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How to beat the high cost 
of cheap meters. 

ELMEASCO 
Instruments Pty. Ltd. 

Talk to your local Elmeasco distributor about Fluke — 

You get what you pay for. 
So get the Fluke 70 Series. 

You'll get more meter for your money, 
whether you choose the affordable 73, 
the feature-packed 75 or the deluxe 77. 

All of them will give you years of 
performance, long after cheaper meters 
have pegged their fishhook needles for 
the last time. 

That's because they're built to last, in-
side and out. So they're tough to break. They 
don't blow fuses all the time. You don't 
even have to replace batteries as often. 

And they're backed by a 3-year warranty. 
Not the usual 1-year. 

Of course, you may only care that the 
world-champion 70 Series combines digital 
and analog displays with more automatic 
features, greater accuracy and easier opera-
tion than any other meters in their class. 

You may not care that they have a lower 
overall cost of ownership than all the other 
"bargain" meters out there. 

But just in case, now you know. 

FROM THE WORLD LEADER 
IN DIGITAL MULTIMETERS. 

FLUKE 
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FLUKE 73 FLUKE 75 FLUKE 77 
Analog/digital display Analog/digital display Analog/digital display  

Volts. ohms. 100. diode Wilts. ohms. 100. riYA. Volts. ohms. 113A. rnA 
test  diode test  diode test  
Autorange  Audible continuity  Audible continuity  
07% basic dc accuracy Autorange/range hold "Touch Hold" function  
2000+ hour battery life 0.5% basic dc accuracy Autorange/range hold  
3-year warranty  2000+ hour battery life 03% basic dc accuracy 
  3-year warranty  2000+ hour battery We 
  3-year warranty  
  Multipurpose holster  
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NEWS DIGEST 

Innovation House, S.A. Tech Park 

The Electoral Roll Optical 
Scanner, EROS for short, in-
spired by SA Electoral Com-
missioner, Mr Andrew Becker, 
and developed by local en-
gineers, CJ Abell 8( Co under 
contract to the Adelaide Inno-
vation Centre, is poised to 
revolutionize many of the 
electoral offices in the world 
which use a similar electoral 
system to Australia: it gives 
them access to lists of non and 
multiple voters at elections. 
To put the problem into bet-

ter perspective, some 80,000 
people in South Australia fall 
into this category. 

At present it takes approxi-
mately 5000 hours, 500 staff 
and $100,000 of public money 
each election to painstak-
ingly scan electoral rolls for 
the non and multiple voters. 

With EROS an entire elec-
toral roll can be scanned in 
less than 24 hours — hence 
the tremendous interest in this 
new system. 
EROS is unique in the world 

and the prototype, which took 
two years to design, is owned 
by the Adelaide Innovation 
Centre which plans to market 

Another SA Tech Park success 
the system world wide. 

Trials at the South Australian 
Electoral Department have 
proved so successful that the 
Department plans to install 
two machines at $50,000 
each for the next State elec-
tion scheduled in 1989. 

"The first election will virtu-
ally pay for the machines in 
savings on labour," Mr Becker 
said. 

Simplified, EROS has two 
special lenses which simulta-
neously scan both sides of 
each page of the electoral 
roll and LEDs track the names 
of non and multiple voters. 
The electoral roll number is 

noted and the information is 
sent for storage on disk which 
is linked to the Government 
Computing Centre. Then it is a 
simple task for the Centre to 
compile a list of names from 
the stored information on the 
disk. 
Manually, this process usu-

ally takes the Department 
about six weeks to notify non-
voters but with the aid of EROS 
the first notices can be pro-
cessed within 10 days. 
Operator interaction with 

EROS is by means of an IBM 
microcomputer interfaced to 
the scanner which is capable 
of processing 9000 sheets per 
hour and involves searching 
200 names on both sides of 
each sheet. 
Overseas markets are being 

assessed and there is already 
considerable interest by elec-
toral departments In other 
Australian States. 
"We know that EROS per-

forms brilliantly and now the 
task ahead is to attract buyers 
and more importantly, to see 
in which other areas this new 
technology and overall sys-
tem could be applied," con-
cluded Innovation Centre 
Manager John Taylor. 

Further information contact 
Mr J. Taylor, Adelaide Innova-
tion Centre, Innovation House 
West, First Avenue, Technology 
Park, The Levels, SA 5095. (08) 
260-8222. 
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Computer 

fraud 
deterrent 
For at least 10 years busi-
nesses have been terrified at 
the prospect of being robbed 
through computer fraud. And 
to make matters worse, there 
has also been that army of 
genius amateurs — the so-
called hackers — who have 
been feverishly trying to 
break into computer systems, 
mostly just for the fun of it. 
Now there is a new product 

on the market which the 
manufacturers claim will sim-
ply and effectively send 
frauds and hackers packing. 
Would-be computer cheats 

often access computer sys-
tems by telephone, quoting a 
password they have discov-
ered by trial and error. They 
tend to ring from a public tele-
phone system in their own 
home. A lot of passwords are 
easy to work out because 
they comprise someone's 
birthday or initials. Others are 
a bit harder. 
A Melbourne-based com-

puter company, Sendata, has 
launched Sendataguard 



Prime Minister begins fibre race 
OTC is now receiving tenders 
for the world's largest 
submarine optical fibre cable 
project. The OTC contract could 
well be one of the most 
lucrative communications 
contracts on offer anywhere 
In the world, and competition 
for the tender Is certain 
to be nerve. 

