 
Cat BM-8512 

MUM INTRO 
Cat BM-8510 

ALOORITIMOI 
Cat BM-8504 

0000 a 8005 
Cat BM-8501 

NOW TO !WIMPY 
Cat BM • 8514 

ALL ONE PRICE 
$11.95 each 

NOW OPEN: 
Our core Hill Store 
is open till 4 pm 

Saturdays 

MAIL ORDER HOTLINE 

(02) 747 1888 

• 

SURPLUS STOCK 
Contact Gary Johnston or 

Bruce Routley 

ONLY 90 AVAILABLE 
EXPERIMENTERS 

CLOCK with 
ROUIPSCent display 

This clock was actual., designed to go with a clock 
radio It has a transistor output which could switch 
on a radio etc Its 240V operated with mains lead and 
stepdown transformer, which has a spare winding at 
about 9 volts A second PCB houses 5 touch type pad 
switches to control alarm time set fast and slow 
time set fast and slow and a snooze control as well 
as an LOP to automatically dim the display at night 
Display measuren 9Ornm x 25mm tenth digits actually 
being 15mrn high It also displays Aid or PM 

Supplied with circuit diagram 
Cat XC 0150 

ONLY $9.95 

COMPACT rJ COMPACT COMPACT COMPACT 

î[10[ o  OOM  OgP1  1105 

DIG TAL AUDIO DIGITAL AUDIO DIG TAL AUDIO DIG TAL AUDIO 

JAYCAR COMPACT DISC BUYERS CLUB 
Compact Disc players have become very popular but there is emerging a serious problem The 
problem is. availability of compact discs' 
Only about half the record stores carry compact discs and those who do generally have a limited 
range Apart from this, most discs have risen in price from $22 to $25 recently. so they are 

getting very expensive' 
Jaycar has decided to do something about it' 
Now you can order your favourite compact disc albums by Mad Order' You simply pick up the 
phone and quote your credit card number or send us a letter with your cheque or money order. 
IEROE PHONE SERVICE: If you do not know whether your favourite artist/album is on 
compact disc ring , ' We h.( .-e extensive files on all importers range and we will be able to advise 

vou instantly' 
SPECIAL CATALOGUE SERVICE: To save time we can send you a 56+ page 
catalogue of all CD titles currently available in Australia (There are around 2,900 titles currently 
available but some are in very short supply) Cost of the catalogue $4 Inc P&P or FREE with any 
CD order over $ 100 We recommend that you get the catalogue It has separate sections for Jazz. 
Classical and Popular music and is a MUST for the serious CD enthusiast It is updated 4 times a 

geà.USIVEI 30 day satisfaction guarantee' The CD enthusiasts at Jaycar have found that 
some albums on CD have been disappointing This was either because the actual material was 
not as good as expected, or the quality of the CD itself has shown up poor mastering or excessive 

tape noise etc This can be an expensive mistake' 
BUT NOT if you buy your Compact Discs from Ja car' If ou buy a compact disc from us and 
you find that the disc is not to your lutin ou can RN the disc to us for a 50% credit 
towards future disc purchases YES. you 
better than nothing' The offer is conditional on the returned disc being in ABSOLUTELY 

tc \ PO lose 50% but if the disc is worthless to you that s 

e
c FLAWLESS condition and within 30 days of purchase Once a disc is accepted back it will be kept 

by Jaycar You cannot return them to record companies for credit) We will accumulate stocks of 
returned discs and publish regular bulletins of these titles which retO be sent to you automatically 

Prices will be below normal retail 
,%; For more information wnte to PO Box 185, Concord 2137 or ring our Mail Order Hotline (02) 

,47 1888 
YOU CAN ORDER NOW? 

COMPACT 

DIG TAL AUDIO 

o 
COMPACT 

005 
DIG TAL AUDIO 

o 
COMPACT 

005 
DIG TAL AUDIO 

COMPACT 

0  ü 

DIG TAL AUDIO 

•••••• • 

VK POWERMATE 
Ref EA December 1983 

This kit enables you to build a power supply that will 
eve 13 8 voks at up to 10 amps' (8 amps cont mucus) 
Ideal for running mobile transceivers from home Kit 
us complete wit h box and front panel 
Cat KA-1120 

Usually $99.65 
October ONLY 
$69.95 

SAVE $30.00 

aqca r  

ELECTRONICS 
Incorporating ELECTRONIC AGENCIES 

NUMBER 1 FOR KITS 
MAIL ORDER HOTLINE (02) 747 1888 

N.S.W. 

SHOWROOMS 

SYDNEY: 117 York Street Tel (02) 267 1614 
Crie Carlingfad & Pennant Hills Road Tel ( 02) 872 4444 

CONCORD; 115/117 Panamatia Road Tel ( 02) 745 3077 
HUILSTVILLE: 121 Forest Road Tel ( 02) 570 7CXX) 
005E RILL; 188/192 Pacific Highway rCnr Bellevue Avenue) Tel ( 02) 439 4799 

QUEENSLAND !MIRANDA: 144 Logan Road Tel ( 07) 393 0777 

MAIL ORDERS: PO Box 185, CONCORD 2137 

HEAD OFFICE: 115-117 Parrarnatta Road. CONCORD 2137 
Tel (02) 747 2022 Telex 72293 

SHOP HOOPS POST & PACKING 
Carltngfo(d. Hurstvgle & Gore Hill S5 59 99  $2,001 

Mon Fn 9am > 30pm. Thum 8 30pm. Sat 12pm $ 10 $24 99   $3 75 
q Sydney 525 - 549 99  $4 50 

Mon Fn 8 30am • 5 30pm. rues 8 30pm. Sat 12pm $50 - $99 99  S6 50 
Concord 5100 - $198   $8 00 

Mon-Fn 9am 5 30prn. Sat 12pm Over $ 199 _._ S10.00 

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONLTS1330 

VISA 

MAIL ORDER VIA 
YOUR PHONE 

04 



aem project 6010 
switch enables all of the extension circuitry to be bypassed 
for critical listening. 

The basis of the AEM6010 Preamplifier is a fully discrete 
amplifier stage that was developed to provide high supply 
rejection, low static and dynamic distortion and extremely 
low noise and output impedance. These factors were deter-
mined to be of major importance to the acoustic performance 
of a preamplifier after extensive listening tests were carried 
out. Although the performance of op-amps such as the 
NE5534AN is extremely good, tests carried out on a num-
ber of op-amp based stages revealed that they lacked suffi-
ciently low output impedane and could not be powered from 
sufficiently large supply voltage to meet the specification re-
quired. A combined op-amp/discrete design was considered 
but the complexity of the stage approached that of the fully 
discrete design and was consequently ruled out. 
The only solution was to design a fully discrete amplifier 

stage that could be modified to optimise those characteris-
tics regarded to be of most importance for a particular ap-
plication. The input noise figures subsequently obtained are 
significantly better than the best op-amp designs and exceed 
the specifications of the best commercial preamplifiers. 

The low level cartridge amplifier 
All phono cartridges, whether moving magnet or moving 
coil types, generate a signal voltage due to the relative move-
ment of a coil of wire and a magnetic field. In the moving 
magnet type the coil of wire is held stationary while the sty-
lus/cantilever assembly is magnetised by small stationary 
magnets to provide a magnetic field, the strength of which 
is varied by the moving cantilever. This produces a small elec-
tric current in the coil. In the moving coil cartridge, the mag-
net is stationary while a small, very light coil is attached to 
the cantilever assembly. This coil is considerably smaller than 
that fitted to the moving magnet types and generates only 
a fraction of the output signal voltage. A typical moving coil 
cartridge, for example, would generate around 50-100 uV as 
compared to 1-2 mV for the same recorded signal with a 
moving magnet cartridge. 
The MM cartridge has a typical coil resistance around 

200-800 ohms and usually requires to be loaded by a 47 kohm 
resistance shunted by several hundred picofarads of 
capacitance. The MC cartridge, on the other hand, has a typi-
cal coil resistance of only a few ohms and MC input amplifi-
ers are usually provided with input impedances of around 
100-200 ohms. In both types the source impedance of the car-
tridge can be considerably higher than their resistances and 
is generally highly non-linear and a function a frequency. 
An essential characteristic of both MM and MC input am-

plifiers is that they represent an essentially flat load across 
the audio spectrum. This can be particularly difficult in the 
case of MM stages since the required resistance of 47k is 
much higher than that required for the MC stage. It is usually 
necessary to apply negative feedback to increase the input 2 

impedance of the first stage . An increasing number of com-
mercial designs are opting for WET front ends to overcome 
this problem but the noise performance is often disappoint-
ing. If a bipolar transistor fron t end is employed, negative 
feedback is often used since the input resistance of these 
devices is a function of the em itter curren t flowing , as is the 
noise performance. 
The most common design approac h, and the one which 

yields the best noise performance , is to set the current in the 
first stage to optimise the noise performance for the expect-
ed source resistance. For mos t bipolar transistors this gives 
rise to an input resistance w hich is incapable of loading an 
MM cartridge correctly. The input resistance is then in-

creased to several megohms by the use of a fairly large 
amount of overall negative feedback. A 47k resistor is then 
placed in parallel to load the cartridge correctly. 

In practice, some degree of interaction usually takes place 
between the negative feedback loop and the non-linear source 
impedance of the cartridge. This is called "cartridge im-
pedance interaction" and is responsible for the inferior 
acoustic performance of many MM phono stages. 
The problem is further compounded when the same feed-

back loop is used to generate the RIAA equa lization which 
must be implemented in any cartridge amplifier. Since the 
RIAA equalization is frequency dependent the amount of 
overall negative feedback becomes frequency dependent and 
hence the input impedance varies across the frequency range. 

The RIAA equalization 
To understand RIAA equa lization it is necessary to look more 
closely at the concept of recording audio signals on a record. 
As stated above, the signa l vo ltage is produced by the inter-
action of a coil of wire and a magnetic field. Spec ifica lly, the 
equation that describes the voltage generated is given by Fara-
day's law 

de 
E = — — 

dt 

Where e is the induced signa l vo ltage 
and ck is the magnetic flux. 

The equation indicates that the signa l voltage is propor-
tional to the rate of change of the magnetic flux with respect 
to time. A well designed cartridge w ill ensure that as close 
as possible to a linear relationship exists between the dis-
placement from the equilibrium position of the cant ilever as-
sembly and the magnetic flux intensity. In this way the 
induced signal voltage w ill be proportiona l to the time rate 
of change of the position of the stylus. 

In other words, the induced signa l voltage is proportional 
to the velocity and not the position of the stylus assembly. 
The waveform recorded in the grooves of the record is not 
the actual acoustic waveform but its integra l with respect to 
time, lf, for example, a 20 Hz square wave is to be reproduced 
from a record groove , then the waveform recorded in the 
groove will be its time integra l i. e: a triangle wave. 

COMPARISON OF THE ELECTRICAL SQUARE WAVE RESULTING FROM THE 
TRIANGULAR RECORD GROOVE 

Z z/E SQUARE 

50 me 

Figure 2. 
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The 20 Hz square wave consists of 25 ms of constant dc 
voltage followed by 25 ms of a zero voltage. In order to 
produce a constant voltage for a period of 25 ms, the stylus 
assembly must move at a constant velocity for that period. 
If we now consider the case of a typical MM cartridge 
producing around 1 mV/cm/sec then, in order to produce a 
10 mV square wave, the recorded velocity must be 10 cm/sec. 
The total distance the cartridge will travel in the 25 ms is: 

25 ms x 10 cm/sec = 2.5 mm 

A different problem occurs at the opposite end of the fre-
quency spectrum. If we wish to reproduce a 20 kHz square 
wave with the same amplitude as the one above, the stylus 
traces a triangle wave in the groove, but this time for only 
25 us. The stylus moves a total distance of only 2.5 um. Such 
extremely small displacements at high frequencies mean that 
the surface irregularities of the vinyl are increasingly signifi-
cant and an unacceptable signal/noise ratio results. 
These problems are overcome when the record is cut by 

boosting the high frequencies to improve the signal/noise ra-
tio and cutting the low frequencies to reduce the necessary 
stylus displacement. In order to do this, the frequency 
response of the recording amplifier is modified to conform 
to a special curve called the RIAA equalization (RIAA stands 
for Recording Institute Association of America). 

It is the responsibility of the MM input amplifier to cor-
rect for this equalization so as to restore the overall flat 
response. The RIAA correction that must be incorporated 
in the playback electronics consists of four single-pole filters 
(a single-pole filter is one that can be formed by a single resis-
tor/capacitor pair). These filters are: 

high-pass, time constant RC = 7950 us 
low-pass, time constant RC = 3150 us 
high-pass, time constant RC = 318 us 
low-pass, time constant RC = 75 us 

The overall effect of the time constants is shown in Figure 
3 which compares the Bode plot showing the individual time 
constants and the actual frequency response that results if 
the RIAA is implemented correctly. The MM preamp must 
have the frequency response shown here by solid line. 

Notice that there is a 40 dB variation in the gain required 
of the MM stage. The low frequencies are amplified over 100 
times more than the extreme high frequency. 

BOO POT 

•IIMMaM 

1k 2k 5k 10k 20k 4-0k (Hz) 

As mentioned earlier, some designers (in fact most, until 
recent times) incorporated the RIAA equalization into the 
overall feedback loop around the first stage. Since the gain 
must vary over a 40 dB range, so must the amount of feed-
back. With almost all conventional designs this represents 
a major proportion of the overall negative feedback and the 
input impedance tends to become highly frequency depen-
dent. Combine this with an already frequency dependent 
source impedance of the cartridge and it is not surprising 
that problems like cartridge impedence interaction arise. 
The LL staged developed for the AEM6010 completely 

overcomes these problems by having a two-stage circuit and 
a combined passive/active RIAA equalization filter. The first 
stage is a completely linear preamplifier with an extremely 
low noise input differential pair formed from an LM 394 
super-matched pair. There is no RIAA equalization in this 
stage and the frequency response extends from less than 1 
Hz to well over 100 kHz. Since the stage has a flat gain of 
11 when switched to the MM position and around 225 when 
switched to the MC position it will almost completely deter-
mine the overall noise figures of the input stage. 

Since the overall gain of this first stage is flat, and the 
applied negative feedback very large, the input impedance 
of the stage is a constant over the entire audio range. 
During the development of this input amp several experi-

ments were conducted in which the stage was inserted be-
tween various moving magnet cartridges and the phono input 
of several commercial amplifiers. The improvement in overall 
acoustic performance over some of the commercial stages 
was stunning and this added considerable weight to the car-
tridge impedance interaction argument. Experiments were 
also carried out to ensure that the stage was free of cartridge 
impedance interaction by incorporating a FET buffer ampli-
fier between the cartridge and the input of the 6010MM in-
put stage. The only difference in the acoustic performance 
seemed to be a significant increase in the input noise when 
the FET was used. Another advantage of the two-stage ap-
proach is that the gain of the input amplifier can be divided 
between two stages and hence the distortion is reduced. 
The output of the stage is connected to the passive filter 

forming the 7950 us and 75 us time constants of the RIAA. 
The 7950 us time constant is formed by capacitor C8 and 
resistors R21, R20 and R19. The 75 us time constant is formed 
by R22, R23 and capacitor C11. 
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aem project 6010 
As mentioned earlier the other two time constants are 

formed by an RC filter placed in the feedback loop around 
the second stage. The filter consists of resistors R46, R45, 
R47, R48, R43, R44 and capacitor C16. In Figure 4, the dis-
tribution of the various filters among these two stages is 
shown together with the resulting Bode plot. 

The second of the two stages is similar to the first but has 
a cascade amplifier included to form the main voltage gain 
stage. This is necessary since this stage incorporates two time 
constants for the RIAA equalisation in its negative feedback 
loop and it is essential that adequate feedback exists to en-
sure a reasonably constant input impedance. As mentioned 
earlier, this stage is supplied by a 70 V dc supply to help 
reduce the possibility of overloading by excessive drive from 
a high output cartridge. 
Since the output of this amplifier can drive to within several 

volts of the supply, the maximum signal voltage that can be 
delivered from this stage without clipping is around 23 V 
RMS. Since the overall gain of the LL stage when switched 
for MM cartridges is 120.56 at 1 kHz, the maximum input 
signal that will not cause clipping of the second stage is 190 
mV. Most MM cartridges have sensitivities around 1 
mV/cm/sec and hence have typical maximum output voltages 
around 30 mV RMS. 

Experiments carried out during the development of this 
preamplifier using digitally recorded discs showed typical 
maximum outputs from a variety of cartridges around 80-120 
mV. The 190 mV input figure, which represents an overload 
margin of 40 dB with respect to a 2 mV input signal should 
therefore be ample for the vast majority of MM cartridges. 

If your cartridge has a particularly large output, the gain 
of the first stage can be decreased by increasing the value 
of the 47 ohm resistor, R9. If this value is increased to 100 
ohms for examle, the gain of the first stage is halved with 
consequent improvement in the overload margin. 

Noise 

One of the outstanding problems associated with all low level 
input stages is that of noise. Because the output signal levels 
from cartridges are so small the noise generated by the in-
put stage must be kept to an absolute minimum or an unac-
ceptable signal/noise ratio results. Unfortunately, there is a 
fundamental limit to the minimum noise voltage that can be 
present at the input since the resistance of the cartridge 
generates a type of noise called 'thermal noise'. This comes 
about due to thermal agitation of electrons and is not the 
result of any fault in the manufacture of the resistance. It 
is simply a fundamental law of nature. The equation that 
predicts the amount of thermal noise is: 

e, = NA4kTRAf) 

where k = Boltzmann's constant 
T = absolute temperature 
Af = noise bandwidth 
R = resistance 

= average noise voltage. 

The equation predicts that the thermal noise is increased if 
either the temperature, resistance or bandwidth is increased. 
We can use this equation to calculate the minimum possible 
noise and hence the best possible signal/noise ratio using 
common MM cartridges. Assuming a noise bandwidth of 20 
kHz, an absolute temperature of 290K and a source resist-
nace of 500 ohms which is correct for most cartridges, the 
thermal noise is: 

= ./(4 x 1.37 x 10-23 x 290 x 500 x 20 x 103) = 399nV 

GENERATION OF THE RIAA EQUAUSATION USING THE TWO STAGE LOW LEVEL 
AMP DEVELOPED FOR THE AD.1 6010 

GAIN 

THE FREQUENCY RESPONSE OF THE FIRST STAGE IS FLAT ACROSS THE AUDIO 
SPECTRUM 

GAIN 

7950 u• 
75 u• 

THE TIME CONSTANTS OF 7950 us AND 75 us ARE DETERMINED BY THE PASSIVE 
NETWORK 

è:ART 

3150 u• 

318 u• 

THE DUE CONSTANTS OF 3150 us AND 318 us ARE GENERATED BY THE 
FEEDBACK AROUND THE SECOND STAGE 

THE TOTAL RIAA EQUALISATION FORMED IS CORRECT EVEN WELL OUTSIDE 
THE AUDIO SPECTRUM 

Figure 4. 
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This is equivalent to a signal/noise ratio of 88 dB with respect 
to a 10 mV input signal. The RIAA equalization has the ef-
fect of decreasing the noise bandwidth and therefore results 
in a considerably increased S/N ratio figure of around 100 
dB. These noise figures are all based on a flat, or unweight-
ed, noise frequency response. 
The human ear, however, does not detect all frequencies 

with equal sensitivity, so that two amplifiers with identical 
noise figures can be subjectively very different. An amplifi-
er with a high average noise figures can be subjectively very 
different. An amplifier with a high average noise voltage in 
the 1 kHz to 5 kHz region will sound considerably noiser than 
another amp with identical flat noise figures but with the 
noise concentrated around a lower frequency. 
To attempt to correct for this most noise measurements 

done for audio purposes are carried out with some type of 
weighting applied. The most common is called "A"weight-
ing. The frequency response of an A-weighting filter is shown 
in Figure 5. Notice that the curve accents the midrange, for 
which the human ear is most sensitive. 
When A-weighting is applied to the thermal noise figures 

discussed above, the theoretical best signal-to-noise ratio, 
based on the 500 ohm source resistance, lies around 105-110 
dB. Few commercial MM amplifier stages approach this 
figure, with the finest preamps usually quoting figures around 
85-95 dB A-weighted with respect to a 10 mV input signal. 
The AEM601OLL low level cartridge amplifier stage 

achieves a signal-to-noise ratio of 105 dB A-weighted, with 
respect to a 10 mV input signal and with the input shorted. 
With the input connected to a 500 ohm source resistance, 
the signal-to-noise ratio is still greater than 100 dB which is 
substantially better than the published specifications of any 
commercial designs seen to date. 
The specifications for the stage in both moving magnet and 

moving coil modes have been included with this article. The 
total harmonic distortion of this stage cannot be measured 
using conventional noise and distortion analysers because 
the distortion generated is below the resolution of these in-
struments. The figures quoted here were measured using a 
Hewlett Packard 3561A Dynamic Signal Analyser. 

In order to ensure good acoustic performance the output 
impedance of all of the stages is extremely low and is domi-
nated by series output resistors that ensure a stable feedback 
loop within the stage by providing isolation of the loop from 
complex impedances that may occur in the output load. 

All the stages are isolated from each other by substantial 
filtering capacitors as interaction via the supply line was 
found to be one of the major contributing factors to the poor 
acoustic performance of many of the experimental circuits 
developed in the design of this project. Another parameter 
found to be significant to ensure good audible performance 
was channel separation and this was particularly true with 
CD sources. 
Most CD players quote channel separation figures of at least 

90 dB over the entire audio range. The usual amplifier figure 
of 40-60 dB therefore represents a considerable degradation 
of the performance of the signal source which is of course 
unacceptable. The 6010 ensures excellent channel separation 
characteristics by isolating the power supplies of both chan-
nels through the entire preamp. 

Similarly, the signal earth lines are isolated from each other 
at all points, except for a single connection at the output ter-
minals of the preamplifier. This is also the only point at which 
a connection is made between the power supply 0 V lines 
and the signal earth lines. This earthing system will ensure 
that the performance of the amplifiers is not degraded by loss 
of integrity of the signal earth lines. 
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Moving Coil cartridges 
One of the big problems with moving coil amplifer stages is 
noise. MC cartridges produce only a fraction of the output 
signal voltage of a typical moving magnet cartridge having 
average outputs around 40-50 uV. If a conventional MM amp 
stage was used for the MC cartridges, with an appropriate 
gain increase, the signal-to-noise ratio would be only around 
60 dB A-weighted, which is an unacceptably low figure. For-
tunately their very low output impedance and the require-
ment to be loaded by a relatively low amplifier input 
impedance helps to reduce the noise problem. 
A major proportion of the noise is due once again to ther-

mal noise. To decrease this, the source resistance must be 
made as low as possible. In the case of the MC cartridge, 
however, with a typical resistance of only a few ohms, any 
resistance in series with the input circuit will contribute to 
the total source resistance and hence to the thermal noise. 

Cl 
47n 

Figure 6. 

CARTRIDGE 
RESISTANCE 

Differential Input circuit employed In the ADA 601OLL 
The main input circuit is shown in bold 

Figure 6 shows the input circuit of the 601OLL differential 
input stage. In the case of differential input stages such as 
used in the 601OLL amp, two base emitter junctions are in-
cluded in the circuit, both of which contribute to the noise 
figure and consequently degrade the signal-to-noise ratio. The 
overall degradation is only minor, however, if the full poten-
tial gain of the input stage is employed. Furthermore the 
differential input stage is intrinsically more linear than the 
single ended input stage and obviates the need for large emit-
ter capacitors. The resistor R3 must be included in Series 
with the input source resistance and must therefore be at least 
the same order of magnitude as the cartridge source 
resistance or it will seriously degrade the noise performance. 
The input stage of the AEM601OLL input amp is based 

around the LM394 which is manufactured by National Semi-
conductor. As mentioned earlier, this is a 'super-matched' 
pair of bipolar transistors in a single encapsulation. This 
device has a relatively low input resistance, reasonable 111. 
(around 500) but most importantly for this application, it has 
an extremely low noise figure. 
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The use of this device in the input stage together with a 
careful selection of emitter current used to bias the stage and 
a fully differential voltage gain stage results in a cartridge 
amplifier with excellent noise performance. With the input 
shorted and the stage set up for the MC cartridges the total 
equivalent input noise is around 34.6 nV A-weighted. This 
is equivalent to a signal/noise ratio of 83 dB with respect to 
a 500µV input, which compares well against the more usual 
figures of 70-80dB for most MC amplifiers. 
The standard reference input level used for S/N figures in 

relation to MC input stages is 500 uV and, although this seems 
a little optimistic, the figures quoted in this article use this 
as a reference for the sake of uniformity. 

Construction 
The construction of the AEM601OLL stage is not particular-
ly difficult, since all of the construction is limited to the sol-
dering of the pc board. The board is reasonably complicated 
however, so care should be taken to ensure that all of the com-
ponents are soldered into their correct positions. The two 
halves of the board are approximately mirror images, not 
direct copies of each other, so some of the components are 
oriented slightly differently. Since the pc board holds a num-
ber of large electrolytic capacitors, these tend to get in the 
way if soldered in place too soon. Leave these until last and 
start by soldering the small non-polarised components in 
place, such as the resistors and non-polarised capacitors. 
When this is done move on to the active components — the 
diodes and transistors. 
Note that certain transistors must be bolted together so that 

they are in close thermal contact with each other. Each set 
of these transistors consists of two BD139s and a BD140, 
which should be bolted together using an appropriate length 
6BA bolt and nut before soldering the assembly to the pc 
board. The correct positions for these are shown on the com-
ponent overlay. Be careful however, to check that the tran-
sistors have the correct orientation on the pc board, otherwise 
the emitter and base of each of the transistors will be 
reversed. The metal faces of each of these devices are con-
nected internally to their collectors and must remain insu-
lated from each other after the devices are bolted together. 
This is not difficult, however, since the metal face of each 
transistor is in contact with the plastic face of its neighbour. 
Also, the mounting holes of the devices are insulated from 
the metal faces. It is probably a wise precaution to check that 
the collectors are all insulated from each other, using a mul-
timeter on a resistance range, before soldering the transis-
tor sets into position. 
Capacitors C5, C6, C7, C13 and C14 provide freedom from 

RF instability. These devices are soldered on the copper side 
of the pc board. Their leads should be cut as short as possi-
ble and capacitors C5, C6, C13 and C14 should be soldered 
directly between the collector and base of the output tran-
sistors Q9, Q10, Q23 and Q24, as shown in the rear pc board 
overlay diagram. Capacitor C7 is soldered directly across 
resistor R17. The area in the centre of the pc board remains 
unpopulated at this stage. This provides possible power sup-
ply expansion for future additions to the preamp. 

Powering up 

As discussed above, the signal earth line and the power sup-
ply 0 V line are not connected to each other on either of the 
pc boards. In the completed preamp, to be described next 
month, this connection is made at the output terminals which 
ensures freedom from hum and maintains the purity of the 
signal earth line. In order to test the board at this stage there-

LEFT 
INPUT 

CIRCUIT OPERATION AEM601OLL 

The circuit is divided into two active stages plus a passive filter 
stage that generates two of the time constants, 7950 us and 
75 us, required for the RIAA equalization. The remaining time 
constants are generated by an RC network incorporated into 
the feedback loop around the second stage. 
The first of the two active gain stages is a linear stage with 

an extended frequency response. Both of the amplifier stages 
are entirely dc-coupled with the exception of the input and out-
put coupling. 
The input to the preamp is ac-coupled via capacitors Cl and 

C2. Cl is included to offset any capacitor increase in the im-
pedance of C2 at higher frequencies. Resistor R1 maintains 
the dc voltage at the input side of these capacitors at 0V. Resis-
tor R2 reduces the overall impedance to around 48k (i.e: the 
parallel combination of R1 and R2) to load a moving magnet 
cartridge correctly. This assumes that the input impedance 
switch is open. If this switch is closed the 100R resistor, R24, 
and in capacitor, C24 are shunted across the input, reducing 
the input impedance to 100R to suit moving coil cartridges. Simi-
larly the parallel input capacitance is increased from around 
270p to around 1n3 due to the parallel combination of C24 and 
C3. 
The input differential pair is formed by the LM394, IC1. This 

is an extremely low noise 'super-matched' transistor pair. The 
emitter current is determined by a constant current sink formed 
by 01, 02, R8 and R7 while R6 serves to decrease the power 
dissipation in transistor Ql. 

fore, it is necessary to make this connection externally be-
fore powering up. To do this, join all signal earth lines and 
0 V connections to each other at the output end of the board 
and then join these to the 0 V line on the dc power supply 
used. 

In order to power the boards correctly a split 70 V supply 
(i.e: + 35 V/0/-35V) must be used. 

(Next month we conclude the construction details of the pream-
plifier and discuss the monitor amp stages and the regulated 
power supplies.) If._ 
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The collector load to the input pair consists of the two main 
collector resistors R3 and R4, a high frequency compensation 
network R5 and C4, and the second stage differential pair 03 
and 04. 
The bulk of the voltage gain of the input amp is generated 

by the second stage. The differential pair 03, 04 have a cur-
rent mirror load formed by 05, 06, 07 and resistors R11 and 

R12. 
The output stage is an emitter follower to provide a very low 

output impedance. This consists of transistors 09 and 010, 
resistors R15, R16 and R18. The transistor 08 and its associated 
resistors form a " variable diode" which serve to ensure that 
the output stage quiescent current remains constant for all out-
put voltages. These three output transistors are bolted together 
enabling 08 to provide thermal correction so that the quiescent 
current will remain constant for a broad range of operating tem-
peratures. Capacitors C5 and C6 ensure stable operation of the 
output stage by decreasing the impedance of the bases of the 
output transistors at high frequencies. 

Overall negative feedback is applied by resistor R17 and the 
parallel capacitance C7. The gain of the stage is determined 
by this resistor plus resistors R9 and R5. With the gain switch 
in the MM position only the 47R resistor is in circuit and the 
gain of the input amp is 11. When the gain switch is closed, 
the 2R2 resistor R5 is connected in parallel with R9 and the 
gain is increased to around 225. 
Supply isolation is provided by the resistor/capacitor combi-

nations R25, C9 and R26, C10. 
The output of the first stage is connected to the input of a 

two-stage passive filter that, as mentioned earlier, generates 
two of the time constants associated with the RIAA equalisa-
tion. Capacitor C8 serves the dual funtion of output coupling 
capacitor for the first stage and, together with resistors R21, 
R20 and R19, forms a high pass filter with a -3 dB point at 20 Hz 

(i.e: a time constant of 7950 us). Resistors R22, R23 and capa-
citor C11 form a low pass filter with a -3 dB point at 2122 Hz 
(i.e: a time constant of 75 us). 
The output of the passive filter network is connected to the 

input of the second amplifier stage. This amplifier is similar to 
the first amplifier stage but has higher open loop gain due to 
the inclusion of the cascade stage in the voltage amp formed 
by 017, 018 plus diodes D1, D2, D3 and resistor R36. The 
higher open loop gain is necessary to ensure that sufficient 
negative feedback exists so that the input impedance will be 
constant with respect to frequency. If this is not the case the 
non-linear load on the passive filter degrades the accuracy of 

the RIAA equalisation. 
The remaining two time constants necessary for the RIAA are 

generated by the RC network consisting of R43, R44, R45, R46, 
R47, R48 and C16. This network introduces a high pass filter 
with a -3 dB point at 500 Hz ( i.e: a time constant of 318 us) 
and a low pass filter with a -3 dB point around 50 Hz (i.e: a 
time constant of 3150 us). Capacitor C17 serves to reduce the 
gain of the stage to unity for dc operation, decreasing the dc 
offset to a minimum. This increases the maximum signal level 
that the stage can reproduce without clipping by ensuring that 
the stage clips symmetrically. 
The output from the preamp is coupled through resistor R49, 

which serves to isolate the feedback loop from the load, and 
capacitor C15 for dc isolation. R31 maintains a 0 Vdc level at 
the output of C15. 

Supply isolation of the second stage is provided by resistors 
R50 and R51 and capacitors C22 and C23. The second stage 
assumes a supply voltage of around 70 Vdc centre-tapped, 
which is regulated down to the 30 V dc centre-tapped, required 
by the first stage. This is done by the IC regulators IC2 and IC3 
and their associated filtering and stability capacitors C20, C21, 

C18 and C19. 
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AEM601OLL PARTS LIST 

Resistors 

All 1/411\l, 5% unless noted 
otherwise. 

R1, R101   390k, 1% 
R2, R102   56k, 1% 
R3, R103, R4, R104 lk, 
R5, R105     39F; 
R6, R106   1k 
R7, R107   220R 
R8, R108   10k 
R9. R109   47R, 1% 
R10, R110   680R Semiconductors 
R11, R111   1k2 01, 0101, 02, 0102 BC549 
R12, R112   1k2 03, 0103, 04, 0104 BC559 
R13, R113   33k 05, 0105, 06, 
R14, R114   39k 0106, 07, 0107   BC548 
R15, R115, R16, R116 18R 08, 0108, 09, 0109 BD139 
R17, R117   470R, 1% 010, 0110   BD140 
R18, R118   100k 011, 0111, 012, 0112 BC547 
R19, R119, R20, R120 1k2, 1% 013, 0113   BC547 
R21, R121, R22, R122 4k7, 1% 014, 0114   BC549 
R23, R123   270R nil 015, 0115, 016, 0116 BC559 
R24, R124   220R 1% 017, 0117, 018, 0118 BC640 
R25, R125, R26, R126. 100R 019, 0119, 020, 0120 BC639 
R27, R127, R28, R128 150R 021, 0121   BC547 
R29, R129, R30, R130 10k 1 022, 0122, 023, 0123 BD139 
R31, R131   39R 024, 0124   BD140 
R32, R132   39k IC1, IC101   LM394 
R33, R133   1k5 IC2, IC102   7815 
R34, R134   39k IC3, IC103   7915 
R35, R135   330R D1, D101, D2, D102, 
R36, R136   150k D3, D103   1N914 

R37, R137, R38, R138 . 680R 
R39, R139   33k 
R40, R140   39k 
R41, R141, R42, R142   18R 
R43. R143   10R. 1% 
R44 R144 . 560R. 1% 
R45, R145   56k, 1% 
R46, R146   270R, 1% 
R47, R147   5k6, 1% 
R48, R148   82R, 1% 
R49, R149   47R 
R50, R150, R51, R151   100R 
r,52, R152   1M 
P53. P153 2R2. 10/0 

Capacitors 

Cl, C101   47n greencap 
C2, C102 100u/25 V RB electro 
C3, C103   270p ceramic 
C4, C104   1n8 greencap 
C5, C105, 
C6, C106   120p ceramic 
C7, C107   270p ceramic 
CS, C108   1u5, 1% 
C9, C109, C10, 
C110 .. 1000u/25 V RB electro 
C11, C111 ... 15n 1% 

C12, C112   1n8 greencap 
C13, C113 
C14, C114   120p ceramic 
C15, C115   2u greencap 
C16, C116   56n 1% poly. 
C17, C117 330u/63 V RB electro 
C18, C118 

C19, C119   2u2/25 V tant. 
C20, C120, 

C21, C121   100n greencap 
C22, C122, 
C23, C123 1000u/50 V RB electro 
C24, C124   in greencap 

Miscellaneous 

AEM601OLL pc board; 2 x DPDT 
miniature toggle switches; nuts, 
bolts etc. 

Expected cost: $80-$88 
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MEASURED SPECIFICATIONS AEM601OLL 

Input Sensitivity/impedance for 250 mV output 
MM cartridge  nom. 2 mV/48k shunted with 290 pF 
MC cartridge  nom. 100 uV/100R shunted with 1 nF 

Maximum output  >20 V RMS 
Maximum input before output overload 
MM cartridge  nom. 190 mV @ rated sensitivity 
i.e: overload margin is 40 dB w.r.t. 2 mV input 
MC cartridge  nom. 10 mV @ rated sensitivity 
i.e: overload margin is 40 dB w.r.t. 100 uV input 

Frequency response  conforms to RIAA within +/- 0.2 dB typical with 1% components. 
RIAA accuracy can be improved further by choosing component 
values exactly. 

Total harmonic distortion 
MM cartridge  <0.001% @ 100 mV output, 100 Hz-10 kHz.* 
MC cartridge  <0.004% @ 100 mV output, 100 Hz- 10 kHz 

Total equivalent input noise 
MM cartridge  <56 nV A-weighted, input shorted 

<88 nV A-weighted, 500R source 
MM cartridge  <35 nV A-weighted, input shorted 

<43 nV A-weighted, 3R3 source 

respect to 10 mV input) 
>105 dB A-weighted, input shorted 
>102 dB A-weighted, 500R source 

MC cartridge  >83 dB A-weighted, input shorted •Measured by increasing gain 10 times 
>81 dB A-weighted, 3R3 source to overcome instrument resolution of 

0.003%. 
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GaAs HALL ELEMENT 
FROM NATIONAL PANASONIC 
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FEATURES: 
• Small temperature coefficient 

of Hall voltage. 
• Good linearity coefficient or 

magnetic field dependence of 
Hall voltage. 

• High Product sensitivity. 
• 1k input resistance, DC voltage 

directly applicable. 
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APPLICATION: 
• Brushless DC motors 
• Micro switches 
• Rotation detectors 
• Magnetic detectors 
• Proximity switch 
• Gauss meters 

ELECTRONIC 
FACILITIES y Ltd 

hIN8831A 
5 Channel CMOS Electronic 
Switch 
The MN6631A is a 5-channel CMOS 
electronic switch for Hi-Fi audio sig-
nals. This switch has large input capa-
bility up to 40VPP and very low total 
harmonic distortion. This switch can 
conduct current in either direction in 
the ON condition. Control voltage lev-
el is compatible with TTL. 

DOWN 
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lc ( mA) 

The location 
of the chip 
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Vc ( V) 

STOP PRESS 
NOW AVAILABLE 

ltlf18832A 
2 Channel CMOS Electronic 

Volume Control LS! 

The MN6632A is a 2-channel CMOS 
electronic volume control LSI for Hi-
Fi audio signals. This device can at-
tenuate audio signals of 40VPP with 
low distrotion at a supply voltage of 
5V. Display out, oscillator, back-up 
and reset circuits are included. 