It will start with the Tasman 
2 cable, scheduled for com-
pletion by 1991, and finish 
with a ring of cable stretch-
ing around the Pacific, from 
Australia to the west of the 
US, to Japan and back. 
When the Pacific ring is 

complete, OTC will be the 
biggest single operator on 
the network. Together with 
Telecom's land lines, it will 
make Australia the world's 
fourth or fifth biggest user of 
optical fibre. 
Given the size of the ven-

ture, it's hardly surprising that 
most of the world's communi-
cations giants are looking at 
the Australian scene with in-

terest. However, OTC seems 
committed to using the cable 
as the basis for a viable fibre 
optic Industry in this country. 

Just how seriously this is 
taken was evidenced by the 
fact that Prime Minister Bob 
Hawke was the keynote 
speaker at the ceremony to 
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which tells telephone callers 
who can correctly enter the 
appropriate password that it 
will call them back. Sendata-
guard then immediately tele-
phones the number filed with 

that password. Obviously if 
caller is an interpolator usi 
another phone then the br 
ness is warned that sornec 
has been trying to break it 
its computer system. 

If the fraud or hacker cc. 
from the right pirone he (-• 
will be called back, 
another password is 
needed before they're ir 
the system. 

"But that's not the way 
per cent of trackers operal 
says Jim Grossett, wary 
director of Senda'a. " H 
and frauds like to ot 
from the safety of or 
location. It's too risky, a 
even pointless to physicc 
break into the business pre 
ises. There's just no need fo 
So we're very confident ti 
Sendataguard is o real y, 
ner." 
Sendataguard con 

bought separately, 
restricted to users 
data computer equii 
fact, according to G 
there's no compatibility p1( 
lem with this product. 

For further informatiol 
tact Ray Andrews, Ray 
drews & Associates, 63 Stead 
South Melbourne, Vic 3205. (1 
690-9788. 

mark the beginning of the 
tendering process. 
Hawke is not known as the 

most technologically literate 
politician in Canberra, nor 
has he ever expressed much 
interest in the communica-
tions industry. However, the 
scale of the development is 
such that the industry could 
well develop into a signifi-
cant employer and earner of 
foreign exchange. 
He said: "The telecommuni-

cations industry is a power-
house of economic growth. 
Over the last two decades, 
demand for communications 
has grown by 20% per 
annum. This exponential 
growth will probably flatten 
out, but all the same, Austra-
lians are expected to utilize 
50 times our current interna-
tional capacity in global 
communications systems." 
The tenders are being an-

nounced earlier than would 
otherwise be the case, to 
allow tenderers sufficient 
time to make arrangements 
for local manufacturing, and 
to give contractors time to 
qualify any local manufac-
turing facilities or designs be-
fore the construction phase 
begins. 
At this stage, firm favourites 

for the successful bid must in-
clude the two existing fibre 
companies, currently 
producing fibre for Telecom's 
land network. One of these is 
Optical Waveguides of Aus-

tralia owned by Metal Manu-
facturers, AWA and the US-
based Coming Glass. Ac-
cording to Metal Manufactur-
ers' Peter Robinson, talks 
have already been held with 
four of the biggest overseas 
fibre companies on the feasi-
bility of a joint venture. These 
include SIC, the US-based 
ATT, the French CIT Alcatel 
and NEC. 
A major problem, still unre-

solved, is how much foreign 
ownership will be tolerated 
within the new industry. Dur-
ing a personal briefing after 
the presentation, Hawke 
refused to be drawn on the 
question, saying merely that 
Australia would continue to 
welcome foreign investment 
In the country. 
However, he also said: "The 

balance of payments situa-
tion continues to be a major 
source of concern to the gov-
ernment. A significant com-
ponent of this concern 
comes from the deficit in the 
Trade in Services, which last 
year totalled approximately 
$4b". 

It is also a major problem 
for the personnel within OTC 
considering the tenders. An 
offshore manufacturer along 
traditional lines is clearly not 
desired. However, it's difficult 
to see what inducements can 
be offered for local research 
and development, unless 
control of the company stays 
within Australia. 
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NEWS DIGEST 

New QLD 
headquarters 
for IBM 
More than 120 staff from IBM 
Australia's Queensland oper-
ations have moved into the 
new IBM Centre in Edward St, 
Brisbane. The 16-storey build-
ing, constructed on the site of 
the Old Trades Hall, replaces 
IBM's previous headquarters 
of 18 years in Brunswick St, 
New Farm. 
The IBM Centre took 15 

months to build and has 
panoramic views over much 
of the city, which is taken ad-
vantage of by the inclusion of 
two glass-fronted lifts. 

IBM's Queensland branch 
manager, Kevin Dwyer, said 
the building was located on 
the fringe of the city in an ex-
panding professional office 
area. 
"These new offices are 

among the most advanced in 
Australia, using computers not 
only for office applications 
but to ensure maximum 
energy efficiency throughout 
the building," he said. 
"The air conditioning adjusts 

automatically according to 
the ambient temperature. 
Solar reflective glass has 
been used for the building's 
exterior wherever possible to 
increase natural light on 
every floor." 
The centre has been fitted 

with new furniture which can 
be adjusted to suit the needs 
of each individual. Managers' 
glass fronted offices are lo-

Another comet 
Comet-watching seems to 
have become something of a 
cult spectator sport over the 
last couple of years. 

First there was the photo-
graphing of Comet Giaco-
bini-Zinner in September 1985. 
Then we had the return last 
year of Comet Halley, with all 
its fanfare. And now, in late 
April, those of us in the South-
ern Hemisphere will be able 
to observe Comet Wilson, dis-
covered last August by Chris-
tine Wilson of the California In-
stitute of Technology. 