STEP 

OSC 

1 

MOST, 

• 

Also contact us about our extensive new range 
of I.Cs, Semiconductors and Opto Devices 

DISP OLT 

Wholesale & Retail Component Suppliers 

TOLL FREE (008) 22 6385 
Telex AA177084 

67 Dickson Avenue, Artarmon 

Sydney N.S.W. 2064 Australia 
Telephone: 439 3786 

Address for Correspondence: 

PO Box 351 
Artarmon N.S.W. 2064 
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aem star project 

An infrared remote 
control repeater 
With this project you can use the infrared 
remote control from your VCR/TV/hi-fi gear 
in another room in your house to control 
extension equipment. Just take your con-
troller(s) with you! 

SO YOU'VE FINALLY completed the installation of your 
grand TV/stereo extension-in-the-bedroom scheme and you're 
lying back in bed with the VCR running in the other room, 
watching your favourite video movie. Then the 'phone rings. 
Get up, answer the 'phone — damn it, missed the end of the 
movie! Frustrating, what? You'll have to go back to the other 
room, rewind the tape, start it off again and go back to bed. 
But what about when the tape finishes? You're going to get 
out of bed and turn off the VCR? Not likely!. 
This project could be your answer; it's a box of tricks that 

allows you to use the convenience of your VCR infrared (IR) 
remote control in another room, away from where the VCR 
is installed. All that is needed is a 75 ohm coaxial cable line 
from your main viewing room to the extension in the other 
room. You may be fortunate enough to have this cable already 
installed as part of the existing TV antenna system. 
This same operating principle could be applied to other 

IR remote controlled appliances, including audio systems. 
With such a system, you may have extension speakers in-
The system uses an infrared receiver to convert the signal 

from the remote control handset to a level that can be trans-
mitted back down the same line as the incoming video sig-
stalled in another room but still need to go back to the sys-
tem to alter the volume or change the track on the compact 
disc. Here is the answer. Simply install a 75 ohm coaxial cable 
line and you have full IR remote control at your fingertips. 
With the line installed, there is an added bonus of an exten-
sion for an extra TV t i thi 

Marshall Gill 
Dick Smith Electronics 
R&D Department 

nal from the VCR. At the signal source end, a dedicated 
splitter separates this IR information and transfers it to the 
VCR via an IR light-emitting diode. 

CONSTRUCTION 

The printed circuit board for the receiver is a relatively sim-
ple construction job. All components are inserted, trimmed 
and soldered to the positions shown on the overlay diagram. 
The on-off switch is a direct-mount pc type. The body fits 
flush on the board surface . The two feet on the front over-
hang the edge and are soldered to the copper foil at the points 
provided. 
The only other components that need any explanation are 

the coils, LED, photodiode and meta l shield. The two coils 
are tightly wound 22 B&S or 20 B&S ename lled wire on any 
6.5 mm diameter mandrel. A penc il, drill or similar round 
section object will do. The requirements are not crtitical. 
Don't forget to scrape off the ename l at the ends where it 
is to be soldered into the board. 
The leads of the red LED have to be bent so the body fits 

into the hole in the zippy box . Do not cut the leads until you 
get the bend at the right point. The photodiode also needs 
some manipulation to get it to fit over the centre of the case 
hole. Again, cut off the excess lead only when the final posi-
tion has been decided. 
The metal shield fits neatly inside the four pc board pins 

as shown. Let the bottom edges sit on the shoulders of the 
pins. Solder the tinplate at each pin . Only a sma ll amount 
of solder is necessary. It only has to be tacked into position. 
Wire the two leads of the battery snap to the board as 

shown. Connect a short length of hookup wire to each other 
point as shown, three for the external dc points and two each 

se n s room, for the coax sockets. 
This month's * Star Project * is from Dick Smith Electronics who will be marketing complete kits, available 

through any of their stores, or via mail order to DSXpress, PO Box 321, North Ryde NSW 2113. (02) 888 3200. 

58 — Australian Electronics Monthly — October 1985 



ROOM2—REMOTE VIEWING AREA 

REMOTE TV 

o 
o 
o 

REPEATER 

li IR HAND 
CONTROLLER 

75 OHM 
COAX 
UNE 

ROOM1— CONTAINS ENTERTAINMENT CENTRE 

VCR 

WALL 
SOCKETS 

LOCAL TV 

PARTS LIST 
IR REMOTE CONTROL 

REPEATER 

Transmitter-Receiver 

Semiconductors 

Cl   CA3140 
IC2   40106* 
TR1   BC557, DS557 

LD1   5 mm red LED 
PHD1   BPW50 
D1   1N4148, 1N914 

• Makes, in order of preference . 

Signetics 40106 
Motorola MC14584 
SGS or RCA 40106 
National 74C14 

Resistors 
all 1/4 Watt 50/0. 

R1   100k 
R2, 3   6k8 
R4   100k 
R5   1M 
R6   10M 
R7   1M5 
R8   4k7 
R9   100k 
R10   10k 

R11   220R 
R12   1k2 
R13   1k8 
R14   1M 
R15   1k 
VR1   50k min. 

vert. trimpot 

Capacitors 

Cl   10u/25 V RB electro 
C2   68p ceramic 
C3   270p ceramic 
C4   in ceramic 
C5   33p ceramic 
C6   47n ceramic 
C7   in ceramic 
C8,10.11   180p ceramic 
C9   100n ceramic 
C12 220u/16 V RB electro. 

Inductors 

L1   33 uH RF choke 
L2, L3 9 turns, 20 or 22 B&S 
enamel wire wound on 6.5 mm 
mandrel and slipped off ( requires 

250 mm per coil) 

EXAMPLE OF A rfricAL INSTALLATION 

9V EXTERNAL 
POWER SOCKET 

DC1 

+(LP%  

Hardware & Miscellaneous 
Printed circuit board. ZA-1532; 
SW1: S-1180 pc mount toggle 
switch; SK1, SK2: P-2040 75 ohm 
coax chassis sockets: DC1: P-1661 
2.1 mm dc switching socket; PL1: 
P-6216 No. 216 battery snap; 
tinplate shield (folded, 45.5 x 39 x 
0.3 mm); hookup wire; 4 x pc pins; 
4 x No. 4 x 6 mm PK screws; zippy 
box 130 x 68 x 41 mm (H-2753) 2 
x 15 mm insulated spacers with 

screws; 1 x red No. 18 Swann 
bezel; 1 x 3-part Scotchcal label; 2 

X solder lugs; 4 x small rubber feet. 

SIGNAL TO 
REMOTE N 

SIGNAL 
FROM SOURCE 

SK1 

HEAVY EARTH LINK 

•  
BETWEEN SOCKETS 

Splitter module 
LD2 COY89/LD271 5 mm IR LED 
C13   39p ceramic cap. 
C14. C15 180p ceramic cap. 
L4. L5 9 turns 20 or 22 B&S 
enamel wire wound on 6.5 mm 
mandrel and slipped off (as per L2, 

L3). 
L6   33 uH RF choke 

SK3 P-2040 75 ohm coax sockets 
DC2 P-1231 3.5 mm chassis-

mount earphone socket 

DC3 P-1134 3.1 mm earphone 
plug 

SK2 

Two metres of W-2030 single-
shielded mic cable; P1236 3.5 mm 
line earphone socket; 4 x No.4 x 6 
mm PK screws; 50 mm of 20g 
tinned copper wire; zippy box 68 x 
44 x 32 mm H-2765; 1 x Scotchcal 

label. 

Expected Cost: 536440. 
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The two insulated spacers can now be fitted. Note how the 
one nearest the switch has a solder lug between it and the 
board. 

Drill case 
In order that the case fits neatly inside the zippy box, the 
holes have to be drilled with reasonable accuracy. See the 
drilling diagram for details. Clean all burrs from around the 
holes. Drill the aluminium lid as shown. 

Receiver case assembly 
After all holes have been drilled, the two lables reproduced 
here may be cut out and stuck to the front and rear panels. 
If you have a Dick Smith kit, these two labels are provided 
on a separate single sheet. Use a sharp pair of scissors or 
Stanley-type knife to carefully cut these out. 
The panel lables can now be carefully placed in position. 

Make sure you align each properly before burnishing it into 
position. The component holes can be cut around the 
perimeter by using a fine-blade scalpel. Do this very carefully. 
It would be a pity to degrade the project by damaging the 
panels. 
The dc socket and the two coax sockets can now be fitted. 

Two M2 screws are needed for the dc socket and four No. 
4 x 6 mm self-tapping screws to hold the coax sockets. 
The completed pc board can now be wired to the compo-

nents in the case. Firstly, solder the earth lug of each coax 
socket together using a short length of heavy gauge copper 
wire. Connect all other points on the board with short lengths 
of hookup wire previously soldered. 
Now is a good time to see how the assembly fits into the 

case. You should be able to manoeuver the switch and LED 
into the holes in the front panel. If all is well, it should fit 
neatly into position. Try the aluminium lid for fit. The insu-
lated spacers should align over the holes. Fit the spacer 
screws and remove the total lid and pc board assembly. You 
can now see how the second solder lug fits between the lid 
and the spacer. Obviously, the screw will have to be removed 
to fit this lug. Bend the two lugs together and solder. 
The red plastic bezel supplied with the Dick Smith kit will 

SES 

SK4 

SIGNAL SPUTTER MODULE 

INFRA RED 
RECEIVER SEDTION 

SENSITIVITY 
SET 

IIN SHIELD 

C2 
680 R6 

C4 
In 

ALL DIMENSIONS IN 14 ILUME TRES 

REAR OF BOX 

4x2 DIA. 

5.5 DIA. 

2 x2DIA. 

I 17 24 39 

18 

FRONT 
PHOTO-DIODE IS IN 

*THE CENTRE OF ITIE HOLE 
5 DIA. 8 1 9.5 DIA. 

15rnm 
INSULATED 
SPACER 

PC BOARD 

ALUMINIUM UD 

6.5 DIA. 

SOLDER LUGS 

r-> 

39 5 39.5 

96 5 

O .0 2x3.5 DIA. 

ZIPPY BOX ALUMINIUM LID 

20 5 

_L 

25 

J. 
-r 
7.5 

-e- 

O 

fit snugly snugly into the photodiode hole. Cut off the excess of the 
legs that penetrate the inside ribs of the zippy box. These legs 
should face up to the shoulders of the diode when the assem-
bly is reinstalled in the case. Use a little glue if necessary 
to hold it in place. The receiver is now at the stage where 
it can be tested. 

• 14 AND L5 ARE 9 TURNS OF 22 OR 20 MI6 
ON A 6.5mrn AIR FORMER 

943-LINE TO IR RECEIVER AND REMOTE 1V 
SK4-70 SIGNAL SOURCE 

lenS.I.re 0,e0 

11_ 

BPW50 

041 

NB ALL INTERcONNECDON UNES SHOULD BE 75 C•04 CO-AXIAL CABLE 
THESE UNES ARE TO BE FREE FROM BALUNS,SPUTTERS OR SIMILAR 
IERMINAllON DEVICES 

• L2 AND L3 ARE 9 TURNS OF 22 OR 20 DNS 
ON A 6.5nun AIR FORMER 
SX1-UNE BACK TO SIGNAL SOURCE VIA SPUTTER 
9(2-TO REMOTE TV RECOSER 

IC2 
40106 

12 

IC21, 
R11 Li 

01 
1N4140 O9 

100n 

svn 

LOT 
5rnrn 

• RED LED 

SKI 

G1 
1/30p   SIC 2 

PLI 

9V 
BATTERY 

 o 

EXTERNAL 
9V DC 

  SUPPLY o 



aem star project 

SPUTTER MODULE-COMPONENT LAYOUT 

ALL JOINTS SOLDERED 

AT POSITIONS SHOWN 

Splitter construction 
A small plastic case ( OSE H2765) is used as the housing. The 
coax connectors and the 3.5 mm socket are installed as 
shown, the latter being centred in the panel. The coax sock-
ets are positioned offset and mounted in 11 mm holes. They 
are fixed with No. 4 x 6 mm self-tapping screws. 
As only a few components are involved in this assembly, 

a point-to-point wiring technique is used. Before any passive 
components are mounted, shape and solder a piece of heavy 
gauge copper wire as an earth link between all sockets as 

LEAD PUSHED 
BETWEEN EARN 
BRAID AND 
PLASTIC SHEATH 

CUT OFF LUG 

SOLDER LEC 
AND 

CONDUCTOR 

IR LED HOUSING 

fold 

fold 

39 

12 

21.5 

12 

TIN SHIELD 
Materlal: 

0.25 to 0.35 

thickness tinplate 

shown. Wind the two coils as previously described, scrape 
and tin each end. Each component leg can be threaded 
through the socket lugs. The other legs can be wrapped 
around the earth wire and soldered. Only L5, L6 and the 180 
pF (C4) capacitor require a little fiddle. A small hook formed 
on each leg makes the assembly a little easier when solder-
ing. If you wish, small lengths of spaghetti can be threaded 
over the capacitor legs as shown. 
Check the assembly and screw on the aluminium lid. II> 

CIRCUIT OPERATION 
Most receivers in infrared remote control systems use a dedicat-
ed, high gain preamplifier with some form of gain control and sig-
nal conditioning circuitry. This stage is tuned for peak performance 
at the clocking frequency of the IR transmitter. 
With this project, because the receiver is to be used with many 

different controllers, a tuned circuit cannot be employed. We have 
to adopt an " all band" approach to cater to these various input 

signals. 
The photodiode amplifier " front end" is a relatively simple design. 

A CA3140 operational amplifier is used in a high gain, non-inverting 
mode to increase the signal level from the reverse biased BPW50 
(PHD1). The following stage is a self-biased transistor to give fur-
ther amplification. These two stages are designed to operate in 
the frequency range of IR remote control handpieces. Most sys-
tems fall into the 30 kHz to 60 kHz region. Although the CA3140 
may be stretched to the limit to give any real gain at these frequen-
cies. the combined stages perform quite happily within this 
requirement. 
A primitive form of signal level handling control is employed by 

the inclusion of the feedback resistor R8(4k7) between the output 
stage and the common rail of the input amplifier. This prevents satu-
ration of the stage when the controller handpiece is operated at 

close range. 
This common rail for the op-amp also plays a significant role in 

the operation of the next stage. One section of a 40106 CMOS 
Schmitt trigger package is used as a signal conditioner. Because 
the hysteresis voltage of this device is around 0.7 to 1 volt (9 V 
supply rail), a high level of noise immunity is established. Only the 
true, higher level pulses of the signal will pass the upper level 
threshold point of this Schmitt and therefore eliminate unwanted 

noise. The input to this switching threshold can be changed by the 
sensitivity control, VR1. The range of this potentiometer is suffi-
cient to cover the parameter spreads of various devices that may 
be used in this application. We used a Signetics device to give the 
best sensitivity figure. 
VR1 is adjusted so that the voltage on pin 13 of this device (via 

R9) is just below the high level threshold point. It can be seen that 
this adjustment changes the common rail of the CA3140, but in 
operation, it has little effect because of the device's high CMRR 
and ability to handle input signals close to the negative rail. The 
coupling capacitors C4 and C7 isolate TR1 from any dc level shift 
problems. 

Sections b, c and d of the 40106 are wired in parallel to transfer 
the reconstituted signal via the external coaxial line to the remote 
IR LED. The inductors L1, L2 and the current limit resistor R11 
pass this pulsed-dc information but isolate the RF signal also 
present on the line. L3, capacitors C10 and C11 are also part of 
the RF handling technique. 
The remaining two inverters, e and f are used to give a " signal 

received" indication. Components D1, R13, C9 and R14 form a 
simple charge pump circuit with a short time constant. This will 
operate the LED, LD1, when a frame of information is received from 

the hand controller. It does not necessarily mean that the informa-
tion contained within the signal is correct but it is a simple indica-
tor that an IR signal has been received. It is however, a good 
indicator of the range of the system and it does tell you if the con-

troller is at least pointed in the right direction. 

Signal splitter 
This module is a means of terminating the line at the signal source 

end. It also extracts the pulsed-dc to drive the IR transmitting LED, 
LD2. 
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aem star project 
IR transmit diode 
The method of housing the IR diode is up to the individual 
constructor. We used a 3.5 mm line socket as a protection 
system. Refer to the diagram for detail. 
As this diode has to be pointed towards the signal source 

VCR etc, it may be advantageous to have some means of 
securing the housing. Maybe a stand, foot, clip or even 
double-sided sticky tape could be used. 

INITIAL SET-UP AND TESTING 

Your completed IR receiver can be set-up for basic opera-
tion without the need to connect the splitter or external line. 
Connect a 9 V battery to the No. 216 plug. If you are going 

to use an external 9 V supply, plug this into the dc socket. 
Be sure the polarity is correct before making connections. 
You now need the IR hand controller from the equipment 

to be operated for this testing. Carry out the procedure in 
normal household lighting, not in strong light. Switch on the 
receiver. 
Point the controller at the photodiode and press any but-

ton. The "signal received" LED should come on in response. 
Try moving away from the receiver to establish its operat-
ing range. It normally should work for at least five metres. 
Some adjustment of the sensitivity control (RV1) may be 
necessary to get the best results. Moving the control to one 
extreme end will severely limit the range. The other end of 
travel will `lock-on' the LED. Try swinging the pot. through 
the full range. You will see that the LED will come on near 
one end of travel but it will not go off at the same point as 
the direction is reversed. This action results as a function 
of the Schmitt trigger. The correct maximum sensitivity point 
is just beyond the "turn off' position. Normally, this point 
will be somewhere around the centre of the pot. range. 
This ends the basic set-up. If the receiver does not operate 

in this manner, you may have to go back and check the pc 
board for construction errors. 

FINAL ASSEMBLY 

The receiver assembly can now be refitted to the zippy box. 
Make sure the IR photodiode aligns over the hole. Keep the 
output wires away from the input stage and the photodiode. 
The battery fits neatly between the dc socket and the coax 
socket. Screw down the aluminium lid. Stick four small rub-
ber feet onto this lid. This completes the construction. 

OPERATION 

The system can now be put into service. The IR receiver is 
wired between the remote TV set and the interconnecting 
line. The splitter is installed at the signal source end. 

Note: Many houses have 75 ohm coaxial lines installed as 
part of the antenna system. The appropriate part of the line 
can be used as the interlink. There is, however, one problem 
that must be considered. The line between the IR receiver 
and the splitter must be direct. This line carries dc to the Tx 
diode as well as signal information. Baluns, other splitters 
or similar coupling devices cannot be connected. It may be 
necessary to modify your wiring to satisfy this requirement. 

The equipment to be used with the IR repeater have to be 
connected together. A typical system is shown in the dia-
gram. Some 75 ohm coaxial adaptor leads may be needed 
between sections and components of the system. 
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The system IR diode is pointed towards the internal VCR (or 
similar IR remote control equipment used) IR receiver. The 
distance should not exceed 200 mm. As mentioned previous-
ly, some form of stand or mount may be necessary to get the 
diode assembly to sit and point in the right direction. 
The system should now be operational. In some cases, it 

may be necessary to reset the sensitivity control in the IR 
receiver. Because extra noise can be introduced by the ad-
ded wiring, the "signal received" LED may come on. Back 
off the control slightly to set the new sensitivity point. 

LEVEL 
We expect that constructors of an 

INTERMEDIATE 
level, between beginners and experienced persons, 

should be able to successfully complete this 
project. 



aem project 6502 

The 'Bandbox' 
Here's an economical four-input power 
amp for bands or small groups. It 
delivers 150 watts-plus into four ohms 
and features individual level controls on 
each input together with bass, treble 
and presence tone controls. But its best 
feature is the flying Kookaburra on the 
front panel! 

THIS PROJECT is an assembly of two projects previously 
described in the magazine, housed in a 19" three-unit high 
rack-mount box, together with a power supply, to form what 
we've dubbed 'The Bandbox'. The power is supplied by the 
AEM6500 120 watt MOSFET power amp module, described 
in the July '85 issue, while the preamp employed is the 
AEM6501 four-input mixing preamplifier from the Septem-
ber '85 issue. 
To power the project, we used a toroidal power transformer 

to obviate hum problems from transformer radiation, with 
a concomittant reduction in weight and heat compared to 
a conventional transformer. A bridge rectifier and a pair of 
8000µ175 V chassis-mount electrolytics provide the positive 
and negative supply rails required by the power amp. The 
preamp module requires a 30 Vac centre-tapped supply. Some 
toroids available have such a winding, but the one obtained 

David Currie 

David Tilbrook 

was without it, so we wound-on our own. The procedure is 
detailed later. 

In assembling this project, you should commence by first 
obtaining all the parts for the preamp and power amp 
modules, then construct and test each individually. We refer 
you to the relevant articles as detailed above. However, while 
you're about it, we recommend a small modification to each, 
as follows. 

Firstly, while the 6500 power amp is an inherently stable 
design, even with complex non-resistive loads, the use of in-
ductive source resistors with the n-channel output pair, Q9 
and Q12, may cause oscillation. If inductive OR22/5 W source 
resistors are used for R23 and R29, we recommend you add 

BANDBOX — SPECIFICATIONS 

Power output 

IDistortion: 

Hum & Noise: 

Tone controls 
Bass: 

Presence: 
Treble: 

>110 W into 8 ohms 
>170 W into 4 ohms 

<0.015% across the audio 
bandwidth (limited by the 
preamp) 
>-118 dBm flat 
>-126 dBm A-weighted 
(with respect to 200 ohm 
source impedance) 

+13/-14 dB @ 30 Hz 
+15/-14 dB @ 1200 Hz 
+15/-12 dB @ 12 kHz 
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NEW PRODUCTS:-

ULTRASONIC MOUE 
ALARM 

This alarm is fully self-contained. even includes the 
seen Place it on a shelf lit looks like a speaker) and 
the ultrasonic waves detect movement Great for 
single room protection. or can be used as a master 
control for a whole house 
You can connect an external un/off switch, extema: 
horn siren It has provision for Nb O instant circuit and 
N/C instant and delay A battery compartment is 
:here for C cells, but we recommend a I 2A I2V Ge 
battery. Cat SB-2480 $26 50 arid 240V power supply 
:_at MP 3019 $22 50 

Cat LA 5140 

This sold well last month for $ 69.00. 

We need to dear the last few. 

/his month only 

$59.013 
SAVE $40.00 

that's almost I/2 price. 
10 Alarm Stickers FREE - worth $8 SO 

WIRELESS HOMI 
ALARM 

This is the fabulous alarm system you ve seen u, 
advertising recently and has been reviewed 
Australian Electronics Monthly July 1985 page 3b 
Guess what we re overstocked, and need to clear 
some The system incorporates the control panel 
(pictured). 2 sets of wireless reeds and magnets. 1 
passive infra red detector. 1 siren and one remote 
control 
All this normally costs $ 599 ( pre devaluation) This 
month you can purchase the set for $499 and we l'. 
eve you free another reed and magnet set worth 
$49 50 This means a lot saving of almost 5150 If 
you need additional components they are all available 
separately IR detector 599. Reed/Magnet $49 50 
Siren $99. Remote Control $39 50 
Cat IA-5410 

ONLY $499.00 
PLUS FREE REED/mAMET 

silt WORTH *49.50 
SAVE ALMOST $ 150 

0 LA 5400 

0 °1*je, 0 e) 

MAIL ORDER HOTLINE 

(02) 747 1888 

&
MAIL ORDER HOTLINE 
(02) 747 1888 

INFRA RED MOVEMENT 
DETECTOR The infra red or IR detector 
for short, falls into the Black Magic category It 
basically n a high gain passive tuned receiver of a 
particular IR band The heart of the une consists of a 
high gam lens (antenna') which has a Commutated 
field of view Its reception pattern is comb like, but 
highly tuned to the IR wavelength of human bodies 
When a human passes within proximity of the pickup 
area the lens will selectively pick up IR radiation and 
then not Movement across the pickup area we result 
in a series of pulses sent to a detector circuit 
IR detectors are very reliable as they do not transme 
and will not respond to non heat radiating objects 
Curtains, for example, can wave about without trip 
ping the alarm Even the cat is unlikely to trip the unit 

FMI TUSES: 
• I 2V DC powered 
• Small 77mm x 62mm x 51mm 
• Double sensor 
• Computerised OC to lower failure rate 
• Built-in test lamp 
• Alarm output SPST 30V DC (il IA 
• NO or NC terminations 
Cat LA-5017 

SAVE $20.00 
ONLY $89.00 ea 

AT LASTI A low cost 10 
Amp Digital 

Muitinneter with 
transistor test facility 
Digital multimeters are very popular these days but 
good qualify ones with 10 amp scales generally cost 
well over $ 100 We think that is too expensive so 
we ve decided to do something about 
Jaycar is pleased to announce a direct import digital 
multimeter with sensational specifications at an 
unheard of price' 
Check the specs 
DC VOLT 
AC VOLT 
DC CURRENT 
AC CURRENT 

o ImV 1000V 
0 ImV - 700V 

luA 10A 
luA • I OA 

RESISTANCE 0 I - 20 Mohrn 
CONTINUITY less than 30 ohm e ImA 
hFE TEST 0.1000 10uA 2 8V NPN/PNP 
DIODE TEST 1mA 
Basic accuracy of Volts. Current & resistance is 
between 05 - I 2% depending on range 
DIMENSIONS 170(H) x 90(W) x 35(D)mm 
FEATURES 
* 05 high digits 
* High quality probe set supplied' 
* Vinyl carry case supplied' 
* Built in tilting bail, 
* LED & buzzer continuity test' 
* Precision thin film resistors 
used for long term accuracy' 
* CMOS logic 1000-2000 hours battery life' 
* Single function range switch 
* Complete with battery spare fuse 

(2AG) and instruction manual 

* Protected ON/OFF switch' 
* Auto polarity 
* Protected 
* Floating decimal point 
Cat QM 1530 

Hands-Free 10 Memory 
Desk/Wall Telephone 

Loud and clear fully duplex handsfree 2 way speaker 
10 direct access rnemones 
Telephone line powered 
Unauthorised call restriction lock ( optional) 
Adjustable volume control switch on handset 
Adjustable speaker volume control 
Privacy muting button 
Ringer Hi•Lo control 
Ten 18 digit memories plus one 22 digit last number :edit,' 
Wall mounting or table use 
Programmable PABX pause 
YT 7092 

Meted 

...I. LID 

ONLY $ 175.00 

ULTRASONIC 
PEST REPELLER 

$89.9 

la•dinIV SM. 

MM., •.m. 

We were staggered by the price increases on the pest 
repeller we used to se0. so we found a new one at a 
more realistic once Will repel mice, blowflies birds 
spiders, bats, rats, cockroaches, flies, moths and 
fleas It s cosmetically appealing and is supplied with 
a 240 volt power adaptor We are so sure this product 
works we will give you a 14 day money back 
guarantee less postage costs) Power consumption 
only I watts 

WHAT HAVE YOU GOT TO LOSE 
EXCEPT THE BUGS! 

ONLY $55.00 
a , YS5510 

ONLY 

$169 

Cat SL 2700 

AN ECONOMICAL 
MAINS FILTER 

250V AC @ 3A 
250V AC g, 3A • insertion loss line to line 20dB 08 
30MHz Line to ground 30dB 0 7 30MHz Ideal fo 
computers, amps etc Quick connect lugs DOT 
approved 
Cat MS-4002 

ONLY $22.50 

DESK MOUNTED LAMP 
MAGNIFIER 

5 unit magnifies any object under a clear cool 
fluorescent light The magnification o the maximum 
obtanable (lens I 27mm diameter biconvex 4 Cheques 
focal length 254mmi consistent with minimum dis 
tornon and eyestrain and good off angle ',rev/mg 
it is NOT cheap but then again it will definitely last a 
lifetime It is built like a Rolls Royce We doubt 
whether 20 years continuous use would wear out the 
German made flexible arms for example, Spare 
fluoro tubes are available either from us or electrical 
outlets If you have trouble with fine KB work or 
component identification but still want both hands 
free this is for you We thoroughly recommend this 
quality Australian made product 

technical information 
Illumination 22W Fluorescent 
Weight 8.164 
Lateral Extension 254mm 
Vertical Extension 254cnna 
Fixing limy table bue (grey) "rah two chrome 
plated amble arms. 
Lens (see text) 

A T LAST! A low cost 10 
Amp Digital 
Multimeter/ 

Transistor Tester & 
Capacitance Meter! 

Jaycar is proud to announce a genuine low cost high 
performance combination Multimeter/Capacnance 
meter for the enthusiast' This unit is all the most 
commonly needed test gear rolled into one' 
Similar units are on the market to sell from around 
5150 to over $200 Why pay more when you can get 
a Jaycar direct import for less' 

DC VOLT _ 0 ImV 1000V 

AC VOLT 0 ImV • 700V 
DC CURRENT _ . 1 uA 10A (20A max 30 secs) 
AC CURRENT   luA • 10A (20A max 30 secs) 
RESISTANCE 0 I • 20M ohms 
CAPACITANCE   1pF 20uF 12%1 
CONTINUITY _ less than 30 ohms e 1 mA 
hFE TEST 0.1000. 10iiA 28V 
DIODE TEST   1mA ( Buzzer & LED) 
FEATURES 
* 0 5 high digits 
* High quality probes supplied' 
* LED and Buzzer continuity test 
* Precision thin film resistors for long term stability 
* CMOS logic 1000 2000 hours battery life' 
* Meter protection Fused 
* Complete .th battery. quality probes, spare fuse 
* Floating decimal point 
* Auto polarity 
* Impact resistant case 
Cat OM- 1540 $129.00 

milli OPEN: 
Our Gore Hill Store 
Is open till 4 pm 

Saturdays 

MAIL ORDER HOTLINE 

(02) 747 1888 

Book/Software 
Combinations 

7759 3/1 • 51 fun a ashmatianai 

progranut - As the title suggests, 51 good 
examples of T1 BASIC in action Programs can be 
changed to meet specific needs The book has 94 
pages and contains 4 sections The cassette has all 
programs listed in the book, on one side in standard 
form and on the other in enhanced form Both book 
and cassene come in a colourful vinyl case 
Cat 135•0750 

ONLY $27.95 
TIO9/4.4 • 24 BASIC programs 
This book/software product runs from child/adult 
entertainment games to highly applicable household 
utility and service programs The cassette supplied 
has both standard and enhanced program listings 
Can BS-0754 

ONLY $29.95 
InOO/4411nottartainment games 
no flASICondesrnddnsge 
Arcade games at a very cheap price Add the TI 
joysticks and extended BASIC module and you can 
use this product to its fullest extent 20 programs in 
21 chapters The cassette supplied has both standard 
and enhanced listings great fun great value 
Cat BS-0752 

ONLY $29.95 
7/917 as BASIC programs 

This combination of book cassette goes through 
each line of a BASIC program to enable you to more 
fully understand what BASIC is all about There are 
many programs for you to work on Helps you learn 
while you enter run and modify the programs 
Cat BS 0755 

ONLY $29.95 
BASIC tricks for the nag /44 
A valuable programmer s reference that s filled with 
hard to find ideas examples and special BASIC sub 
routines to help you crank out powerful T199/4A 
programs 
Cat BS-0756 

ONLY $29.95 
7700/411 graphics a  

Sparkling routines that add showmanship to any 
program with brilliant graphics and sound This is a 

CmautstI3S 0757 

ONLY $29.95 
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JAIICAR IS No 1 . 
40 WATT DC 
INVORTER 

Ref EA August 1985 
An upgrade of a previous design featuring a smart 
new ABS case 
Cat KA 1598 414%. 

$79.95 -ev, 

300 WATT IN 
Ref EA Sept 1985 

This totally new design is a vast improvement over 
the EA June 1982 project It features a modern all-
plastic case, easier assembly, toroidal type inverter 
transformer auto start up and double switched 
power outlets 
And its cheaper than the old model', 
The Jaycar kit contains all specified parts to enable 
you to complete the project in one go 
Cat KA 1610 

ONLY $ 199.00 

1111177 
HEIN 

CUP Der-airtell Amp 
Ref EA August 1985 
This ro ect enables you to have 2 x 50 watts 

of power for your car sound system In 
order to do this, a special high voltage power supply 
forms part of the system Absolutely stunning value 
kit money Around half the price du-de:1°r commercial 
umts 
The Jaycar kit is. as usual, absolutely complete 
Cat KA-1603 

OAIL 
$179 

PA100c. 
teSIN/ t • • 

BRAKE LAMP FLASHER 
Ref EA November 1984 

What is the best way to avoid rear end collisions 
when you hit the brakes' According to tests conducted 
among Sydney Taxi Drivers, the best way is to have 
additional FLASHING stop lamp installed on the 
parcel shelf This project provides this facility The 
Jaycar kit includes all sj.. ailed parts but NOT the 
automotive stop lamps which are available from 
motor accessory or hardware stores for about $20 
Cat KA, 1564 

WAS $ 16.50 
NOW ONLY $ 12.50 

MAIL ORDER HOTLINE 

(02) 747 181111 

TOUCH LAMP DIMMER 
Ref EA April 1983 

You can turn lights on and off (AND dim therm with 
one touch' Uses high tech Siemens IC Features 
attractive HPM wall plate ( supplied) The Jaycar kit 
contains ALL the necessary components including 
the small contact spring Watch out for similar 
products that don t' 
Cat KA 1508 

ONLY $24.95 
madam smoi Cat KA 1509 
OM If # 14.50 

-P4FRA RF-
INCLUDE" NAND CONTROLLER 

WITH I.R. DIODIMF 
Ref EA January 1984 

Now you can dim or turn off the lights from the 
comfort of your own armchair This shortform kit 
contains all parts (or the I R kit 
NOTE: Kit must be used in conjunction vnth the 
Jaycar KA 1508 Touch Lamp Dimmer 
Cat KA-1529 

SUPER SIREN 
Ref EA November 1982 

Earsplitting sound from a CMOS that only draws 
5mA on average' Includes a powerful imported pirro 
siren 
Cat KA.1055 

ONLY $ 17.95 
SHORT PORM (Electronics Only) 
Cat KA 1484 

ONLY $0.50 

SUB WOOFER AMP 
Ref EA July 1982 

State of the an Mosfet technology combined with a 
low-pass filter Around 100 watts RMS drrve capability 
Ideal for use with the Jaycar subwoofer speaker ( Cat 
CW-21191 Amp will take line level ( IV) input or 
connect direct to speakers The Jaycar kit includes all 
PCB parts heatsrnk and power supply fdt. capacitors 
Cat KA 1452 

ONLY $89.95 

ETONE 10" SUEtWOOFF 
As used in the EJectrorucs Australia subwoofer syst, •• 
* Size 10 ) 250mm) * Cast frame, OT = 039 
= 631 * Power handling 100 watts rms * Free • • 
resonance 32Hz 31Hz * Voice coil diameter,' * 
Magnet assembly 3kg (6 bibs) 
Cat CW2119 

ONLY $99.95 

'BEACHCOMBER 
DELUXE METAL 
DETECTOR 

Ref EA December 1984 
This unit is sensitrve accurate has discnrnmate control and has automatic 
zeroing, as well as canceling facility It comes in a specially imponed 
plastic case facility and pre wound sealed search head The final project 
looks great and comperes favourably with units costing up to $700 
Cat KA I 554 

THIS I' eTH - $ 169 
SAVE $70 - usually $259 

300W PLAVMASTER 
AMPLIFIER 

Ref EA June 1980 
This rugged design provides 200W rrns into 8 ohms 

and 300W rms into 4 ohm loads All pans fit onto a 
single PCB It also features comprehensive protection 
circuitry. and will even withstand short circuits for 
short durations without adverse affect Unlike other 
high powered amps. it is unconditionally stable It 
will not therefore break into supersonic oscillations. 
overheat and fail 
The Jaycar kit of this project provides a quality roller 
tinned fibreglass PCB and other quality components 
down to the heatsink compound 
Cat KA 1115 

ONLY $99.95 
300W AMP POWER 

SUPPLY KIT 
This basically consists oía 300VA power transformer 
(PE4363) rectifier and filter capacricers It also has 
15VAC power for the speaker protector 
Cat KA 1116 

ONLY $79.95 
Speaker Protector for 
Playmaster 300W amp 

Ref EA July 1980 
This device is designed to mate with the Jaycar KA 
1115 Playmaster 300W amp module It also provides 
the handy facility of switch on mute This disconnects 
the speakers for the first few seconds when the amp 
is switched on, avoiding the hornfying thump in the 
speakers If you have expensive speakers (whether 
you have the EA 300W amp or not) this speaker 
protector is cheap insurance The Jaycar kit provides 
all PCB parts including the relay 
Cat KA- I 117 

*PUY É 

NOW OPEN: 
Our Gore Hill Store 
is open till 4 pm 

Saturdays 

(ETI 260 I2V FLASHER) 
A 12 volt chrome bezel fits to the dashboard and 
f ashes continuously Cheap but effective 
Cat KE-4012 

ONLY $7.95 

41 

Our Gore Hill Store 
Is open till 4 pm 

Saturdays 

Deluxe Red Light 
Flasher - This kit is simply the easily 
identifiable pushbutton square dash mounted watch 
with i.. flasher circuit on the back Very sneaky' You 
get t hi deterrence of a flashing red light ( the original 
fight switch as used on the real alarms) but without 
the cost or installation hassle of a full alarm Kit 
includ-rs 2 BONUS car alarm window stickers 
Cat KJ 7000 

ONLY $24.50 

0  EL-CHEAPO RED 
LIGHT FLASHER 

\-- I MAIL ORDER HOTLINE 

(02) 747 1888 

EleCrPORIC Crossover 
Ref EA November 1984 
NEW SHORT FORM KIT' 

You can NOW build this desirbale project for a lot 
less' There have been requests for a version of this kit 
that can be built into other equipment This is it' 
The kit comae. PCB and all board components etc 
The box ( Inc/tiding front panel) and selector switches 
are not supplied but everything else' 
Cat KA 1571 

ONLY $79.00 

alicar 
ELECTRONICS 
Incorporating ELECTRONIC AGENCIES 

NUMBER 1 FOR KITS 
MAIL ORDER HOTLINE (02)747 1088 

N.S.W. 

SHOWROOMS 

STIMIET: 117 York Street Tel (02) 267 1614 
CARLINGPORD: Cre Carfingford & Pennant Hills Road Tel (02) 872 4444 
CONCORD: 115/117 Parramatta Road Tel (02) 745 3077 
HURS1VILLE: 121 Forest Road Tel t02) 570 7000 
GORE RIM 188/192 Pacific HIghway,(Cnr Bellevue Avenue) Tel (02) 439 4799 

OLTEENSLAND 1101U1NDA: 144 Logan Road Tel ( 07) 393 0777 

MAIL ORDERS: PO Box 185. CONCORD 2137 

HEAD OFFICE: 115-117 Parrarnatta Road. CONCORD 2137 
Tel ( 02) 747 2022 Telex 72293 

SHOP HOURS POST lk PACKING 
Carltngford NursmIle 8 Gore Hill S5 $999 52 00' 

Mon Fn 9arn 5 30prn Thurs 8 30pm Sat 12pm $ 10 324 99 S3 75i 
Sydney $25 S49 99 94 50 

Mon Fn 8 30am 5 30prn. Thurs 8 30pm. Sat 12pm 150 399 99 S6 50 \ 
Concord $100 $ 198 5800 

• tt, 9arn t 5 30prn. Sat 12pm Over $199 $10 00 

COMET ROAD FREIGHT ANYWHERE IN AUSTRALIA ONITSI150 

il 

MAIL ORDER VIA 
YOUR PHONE 

VISA 
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aem project 6502 
a 47n greencap connected directly between the sources of 
Q9 and Q12 (the 2SK134s). It is also important to ensure that 
the output HF load capacitor, C13, is a non-inductive type. 
Most 630 V polyester (greencap) capacitors, as often found 
in TV chassis, are non-inductive and ideal for this applica-
tion. ` Monobloc' capacitors are also recommended, but note 
C13 should be rated to at least 150 V. 
On the 6501 preamp module, the power supply filter capa-

citors, C33 and C34, are best increased in value to around 
250012 we found, to reduce the amount of turn-off thump. 

If you know the preamp input impedances required for 
your application, then it's best to set up the preamp at this 
stage to suit, using the information detailed in the article 
describing the 6501. 
Once these modules are complete the box construction can 

be tackled. If you have a kit which supplies a pre-punched 
chassis, then proceed to the power supply assembly. 

CHASSIS DRILLING 

Front panel 
We used a common rack-mount chassis that employs a 
separate front panel with a sub-panel mounted behind it. The 
two sides and rear form a ` U' which is affixed to the sub-
panel. Top and bottom plates are screwed onto this assembly. 

First assemble the main front panel and the sub-panel 
together then mark out the front panel as detailed in Figure 
2. Note that six holes are needed in the sub-panel to mount 
the preamp module on 25 mm standoffs. Do not drill these 
six holes yet as they are done when the panels are separated. 
Once the main assembly has been marked out (there should 

be 14 holes) use a small drill bit to drill pilot holes through 
both panels. The panels should then be separated and the six 
mounting holes marked on the sub-panel. Note that the 
dimensions for these six holes given in Figure 2 are shown 
from the main front panel. To make these dimensions cor-
rect, subtract 1" (25.4 mm) from the horizontal measure-
ments. The six holes can then be drilled to size. The main 
holes can now be drilled in both panels, taking care not to 
burr the holes. Deburr holes by using a larger drill bit to 'twist' 
the burrs out. 

Heatsink and back panel 
Using Figure 3, mark out and drill the bottom panel holes. 
Use Figure 4 to mark out and drill the rear panel. The heat-
sink cutout can be removed using a nibbling tool or by care-

0.6(15.2) 

1.5(38.1) 

2.2(55.9) 

1.8(45.7) 3.8(96.5) 

15 

3 'CO...S /25V 

RIO 

G 

Of.* 

n« CAW 0, n« OM G MSG. UGC NOGG ç,%2 112/) • 0. OM.. C.GALITC• 0 MGM, KG. 
GAGS OF 11FL 250. AS FOGG 

op/s3v 

012 

GM 24 

I, 1 
•1155 

013 

25J40 

T T  

CO,) 

 p OND 

Figure 1. If inductive source resistors are used in the 
power amp, output stage oscillation can be prevented by 
adding a 47n greencap between the sources of 09 and 012. 

fully drilling four large holes within the corners and using 
a hacksaw to cut along the marked lines. Use a file to clean 
up the rough edges. 
Use Figure 5 to drill the four heatsink mounting holes. The 

two centre holes in the heatsink should line up with the two 
mounting holes in the 40 x 40 mm angle mounting bracket 
on the amp module. Note that the bracket should be centred 
on the heatsink. 

CHASSIS ASSEMBLY 

Bolt the six 25 mm spacers to the inside of the sub-panel us-
ing countersunk bolts. The box can now be fully assembled, 
except for the top and bottom panels, and the Scotchcal front 
panel label (if used) attached. There's a trick to doing this 
successfully. Use water. 

First wet the front panel and the sticky side of the Scotch-
cal. Then position the Scotchcal on the panel and carefully 
slide it around until it's accurately in position. Now, wipe 
it gently with a sponge to squeeze out the excess water until 
it's dry. Cut out the holes with a sharp-bladed knife such as 
a scalpel or 'hobby' knife. 

(248.9) (289.2) ( 309.9) 
5.4(137.2) 7(177.8) 9(228.6) 9.8 10.8 12.2 

--le -fi 
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ALL HOLE DIAMETERS ARE IN MILLIMETRES BOX DIMENSIONS ARE IN INCHES(MILLIMETRES) Figure 2. Front panel drilling details. 
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32 82 186 201 
--4. 

DIMENSIONS ARE IN MILUMEIRES(INCHES) 
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 (1 DRILL TO SUIT OUTPUT )40IA. 
POSTS USED 
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CUTOUT 160x50 
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40 

Figure 4. Rear panel drilling details, showing the heatsink cutout. 

Figure 3. Bottom panel drilling details. 

AEM6502 BANDBOX PARTS LIST 

As this is an assembly of several existing projects, 
we are presenting this parts list in a different way. 

1 x AEM6500 120 W MOSFET module 
1 x AEM6501 4-input preamp• 
1 x 35-0-35 V/160 VA toroidal transformer 
1 x 300 mm length radial-fin single-sided heatsink 
1 x 19" 3- unit high rack-mount case 
2 x 8000u/75 V chassis-mount electrolytic capacitors 
1 x MDA3504 400 V/35 A bridge rectifier 
4 x 6.5 mm mono insulated phono jack sockets 
1 x 3AG chassis-mount fuseholder 
1 x DPDT 240 Vac/3 A-rated mains switch 
1 x 240 V neon bezel indicator 
2 x heavy duty 4 mm binding posts 
8 x knobs 
1 x mains cable and plug 
1 x terminal block and cable clamp 
1 x double-ended solder lug 
1 x 3AG 3 A fuse 
12 x 4BA washers (if needed) 
6 x cable ties 
4 x 4BA 6 mm long bolts with nuts 
6 x 4BA 6 mm long bolts 
6 x 25 mm 4BA-tapped spacers 
6 x 4BA 12 mm long bolts with nuts 
1 x 6BA 18 mm long bolt with nut 
1 x 6BA 12 mm long bolt with nut 
8 x 30 mm lengths 7 mm dia. heatshrink tubing 
One metre heavy duty hookup wire 
18 metres of 0.8 mm enamelled copper wire 
300 mm medium duty hookup wire 
500 mm shielded cable (single wire) 
Spaghetti for mains insulation 
Scotchcal label for front panel 
Four rubber feet if case not rack-mounted 

Estimated Cost: $275 — $295 

Use 2500u/50 V electrolytics for C33 and C34 

BOTTOM PANEL-LOOKING FROM TF1E INSIDE 

180 150 70 60 

Figure 5. Drilling the heatsink. This view is drawn as if the 
heatsink were mounted, looking toward the chassis rear. 

LEVEL 
We expect that constructors of an 

INTERMEDIATE 
level, between beginners and experienced persons, 

should be able to successfully complete this 
project. 
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CHASSIS MOUNT SAC 
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Figure 6. Mains wiring details. All exposed mains 
connections should be sleeved for safety. The earth lead 
should be the longest so that it's the last to break if 
untoward stress pulls the mains cable adrift. 

ELECTRONICS ASSEMBLY 

The preamp power supply 
If the toroidal power transformer you obtained does not have 
a 30 Vac centre-tapped secondary, then you can wind your 
own, as follows: 
For this, you'll need a 17 metre length of 0.8 mm enamel-

covered copper wire, as detailed in the part list. Divide it into 
two equal lengths. Twist the two equal lengths together with 
the aid of a slow-turning drill, either battery or hand operat-
ed, until there is one turn every 10 mm. This done, the wind-
ing can be added to the toroid. 
To make the series connections required to get the two 15 
Vac windings and centre tap easier, two nine-metre lengths 
of different coloured enamel wire may be used. 
Begin winding by feeding half of the twisted length through 

the centre of the toroid, opposite the primary and secondary 
flying leads, then wind 23 turns each way so that both ends 
finish next to the flying leads. Leave a 200 mm length of each 
twisted lead and mark one end the start, the other the finish. 
Scrape the enamel from each of the four leads to a length 
of 10 mm using a small file, a penknife or emery paper. 
Use a multimeter to find the beginning and end of each 

wire (this is where different-coloured enamel wire makes 
things easier). Join the start end of one winding to the finish 
end of the other. This now leaves a total of three wires (twist 
the joined wires together) — the two singles are the 30 Vac 
output and the twisted wires the centre-tap (15-0-15 V, if you 
wish). 
The three wires connect directly to the preamp module 

where indicated on the overlay. Do not connect these wires 
yet as this is done when the preamp board has been bolted 
in position. 

Mains wiring 
Strip the mains cable sheath back to show 50 mm of the three 
mains wires. Cut the active (brown) and the neutral (blue) 
back to a length of 30 mm, leaving the earth (green/yellow) 
lead the longest, and strip all three wires to a length of 10 mm. 
Attach a three-pin mains plug to the other end of the mains 
cable. 
Mount the mains switch, terminal block, neon bezel, the 

3AG chassis-mount mains fuse holder and the two output 
binding posts to the chassis. Take care you don't damage your 
front panel when securing the mains switch. 
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Route the mains cable through the box via a rubber grom-
met and cable clamp to a terminal block where the active and 
neutral are terminated. The earth wire (green/yellow) is con-
nected to chassis via a solder lug bolted close to the termi-
nal block. 
Wire the active (brown) wire via the fuse to the power 

switch SW1 (note that not all mains-rated switches have the 
same switching action). Connect the neutral (blue) directly 
to the switch. Wire-in the transformer mains winding and 
the neon mains indicator bezel. Note that the neon is wired 
on the transformer side of the switch. The complete mains 
wiring is shown in Figure 6. 

Power supply wiring 

Mount the two 8000µ/75 V power supply capacitors, Cl and 
C2, the bridge rectifier (PB40) and the transformer (complete 
with 30 Vac windings) in position.These can now be wired-
in using heavy duty hookup wire. Refer to Figure 7 for the 
colour codes of the transformer flying leads and general con-
nection details of the power supply. 
To link the negative of Cl to the positive of C2 (which forms 

the 0 V connection), use a small length of enamelled wire, 
hooked around the capacitor terminals and soldered in place. 
The enamel should be cleaned from each end of the link to 
enable the solder to properly adhere. A 10n/630 V capacitor 
should be connected between the chassis connection of the 
mains and the 0 V point on the power supply filter capaci-
tors (8004/50 V). This is done to ensure that the chassis acts 
as an RF shield. The amp module power supply is now ready 
for connection. 

The inputs 

The inputs to the preamplifier are provided by four mono 
6.5 mm insulated jack sockets. Use a multimeter to find the 
input (tip) and earth (sleeve) connections, the earth is usual-
ly on the side. Cut off all the other unwanted connection lugs 
as they might short against the other components during the 
final asembly. 
Cut and strip four 100 mm lengths of shielded cable and 

connect the four input sockets to the appropriate inputs on 
the preamp board. 

Final assembly and wiring 
Wire the output of the amp module to the output binding 
posts via two 300 mm lengths of heavy duty hookup wire. 
Use solder lugs on the binding posts and ensure that the 'ac-
tive' goes to the red binding post and ground to the black. 
Solder a 200 mm length of shielded cable to the input of 

the amp module and prepare the other end for connection 
to the preamp. 
Wire the positive, negative and 0 V from the amp module 

to the main power supply using heavy duty hookup wire. Bolt 
the module to the heatsink throught the cutout in the rear 
panel. Use heatsink compound between the mating face of 
the module's angle bracket and the flat side of the heatsink 
to ensure efficient heat transfer. 
Next mount the four input sockets to the front panel and 

mount the preamp board in position. Cover the pot. shafts 
with heatshrink tubing to prevent contact with the chassis 

In the setup procedure for the 6500 MOSFET module 
described in July '85, set the quiescent current to 60 mA 
instead of 100 mA. This helps to keep the output stage 

cooler. It increases crossover distortion slightly but this is 
not important in sound reinforcement as the module will be 

operated at high levels. 
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Figure 7. Circuit/wiring diagram of the Bandbox. The 
chassis is only connected to the 0 V rail of the circuitry via 
a 10n/630 V greencap or ceramic capacitor. This provides 

an ac earth' for the chassis preventing unwanted RF 
pickup or other electrical noise. 

where they pass through the front panel. This prevents pos-
sible RF pickup. 
Connect the input of the amp to the output of the preamp 

using the shielded cable already connected to the amp. The 
two 15 Vac wires and the centre-tap (0 V) from the auxilliary 
transformer winding can now be connected to the preamp. 

All the inter-module cabling was tidied up with plastic zip-
up cable ties. 
A 300 mm length of enamelled copper wire has to be joined 

between the centre-tap connection of the preamp supply's 
30 Vac winding (labelled CT on the preamp component over-
lay) and the 0 V point of the MOSFET amp power supply, 
at the junction of C1 and C2. This links the two `common' 
(0 V) rails of the preamp and power amp, without having com-
mon power supply or signal return currents flowing in it, 
hence obviating any hum problems. The project is free of hum 
without inputs plugged in and with the gain wound full up. 
Now for the final check. See that all mains and power 

supply wiring is correct. Double check the switch operation 
and install a fuse in the fuse holder. 

The smoke test 
Set the tone controls mid-way and turn all level controls fully 
anticlockwise. Attach a speaker and ... gingerly, turn the 
power on. Advance the output level pot. and check that you 
have no hum present. If you do, carry out a thorough check 
to trace the source. If, or when, all's well plug-in a micro-
phone or guitar, advance the input level control and let 'er rip! 

It's a good idea to `have a good play' with the project, to 
get the feel of all the controls and how it sounds under vari-
ous circumstances. /1}-
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8MHz PC-XT COMPATIBLE 
SOME OF THE OUTSTANDING FEATURES 

* 640K on Motherboard 
* Parallel & Serial Ports on Motherboard 
* Clock Calendar on Motherboard 
* Floppy Controller on Motherboards 
* Selectable 4 — 77 or 8MHz 
• Includes Two Floppy Disc Drives. 

$2950 
TAX PAID 
4 WEEKS DELIVERY 
MONITOR EXTRA 

S4.445 

With 10 Meg With 20 Meg 
Hard disc. Hard Disc. 

70% FASTER 

Verified with Nortons Utilities 

3 FOR THE PRICE OF 1 
SALE TVM MD-3 
COLOUR MONITORS 
GREEN/AMBER/COLOUR AT THE TWIST 
OF A SWITCH 

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 

$750 

TAX PAID 
E 

10. 

MULTI DISPLAY 

NOW PC-XT IN A KIT 
COMPLETELY XT 
COMPATIBLE 

III ramie 
START-UP KIT 

128K 
1 360K Disc Drive 
No Multi Function Card $ 1395 

(2) 
OPTION (2) 
256K 
2 x 360 Disc Drives 
(No Multifunction Card) $ 1650 

ADD ONS 
256K MultiFunction Card 
Green Monitor 18MHz 
Amber Monitor 18MHz 

iron 

I. 

$238.56 
$180.00 
$197.00 

TAX PAID 

HARD DISC DRIVES 
10 AND 20 MEG INTERNAL AND 

EXTERNAL HARD DISK 
SYSTEMS 

To suit — 
• IBM PC 
• Compatibles \ 
e Apple 
• 1/2 Height and 

Full Height aval able Internals with 
controller and cables 

10 MEG 20 MEG 

o' Hari 

Internal 

MITSUBISHI 
TEAC 

SEAGATE 
NPI 

S1350 

MITSUBISHI 

SEAGATE 
NPI  

$1595 

External $1595 $1895 

Externals mounted with 

independent power supply and fan 

Fully DOS 2 1 or 3 0 compatible 

Boot from Hard Disk The system 

comes complete and ready to 
install with the Hard Disk. 

Controller. Cables. Manual and 

Mounting Hardware 6 months 
warranty 

10Meg Drive only $790 
20Meg Drive only $1,150 



COMPUTER PARTS & BOARDS 
DISK DRIVES 

Mitsubishi 51/4" drives 

M4851 500k 40 track D D only S220 
M4853 IM 80 track D.D only S260 
M4854 1.6M 77 track D D S324 

Mitsubishi 8" drives 
M2896 Slimline 
M2894 Standard 

Teac 31/2" Drives 
FD35B 500k 40 track 

FD35F 1Mbyte 80 track 

S625 
S650 

S239 

S276 

LOW POWER/POWER SAVER 

FD35B 500k 40 track 
FD35F 1Mbyte 80 track 

TEAC 51/4" Drives 
FD55B 40 track 500k 
FD55F,80 track 1Mbyte 

S190 
S224 

S230 
S249 

FANS 

4" 240 Volt 

3./7" 240 Volt 

3" 115 Volt 

3- 240 voit 

916.95 

915.95 

$14.50 

615.50 

ALL BRAND NEW 
ALL EX-STOCK 

CALL FOR QUANTITY DISCOUNTS 

‘ 0.0; 

S150 
PLUS TAX 

Convert What You Have 
To What You Want! 

• RS232 Serial • Centronics Parallel 

• 3 Baud Rates • Handshake Signals 

• Latched 001Duls 

No longer will your peripheral choices be limited by 

the type ol port you have available . Our new High 

Performance Concerter monde the nussusg hok 

BaSeCl on CMOS technology these units feature full 

1,0d rate Selechon to 19 2K with handShake 

gnats to rnammue Irdnsfer efficiency Detailed 

' JOcumenIabon allows sum:sided mstallabOn 

GENDER CHANGER 

Item No Specification Price 

509-M E IA 25 nns M to M Sra 00 

509-F FrA 25 p.us F liii S14 00 

RS232 TESTER 
"ro test and analyse all RS232 cables adaptors 

gender-changers etc 

Item No Specification Price 

D 10 RS-232 Test adaPlor $25.00 

D rl Eli; mh, data Hacker WITH LEDSsmoo 

STD BUS 
Sullins Edge Connectors$7.501 
Edge Connector for 
FERGUSON/Big Board $8.0Ci 

8 Slot M/Board 
8 Slot M/Board with Card 
Cage 
Prototyping Boards 

SHORTING BLOCKS 
SPACED AT 1" 

Is CENTRES 
IDEAL FOR DISK 
DRIVES OR 
ANY . 1" HEADER 
4/1.00 

DISC DRIVE 
POWER CONNECTORS 
51/4" $1. 40 
8" $2 $0 Complete with pins 

MONITOR STAND 
MODEL DS-12 
TILTS AND SWIVELS 
TO PROVIDE 
OPTIMUM VIEWING 
ANGLE, REDUCES 
OPERATOR FATIGUE 

Powerful Single Board 

Computer Includes 

CPINI Plus:" on Disk 

Inrernan FM,' Dim Control/el, 

• . 
• SSSO. 1431ele 
• • OSD0,1.14111, 
• S OSOD, 310102 
• 514 DSOD.11100/0, 
• ST4 0110.1.11•11> 

S100 
Sullins First Class 
Quality Edgecard 
Connectors 
Gold Contacts $9.50 
6 Slot Card Cage $30 
12 Slot Card Cages $45 
12 Slot M/Board $50 
(no connectors) 
Ptototyping Boards 
CASE to Suit S100/ 
STD etc. suits 51/4" 
Drives 6 or 8 slot 

CARD CASE $147.00 

PARALLEL 

PRINTER CABLE 

(SUIT PC COMPUTERS) 

$30 

$21.50 

TAX PAID 

$ 725 

Plus ST. 
Numbed esien 

MEMORY 

4164 $2.20 each 

41264 $9.00 each 

Eproms 

2764 $5 50 

Mew hems: 

Neb-1=1CbC) 
VIONe. MURCIA COMA aho11.. and more 

MIN Spee• CRT Comm..« 
FAM KOecermn,AnB0 .. n 

r,rpo.e, Vorle0 ntIf/td 
InAtc ,, Any .XIMOI AttrifkA, NJ, .n,er Arle 

(,10, ,we 4.5 
vT424,K1,..n r.,yugcvnoned 

«meet) 

Two ItS2 IBC Pen. 

Centron. ParaMo Pen 

" 
Par•Ilel litivena•rd Port 
. . • . 

101111,51 0 Pon 

CM. Calendar 

E • ternrel •sr's 

MSC 1CO Spree Time •ne Money 

PC ADD - 
ON BOARDS 

PART NO DESCRIPTION 
CDC-001 MULTIFUNCTION CARO VER I 199 37 
CDC-002 256K MULTIFUNCTION CARO VER II 238 56 
COL 002S STACK CARD FOR VER 11 HuLTIFuNcoON CARD 1213 84 
COL-00318 364 MULTIFUNCTION CARD - I SERIAL PORT 238 56 
COC ,004 COLOUR GRAPHICSiMONO CARD 246 40 
CDC-006 MONOCHROME CARD 160 19 
CDC-007 II MONOCHROME GRAPHIC CARD 212 43 
CDC-006 FM CARD 107 94 
COL-009 CAME ADAPTOR 66 15 
CDC-010 ANN SIZE ADD CARD 113 17 
CDC-011 MULTIDISK CARO 356 11 
5C VIO NAPO DISA CONTROLLER 447 54 

COL-012-Il HARD DISK CONTROLLER y il 395 29 
CDC-012 Iii HARD DISK CONTROLLER v In DRIVE 2 1NT FDD 421 42 
COC-013. 29641 RAM CARD 113 17 
CM-013-0 OPTION CARO 66 15 
CDC-014 384K RAM CARD 113 17 

COC-014-11 384K RAM CARD wiPRINTER PORT 160 19 
COL-OIS 512% RAM CARD 107 94 
CDC-016 1/0 PLUS II 4 WAY 194 14 
COL-OIE MULTI 1/0 CARD 275 13 
CDC-019 ASYNCHRONOUS COMMUNICATION ADAPTER 107 94 
CDC 020 PARALLEL PRINTER CARO 71 37 

CM-021 FIRMWARE CARD 60 92 
CDC on BUFFER PRINTER CARD 186 31 
cDc 023 AD/DA CARO 207 21 
CDC 024 PC SUPER 14013EM 303 87 
CDC 025 PC-BUS CARD 131 45 
COL 026 1- TYPE MAINBOARD 268 15 
CDC 027 SUPER PANNBOARD 25601 459 27 
CDC-027113 SUPER MAINBOARD IOC 367 00 
CDC 028 SUPER TURBO MAINBOARD 10K) 400 00 
CDC 029 OLDIE/GRAPHIC/PRINTER CARO 238 56 
CDC 030 MONOCHROME COLOR CARD 406 35 
COL 031 IAMONO 90 CARD 236 56 
COL 032 12K MULTI I/O CARD 343 05 
COL-033 76K RAM CROO 141 90 
CDC-034 S COMMUNICATION CARD 173 25 
COC-035 255 110 CARD 147 12 
CDC 036 UPER AD/DA CARD 343 05 
CDC 037 ETWOWI ADAPTER 395 29 
CDC 036 PROM BURNER 251 62 
COL on ELEA CARO 343 05 
COR-301 METE CASE 100 00 
COKOOK >PET CASE 10086 
CEIK-001 IBM PC & PC/AT KEYBOARD 302 53 
cDK 002 IBM PC KEYBOARD 224 16 
COY 003 IBM PC KEYBOARD 171 01 
COX 004 IBM PC KEYBOARD 178 71 
CPI 1130 PC CLONE POWER SUPPLY SWITCH ON BACK 160 00 
CPI 113096 IBM ROWER SUPPLY SWITCH ON NOE 19500 

PLUS TAX 

FUJI FLOPPIES 

BOX OF 10 

51/4" SS/DD $26.00 
51/4" DS/DD $36.50 

PC ADD-ON BOARDS 

eto 

CDC-038 EPROM BURNER 
• Can program: 2716, 
2732, 2732A, 2764, 
2764A, 27128, 2816 

• Fully or partially copy 
proms, even to different 
eprom types 

• Program directly from 
computer memory 

• Load or save eprom data 
to disk 
$251.62 

PLUS TAX 

E. & O.E. MAIL ORDER HOTLINE (02) 808 3050 DEALER ENQUIRY WELCOME 

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 
S149.99   $2.00 
S10-524.99   S3.00 
$25449.99   S3.50 
$50-S99.99   $5.00 
$1004199   $7.50 
S2004499   $10 

3.4.0 30r sr, 
7 



BYTE WIDE 

New computer 
display can be 
photocopied 
N ews comes from Britain of a development which will 

allow permanent records of information appearing on 
personal computer screens to be reproduced through a photo-
copying machine. 

It has been alleged that those the new display could spell the 
normally gentle and self- end for cathode ray tube visual 
effacing individuals, the Pho- display units, and it is ahead of 
tocopier Salesmen, are gal- other technologies for VDUs 
vanised by this new with lower cost, potential for 
development And fledgling colour and lower vol-
Hackers may now distribute tage/current requirements, they 
umpteen copies to all their say. 
friend(s) of that first BASIC pro- The Smectic display has won 
gram listing and run ("hELlo the Finniston award for innova-
N$, how are you ?...") tion based on a recent scientif-
This will be possible through ic breakthrough. This is one of 

using a new 4 mm-thick flat the annual Achimedes Awards 
glass screen, called Smectic, — (presented in Bath? — Ed) for 
which consists of a glass sheet excellence in engineering, spon-
"sandwich" containing liquid sored by the technology trans-
crystals to give the display. fer journal Eureka and the 
Information on the screen is organisers of Britain's Design 

made up from a series of tiny Engineering Show. 
dots, each of which is told elec- Further information from: 
tronically whether to be black or British Consulate-General. 
white, so that an overall picture Gold Fields House, Sydney 
can be built up. 2000 NSW. (02) 27 7521. 
With Smectic, once a dot has 

received its instruction it stays 
there until another instruction 
is given, whereas on conven-
tional liquid crystal displays the 
dots need regular reminder sig-
nals at frequent intervals — 
otherwise they "forget" and the 
image fades away. 
The elimination of this 

reminder process means that 
Smectic does not consume any 
electricity once the picture has 
been formed, and battery life on 
portable computers will be in-
creased as a result. Also, the 
screen can be disconnected 
from the computer and power 
source without loss of image, al-
lowing it to be placed on a pho-
tocopying machine to obtain a 
copy without the need for a spe-
cial printer, according to the 
designers. 
There is no theoretical limit to 

the size of the new screens be-
cause they do not need the 
reminder signals, and this will 
also allow Smectic to double the 
size of screens for use on port-
able computers. 
Technologists who developed 

the device at Standard Telecom-
munications Laboratories in 
Harlow, near London, say that 

Commodore 
PC-10 sales 
take off 

Commodore tell us that their 
new PC-10 personal com-

puter has been an instant suc-
cess, with sales of more than 
500 units in its first three weeks 
on the market they claim. The 
rush to purchase the new com-
puter has caught Commodore 
and its dealers off-guard — and 
there is already a lengthy wait-
ing list. 
Reaction to the launch of the 

PC-10 is said to have caused 
many industry observers to re-
vise their views about the unit, 
which is claimed to be fully 
compatible with the IBM-PC. 
Managing Director of Com-

modore Business Machines, Mr 
Nigel Shepherd, said the de-
mand for the PC-10 has been 
widespread, covering country 
centres as well as major 
metropolitan areas. 
Commodore believes sales 

will take another leap forward 
with the release of a hard disk 
IBM-PC compatible unit in the 
next few months. 

Sanyo to release 
low-priced PC-
compatibles 

Sanyo Office Machines Pty 
Ltd has announced a major 

computer launch for Australia. 
The company is releasing three 
new models, being the MBC 
670, MBC 770, and MBC 880. 
The announcement follows the 
recent visit to Austrlia by senior 
marketing and product develop-
ment executives from Sanyo 
Japan. 
According to the Company's 

managing director, Ross Rad-
ford, the introduction of these 
IBM compatibles will position 
Sanyo computers as both price 
and performance leaders in the 
Australian computer market. 
Mr Radford said Sanyo Japan 

fully recognised the key to suc-
cess in the computer market 
was to produce hardware which 
will run the world's most popu-
lar software. In line with this 
philosophy the three new 
models had a 256K RAM as 
standard, and complete media, 

screen, keyboard, CPU and I/O 
compatibility which allows 
them to run IBM PC software. 
The new compatibles join the 

current MBC 500 which has 
been particularly successful in 
the USA, Europe and Australia. 
Mr Radford said the 550 series 
is being marketed as an inex-
pensive product forming the 
base of value added systems 
aimed at penetration of vertical 
markets in accounting, points-
of-sale, and word processing. 
He said that the low cost 

16-bit MBC 550 colour com-
puter's high speed and ability to 
run multiple terminals made 
this model particularly suitable 
for building systems which are 
inexpensive yet sophisticated in 
performance. 
The new Sanyo computers are 

fully supported through the 
Company's offices in all main-
land capitals, including Darwin 
and ACT. 
Mr Radford can be found at 

Sanyo Office Machines Pty Ltd 
Level 5, 5-9 Harbourview Cres-
cent, Milsons Point, NSW 2061 
(02)929 4644 

Lapping it up at 
Dick Smith's 

ick Smith Electronics is to 
market the revolutionary 

Toshiba T1100, an IBM compat-
ible lap-top computer, through-
out Australia. 
The lightweight, 4.1 kg 

battery-powered machine was 
selected following an extensive 
investigation of lap-top com-
puters which would expand the 
Company's activities in the 
computer market. 
DSE is to package the T1100 

with Access IV, a personal 
productivity software package 
from Software Products Inter-
national, the developer of the 
famous Open Access. 
The outlook for projected 

sales is extremely healthy, ac-
cording to Stephen Wilson, 
General Manager of Computer 
products for DSE. 
"The T1100 is the only lap-top 

computer with IBM compatibil-
ity and the functionality of a 
desktop computer, at an afford-
able price, which we have found 
during our extensive investiga-
tions," Mr Wilson said. 
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Hard disk 
subsystems for 
the IBM-PC/AT 

ostyn Enterprises Pty Ltd 
announce that Innovative 

Data Technology has begun 
production of internal and ex-
ternal hard disk drives for 
IBM's AT personal computer. 
Available for immediate ship-

ment, the 5.25" Winchester 
drives are configured in popu-
lar capacities of 56. 64, 88 and 
120 Mbytes (formatted). 
The drives are easily installed 

in the AT through connection of 
two cables to the AT's disk con-
troller card. The external drive 
features a separate internal 
power supply and a cabinet 
designed to match the AT's 
colour scheme. 
Each drive includes appropri-

ate software from which the 

user may select the drive, per-
form formatting and certifica-
tion operations, partition the 
drive for default or user-
selectable partitions, and exit to 
the disk operating system 
through the escape key. 
Performance features include: 

5 Mbts/second data transfer 
rate; high volume servo track 
writing; automatic thermal 
compensation for on-track sta-
bility; rugged construction for 
improved reliability; 10 000 
hours MTBF, 30 minutes 
MTTR; disk heads and actuator 
fully sealed in a clean air 
chamber. 
IDT's hard disk subsystems 

carry a full 6-month warranty 
and are also available for instal-
lation in IBM's PC/XT series 
computers. 
W. Tainsh at Mostyn Enter-

prises will be pleased to tell you 
more if you call him on 
(02) 871 6297 or 6311. 

When in trouble 
don't shoot the 
technician 

Elmeasco Instruments has 
released a software pack-

age for troubleshooting the IBM 
PC using the Fluke 9010A or 
9005A Micro-System Trouble-
shooter. 
This package which has been 

engineered and produced by 
Diversified Data Corp., utilises 
many of the 9010A/9005A's fea-
tures, particularly the automat-
ic tests and programmed 
routines. 
Using this system test person-

nel with a variety of skill levels 
will be able to successfully 
troubleshoot microprocessor-
based IBM PCs, Elmeasco 
claim. 
Complete fault location with 

a fully programmed instrument 

requires only that the PC con-
tain a functional power supply 
system clock and microproce-
sor socket. Testing can begin 
immediately on powering up 
the PC, and the technician can 
choose to test any portion of the 
system he wishes. 

In programming a set of test 
tapes for the PC, Diversified 
Data Corp. set out to realise 
several goals: • The test should 
provide cost effective support 
by putting affordable hardware 
and software into the hands of 
technicians. • The automatic 
tests should transcend the capa-
bilities of available disk-based 
diagnostics and support trouble-
shooting to component level. 
• The accompanying user 
documentation must prove to be 
an asset rather than a hin-
drance, serving to minimize 
time spent on activities other 
than troubleshooting. 

It's only folly 
where ignorance 
is bliss 

icroprocessor Applica-
tions Pty Ltd announced 

the WYSEpc, claimed to be yet 
another IBM compatible 
computer. 
MPA claim that the machine 

is "truly" IBM compatible, with 
over 250 software packages 
thoroughly tested, including Lo-
tus 1-2-3, Symphony, pfs, 
Framework, WordStar, 
Microsoft Word, dBase II, 
Microsoft Flight Simulator, and 
many more. 
The basic system includes the 

processor unit with 256K 

memory, two diskette drives, 
keyboard, display adaptor, mo-
nitor, two serial ports, and a 
parallel board. It also includes 
the MS-DOS 2.11 operating sys-
tem, GW-BASIC, and a com-
plete set of user manuals. 
The machine may be bought 

in dual diskette configuration, 
or with IBM XT-compatible 10 
Mbyte hard disk and single dis-
kette drive. Monochrome or 
colour monitors, including pro-
vision for graphics, are also 
available, as is an extended 
backplane with 256 Kbyte of 
add-on memory and a built-in 
clock/calendar with battery 
backup. 
M PA's head office is in Mel-

bourne, (03) 890 0277. 

The challenge that confront-
ed this effort began with the PC 
itself. A repair shop sees many 
different PC configurations 
which include IBM or third 
party expansion boards and 
several different memory sizes. 
The test set would have to 

support these various configu-
rations. In addition, many of the 
signals being tested are asyn-
chronous, independent of bus 
timing. This is particularly true 
on display adaptors and certain 
other expansion boards. This 
would necessitate use of guid-
ed probe tests in unsyn-
chronised modes. 
The PC also has very few 

socketed chips (fortunately, the 
processor is socketed) which 
frustrates most attempts at trial-
and-error or "shotgun" trouble-
shooting. 

Finally, the magnitude of the 
anticipated effort due just to the 
number of nodes and chips in 
the system place great impor-
tance on the software documen-

tation and user's manual 
development. 
The final product is a modu-

lar set of tapes and documenta-
tion which has been tested and 
claims to allow relatively un-
skilled technicians to trouble-
shoot the PC to component level 
in a short time, frequently in 
less than fifteen minutes. 
The basic test consists of four 

minicassettes. The first tape is 
dedicated to autotests and func-
tional tests and the remaining 
three contain CFI routines for 
the system board, monochrome 
adaptor, and disk controller, 
respectively. 
Additions to this basic library 

will be made available in the fu-
ture using a separate tape for 
each adaptor or expansion 
board. 

More information available 
from Elmeasco on 
(02) 736 2888 in NSW, 
(03) 879 2322 in Victoria, or 
other State branches. 
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BYTE WIDE 
Retail price of the T1100 and 

Access IV package will be 
$2995. 
The machine has 256K RAM 

and an integrated 720K, 3.5" 
floppy disk. It will also support 
an optional, external 3.5" or 
5.25" floppy disk. It will run for 
up to eight hours under 
rechargeable battery power and 
has an optional ac adaptor for 
mains power. The computer is 
claimed to be capable of run-
ning all the popular IBM PC 
programs. 
The software package bun-

dled with the machine incor-
porates a diary planner, 
business card directory, graph-
ics, spreadsheet and calculator 
functions. The machine incor-
porates a low energy consump-
tion LCD screen or can be 
connected to a video monitor. 
The T1100 will be sold 

through the Dick Smith Elec-
tronics network of 56 stores 
across Australia, with hardware 
support being provided by 
Toshiba's service network. 
DSE expects the lap-top com-

puter to further their expansion 
into the competitive computer 
market which now accounts for 
about 30% of its $60 million a 
year turnover. 

Deutschland PCs 
unter alles? 

ogo Computers from beau-
tiful Birkenhead Point has 

announced the NCR PC4i PC-
compatible personal computer. 
Although the PC4i is built in 
Germany, the price is actually 
lower than the current flood of 
Taiwanese compatibles, say 
Logo. 
The PC4i provides very high 

resolution (600 x 400) in 
monochrome and colour, and 
produces "solid" colours rather 
than the raster lines of other PC-
compatibles (and the IBM itself 
for that matter). The colour ver-
sion of the PC4i is only margi-
nally more expensive than the 
monochrome version. 

Serial and parallel ports are 
standard, and a RAM disk util-
ity to speed operation is includ-
ed. The keyboard is carefully 
thought out with separate cur-
sor and data entry pad. Data 
entry is claimed to be faster and 
easier than with the standard 
IBM layout yet fully compatible 
with the IBM. The PC4i is also 
compatible with the industry 
standard IBM PC range of 
software. 
The computer is highly ex-

pandable, with seven industry 

Canon lobs a 
likely one 

anon Australia has deve-
loped a fully integrated 

software package that is a 
sophisticated aid to advanced 
and quick decision-making. 
Appropriately named "Super 

Canobrain," the totally new 
software program is described 
as the "perfect partner" for the 
Company's new personal com-
puter, the AS-300, providing in-
teractive solutions to both 
routine and complex manage-
ment tasks in brilliant colour 
reproduction. 
Five important business func-

tions are brought together in 
Super Canobrain which utilises 
advanced multi-windowing 
techniques: 

• Datafiling — for counting 
very long tables; 

• table and spreadsheet 
preparation; 

• graph generation — for 
drawing in colour a wide 
range of graphs and 
charts; 

• picture drawing — of vir-
tually any type of figure 
including cut and paste; 

• advanced word processing 
— for preparing, editing 
and printing documents. 