Comet Wilson was first ob-
served when it was about 512 
million kilometres from the sun. 
Initial calculations indicate 
that it should come within 160 
million kilometres of the sun on 
April 20-21, before returning to 
the outer regions of the solar 
system. Shortly after its closest 
approach to the sun, the 
comet will be within 90 million 
kilometres of the Earth and vis-
ible to the naked eye. It is 
known to be about as large as 
Comet Halley and is ex-
pected to be about as bright. 
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cated in the centre of each 
floor, while other staff occupy 
workstations near the win-
dows to take advantage of 
the natural light and the ex-
tensive views. 
The IBM cabling system has 

been installed to reduce the 
cost and complexity of install-
ing or moving computers and 
terminals within the building, 
and all staff use ROLMphones 
which are controlled by a 
ROLM CBX II ( computerized 
branch exchange). 
The new centre also incor-

porates a range of facilities to 
maximize customer service 
and support. It specializes in 
the small and intermediate 
range of products and associ-
ated application software, 
providing marketing and 
technical support to IBM cus-
tomers. 
A guided learning centre 

(GLC) has facilities where cus-
tomers and IBM staff can be 
trained in the use of computer 
systems and conduct system 
software tests. GLC users can 
undertake self-education 
courses and make use of so-
phisticated audio visual 
equipment and IBMs techni-
cal library. The centre's com-
puting facilities are available 
to customers who have an IBM 
System/36, System/38 or 4361 
to assist in pre-installation ac-
tivities. 

In addition to the education 
and seminar facilities, the 
centre also has a comprehen-
sive spare parts store which 
contains almost $2 million 
worth of parts and accesso-
ries for IBM systems. 

The new IBM Centre, 
located on the site of 
the Old Trades Hall in 

Edward St, Brisbane. 
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Two basic types of weather satellite are used for measuring atmospheric, 
ozone and other effects surrounding our globe: those in geostationary orbit 
and those in polar orbit. Courtesy COSSA. 

NASA finds 
ozone 'hole' 
Recent analysis of data col-
lected by NASA over the last 
six years has provided strong 
evidence that ozone Is disap-
pearing from the stratosphere 
over the Northern Hemisphere 
and leaving a 'hole' over 
northern Europe. 

The work, conducted by 
Donald Heath of NASA's labo-
ratory for atmospheric studies, 
strengthens the case against 

making products containing 
chlorofluorocarbons (CFCs) 
which remove ozone from the 
atmosphere. Already, several 
countries including the US 
and Canada have banned 
the use of CFCs in aerosol 
sprays, but now there is a con-
siderable push for an overall 
reduction in worldwide pro-
duction of these gases. 

It is the ozone in the upper 
atmosphere that protects us, 
and our animals and crops, 
from harmful levels of ultravio-
let light. Ozone is consumed 
by chlorine, and that's the 

problem with CFCs: they raise 
the chlorine content of the 
stratosphere. Recent research 
suggests that CFCs also con-
tribute to the warming of the 
Earth, known as the green-
house effect. 

Last December negotia-
tions began in Geneva be-
tween the US and the EEC to 
limit CFCs. It's a move that's 
been applauded, even by 
some of the industrial giants. 
The DuPont company, 

which invented a popular 
form of CFC called Freon, has 
suggested that worldwide 
production of the gases 
should be restricted by inter-
national regulations. The com-
pany says that the industry 
could find substitutes for all 
applications of dangerous 
CFCs within five years. In-
deed, some have already 
been developed. For exam-
ple, the CFCs that provide 
coolant for refrigeration could 
be replaced by another type 
of CFC, DuPont's F-22, which is 
less harmful to the atmos-
phere. 
The new research by Don-

ald Heath, which is based on 
data from an instrument 

aboard NASA's Nimbus-7 
weather satellite, reinforces 
the suspicion that the Earth's 
protective layer of ozone is 
not as uniform as was once 
believed. In the Southern 
Hemisphere, at certain times 
of the year, there is a virtual 
hole in the ozone layer over 
Antarctica. The decline in at-
mospheric ozone in the North-
ern Hemisphere is similar to 
that over Antarctica, but not 
as deep. Centred over Spitz-
bergen, halfway between 
Scandinavia and the North 
Pole, it extends across North 
ern Europe to Leningrad and 
shows up geographically as 
a cavity. The average annual 
decease in ozone over the 
past six years has been 
around 1.5 to 2 per cent, with 
the largest declines in Febru-
ary and October ( 2.6 and 2 to 
2.2 per cent respectively). 
According to Heath it is too 

early to blame CFCs alone for 
the decline in ozone. Other 
factors such as the polar vor-
tex (a large cyclonic pattern 
in the troposphere) or vol-
canic eruptions may also be 
contributing to the variations 
in ozone levels. 
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LOW COST PROFESSIONAL QUALITY 

MULTILAYER PRINTED CIRCUIT BOARD 
DESIGN PROGRAM VERSION 3.0 

For LEM* AND COMPATIBLE PERSONAL 
COMPUTERS 

WRITTEN FOR  DESIGNERS OF PCBs 

DEMONSTRATION PACK 
Send $25.00 which includes 
tax and receive a demonstration 
pack complete with instructions. 

FULL PROGRAM 
$890.00 plus $10.00 freight 
plus tax if applicable. 

'Registered Trade name of IBM 

AN ALL AUSTRALIAN PRODUCT 

Version 3.0 CAD Software 

PROTEL-PCB software is not just produced in Australia it is designed 
and written by Australians and allows you to create, correct and plot 
camera-ready artwork. PROTEL-PCB eliminates time consuming tape 
up methods. 

The additional features of the new VERSION 3.0 yet again enhance the 
program as a truly low cost professional quality package. The program 
allows for the design of circuit boards up to 32 x 19 inches. The 
designer can view and work on the entire PCB at once or with 6 levels of 
zoom work on particular areas as small as 1.6 x 0.95 inches, full VDU 
and 0.001 inch grid size. Camera ready 1:1 or 2:1 ink plots are available 
for all layers. Also includes extensive library, rubber banding, Bill of 
quantities, four track widths, four edge connectors, six pad sizes. 
Gerber plot support, and NC Drill output etc. 

PROTEL-PCB VERSION 3.0 NEW FEATURES 
EDITOR 
• Load Netlist 
• Display Total Connection Length 
• Net Reconnection 
• Pm number on components 
• Segment Dragging 
• Track Dragging 
• Net Highlighting 
• Power Plane with thermal relief 
• Ground Plane with thermal rebel 
• Track/layer swapping 
• Small text size 
• Text size changes 
• Text n components 
• Block copy 
• Block Move/Rotate/Mirroring 

• Block Read/Erase 
• Pad Laying Checks 
• EGA support 350 u 640 mode 

PLOTTER 
• Floating point scale 001 — 1000 
• X and Y Correction factor 
• Power/ground plane plots 
• Support for Roland OXY800 
• Board sort before plot 
• Support EPSON Printer-check plot 
• NC Drill support 

CHECK 
THESE 

FEATURES 

Licensed users of Version 20 will be offered Version 30 at a reduced price 

HST TECHNOLOGY PTY LTD 
445 MACQUARIE STREET. HOBART. TASMANIA. 
AUSTRALIA 7000 
POSTAL GPO Box 536F. 7001 
CABLE Lightning, Hobart Telex AA58260 EFAUS 
TELEPHONE National (002) 34B499 International * 61-02-34 8499 
FACSIMILE National (0021 23 8771 International *61-02-23 8771 

HST 
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SIEMENS 

SIPMOS saves grams, 
joules and bucks 
Siemens new power 
transistors are a boon 
for designers. 

By using SIPMOS power transistors, 
you can develop systems with 
smaller, lighter power supplies. 
And which are more 
economical and reliable. 
Furthermore, SIPMOS 
transistors are extremely 
fast switching and easy to 
parallel, with no secondary 
breakdown. 
Most importantly, these 
advanced features increase the 
design possibilities for switch mode 
power supplies, asynchronous motor 
controls, audio amplifiers, 
DC convertors, proximity switches 
and inverters. 
Innovative SIPMOS components 
arise from discoveries at the very 
forefront of technology. 

The range includes: 
E P channel and N channel. 
0 Small signal transistors including 

surface mount types. 
FRED FETS with fast recovery 
reverse diode. 

E SMART FETS. 

And other superior SIPMOS 
components are currently being 
developed by Siemens higher 
technology. 

For more information, contact your 
nearest Siemens office. 

Siemens Ltd. 
544 Church Street, Richmond, Vic. 

Melbourne: (03)420 7318 Sydney: (02)436 8730 
Brisbane: (07) 369 9666 Perth: (09) 362 0123 

Distributors 
Victoria: Promark Electronics ( Vic) (03) 878 1255 
Queensland: ECO Electronics (07) 376 5677 

Siemens. A higher technology 

New South Wales: Nexus Electronics Ply. Ltd. 
(02) 439 5800 
Promark Electronics Pty. Ltd. (02) 439 6477 
South Australia: Auslec (08) 269 1688 
Protronics Pty. Ltd. (08) 212 3111 
Western Australia: Reserve Electronics 
(09) 328 9755 

971/2803 CSA 



NEWS DIGEST 

Webster Spectrum to assist ferries on Sydney harbour 
The Urban Transit Authority of 
the NSW State Transport De-
partment has installed an Aus-
tralian Webster Spectrum 
minicomputer to assist it main-
tain a maximum safety watch 
and passenger service on its 
24 ferries and five hydrofoils 
that operate within Sydney 
Harbour. 
The Spectrum MD23LTY6, 

designed and manufactured 
by Webster Computer Corpo-
ration will schedule all dock-
ing, maintenance and over-
haul periods of the diversified 
fleet to ensure that the vessels 
are always in a safe and 
peak efficient condition. 
Special modules of the 

Mainman single-entry gen-
eral business manufacturing 
software from Scientia of Syd-
ney are being specially 
adapted by the UTA to its re-
quirements. 
The computer will monitor 

service periods for each ves-
sel, to ensure maintenance 
times for major components 
within the times recom-
mended by their manufactur-
ers. It will also schedule com-
plete overhaul periods. 
The computer will also auto-

matically prompt all safety 
checks required by the State 
Government and Statutory 
Survey Regulations. This in-
cludes such items as the 
length of time a vessel can be 
in the water before it goes to 

dry dock, specified times 
when shafting and propellers 
must be repaired, and when 
all underwater areas of each 
vessel should be checked for 
watertight integrity. 
An inventory section, cur-

rently being fed in, will keep 
track of all stock control, 
spare parts and how these 
are stored, enabling forward 
ordering control from UTA sup-
pliers worldwide, monitoring 

the delivery status of order, 
costs and transport details. 
Management reports of 

total costing of all inventory, 
forward ordering and forward 
ordering breakdown will be 
available at any time. Like-
wise an itemization in dock-
yard maintenance hours on 
all work carried out will pro-
duce efficiency reports and 
highlight where most staff are 
needed for specific service 