Super Canobrain has been de-
veloped specifically for full 

colour printed reproduction, 
enabling superb presentation of 
reports and documents, say 
Canon. 
Another feature of this new 

integrated software package is 
the ease with which data pre-
pared with one function can be 
used with another. Each of the 
functions can be mixed and 
matched in numerous combina-
tions sharing the same data and 
enabling the easy creation of 
reports and documents that in-
corporate all the relevant charts 
and illustrations for internal 
down the right-hand side of the 
AS-300 screen by way of 
symbols. 
Super Ca nobrain's multi-

window function enables the 
operator to see clearly several 

different functions on the same 
presentation or for impressing 
clients and customers. 
The System is not complicat-

ed to learn even for the 
"uninitiated" executive who is 
not a computer convert. Each 
function is clearly displayed 
screen. A spreadsheet, for ex-
ample, can be referred to while 
a graph is being drawn. 
Running on the AS-300 per-

sonal computer, Super 
Canobrain can be linked to 
Canon's new laser beam 
printer, allowing virtually any 
form of data to be combined and 
printed out at high speed and 
with brilliant reproduction. 
More information from Can-

on Australia Pty Ltd on 
(03)200 6200, 

standard expansion slots and 
memory expansion to 640K. An 
important feature for NCR users 
is the ability of the PC4i to 
interface with the NCR finan-
cial and retail point of sale 
(POS) terminals as well as other 
terminals using NCR In-house 
DLC Communications protocol. 
For futher information con-

tact Peter Klanberck at Logo 
Computers on Sydney 
819 6811. 

Name change for 
Ran Data 
Communications 

Sydney-based Ran Data 
Communications Pty Ltd 

has announced a change in 
name following its listing on the 
Sydney Stock Exchange. 
Ran Data Communications is 

the distributor for Perth-based 
Ran Data Limited, the developer 
and manufacturer of data en-
cryption equipment, reported 

recently in the Sydney Morning 
Herald as having "potential for 
enormous world-wide sales." 
The new company is Netmap 

Corporation Limited, which 
will continue to market Ran 
Data security encryption equip-

ment as well as its namesake, 
Netmap, a unique Australian 
developed computer-based "de-
cision support system." 
Netmap are on 6th Floor, 66 

Berry Street, North Sydney. 
(02)922 2711. 

WALK INTO THE 21ST CENTURY WITH AMPLE BOOT 
LOOP MEMORY CAPACITY ... 
IRH Components at 32 Parramatta Road, Lidcome, (Tel: (02) 
648 5455) have announced the Fujitsu Bubble Memory Mod-
ule series types FBM-M128TA and FBM-M128TC. These are 
modules consisting of a bubble memory device and peripheral 
linear ICs mounted on the same package. 
The BMM Series modules use TTL level I/O, so only a few 

control ICs are required to create a reliable maintenance-free, 
solid-state file memory. 

All components use TTL level I/O. Printed circuit board de-
sign is simplified. 128K up to 4 MB can be directly controlled. 
High-speed file memories with an access time of 12.5 ms can 
be created. 

Specifications include minor loop memory capacity of 
1 075 722 bits (2053 bits x 524 loops). Boot loop memory ca-
pacity is 4106 bits. Data transfer rate is 100K bits/s. Access time 
is 11.2 ms. Power source is + 5 V ± 5%, 110 mA; + 12 V ± 
5%, -12 V ± 5%, 18 mA; -12 V ± 5%, 190 mA; -5 ± 5%, 20 
mA. Dimensions are 65.5 x 43.5 x 14.1 mm, structure is 40-pin 
DIP, and the BMM Series weights approximately 75 grams. 
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UNIQUE OPPORTUNITY! 
Only for readers of Australian Electronics Monthly — here's a unique opportunity to obtain a 

6-PEN, A3 'PERSONAL PLOTTER' 
at under half cost! 
These plotters, made by lwatsu (model 
SR6602), were part of a shipment brought 
into the country for a client who 
subsequently ceased business before 
completion of the purchase order. They are 
brand new and come complete with a 
handbook, a set of 10 pens and a three-
month warranty. 

LIMITED NUMBER ONLY 
This is a strictly limited opportunity, as only 
30 plotters are available. 

Features: 

• 240 V ac operation 
• standard RS232 interface (protocol 

selectable) 
• plot area of 270 x 365 mm (A3 sheet) 
• plot step of 0.1 mm 
• takes commonly available plotter pens 
• variable plot speeds — 2 x switch 
selectable — 6 x software selectable 

• ten pens supplied, 0.3 mm diameter tip, 
four black ink types, six different 
coloured-ink types. 

Simple command parameters permit driving the SR6602 from a terminal or from ASCII strings 
sent to the serial port of your computer. 

UNBELIEVABLE OFFER: 

$1299.00! (sales tax free)* $1454.00 inc. sales tax 

Delivery to your door, including insurance, is $ 20.00. 

This offer is made available exclusive to readers of Australian Electonics Monthly through 

Electronic Facilities of Artarmon NSW and A.E.M. is acting as a clearing house for orders. 

SEND YOUR ORDER NOW! 
Only 30 units are available, so hurry before they're all snapped up. 

• All orders claiming sales tax exemption must be accompanied by an appropriate sales tax 

exemption certificate. 
HOW TO ORDER: Complete the coupon and send it, together with your cheque, Money Order, 
or Credit Card details to: 
PLOTTER SPECIAL OFFER 
Australian Electronics Monthly PO Box 289, WAI-IROONGA 2076 NSW 

COUPON Cut out, or photocopy, and complete this coupon. Send it, together with your cheque, 
Money Order or Credit Card details to the address above. 

• Please make cheques or Money Orders payable to "Australian Electronics Monthly" 

Name   I enclose payment by: 
Money Order El Cheque* CI Amex El 

Bankcard E Mastercard E Visa -11 

Credit Card No:   

Expiry Date: .. /.../... 

Cheque or Money Order No.   

Address   
Signature   
(unsigned orders cannot be accepted) 

PLEASE DELIVER: SR6602 lwatsu plotter(s) 
Total cost $   
• If you would like to inspect one of these units, 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. 

MIN/ 
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Neil Duncan A 1910 photograph of Halley's comet. 

LATE IN 1985 
THE COMET SEEN BY HAWLEY 
WILL ONCE AGAIN COME IN TO VIEW 
EVEN IF RATHER POORLY! 

It is common knowledge that Halley's comet is about to enter 
our neighbourhood. Indeed, it is currently entering "stage 
right" and is starting to make itself rather an item of attrac-
tion. The interest in this celestial wonder is universal and 
many people are making great efforts to prepare for it. Tele-
scopes both on Earth and in spacecraft will gaze at it. 
On a more down-to-Earth level, let us start by pronounc-

ing the word 'Halley'! What is this 'Hawley' word in the home-
made ditty above? Edmund Halley was referred to in old royal 
documents with a 'w' in his surname on more than one 
occasion during his lifetime in the late 1600s. This is a likely 
reference to the manner in which he pronounced his own 
name. Early in this century however, the Royal Astronomi-
cal Society (London) most likely pronounced his name to 
rhyme with the word ' rally'. It seems popular these days to 
rhyme his name with ' Bailey'. On this point, you decide! The 
little verse questions the clarity of the coming view of the 
comet. It is true that, unfortunately, this coming 
re-appearance will not be one of the comets best displays. 
For many people, this time around will be their second view 

of the comet. The average period of the comet is 76 years (plus 
or minus two years or so), so those in the autumn of their 
lives as they read this (there is tact!) may have seen Halley's 
comet before — when they were ankle-biters. 

So what is it? 
So what is a comet? Comets are bits and pieces flying about 
space which appear against the background of predictable 
stars and planets as rather temporary and transitory objects. 
Some of these objects enter our atmosphere and burn up (or 
impact). The 'tail' which is so characteristic of a comet is 

somehow lit up' by radiation from the Sun. It is known that 
the tail is highly positively charged. Because of the effect of 
the Sun, the tail stretches away from it at all times. 

Direction of the comet's tail. 

Approaching the Sun. Leaving the Sun. 

Just what the comet and the tail itself is made out of is not 
really known. There is a lot of debris left in the wake of a 
comet, as noted by the increase in meteor activity when the 
Earth passes through space where a comet has been. On the 
other hand, comets (which are not very large) do not seem 
to ' run out of gas'. This may be explained by a model of the 
comet as being rather like a bride dragging its veil, dress and 
other stuff along behind her. 
The path taken by a comet is highly influenced by our Sun. 

Some comets are periodic (i.e: they re-appear every now and 
again). Some are once-only visitors. 
The periodic ones stay captured in the Sun's gravitational 

web. Others are tempted by it, but escape. 
In addition, the path taken is always a 'conic section' (if 

we ignore the influence of the planets). Conic sections are 
a family of graph shapes studied in secondary schools. The 
title comes about because the graphs can be produced by tak-
ing sections of cones at various angles — 
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Circular 
section 

Rectangular 
hyperbole 

Elliptical 
section 

The four conics of concern here are the circle, ellipse and 
retangular hyperbola. The 'focus points' of these shapes is 
of interest — the Sun occupies this position in the path of 
comets. 

A periodic comet. A non-periodic comet. 

The most important parameter of a conic graph is the eccen-
tricity ( e), of the path. If e = 1, the path is a parabola. If 
e > 1 then the path is an hyperbola. If 0 < e < 1 the path is 
an ellipse. As e tends to zero, the path becomes circular. Hal-
ley's comet moves with a very large eccentricity, about 0.967. 

1986 

Illustrating the orbital eccentricity of Halley's cornent. 

Here is a computer program, suitable for the Apple com-
puter, which draws a conic graph if you enter a value of ' e'. 
Try the program with these e values: 0, 0.2, 0.5, 0.967, 1, 2, 10. 
The graphics has been organized for the Apple computer. 

To use another machine, remove line 20, modify line 810 and 
910 for your graphics and change line 920 to respond to ' any 
key press'. 

10 REM CONICS 
20 ONERR COTO 30 
30 GOSUB 1000: HOME : VTAB ( 10): PRINT "SUPPLY E ( 0,0-1,1 OR>1)" 

: INPUT E 
40 HCOLOR= 3: IF E < 0 THEN 30 
50 IF E = 0 THEN El = 1: COTO 70 
60 El . INT ( E + 2): IF E > 1 THEN El . 4 
70 ON El GOSUB 100,200,300,300: TEXT : HOME : COTO 10 
80 GET A$: COTO 30 
100 GOSUB 800:R - 50:A = 0 
110 FOR TH = 0 TO 6.28 STEP . 1: GOSUB 900: NEXT TH: COTO 110 
200 GOSUB 800:R = 0:E = SQR ( E) * . 65 
210 FOR TH . 0 TO 6.28 STEP . 1 
220 X. COS (TH): IF ABS ( X) < . 999 THEN R E * 50 / 

(1 - E * COS (TH)) 
230 GOSUB 900: NEXT TH: COTO 210 
300 GOSUB 800:A . 20:R . 0 
310 FOR TH . 0 TO 6.28 STEP . 1 
320 X - COS (TH): IF ABS ( X) < . 999 THEN R = A / ( 1 - COS (TH)) 

330 GOSUB 900: NEXT TH: COTO 310 
800 VTAB ( 21): HTAB ( 1): PRINT "E = "; E;"...THIS IS "; B$(E1): 

PRINT "PRESS ANY KEY" 
810 NCR : HPLOT 130,1 TO 130,140: HPLOT 1,80 TO 240,80: RETURN 
900 IF R > 100 THEN RETURN 
910 HPLOT 130 + R * COS (TH),80 - R * SIN ( TH) 
920 IF PEEK ( - 16384) > 127 THEN POKE - 16368,0: POP : RETURN 
1000 B$(1) = "A CIRCLE":B$(2) = "AN ELLIPSE":B$(3) = "A PARABOLA": 

B$(4) . "AN HYPERBOLA": RETURN 

If you try this program, the various conic shapes can be 
seen. The ' origin' of the graph axes shown represents the fo-
cus point (the place where the sun will be relative to the or-
bit of a comet). 
When a comet is 'captured' by the Sun, it tends to swing 

around it and head out to one of the outer planets, then back 
in. The path in such a case is essentially that of an ellipse. 
The gravitational attraction of other objects will cause all 
kinds of perturbations to the neatness of a comet's path. Such 
an effect is seen in the variation in the period of the cycle 
mentioned for Halley's comet. 
The 100 or so known comets are heavily influenced by 

Jupiter. It is thought that only Halley's comet travels out as 
far as Pluto and the rest swing around the massive planet. 
Bennett's comet was readily visible in 1970 and Kohoutek's 
comet was seen in 1973, but very weakly. Several others have 
been by this century, but were not able to be seen with the 
naked eye. 

Cornet Kahoutek, photographed through a solar 
telescope (which obscures the bright disc of the Sun). 
December 1973. 
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When has it been before 
The earliest records of sightings of Halley's comet are prob-
ably those of the Chinese in 239 BC. Other sightings have been 
suggested in view of such evidence as drawings on the Bayeux 
tapestry (1066 and all that). A probable list of dates which have 
some historical documentation may be — 

989 AD, 1066, 1145, 1222, 1301. 
1378, 1456, 1531, 1607, 1682, 1759, 1835, 1910 

and of course, now. 
Just how man has interpreted the heavens in times past 

makes a nice study! One of my favourite snippets (if I may 
digress) is an ancient Greek view of matter 'Celestial' and mat-
ter 'Terrestrial'. If you took a lump of celestial stuff and let 
it go, it would fly away parallel to the Earth's (flat) surface; 
if you took a lump of terrestrial stuff and let it go, it would 
fly towards the centre of the Earth. I have observed the latter 
effect. Until someone brings me a lump of comet (they are 
obviously celestial) and disproves the idea, I'm sticking with 
the ancient Greeks! 
A very interesting view of the superstition of man can be 

observed by looking at reactions to various visits of Halley's 
comet. Omens, predictions of disaster and a fortelling of the 
outcome of battle have been gleaned from this gleaming body. 
Even in the 1910 effort, people displayed panic when it was 
announced that cyanide was present in Halley's trail. 

Actually, the Palomar observatory has already seen the start 
of the latest passage. It recorded the comet at a distance of 
1600 million km in 1982. So it seems that the comet is on the 
way and will be here soon. Perhaps someone will see omens 
already! Me — I'm keeping my doors locked just in case! 

When will we see it? 
The nearest point to the Sun reached by a comet is referred 
to as the perihelion distance (the furthest away point is the 
aphelion). It is reasonable to assume that Halley's comet will 
be at perihelion on the 9th of February 1986. The comet will 
be obscured by the Sun for a couple of days either side of 
that time. 
The point of time at which it will be nearest to the Earth 

will be on the 12th of April 1986 but that is not the time at 
which we will see it best. The 'tail' of a comet is set glowing 
by radiation from the Sun. It is this feature, rather than its 
proximity to Earth which will make it most visible. 
Readers of this article will probably wish to have the fol-

lowing questions answered — 

• When can I start looking? 
• How bright will it be? 
• ‘Vhere will I look? 

Let us define some more terms. First, the distances involved 
with comets (and other items out there) are measured in the 
Astronomical Unit, or a.u. It is quite a sensible unit really. 
The average distance from the Earth to the Sun (i.e: the radius 
of the Earth's orbit) is one a.u. 
This latest passage of the comet will bring it to within 0.42 

a.u. In 1910, it came within 0.15 a.u. 
The comet has probably come within 0.05 a.u. in some of 

its earlier passes. It is little wonder that ancient paintings (and 
relatively recent ones such as Giotto's "Adoration of the 
Magi") feature a comet ripping by. 
Next, the intensity of the comet. This is measured in a unit 

called the magnitude. This follows a logarithmic scale. A mag-
nitude of 1 is quite bright (an approximate definition: the 
brightness of a star which can be easily seen with the naked 
eye). A magnitude of 6 is just about the weakest you could 
see. The eye responds to changes of magnitude in steps of 

1. Anything less than that is pretty hard to perceive. A mag-
nitude change of 1 is, however, about a change of 2.5 times. 
Mathematically: 

Am = 2.51ogio(Bi/B2) 

Where Am is the change in magnitude and B1/B2 is the ratio 
of the magnitudes. A negative magnitude is very bright. A 
magnitude of, say 10, is typical of comets seen by amateur 
astronomers. 
To approximate the magnitude of Halley's comet at present, 

as it approaches the date of perehelion, is found with the 
equation: 

Magnitude = 4.1 + 5logioRE + 11.1logioRS 

Where RE is the distance of the comet from the Earth and 
RS is the distance of the comet to the sun. 

When and how bright? 
It should by now be realized that this is quite a complex 
matter. After all, the Earth moves, the comet moves and the 
equation is non-linear. The plane containing the passage of 
the comet is not the same as that containing the path of any 
of the planets. Thus, to calculate RE and RS is no mean feat! 
For those who, like me, can tolerate an approximation, here 

is a computer program (yes, it will work on many different 
computers) which will give quite a good estimate of the mag-
nitude of Halley's comet at a date after September 1, 1985. 
It becomes unreliable after 12 months from that date. The pro-
gram contains rather a nifty little date conversion routine at 
line 1000 onward, incidently. 

10 REM COMET MAGNITUDE 
20 D . 1:M . 9:Y . 1985: GOSUB 1000:D1 D2 
30 HOME 
40 PRINT "DATE REQUIRED.." 
50 PRINT "ENTER YEAR ( 198)5 OR 6";: INPUT Y 
60 IF Y < 5 OR Y > 6 THEN PRINT "NO..": GOTO 50 
65 Y . 1980 + Y 
70 PRINT "ENTER MONTH";: INPUT M 
80 IF M < 1 OR M > 12 THEN PRINT "NO..": GOTO 70 
90 PRINT "ENTER DAY":: INPUT D • 
100 IF D < 0 OR D > 31 THEN PRINT "NO..";: COTO 90 
110 GOSUB 1000 
120 D3 • D2 - Dl:M1 - .0606 * 03 + 12.6969 
140 M2 - 2.22E - 03 * ( D3 - 190) 2 + 5 
150 M3 .0833 * D3 - 13.66 
160 M Ml: IF D3 > 159 THEN M . M2: IF D3 > 212 THEN M . M3 
170 PRINT "THE MAGNITUDE WILL BE "; INT (M * 10) / 10 
180 PRINT : PRINT : COTO 40 
1000 IF M < . 2 THEN G . Y - 1:FX . M + 13: GOTO 1020 
1010 G . Y:FX M + 1 
1020 D2. INT ( 365.25 * G) + INT ( 30.6 * FX) + D 
1030 02 . D2 - 694006 
1040 RETURN 

As pointed out earlier, the dates of best magnitude will be 
when the comet is nearest the Sun. For some of that time, 
however, the Sun will obscure it. Actually, there is more bad 
news. In the period before the perehelion, the best viewing 
place on our planet will be from positions in the northern 
hemisphere. It will not be until after the perehelion passage 
that we in the southern hemisphere will have our best look 
at it. 

Where? 
lo state where the comet will be also requires some defining 
of terms. If the Earth would stop revolving and rotating, the 
matter would be less complex. The position of the comet 
would be in a path relative to the background stars like this — 
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The handspan method. 

The path of Halley's comet relative to a fixed 

background. 

The problem is, therefore, how to describe it relative to the 
horizon and direction systems available to us. In addition, 
the comet will not be visible during the day, it is simply not 
bright enough. 

Azimuth and elevation 
Face north — that is an azimuth of 0 degrees. Turn through 
360 degrees. With any luck, you are facing north again. At 
night, and when you can't find a compass, it may be easier 
to make use of the 'hand span method'. Count how many 
stretched hands are needed to 'paint the horizon' as you turn 
through 360 degrees. Compute the number of degrees per 
hand span: 

DPH = 360/N; where N = number of hand spans needed 

/*.i 1'1 
I / 
I 

Now, if you require an azimuth of, say 130 degrees, then es-
timate how many hands will be needed around the horizon 
to reach such a point. 

Finding a reasonable approximation for elevation is some-
what more interesting in view of the gross under-estimation 
we tend to make if we guess at this figure. Elevation is the 
number of degrees from the horizon up to the point you are 
looking at. 

Use the hand-span method again. The figures you gained 
from the last experiment should work again, if you consider 
that we are standing in the centre of a dome! An elevation 
of 90 degrees means that you are looking straight above you 
and that is about as far as elevation goes! The equator is at 
an elevation of zero. 

To describe where to look for a celestial body, it is neces-
sary to state both the azimuth and elevation of it. The hand-
span method of approximation works well. Unfortunately, the 
calculation of the azimuth and elevation at any point of time 
for Halley's comet is very complex. The factors which deter-
mine 'where to look' include — 

• When does it rise? 
• When does it set? 
• When is evening twilight? 
• When is morning twilight? 
• What is the time? 
• Where are you (latitude)? 

The following computer program will tell you at which times 
you should have a look. A detailed program of where to look 
is not included. Broadly, at evening twilight you could look 
west from December until mid January and East in April and 
May. High in the sky in December and May, low in January 
and April. 

10 REM COMET VIEWING 
20 D . 1:M . 9:Y . 1985: GOSUB 1000:D1 . D2 
30 HOME 
40 PRINT "DATE REQUIRED.." 
50 PRINT "ENTER YEAR ( 198)5 OR 6":: INPUT Y 
60 IF Y < 5 OR Y > 6 THEN PRINT "NO..": GOTO 50 
65 Y . 1980 + Y 
70 PRINT "ENTER MONTH";: INPUT M 
80 IF M < 1 OR M > 12 THEN PRINT "NO..": GOFO 70 
90 PRINT "ENTER DAY";: INPUT D 
100 IF D < 0 OR D > 31 THEN PRINT "NO..";: GOFO 90 
110 GOSUB 1000 
120 D3 D2 - D1 
130 DARK . 0.015 * D3 + 18.66: IF D3 > 143 THEN DARK - .0164 

* D3 + 22.644 
140 LIGHT . 0.0112 * D3 + 2.7148 
150 GOSUB 500: IF D3 < 89 OR D3 > 218 AND D3 < 239 THEN 

GOSUB 300: GOFO 200 
160 IF D3 > 88 AND D3 < 135 THEN HS » - . 158 * D3 + 41.56: 

GOSUB 350: GOFO 200 
170 IF D3 > 171 AND D3 < 219 THEN HR - 4.509E - 03 * 

(D3 - 172) " 2 + 28.06: GOSUB 400: GOFO 200 
180 IF D3 > 239 THEN HS . 4.2E - 03 * (D3 - 271) " 2 + 25: 

GOSUB 350: GOFO 200 
190 PRINT : PRINT "WILL NOT BE VISIBLE" 
200 PRINT : COTO 40 
300 REM ALL NIGHT 
310 PRINT : PRINT "WILL BE VISIBLE ALL NIGHT": RETURN 
350 REM SEIS 
360 PRINT : PRINT "VISIBLE FROM SUNSET UNTIL 
370 IF HS > 24 THEN HS . HS - 24 
380 T = HS: GOSUB 600: PRINT T1:".";T2;" HOURS" 
390 RETURN 
400 REM RISES 
410 PRINT : PRINT "VISIBLE FROM 
420 T HR: GOSUB 600: PRINT T1;".";T2;" HOURS UNTIL SUNRISE" 
430 RETURN 
500 T - DARK: GOSUB 600: PRINT 
510 PRINT "SUNSET AT ";T1;".";T2;" HOURS" 
520 T LIGHT: GOSUB 600 
530 PRINT "SUNRISE AT "; T1;".";T2;" HOURS" 
540 RETURN 
600 REM TIME CONVERSION 
610 Ti . INT (T):T2 T - Ti 
620 T2 . INT (60 * T2 + . 5) 
630 RETURN 
1000 IF M < . 2 THEN G Y - 1:FX M + 13: COTO 1020 
1010 G . Y:FX = M + 1 
1020 D2 . INT (365.25 * G) + INT ( 30.6 * FX) + D 
1030 D2 02 - 694006 
1040 RETURN 

Hopefully you will see much more information published 
about Halley's comet as the next six months pass. Perhaps, 
rather than bringing bad omens, the international scientific 
co-operation currently under way will lead to good omens! 
Out with the camera and ASA 400 film with long exposures; 

you know when to look and what to look for. Good luck! 
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Flashprint!! 
cupid for mating Wordstar 

and the dot matrix printer 

With the current flood of advanced, low-cost dot matrix printers 
many people have tried mating them with Wordstar and end up 
with a very disappointing hybrid. Well, what can you do about this 
mangy mongrel of a mixed-up missive? The answer is FLASHPRINT!! 

WHAT IS FLASHPRINT!! ? It's a program 
that allows Wordstar to successfully print 
anything of which your dot matrix printer is 
capable. What do I mean, anything? Anything 
comprises double width, compressed, and 
italic text, superscripts, subscripts, elite font, 
underlines, coloured text (with colour 
printers) and graphics. You can't do that with 
Wordstar alone. 

In other words, Flashprint gives the Word-
star/printer couple a helping hand: helps 
them make a match. (Reminds me of a tune 
I know, how does it go? ..." Matchmaker, 
Matchmaker, make me a match, catch me a 
catch ...") 

Preliminaries 
The package comes from J.R.T. Software in 
South Australia and costs $58, which includes 
a comprehensive manual. It was written, and 
is wholly produced and marketed by one Jim 
Tucker. The review package was designated 
'release J'. What I found on the disk was 
FLASHPRINT!!, FLASHGEN and an in-
staller, plus a number of printer tables. The 
files are as follows: 

FLASH22J.COM Executable FLASHPRINT!! 
program (for WordStar 2.26). 

FLASH30J.COM Executable FLASHPRINT!! 
program (for WordStar 3.0). 

FLASH33J.COM Executable FLASHPRINT!! 
program (for WordStar 3.3). 

FLASHGEN.COM Compiled MBASIC pro-
gram to generate graphics characters. 

FLASHGEN.BAS Microsoft BASIC program 
to generate graphics characters. 

CONVERT.COM Installing program for 
FLASHPRINT!! 

Plus a number of .TBL files for most popu-
lar printers (explained soon). 

Flashprint is available on 8", 5.25" and 3.5" 
disks in over 100 formats to suit the Osborne, 
Kaypro. Apple and Microbee, for example, 
or anythhing which runs CP/M. An MS-DOS 
Version is also available, but this costs $88. 

FLASHnnJ.COM is your actual FLASH-
PRINT!! program. You boot this which in turn 
boots Wordstar. 

CONVERT.COM is the INSTALLER used to 
convert .TBL (printer) tables for Flashprint 
usage. 

FLASHGEN.COM is the compiled version of 
the Microsoft BASIC program which allows 
you to create bit image characters and the 
relevant coding for an Epson or C.Itoh 
printer. 

The .TBL files mentioned are tables ready for 
installing for your printer. These files contain 
instructions for Flashprint. 

Let's get into it 
There are quite a few Wordstar modification 
programs around, many of which even allow 
you to print graphics, but 1 have not seen any 
that offer as many of the features as Flash-
print does without actually modifying Word-
star; the only thing Flashprint modifies is 
memory. Because of this you can use Word-
star by itself if need be, or, due to the way 
Flashprint is converted for your printer, you 
can re-install Flashprint for as many printers 
as you may have. Note that you are not res-
tricted to using dot-matrix printers — any 
type can be used (but graphics is not availa-
ble on daisy wheel types, for example). 
Many people these days have more than 

one type of printer. Usually a daisy wheel 
type for letter-quality printing and a dot-
matrix type for quick, simple drafts, sched-
ules, etc. Although, with the amazing quali-
ty available from some dot-matrix printers 
these days the daisy wheel printer may fast 
become an endangered species. 

The times are a-changing 
If you wish to add or change a command or 
code sent to your printer with the convention-
al Wordstar installing utility (WIN-
STALL.COM) it is difficult, if not downright 
tedious. It requires the entering and exiting 
of many menus, a basic understanding of hex-
adecimal and ASCII character systems, and 
a lot of time. 
With Flashprint, all that needs to be done 

is to boot Wordstar, open your printer table 
file and edit it from there. The only 
knowledge required is that of Wordstar, 
which, presumably, you will already have if 
you've bought Flashprint, or alternatively, 
you will have in the near future if you're a 
first-time user. 
This system also means that you do not 

have to boot separate installing programs if 
you wish to alter your printer file. Separate 
installer programs do not allow the use of 
comments so, if needed later on, your printer 

Jamye Harrison 

codes and commands are usually not self-
explanatory which then requires your printer 
manual to be consulted. Inevitably, this is 
written in either computer-ese or Taiwanish 
style English, making the situation even 
worse. 

Limits 
Another drawback with special installer pro-
grams is that they offer a very limited range 
of codes you can alter or create. The only 
limit placed on the amount of information in 
a Flashprint table is the amount of memory 
available and your version of Wordstar. Here 
you can see how much data can be contained 
in a file for each operating system and Word-
star version (comments may be used freely 
as they are not included in the final defini-
tion file):— 

WORDSTAR v2.26 running on CP/M-80 al-
lows a massive 15 000 bytes. 

Wordstar v3.0 running on CP/M-80 allows 
10 000 bytes. 

Wordstar v3.3 running on CP/M-80 allows 
8000 bytes. (This may seem small but I have 
not even come close to it yet while testing 
Flashprint and see only a small number of 
cases where this would be a restriction). On 
the MS-DOS version of Flashprint, which 
users Wordstar v3.3, there has been no limit 
found to this date. 

Commands & features 
Flashprint accepts four types of commands 
which allow for absolutely any command to 
be sent to any printer ever made, even if for 
some strange reason you have a special 
printer prototype made for you specially by 
a friend who works in a printer manufactur-
ing plant, which has never been and never 
will be, mass produced. 
Here are the valid command types in sum-

mary form: 

A simple command entry. 
A byte entry. 
A translation entry. 
A hex entry. 

The simple command is probably the one 
you will use the most. This command enables 
the alteration of standard text to other faces 
— such as double width, condensed, italics, 
etc. An example is probalby the easiest way 
to show you exactly what happens. 
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aem software review 
In my printer table I have put this: 

C 27 '4 
C i 27 '5 

Let's take the first line as an example: 

1 2 3 4 5 

C ' I 27 '4 

1. The "C" here tells Flashprint what sort of 
command line to expect. In this case the C 
indicates a simple command. 

2. The" '" here tells Flashprint to accept the 
next character in ASCII form. (Alternatively 
I could have used the decimal, hexadecimal 
or binary forms of the letter " I"). 

3. As already indicated, the " I" character is 
in ASCII form. This is used to tell Flashprint 
that the letter " I" will invoke the command. 

4. 27 is the decimal code for the ESCAPE 
character; this is the first part of the codes 
sent to the printer. 

5. 4 is accepted in ASCII form because a ' 
character preceeds it. The '4 forms the second 
part of the printer command. On an Epson 
printer, ESCAPE 4 invokes the italic font. 

This is all very well but how do we achieve 
italics, for example, in our Wordstar docu-
ment? Well here is the solution. 

In the document you type: 

Part of this sentence @I will be in ITALICS@ 
and the rest won't be. 

On paper it looks like this: 

Part of this sentence will be in 

ITALICS and the rest won't be. 

The simple command can be used for 
things such as changing line height, type-
faces, resetting the printer, changing lan-
guages (or the more advanced printers), etc. 
The translation command is similar to the 

simple command in final usage, but not in the 
way it is implemented in your Wordstar docu-
ment. The simple command needs repetitive 
use of the @ character. 
With the translation command, all you do 

is type — @ [ at the start of your document. 
From thereafter any characters that have 
been defined as translation characters will 
eventually be printed as you have defined 
them. If no translation entry is found for a 
character, that character is printed as if by 
Wordstar alone. Here is an example of what 
is in my .TBL file: 

T '0 "JAMYE HARRISON" 

Here is what I type in my Wordstar 
document: 

@PA 

And here is what prints: 

Jamye Harrison 

The translation command would be used 
in place of the simple command where you 
use the relevant command a lot, thus eliminat-
ing the need for "@@" all the time. 

The byte command 
This command would have to be the most 
dramatic, gee-whiz, effective, shazzam!!, 
whoopeedoo command available! As most of 
you are probably aware most dot-matrix 
printers available have a graphics mode; some 
even allow the downloading of characters. 

ITALICS and NOT ITALICS 
commel and NOT CONDENSED 
EMPHASISED and NOT EMPHASISED 
"'SCRIPT and ...SCRIPT 
HOW ABOUT THIS CONTINUOUS UNDERLINE WHICH, OF COURSE, CAN BE STOPPED 
Now we have DcDtAtp 1 ee cit PI, or IA I IDEE printing. 

And last, but certainly not least we can print ORAPHICS. ,'" , 

I irAIL.R4QQ.e. %BLit. hir 0 © / A 11 tt 4 4, 

JA AE PO Box 289 

A8ROON6A 2076 

Here's one I designed myself with FLASHGEN": 

PLUS THE ASSOCIATED BIT IMAGE CODE: 

• CONTAINER 
è 'J 27 
174 214 174 214 174 
175 215 175 214 174 

0 2 254 254 
214 174 214 
214 174 214 

174 214 175 215 175 215 174 214 174 214 174 214 
174 214 174 214 174 214 174 214 174 214 174 215 
174 254 2 2 2 

; CABIN 

B '; 27 ' L 15 0 2 2 7 7 135 135 254 142 143 143 79 47 30 14 0 

AND THIS IS ALL I HAVE TO TYPE IN MY WordStar DOCUMENT. 

ec];) 

Just a sample of the sort of things you can do with Flashprint. With a little imagination 
and an evening's work, there's no limit to the sort of fancy things you could concoct! 
The facilities provided by Flashprint would be a real boon to club or association news-
letter producers. Not only would you be able to reduce necessary workload on bor-
ing, repetitive things, but you could jazz up atht newsletter with some fancy graphics! 

Now these graphics characters and designs 
are all invoked in the normal way by send-
ing a control or escape sequence to the 
printer. 
Most, if not all, dot-matrix printers require 

a series of 'magic' digits to be sent in the 
graphics mode, as well as the escape code. 
These define which dots are 'set' in each 
character block and which are not. For ex-
ample, the number 255 tells an Epson printer 
that all dots in that row are set. Similarly, a 
value of 0 will tell the printer that no dots be 
set. Here's an example from my .TBL file: 

B " 27 'K 8 0 60 66 189 165 165 165 66 60 

Flashprint interprets the "B" character as 
the start of a byte command, the " tells Flash-
print that the' character is to be accepted in 
ASCII form and that this character sends the 
following code for the graphic character. The 
27 is, of course, the escape character which 
is sent with the ASCII value for " K". This in-
vokes the normal density graphics mode. The 
8 tells the printer the character is eight dots 
wide, and the zero is there as part of the 
graphics command. The following eight num-
bers are the coding for the eight rows of the 
bit-image character. 
Therefore to get this symbol in my docu-

ment all I have to type is: 

ign 

The "@" character tells Flashprint that a com-
mand follows. The rounded opening brack-
et tells Flashprint it is a byte command. The 
' is intercepted to tell Flashprint which of the 
many defined characters to print, and the 
closing bracket turns off the facility. 

A hex on you! 

The hex command is used to send codes that 
are seldom used and so are not included in 
your printer table. Here is the format of the 
command: 

<1B OD OA 09 7F 3C> 

This has no relevant command in the printer 
but would send the equivalent hex sequences, 
and these are as follows: 

1B : the ESCAPE character 
OD : the RETURN character 
OA : the linefeed character 
09 : horizontal tab 
7F : deletes last character in printer buffer 
3C : sets printer into unidirectional mode 

These are all hex numbers I got off the top 
of my head and so have no meaning to the 
printer when strung together like this; but the 
hex command could just as easily be used to 
turn on double-strike mode, super- or sub-
scripts, or whatever you can think of. 
Generally, if you are going to use a com-

mand you include it in your .TBL file. 

An extra! 

At this stage I should introduce another fea-
ture of Flashprint — FLASHKEY!!. As the 
name suggests, this allows you to define func-
tion keys on your computer for use under > 
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AUTHOR! 

AUTHOR! 

AUTHOR! 
So you've written 
this great article. 

Tell us all about it then! 

Maybe you've developed 

a project you think others 

might be interested in? 

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 it and what you'd like 

to see us doing. 

We're only too happy to hear 

from you! (All bouquets 

gratefully accepted, brickbats 

next door, please!) 

Write to. 

Roger Harrison 
Australian Electronics 

Monthly 

PO Box 289 
WAHROONGA 2076 NSW 
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Wordstar. It is offered in two ways. The first 
is called the function key entry, and the other 
is the keyboard translation. 
While only two commands are available to 

Flashkey, they are very, very useful. I'll take 
function key entry first. It is implemented as 
follows: To take an example I have used the 
words Flashprint, Wordstar and Flashkey ex-
tensively throughout this article. It would be 
very tedious for me to type these words in 
character by character, so I defined them in 
my table file like so: 

K ' F <Flashprint> 
K ' f <Flashprint> 
K ' K <Flashkey> 
K 'k <Flashkey> 
K 'W <Wordstar> 
K 'w <Wordstar> 

(I defined them as upper and lower case func-
tions so I don't have to hold in the SHIFT key 
if I'm in the other case). 
The "K" tells Flashkey that it is a function 

key entry. The character following the ' is the 
character which invokes the function, and the 
characters in the angular brackets are what's 
printed, both on the screen and eventually, 
on paper. 
What 1 actually have to type to get this is: 

f or AF to get Flashprint 
k or AK to get Flashkey 
w or AW to get Wordstar 

The 'A' character here does not denote the 
CONTROL key but is the A (caret) character 
itself. 
Your can include control codes in these 

functions if you wish. 
The decimal value for a TAB character is 

09. so you could just as easily put 09 outside 
the first bracket to set the characters inside 
the <> brackets across the page a bit. 
The other Flashkey command is the key-

board translation entry. This is similar to the 
function key entry in that it can send anything 
to your document or even control codes to 
Wordstar, but there is no need to type the 
caret character before the defined function. 
In other words, it is a direct translation. Here 
are some examples: 

X AF AQ'RAQ'QAB 

X'A 'B 
X 'B '4 
X'G ' + 

X Al 0 

The X denotes that a keyboard translation 
function follows. The AF in the first example 
indicates that a CONTROL-F character will 
send the following characters or codes. The 
codes sent are: 

AQ sends CONTROL-Q; the R combined with 
AQ tells Wordstar to go to the top of your file. 
The AQ and the Q invoke the Wordstar repeat 
function, and the command to be repeated is 
the CONTROL-B. (re-format). Therefore, typ-
ing CONTROL-F will reformat a whole file. 
from beginning to end. 