The hydrofoil Manly' in dry dock at the UTA's Balmain dockyard in 
Sydney. The recently installed Webster Spectrum minicomputer will 
automatically prompt future vessel safety checks, including the length of 
time in the water before drydocking. 

functions. 
The total hardware cost 

$44,263 and included the 
Spectrum ( it has 60 Mb of 
fixed storage, a one Mb 
memory and back-up options 
of tape and floppy disc), six 
VDUs and three printers in-
cluding one laser. 
These will be distributed be-

tween the UTA's Balmain 
headquarters, storeroom and 
adjoining dockyard, the De-
partment's Macquarie Street 
office, and Circular Quay 
depot whose reports have 
been manually delivered 
each day. 
Additional software pur-

chased includes Saturn word 
processing, database and 
spreadsheet, which the UTA is 
using for its management re-
ports, maintenance and 
scheduling and the writing of 
new ferry specifications. 
The computer purchase six 

months ago follows the UTA's 
move last November into its 
new $3 million-plus Balmain 
headquarters. It is part of a 
campaign to streamline ad-
ministration to increase its 
standards, patronage and 
profitablity with the ultimate 
goal of expanding its vessel 
chartering and dry dock and 
machinery servicing to com-
pete with private enterprise. 

Telescopic deal 
It's now five months since we 
heard the first mootings that 
Australia might take up an 
offer of a half share in the im-
portant British Schmidt Tele-
scope located on Siding 
Spring Mountain in New 
South Wales. But It seems 
starry-eyed deals such as this 
are fraught with complica-
tions and a definite decision 
has yet to be made. 
The Schmidt Telescope, 

built by the Royal Observa-
tory of Edinburgh in 1973, is 
one of the world's leading 
telescopes for taking photo-
graphs of wide regions of the 
sky. Its main purpose is to 
take wide-angle shots that 
can be studied later to pick 

out interesting objects. In-
deed, the telescope has 
been responsible for several 
important achievements in-
cluding the discovery of 
many very distant quasars. 
The Schmidt Telescope 

shares its site, but not its ad-
ministration, with he Anglo-
Australian Telescope (AAT), 
which is one of the world's 
largest reflecting telescopes. 
The AAT is administered by a 
board of scientists from Aus-
tralia and the UK, and it is this 
board which is interested in 
merging operations with the 
Schmidt. 
The Schmidt and the British 

half of the AAT are funded by 
Britain's Science and Engi-

neering Research Council 
(SERC). SERC has made the 
offer to Australia primarily as 
a cost-cutting measure. Just 
how much Australia would 
have to pay is unclear, but 
present running costs alone 
are around $900,000 per 
year. In addition there are 
costs at Edinburgh, notably 
for storing and analyzing the 
large photographic plates 
produced from the Schmidt. 

Naturally enough, the Edin-
burgh astronomers are wor-
ried that if the merger goes 
ahead the plates may re-
main in Australia. But SERC 
says it is committed to main-
taining its measuring and li-
brary facilities in the UK and 

that no jobs there would be 
lost. It also says that the deal 
would not automatically 
halve Britain's use of the 
Schmidt. It is currently used 
by British astronomers for only 
about 60 to 70 per cent of 
the time, the council points 
out, with a number of other 
countries taking up the re-
mainder. 
However, negotiations with 

Australia are still at a very 
embryonic stage so just what 
will happen, if anything, is up 
in the air. The AAT board is 
due to meet again within the 
next couple of months, so 
hopefully the situation will be 
clarified then. 
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New rule for 
TV ownership 
The Government's recent 
decision to replace the 'two 
station rule' which prevented 
any person from holding a 
financial interest in more than 
two commercial television li-
cences will help to alleviate 
the present domination of 
commercial television by 
Sydney and Melbourne, ac-
cording to Communications 
Minister Michael Duffy. 
Mr Duffy said the old rule, 

which operated for the past 
20 years, was inequitable as it 
ignored the differing financial 
strength of licensees. ' It 
counted Mount Isa as one sta-
tion and Sydney as one sta-
tion, even though the popula-
tions served by these two sta-
tions differ vastly," he said. " In-
stead of this unfair and 
anomalous rule, we have de-
cided upon a new rule which 
takes account of the popula-
tions served." 
The effect of the new rule 

will be to limit the reach of 
any one television station 
owner to 75 per cent of Austra-
lia's population. Mr Duffy 

pointed out that licensees will 
face competition In every 
market. They already do so in 
metropolitan markets, and the 
same situation will apply in re-
gional markets under the Gov-
ernment's equalization policy. 

"We believe this new ap-
proach will be widely sup-
ported by the industry and 
consumers alike," Mr Duffy 
said. " It will not only stimulate 
investment but will also give 
regional stations greater influ-
ence over programming 
decisions." 

Mr Duffy said the change in 
the regulatory environment 
would assist the equalization 
of commercial television ser-
vices by providing scope for 
those prepared to back their 
judgement and invest in new 
regional markets under the 
equalization of commercial 
television services indicative 
plan. However, licensees in 
the four newly approved mar-
kets who elected to use multi-
channel service (MCS) per-
mits rather than aggregate di-
rectly would remain under the 
two station rule, as would 
those with prescribed interests 
in such licences. 
Mr Duffy said that if compe-

tition was to be enhanced, an 
essential part of the reform 
plan would be to limit cross-
ownership among television, 
radio and newspaper inter-
ests. 

"Lifting the two station rule 
would adversely affect 
competition if it simply al-
lowed interests to own a tele-
vision or radio licence and a 
newspaper in the same area 
and thereby have an exag-
gerated influence over local 
affairs," he said. 

For this reason the Govern-
ment has decided, in princi-
ple, to regulate cross-owner-
ship of the media in Australia. 