In the second, third and fourth examples, 
pressing A, B or G, will give B. 4, or + 
respectively. 
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The fifth example will send nothing (the 
ASCII null string) when CONTROL-I is sent. 
(You could use this function to turn off Word-
star functions you don't like). 
Well that covers a fair slice of the facilities 

found on Flashprint with Flashkey. The old 
man's CONTROL-G (... delete) will get me 
if I don't wrap up somewhere around here. 
As a final note, some readers may already 

have encountered earlier versions of Flash-
print. Release J, reviewed here, has many fea-
tures which would enhance these earlier 
versions. These include the acceptance of 
strings enclosed in < and >, instead of a sin-
gle quote (') before each character. It also in-
cludes improved Flashkey functions. 
An important improvement is the provision 

for a wait signal (ASCII NULL, 00) in Flash-
key functions. This allows user input in the 
middle of a function which is terminated by 
a backslash character \ Flashkey then con-
tinues with or concludes the function. Here's 
an example: 

X AY AK'R o AQ'C 

A CONTROL-Y character sends 
CONTROL-KR to Wordstar which then asks 
for the name of a file you want loaded into 
your existing document which you then ter-
minate with a backslash. This file is then load-
ed in and the CONTROL-QC places the 
cursor at the end of your document. 

If you have an earlier version, you can ar-
range an update by writing to Jim Tucker. 

The documentation 

No software is worth a cracker without de-
cent documentation. If only the legion of soft-
ware produces would follow J.R.T.'s example, 
we'd all be better off. The manual is an ex-
cellent example of the facilities and use of the 
package. It is thorough and written in an en-
tertaining, easy-to-read, conversational style. 
A few evenings with the manual is time well 
spent. 

Conclusions 

All in all, Flashprint with Flashkey is a very 
versatile package, streets ahead of any com-
petition. Its beauty lies in the fact that, if you 
are already familiar with Wordstar, you do 
not need to learn a whole new series of rules 
and commands once Flashprint has been in-
stalled. 
As Flashprint and Flashkey do not change 

Wordstar, and all your printing and other 
operations are done from Wordstar, this 
leaves many other modification packages be-
hind, as well as significantly enhancing 
Wordstar itself. 
At the price. Flashprint with Flashkey 

represents very good value. When compared 
to the price of dot-matrix printers, the facili-
ties of which are wasted without an unen-
hanced Wordstar, it's a sensible addition to 
your software library. 

Review package supplied by J.R.T. Software, 
42 Turners Ave, Coromandel Valley 5051 

S.A. (08) 278 7076. 



Circuit-Board-Design 
Without the Tedium 

smARTWORIC lets the design 
engineer create and revise 

printed-circuit-board artwork on 
the IBM Personal Computer. 

Forget tape. Forget ruling. 
Forget waiting for a technician, 
draftsman, or the CAD depart-
ment to get to your project. 
smARTWORKT" software turns 
your IBM Personal Computer into 
a professional, high-quality 
drafting tool, It gives you 
complete control over your 
circuit-board artwork-from start 
to finish. 

\ni-;111\M\III 

smARTWORK'm trans-
forms your IBM PC into a CAD system 
for printed-circuit-board artwork. 
Display modes include both 
single-layer black and white and 
dual-layer color. 

What makes smARTWORKr" so 
smart is that it understands 
electrical connections. 
Conductor spacing is always 
correct, lines don't become too 
narrow, and connecting lines do 
not intersect other conductors. 
smARTWORK Tm can automatic-
ally find and draw the shortest 
route between two conductors. 
Or you can specify the route. 

smARTWORIC is the only 
low-cost printed-circuit-board 
artwork editor with all these 
important advantages: 

LI Complete interactive control 
over placement and routing 

CI Quick correction and revision 

Production-quality 2X artwork 
from pen-and-ink plotter 

D Prototype-quality 2X artwork 
from dot-matrix printer 

D Easy to learn and operate, 
yet capable of sophisticated 
layouts 

I: Single-sided and double-
sided printed-circuit boards 
up to 10 x 16 inches 

D Multicolor or black-and-
white display 

32 user selectable color 
' combinations; coincident 

points can be displayed in 
contrasting colors. 

D Can use optional 
Micro-soft Mouse as 
pointing device. 

Twice scale 
hardcopy of your 
artwork is produced using the Epson 
dot-matrix printers or the Houston 
instrument DMP-42 pen-and-ink 
plotter. Quick 1 X check plot is also 
available from Epson printers. 

.""smARTWORK" and "Wintek" are trademarks 
of Wintek Corporation 

Dual-layer color display of a 2" by 4" 
section of a 10" by 16" circuit board 

The Smart Buy 

smARTWORKrm is exceptional 
value, particularly when 
compared to conventional 
engineering workstation costs. 

Call or write to us for more 
information on smARTWORKrm 
We'll be glad to tell you how 
smARTWORK Tm helps us design 
our own circuit boards and what 
it can do for your business. 

System Requirements 
IBM PC, XT or close compatible 
with 192K RAM, 2 disk drives and 
DOS Version 2.0 or later. 

D IBM Color/Graphics Adaptor with 
RGB color or B8e.W monitor. 

El Epson MX80/MX100 or 
FX80/FX100 dot matrix printer or 
compatible with Graftrax. 

CI Houston Instrument DMP-42 
pen-and-ink plotter (preferred). 
Small Houstons and HP7475A also 
supported. 

Microsoft Mouse (Optional). 

micruiriN 

Australian Distributors: Microtrix Pty. Ltd. 24 Bridge Street, Eltham. Victoria. (03) 439 5155 



An 8-channel relay interface 
for your computer 
Ever wanted to have your computer actually control some 
appliance or process? This project enables you to do just that. Up to 
eight relays may be controlled from your computer's parallel I/O 
port or the 8-bit data bus, switching on or off according to a 
program you can write yourself. 

A COMMONLY ASKED QUESTION seems to be "how do 
I actually get my computer to control something?" After all, 
you read about computers being used to control things ev-
ery day. Many popular low-cost computers boast a "user I/O 
port", but scant few practical suggestions are included with 
their documentation. 
The reason I came to design and construct this project is 

unimportant really, because it's pretty well a 'universal' sort 
of computer control-type device. And while I'm using it with 
a Microbee, it can actually be hung off any computer sport-
ing an 8-bit I/O port — or even the 8-bit data bus if it comes 
to that. Details later. First, build it. 

Design niceties 

Geoff Nicholls 

I decided to use relays to switch whatever needed switch-
ing because they provide good electrical isolation, are 
relatively cheap and widely available, and obtainable in a var-
iety of configurations with common pinouts — so you can 
suit yourself. 
To simplify software design, I've used a 74LS259 8-bit ad-

dressable latch. Thus, the board 'remembers' which relay you 
turned on or off and you don't have to worry about that in 
the software. 
So that the board does not power-up with some random 
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PWCPACK 

61 

De 164002 

Cl 

ICu 
10V 
TANT 

+5V 

+5V 

; C3330.1 

Circuit diagram of the interface. 

N/O = normally open contact 
N/C = normally closed contact 
C = common contact 

05 

arrangement of relays on and off, I've incorporated 'power-
on reset'. This ensures all relays are off whenever the board 
is powered-up. 
Recognising that we all make mistakes at times, I've includ-

ed reverse-supply protection so that you don't cause an 
embarrassing blowout at an inopportune moment. Murphy's 
law says that the likelihood of you making a reverse supply 
connection is proportional to the square of the necessity that 
the project works when powered-up. 

If you need to switch fewer than eight circuits, then you 
only need use the required number of relays. To switch more 
than eight circuits, boards can be ' chained'. 
On the physical design aspects, I deliberately adopted a spa-

cious board layout so that it was easy to constuct and to pro-
vide easy access to the switched connections. For the latter, 
I used pc-mount screw terminal blocks as they're most con-
venient when doing a tryout or when altering things at a later 
time. The power supply connects to the board via one, too. 
For the interface link to the computer, I employed a 16-pin 

IC socket on the board and a cable terminated in a 16-pin 
insulation displacement connector (IDC) plug. 
As for mounting arrangements, I've provided holes on the 

board so that it may be mounted on standoff pillars located 
at the four corners. Another three, located between the screw 
terminal blocks may be used to further support the board. 
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AEM4501 CIRCUIT OPERATION 
The heart of the circuit is the 74LS259, an 8-bit addressable latch. 
The data sheet for this device is reprinted elsewhere in this issue. 
The outputs of the 74LS259 drive the eight npn transistor 

switches through 220 ohm base resistors. The base current is typi-
cally 7 mA when the 74LS259 outputs are high. The transistor 
switches have the relay coils as collector loads and pass about 100 
mA when on, with a collector-to-emitter voltage of less than 0.2 
V. The 1N914 (or 1N4148) diode is used to clamp voltage spikes 
that occur when the inductive relay coils are switched off, thus pro-
tecting the transistor. 

Light emitting diodes are connected across the relay coils, with 
220 ohm current limiting resistors, to indicate the relay state. 
The three-terminal regulator provides the 5 V required by the 

74LS259, and with less than 100 mA to supply under worst-case 
conditions, the 7805 doesn't need a heatsink. 
The 1N4002 diode prevents damaged caused by a reversed 

power supply polarity. The capacitors on the input and output of 
the regulator ensure stability. 
On power-up the 10 uF capacitor will be discharged and so pin 

15 of the 74LS259 will stay below the logic 1 threshold for some 
time until the 1k resistor charges the capacitor up. This resets the 
IC, turning all relays off. This effects a ' power-on reset', ensuring 
the relays are all in the off state whenever the board is powered-up. 
The 1k pullup resistor on the ENABLE input of the 74LS259 

increases the noise immunity of the unit and allows the computer 
to be disconnected without changing the state of the relays. 

0 
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PARTS LIST AEM4501 
Semiconductors 

IC 1   74LS7820559 
IC2   
01-08 BC547. BC107 etc 
LED1-LED8 .. 3 mm red LEDs 
DI-D8 1N914, 1 N4148 etc 
D9   1N4002 

Resistors all V2 W, 5% 

RI, R2   1k 
R3-R18   220R 

Capacitors 

C I . 10u/10 V tant. 
C2   10u/16 V tant. 
C3   330n greencap 

Miscellaneous 
AEM4501 pc board; 8 x 12 V 
DPC/O relays with 240 Vac/10A 
rated contacts; 1 x 16-pin DIL 
socket; 1 x 16-pin IDC plug or DIL 
header plug; 1 x connector to suit 
computer's parallel port; length 
of ribbon cable to suit interface; 
length of figure-8 cable (one lead 
striped) for power supply; 1 x 
cable clamp to suit latter; 4 x 
6-way pc-mount terminal strips; 
1 x 2-way pc-mount terminal 
strip; 1 x 6BA nut with bolt (to 
mount IC2); 1 x 4BA nut with bolt 
(to mount cable clamp). 

Expected cost: $60 — $70 

Component overlay. Watch the orientation of the >diodes, transistors and LEDs, as well as the 10u 

tantalum capacitor. 

LEVEL 

We expect that hobbyists who are 

BEGINNERS 
in electronics construction should be able to 

successfully compltete this project. 

TANTALUM 

CAPACITORS 1 

SEE 'RETAIL ROUNDUP' FOR A 
GUIDE TO KIT SUPPLIERS WHO 
MAY STOCK THIS PROJECT 

Full-size reproduction of the pc board artwork. 
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Construction 
There is nothing critical about the construction of this 
project. However, it's a good idea just to run a quick visual 
check over the board before assembling the components. See 
that all holes are drilled, and are the correct diameter. See 
that there are no cracks in tracks or solder bridges between 
closely-spaced tracks. 

It's probably easiest to solder all the resistors in place first, 
followed by the diodes, LEDs and transistors. The three-

terminal regulator can then be mounted and soldered in place 
(in that order), followed by the two capacitors. The 74LS269 
may be either soldered in place, or you can use an IC socket. 
The 16-pin IC socket for the interface may now be mount-

ed, followed by the terminal blocks. Solder the relays in place 
last of all. 
All you have to do now is to make up the power supply 

and interface cables. Note that the figure-8 power supply 
cable is secured with a cable clamp held under the adjacent 
standoff bolt. 
Before trying it out, make a thorough check of the board. 

See that the diodes and LEDs are the right way round, par-
ticularly. Also see that the 10u tantalum capacitor is correc-
tly inserted. 

Driving the AEM4501 
The circuit diagram shows the connections from the 74LS259 
inputs to the Microbee's DB15 socket. Don't worry if you 
haven't got a ' Bee though, because the circuit can be driven 
by most parallel ports directly. 
The actual parallel port lines used are tabulated here: 

PORT BIT 

DAO 

DA1 

DA2 

DA3 

DA4 

DA5 

DAG 

DA7 
TABLE 1 

74LS259 INPUT 

AO 

Al 
A2 

DATA IN 

ENABLE 

Note that three bits from the computer port are not used. The ENABLE input 
is active low. 

I have written a driver program in Microworld BASIC for 
Microbee owners. It contains two subroutines that may be 
used by constuctors in writing control programs. 
The first subroutine initialises the AEM4501 board after 

it sets up the Microbees' parallel port for CONTROL, or 
MODE 3, operation. This disables all handshaking. All bits 
of the port are programmed for output and then all relays 
are turned off before the subroutine RETURNS. This subrou-
tine must be called before any OUT statements to the parallel 
port are excuted, and before the second subroutine is called. 
The second Microworld BASIC subroutine is called to 

either turn on or off a selected relay. Only one relay can be 
addressed at a time, so the subroutine may need to be called 
several times in succession, according to your application. 
The subroutine passes the relay information using the VAR 

statement. The variables used in the subroutine need not be 
the same as those in the calling statement; they are often 
called "dummy variables." The first variable is logical and 
uses the integer representation of true (on) as -1 and false 
(off) as O. The second variable is the relay number and must 
be of the integer type. 
The Microworld BASIC demonstration progam calls the 

two subroutines to control the relays in various ways. 
For interfacing to other computers I commend the fol-

lowing: 

(1) If an 8-bit port is available (actually only five bits are used 
for a single board), then connect the port lines directly to the 
AEM4501 using the same connections as for the Microbee. 
Write your own versions of the Microworld BASIC rou-

tines. Most likely the initialisation routine will need chang-
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00100 REM ACM--4501 Demo Driver for Microbee 
00110 REM .... By Geoff Nicholls 4/8/85 
00120 REM 

00130 GOSUB 1000 :REM Initialise PIO -for Mode 3 

00140 CLS : PRINT " Type one of the following ;" 

00150 PRINT" Nx to turn relay x ON" 
00160 PRINT" Fx to turn relay x OFF" 

00170 PRINT" A - enter auto-sequence test." 
00180 PRINT" C - clear all relays" 

00f90 A,.ASC(KEYS) : IF A=128 THEN 190 

00200 IF A=99 OR A=67 THEN GOTO 130 : REM Re- initialise 
00210 IF A=97 OR A=65 THEN 290 : REM " A" test & branch 
00220 L=2 

00230 IF A=102 OR A=70 THEN LET L=0 : PRINT " OFF "; 

00240 IF A=110 OR A=78 THEN LET L=-1 : PRINT " ON "; 
00250 IF L=2 THEN 190 

00260 A=ASC(KEY$) : IF A=128 THEN 260 ELSE PRINT CHRS(A); 
00270 GOSUB EL,A-483 1100 

00280 GOTO 190 

00290 REM Auto-sequence test routine. 
00300 L=-1 

00310 FOR A=0 TO 7 

00320 GOSUB EL,A3 1100 

00330 PLAY 0 : REM 1/8 SECOND DELAY 
00340 NEXT A 

00350 L=(NOT L) 

00360 GOTO 310 

00990 REM ************************************************** 

01000 REM Subroutine to Initialise PIO 

01010 OUT 1,7 : REM Disable interrupts from port A 

01020 OUT 1,207 : REM Set A for Mode 3 - no handshaking 
01030 OUT 1,0 : REM Set all bits in port A to output 

01040 GOSUB 1170 : REM Set ENABLE-BAR of 74LS259 high. 
01050 FOR N=0 TO 7 : REM Turn all Relays OFF. 
01060 GOSUB E0,N3 1100 
01070 NEXT N 

01080 RETURN 

01090 REM *************************************************** 

01100 REM Subroutine to write to AEM-4501 board 
01110 VAR ( P,Q) 

01120 REM P=0 to turn off ; P=-1 to turn on 

01130 REM Q is Relay no. from 0 to 7 inclusive 

01140 IF 0<0 OR 0>7 THEN PRINT\"Invalid Relay no.!":RETURN 
01150 IF P THEN LET 0=0+16 : REM add data bit ( D4) if P=-1 

01160 OUT 0,0 : REM Write to port A with bits D5,D6,D7 low. 
01170 OUT 0,32 : REM Return ENABLE-BAR ( D5) high. 
01180 RETURN 

01190 REM ***************************************************** 
01200 END 

ing unless your port is implemented with a Z-80 PLO at I/O 
address 00 & 01. The important thing is to set the port for 
output with no handshaking. If your computer expects hand-
shaking and it is not implemented, then it will 'hang' when 
you try and output to it. It may be necessary to defeat the 
handshaking by linking a couple of lines; if you don't know 
how to do this, then don't try in case you damage something. 
The second subroutine should run under most other 

BASICs with only the port address changed to suit the hard-
ware. This subroutine shows the technique of generating the 
correct ENABLE signal using software only. 

(2) Constructors with some hardware knowledge may want 
to use a hardware handshaking signal instead of using one 
of the data lines as I have done. You will need a negative go-
ing pulse to do this. 

The Microbee can produce a positive-going pulse by tying 
ARDY and ASTB together, but this will have to be inverted 
to drive the ENABLE input on the AEM4501 (pin 6 of the 
16-pin DIL connector). Note that ARDY and ASTB are on 
pins 7 and 15 of the DB15 connector on the Microbee. 
Of course, Part A of the Microbee's PIO would need to be 

set up for mode 0 (output). To do this, change program line 
1020 to OUT1,15. Also, delete the lines concerning ENABLE-
BAR, that is, lines 1040 and 1170. 

(3) More experienced hardware buffs may try hanging the 
AEM4501 straight off the expansion bus of their computer. 
Connect AO to AO etc, the DATA IN to DO and decode the 
higher order address lines and gate with a memory write sig-
nal to obtain an ENABLE-BAR signal. --
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aem data sheet 
74LS259 
8- Bit Addressable Latch 

DESCRIPTION 

The 259 addressable latch has four dis-
tinct modes of operation that are select-
able by controlling the Clear and Enable 
inputs (see Function Table). In the ad-
dressable latch mode, data at the Data (D) 
inputs is written Into the addressed 
latches. The addressed latches will follow 
the Data input with all unaddressed 
latches remaining in their previous states. 
In the memory mode, all latches remain in 
their previous states and are unaffected 
by the Data or Address inputs. To elimi-
nate the possibility of entering erroneous 
data in the latches, the enable should be 
held HIGH (inactive) while the address 
lines are changing. In the 1-of-8 decoding 

Ao 

A1 

A2 

00 

01 

0 2 

03 

ONO 

VCC 

CLR 

D 

07 

06 

05 

04 

PIN CONFIGURATION 

13 2 

Vc Pin 16 

CND= Pin 8 

4 5 6 7 8 10 11 12 

LOGIC SYMBOL 

15 

o 2 

za 

oa 

-t r 
9.100 

10 

LOGIC SYMBOL (IEEE/IEC) 

or demultiplexing mode (CLR É= LOW), In the clear mode, all outputs are LOW am:, 
addressed outputs will follow the level of unaffected by the Address and Data in-

the D inputs, with all other outputs LOW. puts. 

INPUT AND OUTPUT LOADING AND FAN-OUT TABLE 

PINS DESCRIPTION 54/741S 

All Inputs 1LSul 

All Outputs 1OLSul 

NOTE 
A 54774LS unit load ILSul) Is 20,A IN and - 0 4mA In_ • 

RECOMMENDED OPERATING CONDITIONS 

TYPICAL PROPAGATION 
DELAY 

TYPICAL SUPPLY CURRENT 
(Total) 

19ns 22mA 

PARAMETER 
54/74 LS 

UNIT 
Min Nom Max 

Vcc Supply voltage 
MII 4.5 5.0 5.5 V 

Com'l 4.75 5.0 5.25 V 

Vim HIGH-level input voltage 2.0 V 

VIL LOW-level input voltage 
Mil + 0.7 V 

Coml +0.8 V 

IIH Input clamp current — 18 mA 

IcH HIGH-level output current — 400 gA 

loL LOW-level output current 
Mil 4 mA 

Com'l 8 mA 

TA Operating free-air temperature 
Mil — 55 + 125 °C 

Com'l 0 70 °C 

MODE SELECT— FUNCTION TABLE 

OPERATING MODE 
INPUTS OUTPUTS 

ECR É D Ao A1 A2 00 0 1 0 2 0 3 0 4 0 5 0 6 0 7 

Clear L H X X X X L L L LLLL L 

Demultiplex 
(active HIGH decoder 
when D = H) 

L 
L 
L 
• . 
• 
L 

L 
L 
L 
• 
• 
• 

LdHHH 

d 
d 
d 
• 
• 
• 

L 
H 
L 
• 
• 
• 

L 
L 
H 
• . 
• 

L 
L 
L 
• . 
• 

0= d 
L 
L 

. 
• 
L 

L 
CI= d 
L 
• . 
• 
L 

L 
L 
0=dLLLL 

• . 
• 
L 

LLLL 
LLLL 

• . 
• 
L 

• . 
• 
L 

• . 
• 
L 

• . 
• 
L 

L 
L 
L 
• . 
• 

0= d 

Store (do nothing) H H X X X X go (41 q2 C13 C14 (15 (16 CI7 

Addressable latch 

H 
H 
H 
• • 
• 
H 

L 
L 
L 
• 
• 
• 

L 

d 
d 
d 
• 
• 
• 

d 

L 
H 
L 
• 
• 
• 

H 

L 
L 
H 
• • 
• 
H 

L 
L 
L 
• • 
• 
H 

0=d 
q0 

go 

: 

go 

q1 
0= d 
q1 
• • 
• 
q, 

(12 
q2 

CI = d 
• • 
• 
g2 

C13 

93 
q3 

• • 
• 
03 

C14 

(14 

q4 

• • 
• 
(14 

CI5 

(15 

q5 

• • 
• 
C15 

C16 

C15 

q,3 

• • 
• 

(16 

CI7 
C17 

CI7 
• • 
• 

0  = d 

H = HIGH voltage level steady state. 

L = LOW voltage level steady state. 
X = Don't tare. 
= HIGH or LOW data one setup time poor to the LOWito-HIGH Enable transition. 

= Lower case letters indicate the state of Me referenced output established during the last cycle in which it was addressed or cleared. 
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Blink! A new Amstrad 
the CPC6128 

Jamye Harrison 

In the computer market, if you close your eyes to 
blink, somebody's launched a new machine! 
Product life is getting amazingly short these days 
and the advances available with each new model 
seem scarcely believable. 

SEEMS TO ME that I finish one Amstrad 
review and go straight on to the next! Am-
strad seems a most productive computer com-
pany. After the release of their CPC464 
tape-based machine back in September 1984, 
a disk drive expansion (the DDI1) was avail-
able immediately, disk software was launched 
along with the disk drive and both software 
formats have expanded considerably. No one 
was left out in the cold, with a great machine 
and nothing to run on it — too often the sto-
ry of the past. 
The Amstrad CPC664 64K disk-based 

machine, with a 3" disk drive in the keyboard 
case, was launched a scant few months ago, 
and I reviewed it in AEM's first issue. Am-

strad followed their past policy of having soft-
ware immediately available and maintained 
compatibility with the 464 so that tape soft-
ware could be retained on upgrading or used 
by new purchasers. 

A big attraction of the 664 was its CP/M 
operating system (runs CP/M 2.2). A positive-
ly huge variety of CP/M software is available, 
admittedly not all on 3" disk, but that will 
come. (The 464 fitted with the 3" disk drive 
expansion runs CP/M 2.2, also). 

This month. Amstrad release the CPC6128, 
a 128K RAM machine incorporating all the 
major features of the 664, and then some. 
Well, what about this " ... and then some"? 

.ç>itoeiimene 

1 will not re-cap on the preceding two models 
as these, I feel, have been covered adequate-
ly in my last two reviews. I will just point out 
the differences or enhancements I feel 
relevant. 

The 6128 will be offered in two 'packages': 
System 1 with green screen monitor for 
around $800, and System 2 with colour mo-
nitor for around $1000. As you could guess 
from those prices, it actually supercedes the 
664, but AWA-Thorn will continue support 
of the earlier models, I understand. 

Smaller, but bigger 

The first feature to strike me upon opening 
the somewhat small box of equipment sent 
to me for review was the obvious improve-
ment in the keyboard, not that it needed that 
much improvement anyway. A streamlined 
grey keyboard now resides where the old, 
chunkier multi-coloured was located on the 
664. 
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aem computer review 
FIRST 64E OF RA11 SECOND 8441 OF REAL 

(unused) 

SIIMWAII DATA ASIA 
APAK MOCK 
SASE DATA AIDA. 
DISC ION DATA 0.11.4 
Ann Ce«li OOHS DATA APEX 

114Sk PIOGRARK Ant.. 

.1111,... 

NOTE 1 DEPENDS ON EXTERNALLY FITTED ROMS- JACIFC WHEN NO EXTERNAL ROSIS FITTED 

The 6128 comes with 128K of RAM and 48K of ROM. The first 64K of RAM is 
divided into four blocks, each of 16K. The screen uses Block 3, while the upper 
section of Block 2 is used for system variables, etc. Usable BASIC program area 
extends to this point in Block 2, as shown. 

The cross-style cursor control keys have 
now been merged into the numeric keypad, 
in the inverted 'T' format now pretty well 
standard on 'professional' keyboards. The nu-
meric keypad itself has been pushed down 
next to the main keyboard. ALL this has 
resulting in a shortening of the whole 
machine by almost a quarter of the 'length of 
the 464 and 664. These styling changes give 
the machine a smarter, more business-like 
look. 

The increased memory capacity has obvi-
ous software advantages, but only if it can be 
effectively exploited. The Z-80A CPU 
however, does not have the capability to ac-
cess more than 64K at any one time. To over-
come this the 6128 has a utility program 
called 'BANK MANAGER'. The 128K of 
memory is organised into two banks of 64K, 
partitioned into blocks of 16K. Bank Manager 
permits swapping one 16K block in the 
primary bank with any of the four blocks in 
the second bank, allowing full use of the avail-
able memory. 

The next enhancement of interest involves 
the operating system — or should I say, sys-
tems. As mentioned above, Amstrad has em-
ployed CP/M 2.2 on their previous models, 
and for the sake of upwards compatibility, it 
comes with the 6128. However, you also get 
CP/M 3.1, known around the traps as CP/M 
Plus. Amstrad supply two distribution disks, 
which contain: 

• CP/M 2.2 
• Dr LOGO, introductory programming 
language. 
• CP/M PLUS (3.1) 
• Enhanced Dr LOGO and Help system. 

tuai total compatibility is available with avail-
able CP/M software, including new releases. 
CP/M Plus offers a 61K Transient Program 

Area, allowing much more complex pro-
grams to be run. CP/M 3.1 also has facilities 
for specific emulation of terminal standards 
such as the VT52 and Zenith Z19/Z29 allow-
ing software supporting these to be used 
without further installation. 
Another excellent feature CP/M 3.1 incor-

porates is something described as a 'Graph-
ics Extension System'. This, as explained in 

ka. 

the excellent documentation provided, allows 
application programs to support the graph-
ics and other "non-text" facilities, not only 
on-screen but on printers and plotters, too. 
Few machines in this price bracket offer 

anything like similar capabilities! 
Many companies in the past have offered 

machines with some whizz-bang facilities but 
failed to ensure decent software support 
through the use of a standard operating sys-
tem and/or failed to support it themselves 
with a variety of suitable software applica-

The 6128 incorporates hardware memory bank switching with a utility called 
BANK MANAGER. This is able to switch out Block 1 of memory and switch in one 
of the four blocks from the second 64K in its place. The contents of Block 1 is 
preserved and restored later when BANK MANAGER operations are finished. 

SCREE N , 

BLOCK 3 

8LOCK 2 

BypcK o 

SCRE E, 5 

The two CP/M systems are provied so that vir-
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The manual: up to Amstrad's usual high standard. 

tions available when the machine was 
launched, Not so Amstrad. 

Up-fron't software and peripherals support 
has probably been the major factor contribut-
ing to Amstrad's success though a latecomer 
to the market. When they've released each 

machine they have always ensured that abun-
dant software has been available, that 
peripheral hardware has been available, and 
when releasing a new model they continue 
to support the old models, and ensure that 
software is upwards compatible. 

Watch your language! 

The 6128 boots up in BASIC, like its predeces-
sors, which is a convenient, 'user friendly'. 
facility. Many of the software packages are 
booted from BASIC. This method has been 
used for a number of reasons but mainly so 
that the machine will be able to be used by 
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a wide range of people, from beginners to bus-
iness people through to the experienced hack-
er/experimenter. 

The BASIC seems to be the same as the 664 
BASIC, which has many useful, easy to use. 
features. Increased number handling facili-
ties have been added, and include procedures 
for the displaying of numbers in exponential 
format and ways not available on previous 
machines. The Dr LOGO language was in-
troduced with the 664 and continues with this 
model. 

As before, the Amstrad's BASIC supports 
windows; you can have up to eight text win-
dows and one for graphics. The window han-
dling facilities have been made easier now 
and involve a simpler syntax. 

WINDOW #4, 7, 31, 6, 18 

This defines a TEXT window area from 
column 7 over to column 31, and (at the top 
of the screen) starting at line 6 down to line 
18. Normal screen commands used in the nor-
mal format now apply to window zero only, 
but if followed by a window number then ap-
ply to that. Thus, to clear window 4, we have 
to setup and assign background and fore-
ground colours and this is done in a simple 
series of commands taking but three lines, 
like this: 

INK 3,9 
PAPER #4,3 
CLS #4 

As you can see, windows are setup quite 
easily, giving even inexperienced program-
mers the ability to get sophisticated results 
from a program. 

The 664 featured some neat graphics facil-
ities, but the 6128 adds Sprites and sprite-
handling facilities. Sprites are graphics 
characters or screens you create yourself. 
You can create a number of sprite screens 
and overlay one upon the other. By moving 
one relative to the others, which remain fixed, 
you can 'animate' the graphics. Great stuff. 
Needless to say, the sprite-handling program 
commands are quite simple to use. 

The 6128 operating system gives you an al-
ternate character set, selected from CP/M by 
the use of a LANGUAGE command file 
where you merely type the name of the .COM 
file and a number corresponding to the lan-
guage set required. This is unique, especial-
ly from a CP/M system, and a very useful 
facility which makes the Amstrad suitable for 
a very wide range of applications. 

Summing up 

In use, the compact new design is quite func-
tional and the smaller size is a decided im-
provement. I have one complaint, only a 
minor one, about the keyboard. This is that 
the CONTROL key is placed in the lower left 
hand corner of the keyboard where one 
would normally expect to find a SHIFT key. 
I found myself holding down the CONTROL 
key when what I really wanted was SHIFT. 

The hardware provides for the attachment 
of an array of peripherals — exra disk drive, 
printer etc. You can even attach a cassette 
recorder if you want to use tape software. 
However, no mention is made of a modem. 

The documentation was up to Amstrad's 
usual high standard. The handbook is spiral-
bound so that the pages lay flat when the book 
is open on the table beside the computer. 

It is evident that Amstrad will be around 
for a while as user support is certainly grow-
ing. A locally-produced 'Amstrad User' maga-
zine is on sale at newsagents and computer 
stores and there's plenty of local software 
support. Apart from AWA-Thorn, some three 
of four independent companies are market-
ing Amstrad software. 

In the final analysis? At the price, there's 
no competition. 

1st-



Here's our third monthly crossword with a prize of the 
marvellous Weller WTCPN Controlled Output Soldering 
Station for the winner. 
This month we are back to some tough words to find, 

but to make it a little easier we've added an additional set 
of cryptic clues. Post us your answers as soon as possible 
(entries close last mail November 18). 
The Crosswords are prepared on an Apple ne using 

'Crossword Magic' supplied by Edsoft Pty Ltd, 20 Black-
burn Rd, Blackburn, Victoria. Crossword Magic is just one 
of the large range of educational software they sell. 

The winner of the August 1985 crossword was Mark 
Halliday of Carlton, NSW. The answers appeared in our 

September issue on page 77. 

WELLER 
CROSSWORD 
COMPETITION 

•e,:a.n.ee 

Across 
1. When the input signals is connected in series with the 

output signal, thus becoming equal to the output signal. (2 words). 
3. A device using a reproducing stylus to communicate to a coil mounted 

within a permanent magnet to produce corresponding EMEs in the coil. 

(2 words). 
6. A level at which an oscillation is muffled. (2 words). 
9. Deliberate interference with radio communication. 

13. In an electron tube a small heated area on an anode. (2 words). 
15. An audio frequency noise having a continuous spectrum. 
16. Conduction of a current between two cold electrodes in an 

ionised gas tube. (2 words). 
18. The period of blanking level immediately following the line 

sync signal in a television signal. (2 words). 

Down 
1. A method of coding information in which the coded information consists of 

characters which at all times can have only one of two possible values. (2 words). 
2. The condition where the rate of loss of energy is just sufficient to prevent free 

oscillation of an oscillating system. (2 words). 
4. With positive feedback the position at which the gain of the system is just 

sufficient to cause oscillation. (2 words). 
5. A term denoting the capability for simultaneous transmission in both directions 

over a fink. 
7. Random variations of the output current causing noise in electron tubes. (2 words). 

8. Transmission occuring in two directions. 
10. A path from one point to another via the ionosphere. 
11. A low resistance connection between conductors ensuring they have the same 

voltage. 
12. Voltaae used to supply power for the filaments of electron tubes. (2 words). 

14. An amount of information. 
17. An indication of the extent to which the amplitude of a signal is increased by it's 

passage through an electronic system. 

Cryptic Crushers 
Across 
1. A path for your shoelace. (2 words). 
3. A ute loaded with TNT and a righted fuse. (2 words). 
6. How often it takes not to feel thirsty. (2 words). 
9. Whacking it on your toast. 

13. Don't put your hand in the flame. (2 words). 
15. Vocally disliking the vilhan. 
16. Sometimes a moment of acute embarrassment (2 words) 

18. Where the old folks like to sit Th 
•emee<kkm... 
SEND YOUR ENTRY IN BY 
LAST MAIL NOVEMBER 18. 

Down 
1. Adding up in two's. 10. Long John Silver and his parrot both had to do it. 
2. Putting your detractors head in a bucket. (2 words). 11. James from MI5 and a note from a bell. 
4. Joan Sutherland's position on stage. (2 words). 12. A slight irritation will be the cause. (2 words). 
5. A building in two. 14. Delivered by cleft stick no longer. _ 
7. Pulses dazzling the eyes. (2 words). 17. This is no loss. . 

e answers to the Crossword from our September issue are published on page 112 

(Coo rTools 

THE PRIZE 
A translornier•powered soldering Mallon. 

complete with a low voltage trniprrature.controllt tl 

soldering pencil The special Weller "closed loop 
method ol controlling maximum up temper:nu, o 
employed. thereby protecting temperature sensinit 

components. whiiri tine grounded up and not, 
inductive healer protects voltage and r1111,1111 
sensitive components The soldering pencil 
stainless sien l healer construction. a tion•biar lllll 
silicon rubber cord and a large selection of iron 
plated ups in sizes from II nun diameter to 6 nun 
diameter with d choler ol tip temperature of 
315°C,600.6. 370.0700°F and430.(2800 .1-- 1 hi 

*rant-dormer case features impact-resistant glory' 11.1 
durability and protection against accidental dam., 

a quick connect/disconnect plug lor thr soldering 
iron. cobra large wiping sponge. tip tray to store es 
tips, phis an improved oll-on switch with a long 
neon indicator light. a non- heat sinking soldering 
pentil holder iind a 2 Ile-able 3 win. rend 
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A Como two Effaces at once 

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: 

"Cooper Tools Crossword" 
Australian Electronics Monthly 
PO Box 289 WAHROONGA NSW 2076 

We will accept entries postmarked no later than November 19. 

In case two or more entrants correctly complete the crossword. 
we'll have to judge who's best at waxing lyrically. in730 word 
or less. over: "Why I think the Weller WTCPN is the 

• soldering station for me". 

Name 

Address 

Postcode 

•:$ 

. . . ... ........ ................. .. ... .. . • . :>. ...... . . . ................................. .. . ...... 
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Beerkiz 
Beating the 
'bad load' blues 
WITH SO MANY COMPUTERS sporting disk drives these 
days, you could be forgiven for thinking the old cassette 
recorder for data storage was doomed. Slow you say ... 
perhaps. Unreliable .. . definitely not! Have you noticed lately 
the ads in the magazines for "tape streamers" to back-up disk 
storage? They're the familiar old cassette tape recorder in a 
more modern guise, being used as a medium of permanent 
storage for the supposedly more reliable disk drive. 

1 have lately been using both cassette and disk storage with 
Microbees. I have suffered a few "blown disks", when some-
thing unexpectedly goes wrong and garbage is accidently writ-
ten onto the disk. The most recent disaster was a disk of 
assembler source files for some projects I've been involved 
with at work. There was about 6K left on the disk, and I want-
ed to store a 4K file on it. Plenty of room! But the system didn't 
think so. It wrote the file on top of the directory, preventing 
access to the other files described therein. I only recovered 
them by picking them off the blown disk, segment by segment, 
using a disk utility. 
This would not have happened with cassette storage. The 

cassette system only records when I press the big red button 
on the recorder. It records where I want it to, not where the 
"system" says. It it had recorded across another file it would 
have been because I selected the wrong recording area, not 
the computer. So the inherently manual nature of cassette 
storage makes it more reliable than disks in some ways. 
Admittedly, working with disks is nicer, but for archival 
storage, cassettes just can't be beaten. 
Of course, for the cassette system to achieve its best relia-

bility, the recordings made onto it must be of the very highest 
standard. An unplayable cassette recording is just as bad as 
an unplayable disk. And the way most computer cassette rou-
tines are organized, if one bit of the data stream gets corrupt-
ed, the entire loading procedure is aborted. BAD LOAD! 
Following the release of model after model of the Micro-

bee, Applied Technology seems to have settled down on a fairly 
standard cassette interface. But it's set up for a type of recorder 
that you probably don't have ... one that expects its input 
at " Line Level" instead of "Mic Level". If you plug the record-
ing plug into your recorder's "MIC" jack, then you're about 
to make a faulty recording. That is, unless you make up a 
special little adaptor cord. 
The purpose of the gadget shown in Figure 1 is to knock 

the Microbee's recording voltage down from line level to mic 
level. It divides the Microbee's output voltage by about 100, 
so I volt from the computer becomes 10 millivolts into the cas-
sette recorder, an appropriate "MIC" level. You can build the 
adaptor in a 3.5 mm socket and plug combination as shown. 
Check the quality of the socket before you buy it; some of them 
don't make very reliable contact. 