Communications 
minister 
Michael Duffy. 

Such regulation would pre-
vent a person from buying a 
television licence to serve an 
area in which he or she for ex-
ample, already owned a li-
cence for a monopoly com-
mercial radio station or 
owned a daily newspaper 
whose main circulation was in 
the same area. 
The Government does not 

intend to penalize those who 
have acquired their licences 
under existing rules, Mr Duffy 
said. However, future acquisi-
tions of an interest in a televi-
sion licence will require the 
new owner to conform to the 
cross-ownership test. 

Group 
challenge to 
IBM 
If the giant of the computer 
Industry, IBM, has any vulner-
ability it's In the area of of-
fice systems where several 
users share a computer. 
That's the view of 10 smaller 
computer companies from 
Europe and the US which 
have joined together to chal-
lenge the huge multinational. 
The gang of 10 has its sights 

set on customers who require 
a mini-computer or powerful 
micros capable of handling 
several terminals simulta-
neously, such as banks, su-
permarkets and professional 
offices. The companies in-
volved — Digital Equipment, 
Hewlett-Packard, Siemens, 
Ericsson, ICL, Nixdorf, Philips, 
Olivetti, Unisys and Bull — 
recognize that this area ac-
counts for only a small part 
of the world computer mar-

ket. But since that presently 
stands at $100 billion annu-
ally even a tiny share would 
bring huge profits. 
However, even in this area 

of office systems IBM has a 
formidable foothold. None of 
the 10 companies would be 
able to challenge it on their 
own, though they are hopeful 
that their combined efforts 
will have considerable im-
pact. 
The companies' assault on 

IBM is being based on soft-
ware called Unix, which was 
developed by AT&T and has 
been available for some 
time. 

Unix has gained a reputa-
tion of being, theoretically, 
an ideal operating system for 
multi-user and multi-tasking 
applications ( ie, where there 
is more than one operator 
and where more than one 
program needs to be worked 
on at a time). However, the 
system has not gained the 
widespread popularity that it 
otherwise might, due to a 

lack of applications pro-
grams. This situation has 
been brought about be-
cause there are several Unix 
standards and software 
writers have been wary of 
writing programs that cannot 
easily be switched between 
machines. Hardware manu-
facturers, too, have been de-
terred by the lack of a stand-
ard for Unix. 
Calling themselves X/Open, 

the 10 companies have 
solved the problem by 
agreeing on a standard ver-
sion of Unix. As well, they 
have been working for the 
past two years on a piece of 
software called the Common 
Applications Environment 
(CAE) which will ensure that 
Unix applications programs 
written for any of the X/Open 
computers will work on the 
others. These two moves, 
combined with a publicity 
campaign aimed at per-
suading software companies 
to write programs for X/Open 
machines, will, they hope, 

create a sizable market for 
their products. 
So Mir none of the 10 firms 

has produced any comput-
ers that work to the X/Open 
standard, though they are all 
committed to doing so this 
year. 
They have established a 

$15 million kitty to fund 
X/Open group activities. One 
such operation will be the 
setting up of a centre near 
London's Heathrow Airport to 
help software companies to 
translate, or 'port', their pro-
grams for use on XJ0pen sys-
tems. The group will also 
soon demonstrate various of 
its computers working to-
gether at the EEC offices in 
Luxembourg. 
The X/Open group fore-

casts that the world market 
for the Unix systems is around 
4-5 per cent of the $100 bil-
lion spent annually on all 
systems and that its annual 
growth will be in the region 
of 50 per cent, at least in Eu-
rope. 
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Govt centres 
for innovation 
A national network of centres to 
develop innovation and 
entrepreneurship in Australia was 
officially launched in Canberra 
recently. The launch coincided with a 
major conference organised by the 
Department of Industry, Technology 
and Commerce, which involved 
leaders in innovation, technology, 
commerce and marketing from around 
Australia. 
The conference focused on the role 

the network can play in assisting 
industry to better capitalise on the 
current economic and technological 
climate by moving into more profitable 
areas of production. Keynote speaker, 
industry minister Senator John Button, 
sees the establishment of the 
Australia-wide network of ' Innovation 
Centres' and 'Centres for Development 
of Entrepreneurs' as a major step 
forward for Australian industry. " It is a 
central part of the Federal 
Government's strategy to promote 
improved international competitiveness 
among Australian enterprises," he said. 

c, c, c, 

THEY DON'T JUST LOOK TOUGH, 
THEY'LL BE TOUGH 

FOR YEARS AND YEARS. 

For that totally professional look, put 
your components into one of 
BETACOM's smart strong Rack Bins. 
A 6 piece unit with removable panels, 
making it easy to service, our 19" Rack 
Bin is made of heavy gauge aluminium 
with 3mm front panels with vented 
cover and sides and an optional 
multi- position chassis. Easy to assemble 
in tough powder coating supplied with 
handles, and is available in 5 sizes. 
The Desktop 19" Rack, with vented rear 
panels ( rear panel being removable), is 
available in 3U, 4U, 6U with drilled and 
tapped, plated steel mounting bars with 
optional blank filler panels. Very smart 
looking two-tone finish that's tough 
and totally professional. 

4L Li 

BETACOM's Rack Cabinets are 
available in 15U, 24U and 45U sizes 
complete with lockable front and rear 
doors. Easy and quick to assemble in 
knockdown construction with 
aluminium extruded frames. Cable 
entry can be from the rear or base of the 
cabinet. All the panels are finished in 
powder coating. Optional extras include 
locking polycarlDonate insert front 
doors, rack shelves and 1U to 8U blank 
filler panels. 
Call us today for more information, 
BETACOM can solve your racking 
needs. 

13ETACOM 
TEMPLE-SMITH AUSTRALIA PTY. LTD. 
2-12 Harp Street, Campsie. PO Box 196, NSW 2194 
Telephone (02) 78 3436 Fax (02) 787 2529 

VICTORIA: Temple-Smith Australia Pty. Ltd. 12 Rosella St., Frankston. Victoria. Telephone (03)781 1013. Fax. (03) 783 9151 
SOUTH AUSTRALIA: Graphic Electronic Industries Pty. Ltd. 168 Payneham Rd. Telephone (06) 363 0277 
WESTERN AUSTRALIA: 1.G. Thomas & Associates 5 Durnham Rd., Bayswater 6053. Telephone (09) 272 7122 
QUEENSLAND: Conwell Trading Company Pty. Ltd. 52 Doggett St.. Fortitude Valley 4006. Telephone (07) 52 7850 

HI TSA 119 0 
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HUNG CHANG IRITRONJ 
20 MHz DUAL TRACE 
OSCILLOSCOPE 
*Wide bandwidth and high sensitivity 
*Internal graticule rectangular bright CRT 
*Built in component tester 
•Front panel trace rotater 
*TV video sync filter 
•Z axis (Intensity modulation) 
*High sensitivity X-Y mode 
*Very low power consumption 
*Regulated power supply circuit 

COMPONENT TESTER is the special circuit with which 
a single component or components in circuit can be 
easily tested. The display shows faults of components. 
size of a component value, and characteristics of 
components. This feature is ideal to troubleshoot solid 
state circuits and components with no circuit power. 
Testing signal (AC Max 2 mA) is supplied from the 
COMPONENT TEST IN terminal and the result of the 
test is fed back to the scope through the same test lead 
wire at the same time. 

CRT 
CRT: 6 ( 150mm) Fiat- faced high bnghtness CRT with Internal Grateule 
Effective display area: 80 10 div ( 1 div 10 mrni 
Acceleration potential: 2KV 

VERTICAL 
Operating Modes: CH- A. CH.B. DUAL. ADD (CH-B can be inverted I 
Dual modes Alter. 0 2ufs - O 5ms dry Chre. ImS • 0 5s dm 
CHOP frequency 200KHz approximately 
Deflection factor: 5mV div 20V Om • 3% 12 ranges in 1•2•5 step with fine 
control 
Bandwidth: DC. DC • 20MHz 3dB) AC 10Hz • 20MHz 3d8) 
Rise Time: Less than 17ns 
Overshoot: Less than 3% 
Input Impedance: 1M ohm • 5%. 2opF . 3pF 
Maximum input Voltage: 600Vdp or 300V ( DC • AC Peak) 
Channel Isolation: Bener than 60 dB at 1KHz 

HORIZONTAL 
Sweep Modes: NORMAL. and AUTO 
Time Base: 0 2u)s • 0 5s cloy • 3% 20 ranges in 1-2-5 step with fine control 
Sweep Magnifier: 5 brnes ( 5X MAGI 
Linearity: 3°. 

TRIGGERING 
Sensitivity: INTERNAL 1 dn., or better for 20Hz • 20MHz ( Tregerable to more 
than 30MHz) EXTERNAL 1Vp-p or better for DC • 20MHz (Tregerable to 
more than 30MHz) 
Source: INT, CH- A, CH•B. LINE and EXT 
Slope: Positive and Negative, contintesly variable with level control PULL 
AUTO!. free- run 
Coupling:AC HE- 11E3 and TV TV SYNC Vertical and Horizontal Sync 
Separator Circuitry allows any portion of complex TV video waveform to be 
synchronized and expanded for viewing TV- H ( Line) and TV•V ( Frame) are 
switched automatically by SWEEP TIME DIV switch 
TV-VO 5sdiv to 0 Irns dry TV-H 50ufsdiv to 0 2ufs div 

X-Y OPERATIONS 
X-V Operations: CH-A: Y axis CU-B X axis Highest Sensitivity 5rnV div 

COMPONENT TESTER 
Component Tester: Max AC 9V al the terminal with no load Max current 2mA 
when the terminal is shorted ( Internal resistance is 4 7K ohm) 

OTHER SPECIFICATIONS 
Intensity Modulation: TTL LEVEL (3Vp•pl. Positive brighter 
BANDWIDTH. DC • 1MHz MAXIMUM INPUT VOLTAGE 50V ( DC • AC Peak) 
Calibration Voltage: 0 5Vp-p • . 5%. 1KHz • 5°, Square wave 
Trace Rotation:Electrically adjustable on the front panel 
Power Requirements: AC. MO. 120. 220. 240V 20W 
Weight: 7kg approximately 
Size: 1620-11 o 294(W) x 352(D)mm 

Cat. 012105   only $849 
(tax exempt only $695) 

Bulk orders, schools, please phone (03) 543 2166 for 
special low pricing 

.. 
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COMPUTER CABLE 
L;1136 6 conductor computer 
interlace cable Colour coded with 
braided shield 
(to 1E422 specifications) 
Copper conductor 6 x 7:0 16mm 
1-9 metres 10 • metres 

$1.90/m $1.70/m 

CIC9.100 9 conductor computer 
interface cable Colour coded with 
rnylar shielding 9 x 7.0 16mm 
1-9 metres 10- metres 

$2.50/m $1.95/m 

CICI2 12 conductor computer 
interface cable Colour coded with 
myler shielding 12 x 7 0 161.nrn 
1.9 metres 10. metres 