3.5rnm JACK SOCKET(LJNE TYPE) 

After building the adaptor you should be able to make good 
saves and loads at 1200 bauds, every time. If this is not the 
case, think carefully about the quality of your cassette recorder. 
Maybe it's time to get something better; they do wear out, you 
know. As well, cassette recorders sometimes suffer from a 
problem called "head mis-alignment". (So do people!) If your 
recorder has been dropped or knocked, it could be that the 
record/replay head is no longer perpendicular to the travel of 
the tape. A simple adjustment fixes this, but don't try it your-
self. You may end up misaligning a perfectly good recorder. 
Find someone, such as a technician, who has a known good 
tape to use as a standard for alignment. 

The PC-85 

Have you caught up with this new Microbee model yet? It's 
worth taking a look, even if you're not thinking of buying a 
new computer, because it's a real departure from the earlier 
'Bees. This isn't a proper review of the PC-85, just an obser-
vation of some interesting developments. You first notice the 
differences when you cold-boot the computer with 
ESC/RESET. No longer do you get a BASIC sign-on message. 
Now you get a big graphic MICROBEE sign and a menu. 

microbee 
System Menu 

Press highlighted key to execute command. 

Ill - Basic Ill - kedbee 

Ill - Telcom - Calculator 

• - Monitor - Self test 

- Configure system - for directorL. 

SCREENED CABLE 

FROM MICROBEE 'REC.' PLUG 
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You're in a program called the "shell" which lives in the PAK5 
position. From the shell you can go into a configuration page, 
or into a directory page from where you can select the com-
puter's various EPROM software packages. 
To make this happen, A/T have made some quite drastic 

changes to the BASIC, which contains the computer's main 
operating system. Upon cold boot, the computer now looks 
for a shell program in the PAK5 position, and jumps if one 
is present. This opens great possibilities for those who would 

270k 1/4W 5% 

330R,1 /4W 5% 

3.5mm JACK PLUG 

TO CASSETTE 
RECORDER 



with Tom Moffat 

change things, because it should be possible to make the com-
puter automatically execute an EPROM in PAK5, even if it is 
not the official "shell" program. The company I work for plans 
to use the PC-85 as part of a dedicated marine electronics pack-
age called NaviMate, and when the computer boots, the user 
will get a NAVIMATE screen without ever going through BAS-
IC to get there. In other words, the user will never really "see" 
a computer, unless there is a specific need for BASIC. 
Besides the shell, there are some other rather radical 

changes. The old Microbee preference for a serial printer has 
been changed, so it now defaults to a parallel printer. This 
is in line with parallel printers becoming so cheap and easy 
to own. If you already own a serial printer, you can use the 
configuration screen to change the PC-85's output back to seri-
al after a cold boot. 

Wordbee has also been chopped around a bit so it no longer 
wipes the whole memory when it initializes. You can now have 
some machine code programs floating around in high memory 
and use Wordbee at the same time. Exiting Wordbee though 
will still zap your Wordbee file, as the start of it is re-initialized 
by BASIC. 
There's a new memory battery system too ... they've 

replaced the disposable (and hard to get) 41/2 volt battery with 
a rechargable Ni-Cd version. It is charged whenever the com-
puter is switched on. 

If, for experiment's sake, you pull the shell ROM complete-
ly out of the PC-85 or replace it with some other EPROM, it 
will revert to the good old BASIC computer. But there are still 
differences in the operating system, such as in the interrupts 
department. So certainly buy and enjoy your new PC-85, it's 
really quite a remarkable computer. But if you've got any 

favourite software or peripherals from earlier ' Bees, you'd bet-
ter check first to be sure they can be made to work on the new 
one. 
Our 'mole inside Microbee' tells us that AIT are running 

a special promotion on the PC85 between now and Christ-
mas. For just $599, you'll be able to buy the PC85 complete 
with database, spreadsheet and "business" graphics in ROM 
plus a green/amber monitor. And it comes with Viatel capa-
bility. Hmmm. Team that with one of their thermal printers 
(A4 paper) for $199.50 and you'll have quite a nifty setup. 
Apparently, the advertising campaign for this won't start until 
the end of this month, or early November, so you saw it first 
in A.E.M! 

It's about time 
Good news for people who have tried to use the time-of-day 
clocks in ROM-based Microbees. These clocks aren't real good 
real-time clocks; they're really "false-time" clocks. They stop 
when the computer is turned off, or when you use the cas-
sette interface; and their interrupts can really mess up data 
transfers. 
A/T now intends to equip future 'Bee models with a real 

real-time clock, really! It's a special chip with its own crystal 
oscillator and its own little battery and it will run all the time, 
hopefully accurately. The 'Bee, when turned on, will be able 
to display the real time on the screen and programs will have 
access to the real time as well. I would like to see some ar-
rangement incorporated that would turn on the 'Bee automat-
ically at some pre-set time, for instance to produce some 
interesting facsimile picture from my Listening Post in the 
middle of the night. That would be really great! 

Want to know more 
about your microbee? 

Online — the first magazine 
devoted entirely to you — the 
microbee owner. 

'ONLINE' is the microbee owners journal full of 
information and features about your favourite 
personal computer. It is available from your 
local microbee technology centre at a cost of 
$2.50 OR you can subscribe to 'ONLINE' 
which is published monthly for $25.00 annually. 
Why not fill out the coupon now and subscribe? 
That way you're sure to be informed of all the 
latest microbee developments, new products and 
computing information. 

If paying by cheque or money order please make 
payable to Applied Technology Ply. Ltd 

Post completed form to: 

The Subscriptions Officer 
P.O. Box 41, West Gosford, 
N.S.W. 2250 

SUBSCRIBETODAYANDSAVEI 

YES P5131130 include me on your mailing to receive 12 issues ot ONLINE'. 
I would Hke my subscription to commence with 
the   19 ,ssue 

(insert month) 

NAME  
ADDRESS  

POSTCODE  
I enclose (cheque/money order) for 925.00 which 
includes postage and packing. OR Please charge my 
Bankcard. 
No.  
Expiry Date  
Signature 
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PROGRAMMABLE 

ROCKET POCKET 

SCANNER 

SX--155 
PROFESSIONAL 

POCKET SCANNER 
WITH OVER 16,000 
CHANNELS & 160 

MEMORIES 

26 

t.à3, 
68 

88, 
138 

to 
176 

313'0 
to 

514 
rsn HZ 

The Microcomm • • • represents the latest develop-
ments in State-of-the-art 1Sf CMOS technology as 
applied to scanning monitor receivers It incorporates 
many features, a lot of which are not even found in 
today's larger base scanners 
For example the Sx 155 has 160 memory channels 
which can be programmed in either of two modes. The 
first allows you to manually program the entire 160 
channels. The second mode provides for manual 
programming of the first 40 channels with the top 120 
reserved for use by the Sn • while in its SEARCH 
mode It uses these channels to automatically store 
frequencies on which it has found signals during the 
search phase 
The Sx 155 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 ' • ' " is a must 
for anybody with an interest in monitorinc. 

PRICE 449 
+ S14 P P 

AUSTRALIAN DISTRIBUTOR 

GFS 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 

WIRELESS 
INSTITUTE 

OF 
AUSTRALIA 
FOUNDED 1910 

Get with the strength of the 
W.I.A., which represents the 
Radio Amateur at Local, 
National and 
International level 
and offers the 
following services: 

* Monthly 
"AMATEUR RADIO" 
Magazine, included in 
membership fee. 

* World-wide QSL service. 
* Assistance to members with 

legal problems arising out of 
the pursuit of their hobby. 

* A Weekly Sunday Broadcast 
to Amateurs and Short Wave 
Listeners. 

* Novice and full call courses 
* Trial Novice and AOCP 

theory exam papers 
* Advice on Radio Mast 

approvals 
* The ONLY representation of 

the RADIO AMATEUR in 
legislative matters. 

Join the 8,600 Amateur members 
in the W.I.A. by forwarding this 

coupon to 
W.I.A., P.O. BOX 300, 
CAULFIELD SOUTH , 

VIC . 3162 

Please forward a membership 
application form and further details to: 

Mr, Mrs 
Miss 
Ms 

Address 

Callsign 

Postcode 

AUTHOR! 

AUTHOR! 

AUTHOR! 
So you've written 
this great article. 

Tell us all about it then! 

Maybe you've developed 
a project you think others 

might be interested in? 

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 it and what you'd like 
to see us doing. 

We're only too happy to hear 
from you! (All bouquets 

gratefully accepted, brickbats 
next door, please!) 

Write to: 

Roger Harrison 
Australian Electronics 

Monthly 

PO Box 289 

WAHROONGA 2076 NSW 



SPECTRUM 

New VHF/UHF 
propagation 
mode 
discovered? 

mateurs located in NSW and Victoria may have un-
earthed a previously unrealised mode of propagation 

that provides massively enhanced signal strengths on VHF 

and UHF signals over distances up to 700 km, or more. 

The signal strength enhance-
ment is associated with high-
flying commercial passenger jet 
aircraft that fly routes which 
pass through or near the path 
midpoint between stations. 
The July issue of the Wireless 
Institute of Australia journal, 
Amateur Radio, has the story. 
From 1983 to the present, Doug 
McArthur VK3UM conducted 

regular contact schedules with 
Gordon MacDonald VK2ZAB 
north of the NSW capital, Syd-
ney, on the 144 and 432 MHz 
bands. The two stations were 
able to maintain contact by 
tropospheric scatter propaga-
tion. The path length is around 
700 km. 
The two stations obsèrved 

massive signal strength en-
hancements lasting some 
minutes on occasions, which 
were eventually found to coin-
cide with the passage of com-
mercial jet passenger aircraft 
through the region of the path 
mid-point. Fortuitously, these 
aircraft, when flying from Syd-
ney to Melbourne, travel much 
the same route as the line 
between these two stations. 
Amateurs in Canberra joined 

the contacts during periods of 
enhancement, also. It was this 
that led to the correlation of en-
hancements with the passage of 
the aircraft, apparently. 
The actual signal enhance-

ment, above the scatter signal 
level, is estimated to be 50-60 
dB, perhaps more. Enhance-
ment periods last from 30 se-
conds to tens of minutes, 
depending on the particular 
path and the height of the air-
craft. Apparently enhancement 
periods are affected by upper 
air winds, at the height of the 
aircraft. 
Under the worst circum-

stances, enhancement is 
minimal, but the signal increase 
is always observed. Speculation 
about the propagation mechan-
ism range from attributing it to 
direct reflection from the air-
craft, or reflection from the air-
craft condensation trails to 
refraction from the aircraft 
wake. 
A number of stations have ex-

ploited the mode in recent 
months, conducting contacts 
over path lengths as short as 400 
km and up to 60 km off-path 
from the aircraft route. Stations 
normally incapable of making 
tropo-scatter contact over the 
path have had successful con-
tacts. A curious observation, 
well corroborated, is that the 
signal ' footprint' at one path 
end seems to travel in the oppo-
site direction to the aircraft. 
More observations on the sig-

nal ' footprint', particularly 
regarding its apparent size and 
movement, are needed, along 
with research into the charac-
teristics of jet aircraft wakes, 
will be needed before a clear 
picture of the propagation 
mechanism emerges. We're 
working on it. 

— Roger Harrison VK2ZTB 

,LOG 

CTCSS DECODER 

Tone-coded 
squelch products 
for radio systems 

aptain Communications 

offers a range of ' continu-

ous tone coded squelch system' 

(CTCSS) encoders and decoders 

for installation in transceivers 
of a radio system to provide 

"quiet base" and "quite mobile" 

operation. 
When added to the tran-

sceivers in a base or mobile ra-

dio system, a CTCSS module 

sends sub-audible tones along 

with the speech whenever the 

microphone press-to-talk ( PTT) 

button is actuated. Thirty-eight 
standard frequency tones in the 

range 67.0 Hz to 250.3 Hz are 

employed in the system. 
These sub-audible tones can 

be used to perform a variety of 

useful radio system control 
functions. Probably the most 

common use is to assign a 

separate tone to each user group 
sharing a common radio chan-
nel. The receiver is kept "quiet" 

until it receives its own group's 

allocated CTCSS tone, thus 
eliminating the unwanted con-

versations of other services 

sharing the channel being 

heard. 
Four CTCSS modules, locally 

made by Sigtec, can be supplied 

by Captain Communications. 
The C1103 encoder/decoder is 

the top-of-the- range model, 

featuring crystal control of all 

38 frequencies, frequency selec-
tion by simple solder bridges 
and multi-channel operation 

capability. 
The Sigtec C1107 en-

RADIO CLUBS, SHORTWAVE GROUPS 

— ATTENTION — 

Want to publicise the existence of your club, group or associa-
tion? Need to publicise club meetings or special events? We're 
happy to oblige! 

Just drop us a note with full details, including who/where to 
contact. If publicising special events, contests, field days, or 
what-have-you make sure you send us the details well in ad-
vance — at least three months if you can manage it, certainly 
no later than six weeks prior to the appropriate issue month 
of the magazine. The service is free. 
Send your information to 'Spectrum Editor', Australian Elec-

tronics Monthly, PO Box 289, Wahroonga 2076 NSW. 

cl 

CTCSS ENCODER 

coder/decoder-privacy is a spe-

cially adapted version of the 

C1103 which provides conver-

sational privacy between com-
panies or individuals sharing a 

single channel talk-through 

repeater base station. 

Full details are obtainable 

from Captain Communica-
tions, 28 Parkes St, Parramatta 
2150 NSW. (02) 633 4006. 
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I 
The quarterly magazine g 
dedicated to amateurs in-
terested in the VHF/UHF 
bands, six metres and up. 

Vol. 5 (1985-86) now 
commencing. a 

SUBSCRIBE NOW! I 
6UP is dedicated to publishing I 
solid, practical information, news 
and reviews for radio amateurs I 
who frequent the VHF and UHF 
bands. Vol. 4 ( 1984-85) included 
articles on — Component Con-
siderations at VHF/UHF, Meteor 
Scatter, Experimental 2m con-
verter Using GaAsFETs, 
Sporadic-E Propagation, Packet 
Radio Experiments on Six 
Metres, Care & Feeding of RF 
Power Transistors, Coaxial Col-
linear Antennas, the EME Path, 
Working the Shuttle, a 5-Over-5 
for Six, etc. Vol. 5 promises more 
of the same! 

It costs just $20 per year 
for four issues packed with 

info. 

Compiled and published by 
Roger Harrison VK2ZTB and 

Andrew Kay VK2YLA. 

Send subscriptions to: 

Teknidata Pty Ltd 
PO Box 844 

North Sydney 2060 NSW 
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V.‘. 4---- 1 3GHz 
---1/ ‘if scanner — 
1/ Communica ation receiver 

just released — the new 

MADRIM 
SCAN AUSTRALIA WITH THE BEST! 

" I Alt." »  commaicanoms =emu 
2S-$110.1100-13,00 

20 Ic199?ic"_, 

mod me 

BB all 

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 

zucape ALSO IN STOCK 
25-550MHz CONTINUOUS 

NBFM- WBFM-AM 

fee REGENCY -1-rW cf- eg 
_R_zA\1=1 e MOST SENSITIVE HAND HELD SCANNER 

ON THE MARKET — RANGE: 30-50MHz, 144-
174MHz, 440-512MHz. SENSITIVITY— 

• 

fiCE 

Nrili Personal 2-way LIt radio here at last! 
"EMTRON ACE" 

A QUALITY 40 CH HIGH POWER UHF CB HAND HELD 
TRANSCEIVER 41, DESIGNED FOR AUSTRALIA 

DOC APPROVED 
FEATURES: 
• 40 CHANNEL OPERATION 
• HIGH I? OW) LOW (0 5W1 RF OUTPUT 
• OFFSET FOR REPEATER OPERATION 
• NICAD RECHARGEABLE BATTERIES 
• ILLUMINATED DIAL FOR NIGHT OPERATION 
• SMALL IN SIZE BIG IN PERFORMANCE 

APPLICATIONS: 
• FARMING 

• FISHING BOATING HUNTING BUSHWALKING 
• BUSH FIRE CONTROL 
• AG SHOWS 
• SECURITY 

• CONSTRUCTION SITES 
• CAR RALLIES 
• CROWD CONTROL AND MANY OTHERS 

OPTIONS: 
• 3W NICAD 
• SP MIKE 
• V. WHIP 

• STAND IN 
CHARGER 

• DRY CELL 
PACK 

• DC/DG 

CONVERTER 
AND MANY 
MORE 

DEALER INQUIRIES WELCOME 

EMTROiliCS 
Retail OlvesIon of EMONA ELECTRONICS PA. 

All Mail to: PO Box K21, Haymarket, NSW 2000 
Ph: (02) 211 0531 Ph: (02) 211 0988 

94 Wenthworth Ave, Sydney, 2000. 

SPECTRUM 
Software for 
amateurs and 
CBers 

H i-Corn Programs of Tas-
mania has produced a 

suite of computer programs 
designed for amateurs and 
CBers, to suit the VZ200/300 or 
the VIC-20. 
Four programs come in a 

pack — 'Typing tutor', ' Log 
Book', ' Morse Code' and 'Beam 
Heading'. The pack is contained 
on a single tape casette which 
costs $ 12 ( inc. post and 
handling). 
The typing dutor is designed 

teach efficient touch-typing, ac-
cording to Hi-Com. The log 
book program allows you to 
keep your log on cassette, stor-
ing details such as date, call-
sign, name and location, etc. 
The Morse code program is use-
ful for those trying to gain their 
Novice amateur licence or for 
upgrading from Novice to full 
call, Hi-Corn claim. 
The beam heading program is 

just the thing for DX operators, 
according to Hi-Corn. Just type 
in your latitude, longitude and 
target station and the program 
generates the short and long 
path beam headings. 
Further details from Hi-Corn 

Programs, RSD 170, PO Exeter 
7251 Tas. 

DX club 
celebrates twenty 
years 

This year is the 20th anniver-
sary of the Australian 

Radio DX Club which services 
the interests of those interested 
in the hobby of shortwave 
listenting. 
The ARDXC publishes "Aus-

tralian DX News" which in-
cludes station loggings, QSL 
(reception report) notes, equip-

ment reviews, station news, etc. 
Club publications and services 
are available to members and 
monthly meetings are held in 
various state capitals. 
For further information, send 

a stamped, self-addressed enve-
lope to ARDXC, PO Box 36, 
North Brighton 3816 Vic. 

D.S.E. Commander 
user group 

For owners or constructors 
of the Dick Smith Electron-

ics "Commander" two metre 
transceiver project kit, you may 
be heartened to know of the in-
itiative taken by a small group 
of VK3s to form a user group for 
mutual support ( I was going to 
say ' aid', but that word has 
negative connotations these 
days). 

If you're interested, contact 
Cyril Maude VK3ZCK, 2 
Clarendon St, Avondale 
Heights 3034 Vic. 

New Radio-

communication 
act 

A ustralia's new Radiocom-
munication act was 

proclaimed on 19 August. 
Affected acts in other areas 
were subsequently amended so 
that the effect of all relevant 
legislation was in-line with the 
provisions of the new act. 
The Radiocommunication 

Act 1985 replaces the 80-year 
old Wireless Telegraphy Act, a 
remarkably long-lived act con-
sidering it was conceived and 
proclaimed when radio commu-
nications technology was in its 
infancy. 

It seems ironically appropri-
ate the new act should be 
proclaimed the month Australia 
launched its first communica-
tions satellite, AUSSAT 1. 

WAGGA AMATEUR CONVENTION 
The Wagga Amateur Radio Club are holding their annual con-
vention a little later this year. In previous years it was held on 
the October long weekend, but this year it will be held later to 
avoid accommodation problems, over the weekend of 26-27 
October. 

Accommodation for caravans etc is available at the conven-
tion site, located just outside Wagga. Mains power is available 
on-site. 

The National Foxhunting (find the hidden transmitter) Cham-
pionships will be held during the convention and some big prizes 
are being offered by !corn and Kenwood. So it looks like Wag-
ga's the go for amateur radio this month. Full details from Wag-
ga A.R.C., P.O. Box 294, Wagga Wagga 2650 NSW. 
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Radio Communicators Guide. Part 2 
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/ e QUIET PROMINENCE 

CHROMOSPHE E (H-ALPHA) 

Figure 2.1. Cut-away sketch of the sun, showing its 
appearance at different wavelengths. When we look at 
the sun in ordinary white light (upper half of sketch), we 
see the photosphere and any sunspots that happen to 
be present. When we look at a wavelength of 6563 
Angstroms, we see some of the light emitted by 
hydrogen, in this case called the H-alpha light. 
At this wavelength, the chromosphere and its various 

features are visible — prominences, filaments, plages, 
and sunspots again. If we use EUV light or X-rays, we 
can see the corona, which appears as a tenuous halo 
around the chromosphere. 

If we monitor the sun with radio telescopes, we would 
detect radiation at a wavelength which depends on the 
location of the emitting region. 

Acknowledgement: Many of the diagrams in this series are based 
on diagrams prepared by IPS Radio and Space Services of the Aus-
tralian Government's Department of Science, whose kind assistance 
we gratefully acknowledge. 

PHOTOSPHERE (WHITE LIGHT) 

ACTIVE PROMINENCE (ABOVE SPOT GROUP) 

CENTIMETRE WAVE SOURCE METRE CVE SOURCE 
CORONA 

JUST AS THINGS in our everyday life start with the sun, 
so do HF communications. Thus, before moving on to discuss 
HF communications we shall consider some of the proper-
ties of the sun and see how they directly or indirectly 
influence HF communications. The sun can be studied at two 
levels, the " quiet" sun and the "disturbed" sun. In this part 
we shall be concerned with the quiet sun, which means that 
we shall be concerned with what happens most of the time. 
When the sun is even mildly disturbed, HF communications 
can be completely disrupted, but we shall defer discussion 
of this problem till later in the series. 
The sun is just an average beast as far as stars go, but it 

is huge compared to the earth.lt has a radius of 7 x 105 km, 
over 100 times that of the earth, and a mass of 2 x 103° kgm, 
over 300 000 times that of the earth. When we look at the 
sun*, we see different things, depending on the wavelength 

• No one in their right mind ever looks directly at the sun. The sun's 
image is either projected onto a screen, viewed using very expen-
sive filters, or by photographic means. 
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of the radiation that we decide to look at. In practice, scien-
tists studying the sun do so at all possible wavelengths, rang-
ing from X-rays to radio waves, and are thus able to build 
up a comprehensive picture of the sun. 

Figure 2.1 is a cut-away sketch of the sun, as it is seen at 
different wavelengths. We shall look more closely at the var-
ious features in the following sections. 

The sun in white light 
If we use a telescope and project an image of the sun onto 
a sheet of paper, without using any filters, we get what is 
called a white light image of the sun. Basically, it will be a 
bright disc which will shimmer as we watch it. This shim-
mering is caused by the movement of the air between the sun 
and the telescope. Where there is virtually no shimmer, we 
say that the "seeing" is good and scientists go to great lengths 
and usually very remote locations to ensure good "seeing" 
conditions. The two solar observatories in Australia, for ex-
ample, are near Narrabri (NSW) and Exmouth (WA), while 
those in other countries include Kitt Peak (New Mexico), Ca-
nary Is. and Palehua (Hawaii). 
The part of the sun that we "see" in white light is called 

the photosphere and has a temperature of about 6000°C. It 
is only about 500 km thick, compared to the 1.4 x 106 km di-
ameter of the sun, which is why the edge of the sun seems 
so sharp. The photosphere itself is of no direct concern to 
us here. We are more interested in the small dark patches 
that we can usually see on our white light image. These are 
called sunspots and have been recorded for thousands of 
years, Chinese observations of sunspots seen with the naked 
eye being available back to the first century B.C. However 
it was not until 1610, just after the invention of the telescope, 
that Galileo showed that the sunspots were actually on the 
surface of the sun. This caused great consternation at the time 
because the sun was supposed to be a perfect heavenly body 
and it had been shown to have warts! 

Galileo found that the spots moved from east to west across 
the face of the sun, taking about 13 days to move the full width 
of the sun. The spots then disappeared for another 13 days 
or so, before reappearing again at the east limb of the sun. 
The movement of the spots indicated that the sun rotates, 
with a solar rotation period of approximately 27 days. The 

Figure 2.2. White light photograph of the sun as it 

appeared on 11 February 1978. 

axis of rotation of the sun is found to be approximately north-
south in the sky, approximately parallel to the axis of rota-
tion of the earth. 
As we shall see later, the number of sunspots on the face 

of the sun is a good indicator of the general level of the effect 
that the sun is having on HF communications. We would also 
like to know what spots are on the side of the sun facing away 
from the earth, since we would then know what the sun has 
in store for our HF circuits. However until there is a satel-
lite launched into a suitable orbit around the sun, we will 
have to do without this useful information. 
Sunspots normally occur in sunspot groups which may con-

tain several clearly discernible spots, but sunspots may also 
occur by themselves. Figure 2.2 shows what the face of the 
sun looked like on February 11 in 1978. Sunspots never occur 
near the north and south poles of the sun, but tend to cluster 
within about 30 degrees of the solar equator. On the earth, 
this would correspond roughly to being confined within the 
tropics. Sunspots look dark because they are cooler than the 
surrounding photosphere, but they are still pretty hot! The 
diameter of a typical sunspot is greater than the diameter of 
the Earth. Figure 2.3 shows a sunspot group observed in June 
1982. 

9 x 10'km 

Figure 2.3. A large sunspot group observed on 21 June 1982. 
The north-south extent of the group is about 90 000 km, 
which makes it about seven times as large as the earth. 
(Photograph from Learmouth solar observatory, Aust.) 

In studies of the ionosphere and HF propagation, we de-
fine a number called the sunspot number by counting the 
number of spot groups and individual spots and then form-
ing the weighted sum 

Sunspot Number = 10 x Number of sunspot groups 
+ Number of individual spots 

This is not another case of "add on the number you first 
thought of" — what we are doing is saying that a sunspot 
group is as important as 10 individual spots. The sunspot 
number can be zero (completely spot-less), eleven (one sun-
spot, which is also regarded as one sunspot group) or more. 
Sunspot numbers in excess of 250 have been observed. 

The sun in H-alpha 
H-alpha is one of the many spectral lines emitted by hydro-
gen. With a wavelength of 6563 Angstroms or 6.563 x 10 7m, 
it lies in the red part of the visible spectrum. We can see the 
sun in H-alpha by fitting a special filter in front of the eye-
piece of a telescope. If we fitted a special yellow filter, we 
could see what the sun looks like in sodium light. The com-
mon yellow street lights use sodium vapour which is heated 
until it emits its characteristic yellow light. Actually what 

October 1985 — Australian Electronics Monthly — 101 



Figure 2.4. A routine photograph of the sun at the H-alpha wavelength of 6563 A, with various features labelled. 
Photograph courtesy of the Space Environment Services, Boulder Colorado USA. 



we would be seeing is what the sodium in the sun is doing. 
When we look at the sun in H-alpha, we cannot see as far 

into the sun as we do in white light. In other words, we see 
higher layers of the sun's atmosphere, and the sun appears 
larger. The layer above the photosphere which we can see 
only if we restrict ourselves to looking at a single wavelength 
or colour, is called the chromosphere. "Chromos" is the Greek 
word for colour. 
The chromosphere lies directly above the photosphere, and 

is about 3000 km thick. The temperature of the chromosphere 
rises from about 4500 degrees at the top of the photosphere 
to nearly a million degrees at the top of the chromosphere. 
Such high temperatures are beyond our normal comprehen-
sion, but they can be considered simply as indicators that 
the particles of matter which make up the chromosphere are 
rushing around at extremely high speeds. 
The chromosphere exhibits a wide range of very detailed 

structure and is a beautiful sight to those lucky enough to 
see it through a telescope at a solar observatory. Figure 2.4 
shows some of the main features which can be seen: plages, 
sunspots, prominences, filaments and fibrils. 

Plages (from the French word for "beach") are large, ir-
regularly shaped bright areas, usually but not always associat-
ed with sunspots. Sunspots do not show up very well in 
H-alpha since they are lower down in the sun's atmosphere 
than the chromosphere and are thus often hidden by the over-
lying chromosphere. The sunspots that we see in H-alpha are 
usually only the large ones. Plages are important to us be-
cause they emit copious amounts of ultraviolet light (actual-
ly EUV), which we will find later to be responsible for the 
formation of the ionosphere and thus the support of HF ra-
dio propagation. 

Plages also go by other names, depending on the 
wavelength of the light used to observe them. If we use white 
light, they are called faculae. The region containing plages 
and sunspots are known as active regions because they are 
continually changing. It is these regions which are of most 
importance to HF communications. 
Prominences and filaments are the same thing seen from 

different perspectives. A prominence is a large cloud of rela-
tively cool gas which is suspended above the surface of the 
sun by magnetic fields which restrain it from falling down. 
When this cloud of gas is seen on the edge of the sun, against 
the dark background of space, it appears bright and is known 
as a prominence. When viewed against the face of the sun 
itself, the cloud appears dark because it is relatively cool, and 
is known as a filament. 

Filaments can reach lengths of 3 x 108 km and heights of 
105 km above the photosphere. They can be very stable, fast-
ing for months, but may suddenly erupt and send a cloud 
of solar material out into space. If this cloud hits the earth, 
it can cause changes to the earth's magnetic field, to the 
ionosphere and possibly to HF communications. 
The background chromosphere between the features men-

tioned above shows a great deal of fine detail which is called 
the fibril structure because of its fibrous appearance. Around 
active regions, this structure is often ordered into large 
swirling patterns, apparently by magnetic fields. 

The sun in EUV and X rays 
With the advent of scientific satellites and space stations such 
as Skylab, we are finally able to get telescopes above the 
earth's atmosphere and see what the sun looks like at very 
short wavelengths in the electromagnetic spectrum. The at-
mosphere absorbs extreme ultra-violet (EUV) radiation and 
X rays, forming the ionosphere in so doing and protecting 
mankind from annihilation. However grateful we are for this 
benefit, it does mean that we cannot observe the sun in EUV 
or X rays from the surface of the earth. 
When we look at the sun in these very short wavelengths 

we see what is known as the corona, which is a tenuous halo 
or crown overlying the chromosphere. The brightness of the 
corona is only one millionth of that of the photosphere (rough-
ly comparable with the full moon) and is less than that of the 
light scattered in a clear blue sky. Consequently the corona 
can be seen in visible light only when the light from the pho-
tosphere is removed, as in an eclipse of the sun. Figure 2.5 
shows what the corona looked like during the eclipse of 12 
November 1966. The streamer structure of the corona near 
the poles of the sun indicates that the sun's magnetic field 
controls to a large extent what the corona does. 
The corona can be readily seen, however, at very short 

wavelengths. The temperature of the corona is very high, 
about two million degrees, and consequently emits copious 
amounts of "light" in the EUV and X-ray wavelengths. The 
cooler photosphere does not emit much energy at these 
wavelengths, which means that the corona appears relative-
ly bright. Figure 2.6 shows what the corona looked like dur-
ing the Skylab mission in 1973, in EUV (284 Angstroms) and 
"soft" X rays (44.54 Angstroms). 
An interesting and important feature of the corona is the 

relatively cool and therefore dark areas which stretch 
equatorwards from either of the poles of the sun. These are 

Figure 2.5. The solar corona photographed from the 
ground during the solar eclipse of 12 November 1966. A 
special filter compensated for the rapid decrease of 
intensity with radial distance from the sun, allowing 
distant features to be studied, as well as the brighter 
features close to the limb of the moon. A large coronal 
hole is clearly visible near the south pole, where there 
is apparently no corona. 
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known as coronal holes. The coronal hole observed by Skylab 
is shown in Figure 2.6. The time interval between the sets 
of observations is 27 days, which means that we are seeing 
the same coronal hole in successive rotations of the sun. The 
eclipse photograph in Figure 2.5 also shows evidence of a 
large coronal hole covering the south polar region. Coronal 
holes are important to the HF communicator because they 
are the source of streams of charged particles which affect 
the ionosphere as they sweep over the earth. We shall return 
to them later. 
The corona is very dynamic and contributes to the gener-

al outflow of material from the sun into interplanetary space 
in what is known as the solar wind. This "wind" carries sever-
al million tonnes of solar material away from the sun per 
second — a sobering thought for a man weighing a tenth of 
a tonne at most. However the sun is not about to disappear. 
At the present rate, it would take 150 billion years for the 
sun to lose just 1% of its total mass. The solar wind flows 
at a speed of about 400 km/sec (roughly 900 000 mph), so that 
it takes about five days for individual charged particles to 
travel from the sun to the earth. We cannot feel the solar wind 
at the surface of the earth because there are only a few wind 
particles per cc, which is a density far lower than any vacu-
um yet achieved on earth. However the particles, being elec-
trically charged, do affect the earth's magnetic field and the 
ionosphere. It is the solar wind which pushes comet tails so 
that they always point away from the sun. 

The sun at radio wavelengths 
Reversing the trend towards shorter wavelengths, we can also 
look at the sun at longer wavelengths, in particular radio 
wavelengths. To do this, we use a radio telescope, which is 
essentially just a sophisticated radio receiver coupled to an 
extremely good antenna pointed at the sun. We can use 
frequencies between about 20 MHz (15 m wavelength) and 
20 GHz (1.5 cm wavelength). The lower limit is set by the 
ionosphere, which will not allow lower frequencies to pene-
trate through to the ground, while the upper limit is set by 
practical considerations such as attenuation by water vapour 
or rain in the earth's atmosphere. Radio telescopes work 
through cloud cover, especially at the low frequency end, and 
consequently offer important advantages over optical tele-
scopes. 
Many radio telescopes work on a single frequency, the out-

put being a plot of signal amplitude versus time. The way 
this amplitude changes with time, and with frequency, gives 
us important information about what is going on in the sun. 
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It is also possible to tune some telescopes through a wide fre-
quency range, measuring how the amplitude changes with 
both frequency and time. Both these types of radio telescope, 
the fixed frequency and swept frequency types, look at the sun 
as a whole and give no information about which active region 
may be giving rise to the changes. A third type of radio tele-
scope, called a radio interferometer, which uses a large ar-
ray of receiving antennas, can actually map the distribution 
of radio emission at a single frequency over the surface of 
the sun. However interferometers are very expensive and 
consequently rather rare. 
By studying the sun at all possible wavelengths in the elec-

tromagnetic spectrum, we are able to build up a comprehen-
sive picture of what the sun does and how it affects the earth. 
Once we have built up enough experience, we can forecast 
some time ahead what a particular event on the sun will do 
to the earth, and in particular in the present context, what 
it will do to HF radio communications. 

The solar cycle 
If we were to observe the sun every day and calculate the 
sunspot number, we would find that not only would it vary 
as the sun rotates, but that it would also vary from zero to 
around 100 every eleven years or so. Of course we do not 
have to make these observations ourselves because scientists 
have been making them for hundreds of years, ever since 
Galileo first turned his telescope on the sun. 
Figure 2.7 shows how the sunspot number, smoothed to 

eliminate sudden changes from month to month, has varied 
from the year 1730 up to 1975. The sunspot number clearly 
goes up and down every eleven years or so, or as scientists 
would say, it has a cycle of about eleven years. Virtually 
everything associated with the sun of relevance to HF com-
munications occurs with an approximately eleven year cycle, 
hence the name solar cycle. 

It can be seen from Figure 2.7 that all solar cycles have not 
had the same number of sunspots at solar cycle maximum 
i.e: at a time when the number has its maximum value for 
the cycle. The 1957 maximum was the highest ever observed. 
Sometimes the maximum does not get very far above the 
minimum — between 1645 and 1715 there seem to have been 
virtually no sunspots at all, and certainly no evidence for a 
solar cycle. This period is known as the Maunder Minimum, 
after Walter Maunder who, in the 1890's drew attention to > 

Figure 2.7. The annual mean sunspot number (Le: the 
average for a year) from 1730 to 1975. The number 
reaches a maximum every 11 years or so, but the 
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Figure 2.6. The coronal hole observed during the Skylab mission in 1973. The EUV plots (left) are from the satellite 
OS07, while the X-ray photographs (right) are from Skylab. The black areas denote areas of low emission at these 
wavelengths, and correspond to magnetically 'open' regions in the corona which are the sources of high speed 

solar wind streams. 

maxima are not equal. The 1957 maximum was the 
largest ever recorded. The current cycle (see Fig. 2.8) 
was the second highest recorded. 
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a similar nature between 1460 and 1550. It is quite feasible 
that we could currently be headed for another such minimum 
within the next few decades. 

\\ 

DJ 1176 EuT 1977 DJ 1971 DJ 1971 DJ 1980 DJ 1981 1981 DJ 1985 DJ 1986 

Figure 2.8. The observed sunspot cycle for 1976 to 
1984, together with predictions of its maximum value, 
and the mean cycle averaged over cycles 8 to 20. The 
predicted values are identified by the name of the 
person making the prediction, and the time when the 
prediction was made. 

The large discrepancy between the MSFC prediction 
and the observed value (72 versus 165) was partly 
responsible for the untimely demise of Skylab. The next 
maximum (in 1990 or thereabouts) is expected at 
present to be fairly average, in contrast to the present 
cycle, cycle 21. 

this inconvenient fact which had been ignored for the 200 
years after the original observations. Recent work by J.A. 
Eddy has confirmed the reality of the Maunder minimum, 
as well as indicating the existence of an earlier minimum of 

Prediction of future solar cycles 
At the time of writing ( 1985), solar activity is decreasing 
rapidly towards a minimum in around 1986-87, and the ques-
tion of how large the next maximum will be has already been 
asked. Why would we want to know now what the size of 
the 1990/91 maximum will be? The answer is that there are 
some terrestrial and space programs which will take years 
to implement and will be expected to last for at least a de-
cade, thus covering a full solar cycle. 
A good example of the need to predict the general level of 

solar activity some years in advance was given rather dra-
matically by the unplanned, and certainly unwanted, demise 
of Skylab over Australia in July 1979. One feature of high so-
lar activity is that the higher the activity, the hotter the at-
mosphere of the earth becomes, and the more it expands out 
into space. This means that a satellite revolving around the 
earth encounters more resistance from the atmosphere that 
it passes through, known as satellite drag, and the satellite 
orbit decays to lower altitudes. 
The prediction of the size of cycle 21 (1976-1986?) made 

by the Marshall Space Flight Center in 1977 was a low value 
of 72, which would be reached in January 1981. Assuming 
that this prediction was correct, it followed that NASA had 
several years of grace to mount a rescue mission for Skylab 
and boost it into a higher orbit. Unfortunately for NASA, cy-
cle 21 passed through R = 72 in 1979, several years ahead 
of the predicted time, the rescue mission (using the Shuttle) 
was not mounted in time, and Skylab came tumbling down. 
Figure 2.8 shows the sunspot number recorded during the 

present (1976-1986?) cycle, the average cycle (averaged over 
the last 20 cycles), and various predictions of the size and 
date of the 1979/80 maximum. Some predictions fared well, 
while others were abysmal failures. The methods which were 
most successful during the current cycle suggest that the next 
maximum will be a little above average in size, but we really 
have to wait for the next minimum in 1986 or thereabouts 
before we can make a reliable prediction. lit,  
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You've only waited twenty years . . . 
but it's been worth the wait! 

tir 
• Better than 0.3uV 
sensitivity ( 10dB 
S+N/N) 

• Selectivity 6dB at 
4kHz, 60dB at 
7kHz 

• Better than 50dB 
image rejection 

• SSB and CW 
transmission — 
keep that speed 
up! 

Arze r  eauter 

It's been over twenty years since Electronics Australia des-
cribed a complete, build- it-yourself HF transceiver ... but 
the wait was well worth it! 

From the same designers that brought you the incredibly 
popular build- it-yourself VHF "Explorer" and UHF "Com-
mander" transceiver kits comes the very latest: CW/SSB 
transceiver which can cover any 500k Hz segment between 2 
and 30MHz. 

Remember the good old days when "home brew" was half 
the fun? Now you can get back into home brew again — 
without spending a fortune. Building it is half the fun — 
without the headaches! Our specially prepared step-by-step 
instruction manual means it should be within the capabilities 

of most amateur hobbyists. And just 
in case, our exclusive "satisfaction 

Cat K-6330 guarantee" protects you: before 
you start con-

ALL 
THISt34 
FOR v 
ONLY 

 infot, • 12 Volt operation 
—mobile or 
shack, it's ready 
for you! 

• Full 30 watts out 
put (SSB) —just 
right for the 
novice! 

• Better than 
+60dB harmonic 
suppression 

• And much, much 
more. 

struction you can return the kit ( in orginal condition & pack-
ing) for a full refund! 

It's 12 volt operated — so it's perfect for mobile or shack 
operation. And it's digital: the display shows your frequency 
(great when driving) and all controls have been simplified for 
ease of mobile or bench use! 

And it's incredibly economical, especially for those who like 
one particular band — you simply build it for the band you 
want! 

Now you can have that transceiver you've always wanted! 
But that's not all! 

Every kit comes complete with our specially moulded high 
impact ABS case to protect your transceiver, together with 
silk-screened front panel and microphone! 

It looks so good your friends will never believe you built it! 

Hurry: limited stock! 
Some of the special components in this transceiver are dif-
ficult to get. Stocks are limited — and at the low, low price of 
this kit they're sure to disappear fast. Place your order now 
at your nearest Dick Smith Electronics store! 

As described in EA October & November. 
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eINTENSIL CHIPS IN STOCK 
ICL 7106 CPL 

7107 CPL 
7109 CPL 

7611 DCPA 
7660 CPA 
8212 CPA 

ICM 7211 IPL 
7217 AIPI 
7217 CIPI 
7218 BIJI 
7224 IPL 

7226 AIJL 
7240 IJE 
7555 IPA 
7556 IPO 

IM 6402IPC 

EACH INC TAX 

16.96 
16.96 
30.00 
2.30 
5.90 
5.09 

15.20 
20.60 
20.60 
21.60 
23.80 
67.20 
8.70 
2.50 
3.10 
10.40 

PCB MOUNTED 90° 
"D" CONNECTORS 

• • • • 

Plug $5.00 
Socket $6.00 

INTERSIL COUNTER KIT 
Build yourself a 10MHz Counter 
the easy way - with the ICM 
7226 Single Chip Counter 
Evaluation kit. 

$120.00 inc tax 

Features 

• Frequency, Period. Time Interval, 
Frequency Ration and Event 
measurement 

• 1, 10, 100, 1000 cycle averaging 
• 10MHz crystal timebase 
• Double sided PCB 
• Eight digit LED display 
• Breadboarding area built-in 
We found about eight of these kits 
hidden in our store so we're almost 
giving them away - just check the chip 
price on this page! Comes complete with 
48 page instruction booklet giving 
circuits for 10,40 and 100MHz counters 
and discussing other applications. Runs 
on 5V 300mA supply. 

COMPUTER ACCESSORIES 

$38.70 
CAS6 

RS232 MINI TESTER 

• Male to female connections 
• All pin wired straight through 
• Dual colour LED indicates activity 

and direction on 7 lines 
• No batteries or power required 

T.D. - Transmit Data 
R.D. - Receive Data 
R.T.S. - Request to Send 
C.T.S. - Clear to Send 
D.S.R. - Data Set Ready 
C.D. - Carrier Detect 
D.T.R. - Data Terminal Ready 

$26.40 
CAS4 
RS232 MINI PATCH BOX 

• Interface RS232 devices 
• With male and female 25 pin inputs 
• 25 leads with tinned end supplied 
• Complete with instructions 

NOW STOCKING 

PRODUCTS FROM 

OK! INDUSTRIES 

IF YOU'RE INTO 
WIRE WRAP THEN 
TALK TO US! 
Why Cut? Why Strip? Why Slit? 
Why Don't you JUST WRAP? 

A really handy little tool for 30AWG wire 
and 0.025" (0.63mm) square posts. Does 
daisy chains or point to point. No 
slitting, no stripping. Built-in cut off. And 
it's so easy to load the wire. The reaily 
convenient way to do your wrapping 
since it's all in the one tool. $44.50 

8.30 to 5 Monday to Friday. 8.30 to 12 Sat. 
Mail Orders add S3.00 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 $ 10.00. 

CASI 
RS232 SURGE PROTECTOR 

• Avoids costly damage from large 
voltage peaks caused by lightning 
or other power problems 

• Uses metal oxide varistors ( M.O.V) 
to suppress any voltage above 26V 
on pins 2, 3 & 7 

• Will handle up to 1 Joule & 250A 
peak current 

$19.90 
CAS8 
MALE TO MALE GENDER 
CHANGER 
CAS9 
FEMALE TO FEMALE GENDER 
CHANGER 
• 

$32.10 

Saves modifying or replacing non-
mating RS232 cables by changing 
from male to female to male 

• All 25 pins wired straight through 

CAS11 
RS232C NULL MODEM 
ADAPTOR 

• Male to female connections 
• Pins 2 and 3 reversed 
• All 25 pins connected 

_ 

$19.90 

Hobbyist Wire Wrap Tool suits 30AWG 
wires and 0.025" posts. 
Wraps, strips and unwraps $23.75. 

Reels of wrapping wire. 50 feet in blue. 
white, yellow or red. Suitable for daisy 
chaining. $10.70 
Normal wire wrap wire 100 feet in 
same colours. $8.50 

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

Tel: 8106845 NE:=11 
SW 00 1711111111(1111 

specialising in electronic components for the professional and hobbyist. 
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NEW PRODUCTS NEWS 

Toroids to take 
on traditional 
trannies 
Toroidal power transformers will challenge the existing 
1. dominance of traditional laminated types, according to 
Jack O'Donnell of Altronics, particularly in those applications 
where bulk and weight matter. Altronics recently com-
menced marketing a range of imported toroidal transformers. 
For the same VA rating as a 

laminated type, a toroidal pow-
er transformer offers: • smaller 
volume and less weight • sub-
stantially reduced external field 
• lower operating temperature 
• better regulation, and • sim-
ple, single-bolt mounting. 
Toroidal power transformers 

are particularly suited to use in 
power supplies, sensitive audio 
equipment, etc. 
Altronics stocks a range of 12 standard secondary voltages in 

British-made ILP toroidal tran- each VA class: 12/12 V, 25/25 V 
nies in two ratings — 160 VA and then in 5 V steps to 45/45 V. 
and 300 VA. All measure 100 The 160 VA types cost $45 
mm diameter, the 160 VA type each, the 300 VA types $55 
being 42 mm high, the 300 VA each. Further details available 
type being 52 mm high. Each from Altronics, Box 8280, 
has two separate secondaries, Stirling St, Perth WA 8000. 
and you can select from six (008) 99 9007. 

Apple tools 
wo new instrumentation 
add-ons for Apples have 

been released by Energy control 
— a logic analyser and a series 
of PAL programmers. 
The logic analyser add-on is 

from Total Logic Corporation of 
the USA. Known as the LA100, 
it is a 16-bit logic analyser for 
the Apple II and compatible 
microcomputers. 
Low in cost, the LA100 fea-

tures 16-bit x 1024 words, input 

capability, 5 MHz speed. two 
clock qualifiers and menu-
driven software. It plugs into 
the Apple's slot 5. A 32-bit x 
1024 words 15 MHz (LA200) 

version is available for the 
IBM-PC 

Also from the US comes the 
series 700A PAL Development 
Systems made by Dynatem 
Electronics Incorporated. 
These PAL programmers plug 

into the Apple II and compati-
ble microcomputer bus. The 
low cost PALP-701A programs 
20-pin MMI, NS and TI PALs 
and provides complete software 
support for programming and 
boolean equation analysis. 
The PALP-702A programs 

both 20- and 24-pin PALs. The 
PAL Assembler provided is 
functionally compatible with 
PALPSM software by 
Monolithic Memories. 
More details from Ken Curry, 

Energy Control, PO Box 6502, 
Goodna, 4300 Queensland. 
(07)288 2455. 

Compensated 
crystal oscillator 
module 
nhilips has introduced a 

new crystal oscillator mod-
ule featuring low power con-
sumption, compact size and a 
stability of better than a half-
part per mi,lion over a temper-
ature range of -40 to + 85 
degrees Celsius. 
The company says this digital 

temperature compensated oscil-
lator (DTCX0) has bridged the 
gap between the analogue tem-
perature compensated oscilla-
tors (TCX0s) and ovenised 
oscillators. 

Philips claim their DTCXO's 
high stability outclasses any 
standard TCXO of similar 
dimensions. As no crystal oven 
is employed, the unit draws 
only 20 mA supply current. 

Light and compact, the 
DTCXO measures 60 x 60 x 8 
mm and is available with fre-
quencies in the range 4.5 MHz 
to 5 MHz. Applications sinclude: 
equipment reference oscillator, 
mobile radio, portable precision 
navigation equipment, hand-
held measuring instruments, 
personal satellite controlled 
guidance systems, etc. 

The DTCXO's design features 
are due to the use of a quartz 
crystal oscillator incorporating 
temperature sensors and a dig-
ital temperature compensation 
network employing proprietary 
ICs. 
The unit is normally supplied 

with low power Shottky out-
puts, but CMOS or TTL-
compatible outputs are also 
available. Details from Philips 
Elcoma, 11 Waltham St, Artar-
mon 2084 NSW. (02) 88 3200. 

1111111!irillelli'l 
Jumbo LEDs 

Telefunken Electronics are now shipping a new 
.I. type of lOmm diameter visible LED, the TLH-400 ser-
ies. To achieve high brightness in such a large package, 
Telefunken employ two high efficiency LED chips on a 
three-lead header. 
The LEDs are available in red, yellow and green and 

find use in large indicator panels where high visibility 
is important. 
The TLH-400 is ex-stock from Promark Electronics, 

PO Box 381, Crows Nest 2065 NSW 
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ELECTRONICS FOR STARTERS 

The common 
component 
symbols 
THE FIRST STEP in being able to read and understand 
electronic circuits, is to know the common component 
symbols employed and what they stand for. This arti-
cle illustrates the common component symbols we em-
ploy in our circuit drawings and diagrams to represent 
the electronic components and devices actually used. 
A circuit is nothing more than a diagram which 

shows the connections between an assembly of com-
ponents, giving some indication of its working, but not 
necessarily its physical assembly or construction. 
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NEW PRODUCTS FROM TELEFUNKEN 
HI POWER IRLEDS 

The TSHA series frocs TFK of fer radiant 
intensities to 900mW/SR, suitable for pulse 

applications in communications, light barriers 
etc. We also have a full range of PIN diodes, 

phototransistors and photo- ICS for detectors. 
EX-STOCK. 

DATA COUPLERS 
The K8000 series couplers are used where 
high voltage isolation is needed in high speed 
(500Kbit/Sec) data links. CMOS/TTL 
compatible. EX STOCK. 

1 s 

MULTI-CHANNEL COUPLERS 
These are in addition to our very wide range 

of standard ( 4 N..) series devices, trisc 
couplers, A/C input types and EXTRA HIGH 

VOLTAGE 10kV-15kV models. 

30 LED DRIVER 
The 10968 can drive 30 LEDS in moving spot 
mode by a clever current steering technique. 
Input sensitivity is wide range adjustable and 
5 can be cascaded for 150 leds. EX-STOCK. 

PHOTO-QUADRANT DETECTOR 
The S239 is used for laser alignment, optical 
surveying, robotics and guidance systems. 
High output, high speed, linearity and broad 
response are the main features. EX-STOCK. 

FYI MO. 

LIGHT BAR DISPLAYS 
The TDA4100r8100 use 40,8 hi-el ficency 
LEDS in red, yellow and green to form large 
light emitting surfaces for backlighting and 
making up large displays. EX-STOCK. 

tt. 

JUMBO LEDS 
The 10mm diameter TLH040 series are 

available in red, yellow and green high output 
selection for use as large indicators for 

display panels etc. EX-STOCK. 

40Ake. 

O Promark 
Electronice, 

SYDNEY 02-439 6477 MELBOURNE 03 878 12Y) TOLL FREE 008-22 6226 
WORKS 739 



LISTENING POST 
SOFTWARE 

ANTENNA 

RECEIVER 

PRINTER 

AUDIO OUTPUT 
( TAPE ) 

LISTEN NG 
POST COMPUTER 

VEX/ 

VIDEO 
OUTPUT 

Decode — MORSE/RADIOTELETYPE/RADIO FACSIMILE PICTURES using 
your Microbee 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. 

You can specify the software to suit its use with either the C.Itoh 8510 or 

Epson FX80 printers, or their equivalents. All it costs is just: 

$17.00 
plus 1250 post & handling 

MI you have to do is. • send us a blank CIO cassette, or a formatted 3.5 or 5.25' 

diskette ( to suit your machine). • Flu out the address label below and firmly attach 

it to your tape or diskette. • Complete the COUPON and send it 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 Idly bag for protection Put 5 25'-ditikettes brtween stiff 
cardboard 

All mail orders will be despatched by certified mail 

Please allow for normal turnaround post delays prevailing at time of sending order 

We will gladly re record any software that does not run 

Fill in 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: 

. . C.Itoh 8510-type 

. . . Epson FX80-type 

printer (tick appropriate one). 

Cost: $ 17.00 plus $2.50 post 8 handling 

TOTAL: $19.50 

I enclose payment by: 

Credit Card No.: 

Expiry Date 

Signed:   
(Unsigned orders cannot be accepted) 

Cheque or Money Order No  
(• Please make cheques or Money Orders payable to 'Australian Electronics Monthly') 

o 

RETURN-ADDRESS LABEL 

RUSH ME TO:   (name) 

Address   

  Postcode  

AUTHOR! AUTHOR! 
So you've written this great article. 

Tell us all about it then! 

Maybe you've developed a project you think 

others might be interested in? 

• We'd like to hear from you! 

• 

• 

Perhaps you'd just like to write in and comment e 

on the magazine, tell us what you think of 

it and what you'd like to see us doing. 

We're only too happy to hear from you! 

(All bouquets gratefully accepted, brickbats next 

door, please!) 

Write to: 

Roger Harrison 
Australian Electronics Monthly • 
PO Box 289 
WAHROONGA 2076 NSW • 
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HOBBYIST TOOLKIT 
SPECIAL 
READER 
OFFER 

HERE'S A TOOLKIT 

T ea 
JUST RIGHT FOR 

HOBBYIST'S 

HOME WORKSHOP 
Minitool Australia Pty Ltd, as a special offer to 
readers of Australian Electronics Monthly, is 
offering this professional quality ' Minitool' kit of dc-
powered workshop tools for a very special price for 
a limited period. 
The set of tools comes in an attractive and useful 
carrying case that holds all the pieces. The tools 
included in the kit comprise the following: 

Drill stand, jigsaw, orbital sander, flexible 
shaft and motor, grinding tool, 3 mm drill, 
sandpaper, set of 10 spare jigsaw blades, tommy 
bar for drill, small G-clamp, Allen key, extension dc 
lead 

The Minitool drill has a chuck that will accommodate 
drill sizes from 0.8 mm diameter (commonly used 
for drilling component lead holes in printed circuit 
boards] right up to 6 mm diameter. Chuck speed is 
approximately 7000 rpm. The Minitool jigsaw is 
able to cut wood down to a depth of 7 mm and is 
ideal for use on plastic ' jiffy' cases, etc. The blunt 

saw tip protects against injury. The orbital sander 
is just the thing for ' finishing off' surfaces and 
edges. It has a sanding face of 65 x 90 mm. 

Minitools are made of robust, mechanical shock-
resistant ultramide and have been carefuly and safely 
designed for use by hobbyists of all ages. Being 
powered from a 12 V dc source, either batteries or 
power supply, means these tools are safer than 
mains-powered ones. 

The Minitools Toolkit No. 00.62.90x, as described, 
normally retails for 1212.00. 

SPECIAL OFFER PRICE 
Minitools Toolkit No. 000.62.90x: 

$155.00 (inc. sales tax] 
12 Vdc/1 A plugpack power supply: 

$21.60 [inc. sales tax] 

OFFER CLOSES LAST MAIL 
31 OCTOBER 1985 

# If you would like to inspect one of these toolkits, 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.  

How to order: 
CUT OUT OR PHOTOCOPY THE COUPON, 
COMPLETE THE DETAILS AND SEND IT, 
TOGETHER WITH YOUR CHEQUE, MONEY ORDER 
OR CREDIT CARD DETAILS, TO: 
'Minitools Hobbyist Toolkit Offer' 
Australian Electronics Monthly 
PO Box 289, WAHROONGA 2076 NSW 
Please allow up to four weeks for delivery 

Name 

Address 

Postcode 

Signature   

PLEASE RUSH ME 

. . . Minitools Toolkit[s] No. 000.62.90x at $155.00 

. . . . 12 Vdc/1 A plugpack(s) at $21.60 

TOTAL COST: $   

I enclose payment by: 

Money order El Chequelll 
Bankcard LI Mastercard Eli 

Amex III 
Visa 0 

Credit Card No:  

Expiry date: . . . ./. . . ./. . . . 

Cheque or Money Order No:   

*Please make cheques or Money Orders payable to 
'Australian Electronics Monthly' 
[Unsigned orders cannot be accepted] 



practicalities 

A look at ultrasonic 
pest repellers 
IT SEEMS electronic pest control employing ultrasonic 
sound has been around some 20 years or more. Early efforts 
employed valved equipment drawing many watts from the 
ac mains and inefficient transducers to deliver, well, not very 
efficient results. Perhaps disappointing past experience ac-
counts, in part, for a pervading 'suspicion' of electronic pest 
control devices and a continued reliance on chemical 
poisons. 

However, electronic pest control devices have proliferat-
ed in the past half-decade, so something must be working 
in their favour. It seems a little background research and the 
general development of electronic componentry has 
contributed. 
Apparently, research into the effects of sound waves on 

such undesirable creatures as rats, mice and cockroaches has 
shown that they're all susceptible to high level ultrasonic 
sound waves in different ways. Whatever these sound waves 
(above the range of human hearing) do to the creatures, they 
show a distinct propensity to vacate the vicinity of anything 
that generates loud ultrasonic noises. 
However, a single-pitch sound seems to lose its discourag-

ing effect after a short while, but complex, modulated (espe-
cially swept-frequency) ultrasonic sounds do not. This seems 
to be the basis of circuitry found in modern ultrasonic pest 
controllers. The different creatures react to ultrasonic sounds 
at different parts of the spectrum, so generators that sweep 
over a range of frequencies are employed to ' catch' all the 
pests in their ' net'. 
Common low-cost solid-state devices and efficient piezo-

electric transducers make modern repellers ' run rings' 
around those early behemoths. Both mains and battery — 
operated models are available, some offering operation from 
either power source. 

Inside a commercial unit 
Figure 1 shows the circuit of what you might find inside a 
commercial ultrasonic pest repeller. Simple, isn't it? The 555 
is simply arranged as an astable multivibrator, oscillating at 
a frequency in the 40 kHz region. Output is taken direct from 
pin 3 to a small piezo horn tweeter. The voltage control pin 
(pin 5) is modulated by half-wave pulses coupled-in from the 
transformer secondary via the series RC circuit (100n capa-
citor and 4k7 resistor). This sweeps the 555 up and down over 
a range of ultrasonic frequencies. 
The 555 output will provide a few volts peak drive to the 

small piezo-electric ceramic horn tweeter. (Rather like those 
found in PA speaker systems). These exhibit a response 
which extends through to the Ultrasonic frequences, although 
efficiency falls off. 
Heaven knows what 'coverage,' such a unit provides, but 

the circuitry has the obvious advantages of simplicity and 
low cost. 

The circuit of another commercial unit is illustrated in 
Figure 2. Yet again, it's pretty simple. The ultrasonic oscil-
lator employs a 4011 quad NAND gate package, with two 
parallel-connected pairs of gates arranged as a feedback os-

1W 

+ + 

1000u ; 1000u ; 
16V 16V 

555 

14r in 

Figure 1. 

580p 

1N 4002 
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..._r41eTET 100n 

lu 

PIEZO 
HORN 
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II 
6.3V 

240V 
ac 

'SUPER' 
TWEETER 

T1P3055 

cillator. It runs at about 40 kHz. The output drives a Darling-
ton amplifier employing a pair of power transistors. This will 
deliver considerably more output than the circuit of Figure 1. 
This sort of oscillator is frequency sensitive to supply vol-

tage variations and this characteristic is exploited here. The 
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PIEZO 
HORN a 

TWEETER 

rectifier output is only partially 'smoothed' by the 100u capa-
citor, so that the supply rail has a substantial 100 Hz ripple 
on it, causing the oscillator to sweep over the ultrasonic band. 
A bit of 100 Hz 'roughness' from supply ripple modulating 
the output stage just adds to the effect, in all probability. 
Output is via a 'super tweeter', originally intended for hi-

fi loudspeaker applications. There are some models around 
that have a response that extends to 40 kHz, particularly the 
'ribbon' type tweeters. Such things are not inexpensive, 
though. 
Figure 3 is something we would suggest as a starting point 

for experimentation. It employs readily available, low-cost 
components and should deliver substantial output. 
Here, a 4049 hex CMOS buffer package is employed. Two 

buffers are arranged as an ultrasonic feedback oscillator, run-
ning at a centre frequency of about 40 kHz, the output being 
connected to the other four buffers connected in parallel. 
These provide ample drive to the single transistor output 
stage, which employs a common medium power device. 
Once again, the oscillator is frequency sensitive to power 

supply variations and an inadequately smoothed rectifier is 
used to both power and modulate the oscillator. 
Before you rush to the workbench to lash-up your electronic 

rodent ravager, keep in mind that the output level from these 
devices can be in the region of 100 dB spi or more. While 
it's well beyond human hearing, creatures other than rats, 
mice and cockroaches may be able to hear it and might react 
with some distress. 

Practicalities is an occasional column dealing with practical 
electronic circuit and construction techniques. Contributions — 
short or long — are always welcome. We pay for all items published. 
Contributors should supply typed manuscripts, double-spaced, with 
at leas t a 40 mm margin all round, one side of the paper only 
please. Diagrams may be hand-drawn, but please draw clearly, 
preferably on graph paper. Manuscripts should be sent to 
'Practicalities'. Australian Electronics Monthly, PO Box 289, 

Wahroonga NSW 2076. 
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JEMAL 
PRODUCTS 
"THE ONE STOP TECHNOLOGISTS" 

• ARTWORK 

• P.C.B. PRODUCTION 

• SAME DAY PROTOTYPES 

• CLOSE LIMIT SHEETMETAUà 

• PANELS 

l• CHASSIS 

e• RACKS 
• FINE SCREEN PRINTING 

e • ASSEMBLY 
• FLOW SOLDER 

`4 • PREFORMING 

• WIRE PROCESSING 

• COMPONENT SOURCING 

• A.T.U. FACILITY 

• ALL DELIVERIES AIR 

OVERNIGHT 

— Je mal Products — 

5 FORGE STREET, WELSHPOOL, 

W.A. 6106 

(09) 350 5555 

TLX 95494 JEMCO 

eeemeemgagem.mememeffleemieeekeemegem.e. 
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Now RTTY too! Yes, you can now display Radio 
Teletype on your Cat Computer or display facsimile 
(FAX) weather pictures on your printer. 
This amazing OSE kit has a higher resolution than 
anything else at the price so you get sharper more 
detailed pictures than you'd think possible! 
Power comes from your computer so there's no need 
for separate supplies! Has a Serial TTL compatible 
output, operates at 1600Hz and 2400Hz and Fax syn-
chronization is crystal locked! Cat K-6335 

Two Great 
Mosfet Amps 
Wow! Now you can have a 60W or 100W Mosfet 
module amp at a fraction of the cost of a commer-
cially produced unit. 
These high performance general purpose amp kits 
are intended for use in a wide variety of 
applications and offer performance, reliability and 
versatility at an incredible price. 
The design of the modules makes them suitable for 
a wide range of standard low-cost chassis. These 
are high performance modules at a price that's hard 
to beat! 

SPECIFiCATIONS: 

• Power Output: Max — 100W RMS 
• Frequency Response: Flat within +/ 
-0.4dB from 8 Hz to 20kHz 

• Input Sensitivity: 1.2V RMS for 100W 
out 

• Noise: - 100dB below full output 
• Intermodulation Distortion: 0.003% 
at 100W (50Hz & 7kHz mixed 4:1) 

• Stability: Unconditionally stable. 

60 Watt Mosfet 
Cat K-3441 
100 Watt Mosfet 
Cat K-3443 

'49 

69 

Shortwave 
Antenna 

'1 695 
Your expensive receiver isn't worth much if your 
antenna's a piece of string! Get the best reception 
from your equipment with this high quality short 
wave antenna. 
It was designed by a shortwave expert just for OSE 
and it's complete and ready to assemble — without 
any soldering! Comes with full instructions. It's great 
value! Cat K-3490 

I/R Remote 
Repeater P- des 
You're in bed, the video's started and finally you can 
relax. Oh no! The telephones at it again and you 
drag yourself into the lougeroom to stop the tape. 
Now it couldn't be easier with the I/R Remote 
repeater. With this easy to assemble kit you can 
have the convenience of your infra- red remote con-
troller from any room in the house. Cat K-3426 

cited ‘n ee. 

VALUE! 

'345° 

FAX & MT/ FOR 
THE CAT COMPUTER 

A 
VALUE $T ONLY79 

Build a 
Teletext? 
Remote 
is easy 

$4995 As described 

' 

As described 
in ETI 

in EA 

Why move when you can do it from your chair? 
With the TELETEXT Infra- red Remote Control you'll 
have it all at your fingertips. 
It's easy to build and the transmitter's a compact 
hand held unit while the receiver fits into your 
Teletex decoder (K-6315) 
Make life easy for yourself — with everything at 
your finger tips! Cat K-3425 

VZ Serial 
Interface 
Now you can have all the hardware and software 
necessary to emulate a simple 300 Baud terminal 
with full or half duplex operation for your VZ 
series computer. Suits VZ200 & VZ300. 
It allows you to connect a modem and get your VZ 
on the line. Even has a print echo so you can 
record the conversations! 
The kit is easy to build and fits inside a VZ expan-
sion case so you get a professional finish at a low 
OSE price! Cat K-6317 

As described 
in ETI 

BARGAIN! $4995 e  

ELECT 

RWID 
200 Waft 6 SAVE 

Playmaster As dir,sed 
Wow! Quality, performance, reliability, an incredible 
200 watts and a OSE low price! 
The Playmaster 200 Hi Fi Mosfet Amplifier is just 
incredible value! It's so advanced you'd wonder why 
anyone with a soldering iron would buy anything 
else. 
Just look! • 100W/channel Freq. Res. 8Hz- 20kHz (-
0.3db) — 2.8Hz-65kHz (-IdB) RIAA equalisation 
within 0.3dB • Distortion < 0,01% max (typical — 
0.003%) 20Hz - 20kHz • And much much more! 
Cat K-3516 

G REIIIVALLIEI $439 
Beat Triggered 
Strobe 
ONLY 

$59 As described 
In AEM 

A flasher's guaranteed to put some life into any 
party! An now you can have one of your own. 
A beat triggered strobe that comes complete with 
case, reflector, PCB, everything! It's so simple to 
build and has adjustable sensitivity. 
Don't let your party flop when you can get it rocking 
in a flash! Cat K-3153 

ffH 
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aem data sheet 

EXAR XR-2211 
FSK Demodulator/Tone Decoder 

GENERAL DESCRIPTION 

The XR-2211 is a monolithic phase-locked loop (PLL) 
system especially designed for data communications. It 
is particularly well suited for FSK modem applications. 
It operates over a wide supply voltage range of 4.5 to 
20V and a wide frequency range of 0.01 Hz to 300 kHz. 
It can accommodate analog signals between 2 mV and 
3V, and can interface with conventional DTL, TTL, and 
ECL logic families. The circuit consists of a basic PLL 
for tracking an input signal within the pass band, a 
quadrature phase detector which provides carrier de-
tection, and an FSK voltage comparator which provides 
FSK demodulation. External components are used to in-
dependently set center frequency, bandwidth, and out-
put delay. An internal voltage reference proportional to 
the power supply provides ratio metric operation for low 
system performance variations with power supply 
changes. 

The XR-2211 is available in 14 pin DTL ceramic or plas-
tic packages specified for commercial or military tem-
perature ranges. 

FEATURES 

Wide Frequency Range 0.01 Hz to 300 kHz 
Wide Supply Voltage Range 4.5V to 20 V 
DTUTTUECL Logic Compatibility 
FSK Demodulation, with Carrier Detection 
Wide Dynamic Range 2 mV to 3 V rms 
Adjustable Tracking Range (± 1% to ± 80%) 
Excellent Temp. Stability 20 ppm/°C, typ. 

V. 

OROUNCIL_ 

REF 

VOLTAGE 

OUTPUT 

INTERNAL VOLTAGE 
RRRRRR HCE 

12 

T1111010 
RESISTOR 

Many thanks to Exar's Australian agent, Tronic 
Bits, for permission to reproduce this data 
sheet information. More information on Exar 
products is obtainable from: 
Tronic Bits • 
PO Box 371 
MENTONE 3194 Vic. 
(03) 587 2257 
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aem data sheet 

XR-2211 
Part Number 
XR-2211CN 
XR-2211CP 
XR-2211P 

Package 

Ceramic 
Plastic 
Plastic 

Operating Temperature 

0°C to + 70°C 
0°C to + 70°C 

-40°C to + 85°C 

ELECTRICAL CHARACTERISTICS 
Test Conditions: Test Circuit of Figure 1, V+ = V- = 6V, TA = + 25°C, C = 5000 pF, R1 = R2 = R3 = R4 = 20 Ica, 

RL = 4.7 kit. Binary Inputs grounded, S1 and S2 closed, unless otherwise specified. 

XR-2211/2211M XR-2211C 

PARAMETER MIN TYP MAX MIN TYP MAX UNITS CONDITIONS 
GENERAL 

Supply Voltage 4.5 20 4.5 20 V 
Supply Current 4 7 5 9 mA Ro k 10 k0. See Fig. 4 

OSCILLATOR SECTION 

Frequency Accuracy 
Frequency Stability 

± 1 ± 3 ± 1 % Deviation from fo = 1/RoCo 
R1 = 1/2 

Temperature ± 20 ± 50 ± 20 ppm/°C See Fig. 8. 
Power Supply 0.05 0.5 0.05 %N V+ = 12± 1V. See Fig. 7. 

0.2 0.2 %N V+ 5 ± 0.5V. See Fig. 7. 
Upper Frequency Limit 100 300 300 kHz Ro = 8.2 kfl, Co = 400 pF 
Lowest Practical 

Operating Frequency 0.01 0.01 Hz Ro = 2 MO, Co = 50 AF 
Timing Resistor, Ro See Fig. 5. 

Operating Range 5 2000 5 2000 K2 
Recommended Range 15 100 15 100 kit See Figs. 7 and 8. 

LOOP PHASE DETECTOR SECTION 

Peak Output Current ± 150 ± 200 ± 300 ± 100 ± 200 ± 300 µA Measured at Pin 11. 
Output Offset Current ± 1 ± 2 /LA 
Output Impedance 1 1 MO 
Maximum Swing ± 4 ± 5 ± 4 ± 5 V Referenced to Pin 10. 

QUADRATURE PHASE DETECTOR Measured at Pin 3. 

Peak Output Current 100 150 150 /.4A 
Output Impedance 1 1 MO 
Maximum Swing 11 11 V pp 

INPUT PREAMP SECTION Measured at Pin 2. 

Input Impedance 20 20 ke 
Input Signal 

Voltage Required to 
Cause Limiting 2 10 2 mV 

ITT1S 

VOLTAGE COMPARATOR SECTIONS 

Input Impedance 2 2 MO Measured at Pins 3 and 8. 
Input Bias Current 100 100 nA 
Voltage Gain 55 70 55 70 dB RL = 5.1 KJ 
Output Voltage Low 300 300 mV lo = 3 mA 
Output Leakage Current 0.01 0.01 AA Vo = 12V 

INTERNAL REFERENCE 

Voltage Level 4.9 5.3 5.7 4.75 5.3 5.85 V Measured at Pin 10. 
Output Impedance 100 100 0 

SYSTEM DESCRIPTION 

The main PLL within the XR-2211 is constructed from 
an input preamplifier, analog multiplier used as a phase 
detector, and a precision voltage controlled oscillator 
(VCO). The preamplifier is used as a limiter such that in-
put signals above typically 2MV RMS are amplified to a 
constant high level signal. The multiplying-type phase 
detector acts as a digital exclusive or gate. Its output 
(unfiltered) produces sum and difference frequencies of 
the input and the VCO output, f input + f input (2f input) 
and f input - f input (0 Hz) when the phase detector out-
put to remove the "sum" frequency component while 

passing the difference (DC) component to drive the 
VCO. The VCO is actually a current controlled oscillator 
with its nominal input current (f0) set by a resistor (Ro) 
to ground and its driving current with a resistor (R1) 
from the phase detector. 

The other sections of the XR-2211 act to: determine if 
the VCO is driven above or below the center frequency 
(FSK comparator); produced both active high and active 
low outputs to indicate when the main PLL is in lock 
(quadrature phase detector and lock detector compara-
tor). 

118 - Australian Electronics Monthly - October 1985 



FSK Data Output (Pin 7): This output is an open collector 
logic stage which requires a pull-up resistor, F1L, to V + 
for proper operation. It can sink 5 mA of load current. 
When decoding FSK signals, FSK data output is at 
"high" or "off" state for low input frequency, and at 
"low" or "on" state for high input frequency. If no input 
signal is present, the logic state at Pin -7 is Indetermi-
nate. 

FSK Comparltor Input ( Pln 8): This is the high Impedance 
input to the FSK voltage comparator. Normally, an FSK 
post-detection or data filter is connected between this 
terminal and the PLL phase detector output (Pin 11). 
This data filter is formed by RF and CF of Figure 2. The 
threshold voltage of the comparator is set by the inter-
nal reference voltage, VR, available at Pin 10, 

PRINCIPLES OF OPERATION 

Signal Input ( Pin 2): Signal is ac coupled to this terminal. 
The internal impedance at Pin 2 is 20 Kfl. Recom-
mended input signal level is in the range of 10 mV rms 
to 3V rms. 

Quadrature Phase Detector Output (Pin 3): This is the high 
impedance output of quadrature phase detector and is 
internally connected to the input of lock detect voltage 
comparator. In tone detection applications, Pin 3 is con-
nected to ground through a parallel combination of RD 
and CD (see Figure 2) to eliminate the chatter at lock 

detect outputs. If the tone detect section is not used, 
Pin 3 can be left open circuited. 

Lock Detect Output, 0 (Pin 5): The output at Pin 5 is at 
"high" state when the PLL is out of lock and goes to 
"low" or conducting state when the PLL is locked. It is 
an open collector type output and requires a pull-up re-
sistor, RL, to V + for proper operation. At "low" state, it 
can sink up to 5 mA of load current. 

Lock Detect Complement, rl (Pin 6): The output at Pin 6 is 
the logic complement of the lock detect output at Pin 5. 
This output is also an open collector type stage which 
can sink 5 mA of load current at low or "on" state. 

Reference Voltage, VR ( Pin 10): This pin is internally biased 
at the reference voltage level, VR: VR = V+/2 - 650 
mV. The dc voltage level at this pin forms an internal 
reference for the voltage levels at Pins 5, 8, 11 and 12. 
Pin 10 must be bypassed to ground with a 0.1 µF ca-
pacitor for proper operation of the circuit. 

Loop Phase Detector Output (Pin 11): This terminal provides 
a high impedance output for the loop phase detector. 
The PLL loop filter is formed by R1 and C1 connected 
to Pin 11 (see Figure 2). With no input signal, or with no 
phase error within the PLL, the dc level at Pin 11 is very 
nearly equal to VR. The peak voltage swing available at 
the phase detector output is equal to ± VR. 

VCO Control Input (Pin 12): VCO tree-running frequency is 
determined by external timing resistor, Ro, connected 
from this terminal to ground. The VCO free-running fre-
quency, fo, is: 

fo =- HZ 
RoCo 

where Co is the timing capacitor across Pins 13 and 14. 
For optimum temperature stability, Ro must be in the 
range of 10 KO to 100 KO see Figure 8). Figure 3. Desensitizing Input Stage 
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This terminal is a low impedance point, and is internally 
biased at a dc level equal to VR. The maximum timing 
current drawn from Pin 12 must be limited to s 3 mA for 
proper operation of the circuit. 

VCO Timing Capacitor ( Pins 13 and 14): VCO frequency is 
inversely proportional to the external timing capacitor, 
Co, connected across these terminals (see Figure 5). 
Co must be nonpolar, and in the range ot 200 pF to 10 

F. 

VCO Frequency Adjustment: VCO can be fine-tuned by 
connecting a potentiometer, Rx, in series with Ro at Pin 
12 (see Figure 9). 

VCO Free-Running Frequency, fo: XR-2211 does not have a 
separate VCO output terminal. Instead, the VCO out-
puts are internally connected to the phase detector 
sections of the circuit. However, for set-up or adjust-
ment purposes, VCO free-running frequency can be 
measured at Pin 3 (with CD disconnected), with no in-
put and with Pin 2 shorted to Pin 10. 

INPUT 
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LOOP DATA 
FILTER FILTER 

FSK 

OUTPUT 

/SIC 

COMP 

LOCK DETECT 
OUTPUTS 

LOCK DETECT LOCK DETECT 

FILTER COMP 

Figure 1, Functional Block Diagram of a Tone and FSK 
Decoding System Using XR-2211 
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X R-2211 
DESIGN EQUATIONS 
(See Figure 2 for definition of components.) 

1. VCO Center Frequency, to: 

fo = 1/R0Co Hz 

2. Internal Reference Voltage, VR (measured at Pin 
10): 

VR = V + /2 - 650 mV 

3. Loop Low-Pass Filter Time Constant, r: 

r = RiC1 

4. Loop Damping, e: 

= _co 
Ci 

5. Loop Tracking Bandwidth, ± Af/fo: 
= Ro/Ri 

  MACKIee   

I I I 
% 13 11.r. 

6. FSK Data Filter Time Constant, rF: 
rF = RFCF 

7. Loop Phase Detector Conversion Gain, KO: (Ko is 
the differential dc voltage across Pins 10 and 11, 
per unit of phase error at phase detector input): 

= 02VR/rr volts/radian 

8. VCO Conversion gain, Ko: (Ko is the amount of 
change in VCO frequency, per unit of dc voltage 
change at Pin 11): 

Ko = — 1NRCoRi Hz/volt 

9. Total Loop Gain, KT 

KT = 27(KoKo = 4/CoRi rad/sec/volt 

10. Peak Phase Detector Current IA: 

IA = VR (volts)/25 mA 

APPLICATIONS INFORMATION 

FSK DECODING: 

Figure 9 shows the basic circuit connection for FSK de-
coding. With reference to Figures 2 and 9, the func-
tions of external components are defined as follows: Ro 
and Co set the PLL center frequency, R1 sets the sys-
tem bandwidth, and Cl sets the loop filter time con-
stant and the loop damping factor. CF and RF form a 
one-pole post-detection filter for the FSK data output. 
The resistor RB (= 510 KO) from Pin 7 to Pin 8 intro-
duces positive feedback across the FSK comparator to 
facilitate rapid transition between output logic states. 

Recommended component values for some of the most 
commonly used FSK bands are given in Table 1. 

Design Instructions: 
The circuit of Figure 9 can be tailored for any FSK de-
coding application by the choice of five key circuit com-
ponents: Ro, R1, Co, C1 and CF For a given set of FSK 
mark and space frequencies, f1 and f2, these parame-
ters can be calculated as follows: 
a) Calculate PLL center frequency, f 0: 

fl f2  
f0 

2 

b) Choose value of timing resistor Ro, to be in the 
range of 10 KO to 100 KO. This choice is arbitrary. 

The recommended value is Ro 20 KO. The final 
value of Ro is normally fine-tuned with the series po-
tentiometer, R. 

c) Calculate value of Co from design equation ( 1) or 
from Figure 6: 

Co = 1/Flofo 

d) Calculate R1 to give a af equal to the mark space 
deviation: 

R1 = Ro[fefi = f2n 

e) Calculate C1 to set loop damping. (See design equa-
tion No. 4.): 

Normally, e = 1/2 is recommended. 

Then: C1 = C0/4 for e = 1/2 

f) Calculate Data Filter Capacitance, CF: 

For RF = 100 KO, RB = 510 KO, the recommended 
value of CF is: 

CF 3/(Baud Rate) µ F 

Note: All calculated component values except Ro can 
be rounded to the nearest standard value, and Ro can 
be varied to fine-tune center frequency, through a se-
ries potentiometer, Rx. (See Figure 9.) 
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75 Baud FSK demodulator with mark space 
frequencies of 1110/1170 Hz: 

Step 1: Calculate fo: fo ( 1110 + 1170) ( 1/2) = 
1140 Hz 

Step 2: Choose Ro - 20 KO ( 18 KO fixed resistor in 
series with 5 KO potentiometer) 

Step 3: Calculate Co from Figure 6: Co = 0.044 µF 

Step 4: Calculate Ri Ri = Ro (2240/60) = 380 KO 

Step 5: Calculate Ci: Ci = C0/4 = 0.011 µF 

Note: All values except Ro can be rounded to nearest 
standard value. 

Table 1. Recommended Component Values for 
Commonly Used FSK Bands. 
(See Circuit of Figure 9.) 

FSK BAND 
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Figure 11. Circuit Connection for Tone Detection 

With values of CD that are too small, chatter can be ob-
served on the lock detect output as an incoming signal 
frequency approaches the capture bandwidth. Exces-
sively large values of CD will slow the response time of 
the lock detect output. 

TONE DETECTION: 

Figure 11 shows the generalized circuit connection for 
tone detection. The logic outputs, 0 and 0 at Pins 5 and 
6 are normally at "high" and "low" logic states, respec-
tively. When a tone is present within the detection band 
of the PLL, the logic state at these outputs become re-
versed for the duration of the input tone. Each logic out-
put can sink 5 mA of load current. 

Both logic outputs at Pins 5 and 6 are open collector 
type stages, and require external pull-up resistors Ru 
and RL2, as shown in Figure 11. 

With reference to Figures 2 and 11, the functions of the 
external circuit components can be explained as fol-
lows: Ro and Co set VCO center frequency; R1 sets the 
detection bandwidth; C1 sets the low pass-loop filter 
time constant and the loop damping factor. Ru and 
FIL2 are the respective pull-up resistors for the 0 and 

Q logic outputs. 

Design Instructions: 

The circuit of Figure 11 can be optimized for any tone 
detection application by the choice of the 5 key circuit 
components: Ro, R1, Co, C1 and CD. For a given input, 

the tone frequency, fs, these parameters are calcu-
lated as follows . 

a) Choose Ro to be in the range of 15 KO to 100 KO. 
This choice is arbitrary. 

b) Calculate Co to set center frequency, fo equal to fs 
(see Figure 6): Co = /Rofs 

c) Calculate R1 to set bandwidth tat (see design 
equation No. 5): 

R 1 = R 0( f 0/ 

Note: The total detection bandwidth covers the fre-
quency range of fo ± M. 

d) Calculate value of C1 for a given loop damping 
factor, 

C1 = C0/16 e2 

Normally (• = 1/2 is optimum for most tone detector ap-
plications, giving C1 = 0.25 Co. 

Increasing C1 improves the out-of-band signal rejec-
tion, but increases the PLL capture time. 

XR-2211 
e) Calculate value of filter capacitor CD. To avoid chat-

ter at the logic output, with RD = 470 KO, CD must 
be. 

CD(µF) k ( 16/capture range in Hz) 

Increasing CD slows down the logic output response 
time. 

Design Examples: 

Tone detector with a detection band of 1 kHz ± 20 Hz: 

a) Choose Ro = 20 KO ( 18 KO in series with 5 KO po-
tentiometer). 

b) Choose Co for fo = 1 kHz (from Figure 6): Co = 
0.05 F. 

c) Calculate R1 R1 = (Ro) ( 1000/20) = 1 MO. 

d) Calculate C1 for e = 1/2, C1 = 0.25, Co -. 
0.013 µF. 

e) Calculate CD: CD = 16/38 = 0.42 µF. 

f) Fine-tune center frequency with 5 KO potentiometer, 
Rx. 

LINEAR FM DETECTION: 

XR-2211 can be used as a linear FM detector for a wide 
range of analog communications and telemetry appli-
cations. The recommended circuit connection for this 
application is shown in Figure 12. The demodulated 
output is taken from the loop phase detector output (Pin 
11), through a post-detection filter made up of RF and 
CF, and an external buffer amplifier. This buffer amplifi-
er is necessary because of the high impedance output 
at Pin 11. Normally, a non-inverting unity gain op amp 
can be used as a buffer amplifier, as shown in Figure 
12. 

»00 
OUTPUT 

Figure 12. Linear FM Detector Using XR-2211 and an External 
Op Amp. (See Section on Design Equation for Com-
ponent Values.) 

The FM detector gain, i.e., the output voltage change 
per unit of FM deviation can be given as: 

Vout = R1 VR/100 Ro Volts/°/o deviation 

where VR is the internal reference voltage (VR = V + /2 
- 650 mV). For the choice of external components R1, 

Ro, CD, C1 and CF, see section on design equations. -st 
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— from page 20. 

Courses and careers 
personnel in both the electronics and computing fields. 
Courses offering training for people wishing to pursue middle 

level positions in the industry include the Electronics Engineer-
ing Certificate, Electrical Engineering Certificate and the Com-
puter Science Technology Certificate courses offered by TAFE. 
Details of these courses will be discussed later in this article. 
As these courses do not differ too much between the states only 
a small sample of the courses will be discussed due to space 
constraints. 

Electronics Engineering Certificate 
Course (2829) 

Introduced in 1980 to replace the Electronics and Communica-
tion Certificate, this course is regarded as one of the most 
versatile courses available. The Electronics Engineering Certifi-
cate Course provides training for such "middle level" positions 
as technical officers, design draftspeople, technical salespeople 
and engineering assistants in the major field of electronics. Elec-
tive subjects are available in the fields of radio, television, com-
munications, industrial electronics, computer hardware, 
microprocessors and others enabling students to specialise in 
a wide variety of interests. 
The course gives students a sound knowledge of the theory, 

processes and techniques in their chosen field as well as an un-
derstanding of the standards and regulations pertinent to their 
employment. Communication skills and the preparation and 
interpretation of technical reports and drawings are also taught. 
The course is recognised by the Australian Institute of Engineer-
ing Associates Ltd. (AIEA) and also the Institution of Radio and 
Electronics Engineers, Australia (IREE) and successful comple-
tion of the course enables the student to become a member of 
these bodies. 
The course is offered on a part or full time basis over four 

stages. Stages 1 & 2 are common to the Electrical Engineering 
Certificate and this allows the student extra time in order to 
decide on his/her career orientation. The final stages (3 & 4) offer 
a core of compulsory subjects with a larger component of 
specialisation. Stages 1 & 2 of the course (1st and 2nd semesters-
for full time students) cover introductory subjects such as maths, 
physics, ac & dc circuits, introductory instruments, electronics, 
electrostatics and magnetism, technical communication and dig-
ital electronics. Full time students are expected to spend three 
hours weekly on workshop technology in order to gain practi-
cal training and also to pursue "life orientated" studies which 
deals with issues arising from working in the modern industri-
al environment. 
Stage 3 introduces a number of electives such as computer 

systems, antennas and propagation, communications measure-
ments, radio transmitters & receivers, microwave techniques and 
several elective topics on TV. Several computing options are 
offered, for example computer communications and digital com-
puters. These options allow the student to specialise in the in-
teresting and lucrative field of computing. 
Stage 4 allows even more specialization and students take the 

core subjects of electronic computations, network analysis, ana-
logue electronics and electrical engineering materials. 

Where to study 

Part Time: Stages 1-4 are offered at Granville, Newcastle, Nth 
Sydney, St George and Wollongong TAFEs. Not all 
the electives are available at all these colleges. 

Full Time: Entry to the full time course is more competitive 
and is offered at Granville, Nth Sydney Newcastle 
and Wollongong TAFEs. 

Entry Requirements: 
The minimum requirement is the School Certificate with Science 
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at grade 4, Maths grade 3; however, year 11 standard at 
is recommended for entry into the full time course. 

least 

Enrolments: 
Enquiries should be made in November/December for the Febru-
ary intake and during May/June for a possible July course. For 
more information contact the TAFE colleges listed earlier. 

Electrical Engineering Certificate (2832) 
This course aims to provide training for people seeking employ-
ment in middle level positions such as technical officers, tech-
nical supervisors etc. It is also open to tradespeople who want 
to upgrade their qualifications. The Electrical Engineering Cer-
tificate is very similar to the Electronics Engineering Certificate 
as Stages 1 & 2 are the same, although the choice of options is 
not as wide. 
The course covers general engineering subjects such as maths, 

physics, introductory instruments, introductory electronics, 
electrostatics & magnetism and technical communications. A 
number of electives are offered in Stage 3 and these include elec-
tronic power control, mining electrical engineering, generation, 
transmission, distribution and utilisation etc. 
Entry requirements, course duration and enrolments are simi-

lar to the Electronics Engineering Certificate. The course is also 
recognised by the Australian Institute of Engineering Associ-
ates Ltd. (AIEA) and the Institution of Radio and Electronics 
Engineers, Australia (IREE). 

Where to study: 

Part time: Stages 1-4 are available at Lithgow, Newcastle, 
St George, Sydney and Wollongong. 



Stages 1-2 are offered at Bankstown, Granville, 
Mount Druitt, Muswellbroolç Nth Sydney, St George 
and Newcastle TAFEs. 

Full Time: This is only offered at Sydney Technical College, 
First year only is offered at Granville, Mount Druitt, 
St George and Newcastle. 

Computer Science Technology Certificate (2837) 

Introduced last year, this is a new certificate course offered on 
a full time basis for two and a half years over five semesters. 
It caters for the increasing interest in computing and provides 
students with employment in the computer industry in such po-
sitions as customer engineer and computer service technician. 
Students who are interested in this course are advised to enrol 
in Stage 1 of the Electronics Engineering Certificate Course and 
then transfer to this course. 

Students who successfully complete the course are eligible for 
the membership grade of Associate (Engineering) with the In-
stitution of Radio and Electronic Engineers, Australia and are 
also eligible for membership of the Australian Institute of En-
gineering Associates Ltd. The course is very similar to the Elec-
tronics Certificate and offers specialisation in such subjects as 
computer principles, computer systems, digital computers, bas-
ic engineering, programming and computer communications. 
This course is offered at Nth Sydney TAFE and a number of 
metropolitan and country colleges. 

Computing Courses 

Data Processing Certificate Course 
Data processors are concerned with designing, planning, 
implementing and programming electronic data processing 
(EDP) systems. The Data Processing Certificate course gives stu-
dents specific skills in programming systems and understand-
ing related business activities, eg: accounting and marketing. 
Courses commence in February and July each year and appli-
cations need to be made in January and June. 

Subjects studied during the course include: data processing 
concepts, business and commercial systems, communications 
and various options in computer programming. 

Where to study 

Part Time: Meadowbank, Gosford, Newcastle, North Sydney 
Padstow, Sydney, Seaforth and Wollongong. 

Full Time: Newcastle, North Sydney, Padstow, St George and 
Sydney TAFEs. 

Special Computing Courses 

Other computing courses are offered at Sydney Blacktown and 
North Sydney TAFEs. These include eighteen week courses on 
such areas as Data Processing Concepts and The Use and 
Management of Microcomputers. Several courses on program-
ming are also offered and these include Computer Programming 
in Basic, Cobol, Fortran and RPG11. More information can be 
obtained from the Head of School, School of Business and Ad-
ministrative Studies, Sydney Technical College, Mary Ann Street, 
Ultimo NSW 2007. (02) 217 3400. 

More Details on TAFE Colleges 

Sydney TAFE 
Sydney Technical College is the headquarters of the School of 

Applied Electricity in NSW. It provides a large number of trades 
courses including Telecommunications and Electronics and also 
has a comprehensive range of courses on film and television 
which are outside the scope of this article. Sydney Tech. offers 
the full range of electronic courses and several short courses on 
computing. As can be expected it offers all the electives availa-
ble for the Electrical Engineering and Power Generation Cer-
tificates. 

Further details may be obtained from Sydney Technical Col-
lege, Mary Ann Street, Ultimo NSW 2007. (02) 217 3400. 

North Sydney TAFE 
The headquarters of the School of Electrical Engineering is lo-
cated at North Sydney Technical College. North Sydney TAFE 
offers a wide range of courses in electrical and electronic en-
gineering including the Electrical Engineering, Electronic En-
gineering and Computer Science Technology Certificate courses. 
There is also a wide range of post-certificate courses available 
in electronics, electrical engineering and computer programming. 
Further details from The Head, School of Electrical Engineer-

ing, North Sydney Technical College, Pacific Highway, Gore Hill 
NSW 2065, (02) 436 9200. 

Newcastle TAFE 
Offers a wide range of electronic and electrical engineering 
courses at both the trade and certificate levels. Most of the op-
tions are available at this college and it also offers its unique 
course on Computing, a Practical Introduction. This short course 
is designed to familiarise students with how computer systems 
function and give them an understanding of common computer 
terminology and the social implications of computer technology 

Further details from the Information Officer, Newcastle TAFE, 
Maitland Road, Tighes Hill NSW 2297. (049) 61 0461. 

Box Hill TAFE (Vict) 
Box Hill TAFE is a large, well established college offering a wide 
range of electronics courses at various levels. The Electronics 
Trade Dept. offers pre-vocational, apprenticeship and post-
apprenticeship courses as well as adult electronic courses con-
ducted in the evening. The pre-vocational courses are run through 
its Vocational Orientation Programme. These courses help stu-
dents to prepare for further studies in electronics and electrical 
engineering. Courses are available in the areas of electronic and 
electrical engineering, science and computer studies. 
Students enrolling in the apprenticeship courses must have 

reached the age of 15 with satisfactory completion of year 10 
at high school. Attendance patterns vary, but students need a 
minimum of 960 hours to gain their certificate of proficiency. 
A large range of post-apprenticeship courses are offered and 
these include Communications, Radio Receivers and Digital 
Receivers. 

The Certificate of lkchnology (General 
Electronics/Computing) 
The Certificate of Technology in either General Electronics or 
Computing is equivalent to the Electronic Engineering Certifi-
cate in NSW. The course is divided into four stages with sub-
jects taken on either a semester or yearly basis depending on 
full time or part time attendance. Completion of the full time 
course takes three years with one year being spent on approved 
work experience. Entry requirements are a minimum of year 
11 passes in physics, maths, English or its equivalent. 

Computer Operators' Certificate 
This course gives students the necessary skills to find employ-
ment as trainee computer operators. Subjects offered give an in-
sight into how computers work, how to enter and interpret data 
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and how to write simple programs. Entrance requirements are 
a year 11 pass with good results in maths, English and the com-
pletion of an aptitude test administered by the college. Duration 
of the course is one year full time or three years part time. 

Computer Users' Certificate 
The course is designed for people working in business to assist 
them to learn to use a computer. It covers the role of the com-
puter in business and how to operate mini and micro computers 
and is offered over eighteen months part time. 

Microprocessor Technology Certificate 
Offered by the Electronic Engineering Dept., this course pro-
vides specialised training in microprocessors with an empha-
sis on "hands-on" experience. It is advisable to have completed 
some form of electronics training before undertaking this course 
although exemptions are made. Subjects include, digital electron-
ics, microprocessor fundamentals, systems and design. 

Enrolments 
Enrolments are in December and February for the February 
and July intakes. 

Enquiries 

The Head, Electronic Engineering Dept. Box Hill TAFE, PO Box 
187, Box Hill Vic 3128. (03) 895 1332. 

Swinburne TAFE 

Shares the same grounds as Swinburne Institute of Technology 
and offers a wide range of electronics courses. Swinburne TAFE 
offers the Certificate of Technology (Electrical) which provides 
training for technical officers, technical draftspeople and en-
gineering assistants. The course is run on a full time basis and 
graduates are eligible to become members of the Australian In-
stitute of Engineering Associates Ltd. Entry requirements are 
year 11 standard in English, maths and physics. The Certificate 
of Technology (Electronics) offers more specialised training in 
the field of electronics and is also available with further speciali-
sation in computers and communications. 

Enquiries 

The Head, Electronics Dept, Swinburne TAFE, John St, Haw-
thorn Vic. 3122, (03) 819 8493. 

HI FI SPEAKER KITS 
HAVE FUN. SAVE MONEY BUILDING THE LATEST HI FI 
SPEAKER KITS RAW DRIVERS. X-OVERS. PLANS. 
REPLACEMENT SPEAKERS AND ACCESSORIES FROM THE 
WORLD'S FINEST MANUFACTURERS FOR AUDIOPHILES 
AND BEGINNERS 

DYNAUDIO-FOSTER-KEF- MAGNAVOX-
PEERLESSPHILIPS- SCANSPEAK-VIFA and 
MORE. KEF CONSTRUCTOR KITS FROM 6399.00 
— SCAN SPEAK SERIES 200 KIT FROM $650.00 
— VIFA AEM6102 KIT FROM $399.00 — 
DYNAUDIO DAK2 120 KIT FROM S469.00. 

AUDIOCRAFT 
AUSTRALIAS MAIL ORDER 
SPECIALISTS HI FI KIT 

SEND $2 00 FOR OUR LATEST CATALOGUE TO AUDIOCRAFT 
DEPT AE PO BOX 725 TOOWONG BRISBANE 4066. 
ENQUIRIES MON-FRI 9AM-4PM PH 07-870 8785 CREDIT CARD 
PHONE ORDERS AVAILABLE WE SHIP ANYWHERE IN 
AUSTRALIA AND EXPORT TO NEW ZEALAND AND PACIFIC 
MAIL ORDER DISTRIBUTORS OF FINE SPEAKER 
COMPONENTS ANDACCESSORIÈS FROM AROUND THE 
WORLD FOR THE DIY. (DO IT YOURSELF) HOME 
CONSTRUCTOR MARKET 

PO BOX 725 TOOWONG BRISBANE 
AUSTRALIA 4066. PH 07 — 870 8788 

AUSTRALIAN 

ELECTRONICS 

MONTHLY 

Small Spaces. 
Great Advertising 

potential for very little 
cost. Reaching around 

40,000 
readers for just 

$190.00 

PACKET RADIO TH 
SOFTWARE 
APPROACH 
By Robert Richardson 
W4UCH/2. Use your Z80 
computer as a TNC. Get on 
Packet for well under $ 100. 
Full Z80 source code listing. 
Volume 1 (Vancouver Protocol) 
$24. Volume 2 (AX25 Protocol) 
$34. Disks available for TRS 
80 Model 1 and Model 3. $30 
each. Modem and I/O circuits 
included. Prices include P&P 
Aust and NZ. 

A.A. O'Brien VK2BOA 
P.O. Box 333 
CHARLESTOWN. 2290. 

Ike 049 43 8981  e 

AEMs 
Small Spaces 

A great new low cost way of 

reaching around 40,000 poten-

tial purchasers of your products 

CALL ME! 
COMMUNICATIONS 

We offer new trade customers a 
wide-based range of communica-
tions equipment, components 
and accessories, including CB and 
commercial transceivers, anten-
nas, telephones, call diverters and 
answering machines, pagers etc. 
As a wholesale distributor, we 

offer intrastate and interstate 
delivery service. 
Over 20 years experience in the 

business 
• Also SEEKING AGENCIESon any 
communications and electronics 
products. 

Call Me Communications Pty. Ltd. 
PO Box 41E, Parramatta East 2150 
(02) 633 3545. Telex: AA 74710 

Contact 

John Whalen 

(02) 487 2700 

for further details, or 
send in your copy* 
with your cheque for 
$190 to PO Box 289 
Wahroonga 2076 

Proof supplied before 
publication 
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BenchBook 
'Soft start' for power supplies 
Large value electrolytics used on the rectifier output of a pow-
er supply act like a short circuit when the supply is first 
turned on. The 'in-rush' current can be many, many amps, 
putting quite a strain on the rectifier diodes and transform-
er secondary. (This accounts for the 'thump' often heard 
when turning equipment on.) 
This circuit effectively places a resistance in series with 

the 20 000u supply smoothing capacitor that decreases gradu-
ally so that the capacitor is charged slowly. Hence the term, 
'soft start'. 

FROM 
RECTIFIER 

The varying resistance is provided by a P-type power MOS-
FET. When the supply is first turned on, the 22u capacitor 
will be discharged, effectively shorting the gate and source 
of the MOSFET, holding it off. Some charging current to the 
20 000u smoothing capacitor will 'bleed' through the 100 ohm 
resistor, providing some initial charge. However, the 22u 
capacitor will gradually charge via the 100k resistor, forward-
biasing the MOSFET gate. The source-drain current will 
gradually rise as the gate-source bias rises and hence, the 
charging current to the 20 000u capacitor will rise gradually. 
A power MOSFET having a very low on-resistance should 

be used, and check that the drain-source voltage rating is ade-
quate. The smoothing capacitor value, 20 000u, is used as 
an example only. 

Simple Morse practice oscillator 
A transistor complementary-pair is connected here as a non-
inverting amplifier in which feedback is provided from out-
put to input via the 470n capacitor and 120 ohm series resis-
tor. This provides positive feedback, thus making an 
oscillator. 
When the key is pressed, the capacitor charges via the 50k 

trimpot and series 1k resistor, the 12OR resistor and the speak-
er. When it charges to about half a volt, the base of the BC547 
will be forward-biased and both transistors will turn on. But 
the capacitor will then be charged in the opposite direction 
via the 120 ohm resistor and the base-emitter junction of the 
BC547. This will reverse-bias the BC547's base, whereupon 

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 
used solder, undoubtedly there's someone — or some hundreds — out there 
who 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 for 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. 

the two transistors will turn off. The capacitor will then 
charge, once again, via the 50k trimpot, repeating the whole 
cycle. The repetitive cycles will be heard as a tone in the 
speaker. 
Most common complementary-pair transistors may be used 

here — such as the BC548/BC558, BC549/BC559, 
BC639/BC640 etc. 

470n 

4 OHM /4 
OR 

8 OHM -T-t 
SPEAKER   

KEY 

1.5V 

A 4 ohm speaker gives a louder output than an 8 ohm one. 
Increasing the battery voltage also improves the output. A 
1.5 V battery (single dry cell) gives adequate results, a 6 V 
battery is positively deafening! 

Squarewave generator with 
variable mark and space 

An op-amp squarewave oscillator is readily modified to pro-
vide independent variation of the mark and space periods. 

Rs 
1N914 

Rs=Rrn 

OUTPUT 

t -t 
MARK 

SPACE 

The circuit here has diodes placed in series with the charge 
and discharge paths of the usual op-amp CR squarewave os-
cillator. The resistances are made variable, thus providing 
variation for the capacitor's charge and discharge periods, 
providing variation of the mark and space periods. Varying 
either control alone will not affect the oscillator's fundamen-
tal period, but varying both trimpots will. The fundamental 
frequency is determined by the value of Rm and C. The fre-
quency is given by: 

1 
-   

2.Rm.0 

Note that Rs = Rm. 
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BenchBook 

Ceramic cartridge preamp 
features RIAA equalisation 
Those commonly available low-cost turntables make good 
'knock-around' record players for the rumpus room or den; 
just add a preamp and low cost IC power amp and power 
supply. Problem is, however, they are fitted with a ceramic 

CERAMIC 
CARTRIDGE 
in TO 10n 

CAPACITANCE INPUT 

cartridge which requires a different style of preamp to that 
used with magnetic cartridges. This preamp circuit is 
designed specifically for a ceramic cartridge and provides 
correct RIAA equalisation accurate to within +/- 2 dB for 
ceramic cartridges which exhibit between 1000 pF and 10,000 
pF ( 10 nF) of capacitance. ( Note that two are required for 
stereo, naturally, one for each channel). 
A pair of cascaded BC109Cs, direct-coupled, are used in 

an inverting amplifier circuit, output coming from the emit-
ter of the second transistor. Feedback equalisation is applied 
from collector to base, lowering the input impedance, which 

1n2 5% 

 I I---*-1120k 

1n5 
5% 

BC109C 

SET 
LEVEL 

+20V 

BC109C 

100n 

1-1111-0 OUTPUT 

allows the circuit to accept a wide range of cartridge 
capacitances. In addition, this makes the circuit less sensi-
tive to cable capacitance and noise (hum) pickup. 
For correct operation, there should be around 8-9 V on the 

collector of the first transistor. The capacitors should be good 
quality polyester, polypropelene or mica types. Low noise 
metal film resistors are recommended. A cermet-type trim-
pot should be used for the SET LEVEL control. This could 
be discarded and a 4k7 resistor substituted, the 100n output 
coupling capacitor then coming directly from the emitter of 
the second transistor.   

11111111111111111111111111.11111111111111,11111111,11111 ,1111,11M11111111111111111.111111111111111111111111111111111111111111111111111111111111111111111,111111111111111111111111111111111111 lllll 1111.11111111111,111111111111.11111111111111111111 111e111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

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 please 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 and/or address within the 32 

words ( for amateurs, 'QTRR' 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. 

Send your adverts to: AEM ADMARKET 

Australian Electronics Monthly 

PO Box 289 WAHROONGA 2078 NSW 
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letters 
Dear Sir, 
Alerted by a note in the June '85 issue 

of "Technology in Education", I went 
to our local newsagent and obtained a 
copy of the first issue of your new 
journal. 

I have now read it from cover to cover 
and am delighted at its content and 
presentation. It does definitely fill a gap, 
left for some time now by other similar 
publications in Australia, who appear to 
have drifted off into various esoteric 
directions, leaving the run-of-the-mill en-
thusiast like myself wondering. 

I like the various levels of your arti-
cles, the selection of your projects, well 
presented and researched, and am con-
vinced that, particularly under the 
guidance of some familiar names I ap-
pear to recognise, AEM is facing a 
bright future in the domain of popularis-
ing radio and electronics in a manner 
which would make the late Edwin West-
wick very proud. 

I am delighted to enclose my subscrip-
tion for your excellent journal and hope 
to be reading it for many, many years to 
come. 

Theodore L Baitch 
Seven Hills NSW. 

Dear Roger, 
Congratulations on the birth of a 

bouncing baby electronics magazine. 
I've just finished reading issue two and 
I'm glad free enterprise is alive and well 
in our ever-growing monopolistic world. 

I used to buy both the others but I can 
see that AEM will cover my needs quite 
nicely in the future. I mean, well, a new 
magazine with the names of both Roger 
Harrison and David Tilbrook inside the 
front cover is destined for great things! 
Keep up the good work and please find 

enclosed my subscription. It's nice to 
know that I can still read the last page 
first. 
May your circulation multiply a mil-

lionfold. 
Bob Toth 

Sandy Bay Tasmania. 

Dear Editor, 
Congratulations on your new maga-

zine. It looks pretty good, for starters. 
Nice to get a magazine with sensible 
binding once again. 
Then of course there is Mr Tilbrook 

whose projects generated an excitement 
that I thought was gone forever. Glad 
to see he's still around. 
You should have a word with your dis-

tributors as AEM is rather hard to find 
at the Newsagents. They have a place for 
the other electronics magazines etc, but 
AEM is just shoved anywhere it will fit. 
The best of luck to you for the future. 

Perhaps you'll give us the background 
on the birth of the new magazine 
sometime. 

A. I. Piggott 
Helensburgh NSW. 

Thanks for the good wishes. It's nice to 
know our efforts are appreciated. If you 
notice the magazine is hard to find in 
your newsagent, tell the proprietor to give 
your favourite magazine the best possi-
ble display! While our distributors can in-
form the newsagents of our existence, it's 
really up to the individual proprietors as 
to how and where the magazine is dis-
played in their shop. Readers! — can we 
enlist your help to have AEM placed in 
a prominent and appropriate position in 
your local newsagent? There are proba-
bly plenty more enthusiasts out there just 
thirsting for a charge of electronics excite-

ment and you could help them get it. 
Don't keep the good news to yourself! 

Dear Roger, 
It is good to see you back at the reins 

of an electronics magazine. Please find 
enclosed my subscription to your new 
magazine. 
One quick question if 1 may. Can the 

Scanner antenna in the first issue be 
used as a transmitting aerial on VHF & 
UHF? 

Peter E. O'Connell VK2J1J 
Oatley, NSW. 

Yes, Peter, the Scantenna can be used for 
both transmitting and receiving across its 
design frequency range. 

Roger Harrison VK2ZTB 

Dear Roger, 
I've just read the first issue of AEM. 

Congratulations on a fine start, and wel-
come. Your timing in launching the 
magazine is impeccable. Now that both 
of your competitors belong to the same 
stable so to speak, there is a real need 
for some competition from an indepen-
dent to "keep 'em honest". 

I am happy with the contents of the 
first issue and have no doubt that you'll 
keep up the standard. 

David Leong 
Killarney Heights NSW 

Dear Roger, 
I'm very pleased to see you back in 

harness as an editor. I have enjoyed the 
first two issues and look forward to a 
successful future for the magazine. I'm 
particularly pleased that your sense of 
humour is as apparent in this publica-
tion as it was in your previous position. 
Keep up the good work. 

Michael Fream 
Casterton, Vic. 

AUTHOR! AUTHOR! 

So you've written this 

great article. 

Tell us all about it then! 

Maybe you've developed a 

project you think others might 

be interested in? 

We'd like to hear from you! 

Write to: 

Roger Harrison 
Australian Electronics Monthly 

AUTHOR! AUTHOR! 

Perhaps you d just like to write 

in and comment on the magazine, 

tell us what you think of it and 

what you'd like to see us doing. 

We're only too happy to hear 

from you! (All bouquets gratefully 

accepted, brickbats next door, please!) 

PO Box 289 
WAHROONGA 2076 NSW 
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The Last Laugh 

THE CATSKILLS, USA: This is the latest in 
acoustic synthesizer technology to be released in 
America. The instrument is claimed to be able 
to produce the full range of sounds and timbres 
required by today's "new music" groups. 
Thoroughly condemned by the RSPCA, the in-

strument features a keyboard coupled to the tail-
pieces of seven sound generator modules by a 
system of precision analog linkages. The key-
board is said to be "touch sensitive" in that the 
player can regulate the pitch and volume of the 

music by applying varying pressures to the in-
dividual keys. 
Funding for development of the instrument 

was provided by grants from the American 
Acoustic Arts Council. The finished product was 
first demonstrated to the public via a series of 
Arts Council broadcasts on FM radio. Although 
similar broadcasts are frequently made in Aus-
tralia, the new synthesizer is not expected to be 
heard here until sometime next year, due to 
quarantine requirements. 

Weller-winning ways 

Our first Crossword Competition, 
featured on page 123 of the August 
issue, drew some pretty imaginative 
and amusing entries. It seems we 
have a considerable number of pent-
up poetical people reading the maga-
zine. Some 30% of the entries 
replied in verse to the tie-breaker 
question "Why I think the Weller 
WTCPN is the soldering station for 
me". 
Our first winner, Mark Halliday of 

Carlton NSW, topped the entries 
with this amusing twist on an 
ancient and venerable bit of British 
bosh: 

"Whether the Weller be cold, 
Whether the Weller be hot, 
Whatever the Weller, 
It's considerably better 
Than the iron I have presently got." 

We almost succumbed to the plea 
form C. J. Carlyon of Toowoomba 
Qld, who replied: 

"Because I'll have to buy one if I 
don't win it, and you wouldn't want 
my wife and three kids to go hungry, 
would you? 

Well, C. J., there's always the next 
issue for you to enter. 

It seems both George Mosel, of 
Springwood Qld, and A. F. Dunn, of 
Blackett NSW, had sad experiences 
in the past with attempts at solder-
ing with a blow torch! In reply to the 
tie-breaker, Dunn wrote: 

"Because with the Weller I will be 
able to solder components without 
having to break out the blow torch 
and 1/41b soldering iron whenever I 
purchase a kit set." 

While George Mosel penned: 

"Because my blow torch seems to 
damage the ICs for some reason!!" 

Well, we sympathise fellas. Keep 
plugging away at the crosswords, 
you might be able to retire that blow 

torch yet! 
T. J. Threlfall, of Shenton Park 

W.A., was well to the fore in the run-
ning for the prize with his amusing 
observational rhyme: 

"While a soldering iron of red heat 
For guttering's found pretty neat, 
For boards and resistors 
and 'specially transistors, 
A Weller would be just the treat! 

Naturally, I guess we can expect 
bucketloads of verse from entrants 
to future crosswords — but we'd like 
to point out it doesn't guarantee a 
better 'hearing'. In addition, we're 
obviously not making the clues hard 
enough or maybe you all enjoy a 
challenge! Just about everyone got 
the first crossword all out. 

In future though, you'll all have to 
put more effort into the tie-breaker. 
If you can't complete a crossword, 
send an entry anyway — it might be 
that nobody else gets it out either! 
Well, it's all good fun and you might 
get a pleasant surprise. 14,_ 
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Te er 
performance and 
• liability. 

()) 

Look-alikes aren't that simple. 
You could buy a lower priced soldering station 
that looks very similar to the Weller WTCPN. 
But it wouldn't perform like it. 

By changing the heat sensing tips, the 
Weller WTCPN automatically controls out-
put and temperature in three stages (315°C, 
370°C and 430°C). Once selected, you can be 
assured of constant, accurate temperature 
control without dials to turn or settings to 

watch.To make working with sensitive com-
ponents that safe and simple,Weller has 
incorporated state-of-the-art technology 
into an attractive impact resistance case, 
that's ideally suited for assembly work. 

Don't be fooled by look-alikes. 
Check with your Electronics Distributor. 

The Weller WTCPN 

(Coo erTool  
CRESCENT WFKIN NICHOLSON PLUMB TURNER WELLER WIRE-WRAP MSS XCEUTE 

The Cooper Tool Group Limited, P.O.Box 366, Nungong Street. Albury NSW 2640. Australia. Tel: ( 060) 216866. Telex: AA 56995 



Fseori 
For Quality Instruments 

Escort digital handheld instruments — A full range 
of 31/2 digit DMMs, as well as the unbeatable 
EDM-1346, 41/2 digit DMM, 0.05°/0 with TRUE RMS. 
All Escort handhelds are covered by a 12 month 
warranty. 

Emma 
A division of Emon 

Office & Show 

1st Floor, 720 
Ph: (02) 212 459 