$2.70/m $2.50/m 

CIC16 16 conductor computer 
interlace cable Colour coded with 
rnylar shielding 16 7 0 16mm 
1•9 metres 10 • metres 

$3.90/m $3.40/m 

..•••••i• 
RAINBOW CABLE 
Suitable for IDC connectors 

Cat.No. Description Vmetre 

W12714 28AWG 14W $1.80 
W12716 28AWG 16W $1.80 
w12720 28AWG 20VV $2.20 
w12726 28AWG 26W $2.90 
w12734 28AWG 34W $3.60 
w12740 28AWG 40W $4.40 

If!ELL WIRE 
ncd and white twisted 
Conductors 2 x 1 strand 0 17mm 
Sheath 0 D 2 x 1 35mm 
Cat W 
1-9 rolls 10 • rolls 

$19.00/m 517.50/m 

PORTABLE MINI P.A. 
AMPLIFIER 
A completely portable system sets 
up anywhere in seconds inputs for 
microphone, electronic organ and 
cassette players Variable echo 
makes this an ideal unit for buskers 
and budding singers 
SPECIFICATIONS: 
Output power: 1W RMS 2W max 
Frequency Response: r00.15kHz 
Speaker: 5 full range. 4 ohms 
Echo Time: Variable 5.52rn sec 
Power Source: 6 x Da size banenes 
(position for power adaptor alsoi 

Size: 280(H) x 120(W) x 1801D Imm 
Weight: 1 369 

Cat A12022 $69.95 

MINI HAND HELD 
MEGAPHONE 
boned° Or 50005, spoils meetings 
boats. etc Portable. lightweight and 
enecttve with anti bowleg dynamic 
microphone High cower output low 
power consumption 
SPECIFICATIONS: 
Size: 15Ornm diameter 
Power output: 24 watt maximum 
Effective Distance: 120 metres 
Power source: 6 x AA" batteries 
Power duration: 6 hours 
Weight: 0 6kg 

Cat A" $69.95 

SCOPE 60W SOLDERING 
SYSTEM 
• Infinitely adjustable temp. 200 C to 
470 C. Sliding control selects 
desired bp temperature (LED 
readout monads tip temp ) 
• Safely holder features ceramic 
bum-proof bush and car, be 
converted to left-hand-side 
• Soft and cool hand gnp in pliable 
rubber 
• Screw type connector prevents 
accidental plug removal and 
guarantees soled contacts 
• Temperature lock allows 
production supervisors to control 
soldering temperatures 
• Anti seize bp retention design 
reduces nsk of thread seizure by 
removing locking nut to cooler end of 
barrel 
• Optional 30W soldenng pencil is 
available for finer work 

Cat. T12900  Normally $229 

SPECIAL, $199 
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BULK CABLE 100M ROLLS 
Cat W11222 3C2V 75 OHM $22 
Cat W11224 5C2V 75 OHM $35 
Cal W11219 4 Core Sheeed $49 

CORDLESS 
RECHARGEABLE 
SOLDERING IRON 
• Built in solder point illumination 
• Easy replacement of solder tip 
• Protective stand which also 
fundoes as charging unit 

• Sponge pad attach to stand 
• Plug pack power adaptor 
• Includes Need battery 
• Instrucnion manual 
• 12 months warranty 

Cat T12480 Normally 579 95 

SPECIAL, $69.95 

AUSTRALIAN MADE! 

QIECAST BOXES 
uiecast boxes are excellent for 
RF shielding, and strength 
Screws are provided with each box 
HI 1451 100 o 50 a 25rnm $ 5.95 
H11452110 x60030mm S 6.50 
H11453120 o 65 x 40mm S 6.95 
H11461120 x 94 x 53nun $ 11•50 
H11462188 120x 78rnrri $ 13.50 
H11464188x 188 o 64mm $29.50 

ECONOMY MINI 
STEREO HEADPHONE 

1..-5ht and comfortable, low budget 
stereo sound with 3 5min plug' 

Cal C14000 $5.95 

FE R R I2T0LA,E.FLAL ROD 

Cat L11401 Normally $2.75 

SPECIAL, ONLY $1.50 

POT CORES 
FX2242 Assembly. 
2 halves. 36mrn diameter 
112100 $9.95 

Fortner to ault FX2242 
112101 $0.95 

FX2243 Assembly. 
2 halves. 24mm diameter 
L12110 $9.95 

Former to suit FX2243 
112111 $1.00 

E Core. 2 halves 
112115 $8.95 

Former to suit E Core 
L12116 $4.95 

Complete E Core assembly. 
(including end plates and bolls) 
L12117 $16.95 

UNPROTECTED 
HEADERS 
Dual In Line 2 54rnm 

1-9 

10 Way Cat P12240 

$1.95 
16 Way Cat P12246 

$2.95 
20 Way Cat P12250 

$3.25 
26 Way Cat P12256 

$3.75 
30 Way Cal P12260 

$3.95 
34 Way Cat P12264 

$4.95 
40 Way Cat P12270 

$5.25 
50 Way Cat P12275 

$5.95 

10-

$1.75 

$2.66 

$/95 

$3.40 

$3.55 

$4.50 

$4.75 

$5.35 

RELAY AND BASE 
Can carry 10A at 28V ue or 5A at 
240V AC Supplies with Chassis 
Mounting Socket with screw 
terminals Great for school projects 
and demonstrations switching DC 
power supplies, central circuits and 
with contacts parallel up to 20A can 
be switched 
Cat 514074 68.95 

5PECTROL,,MP 
cquer (Booms 4 1 
Essential for precision work 
R14200 IOR R1429010K 
R142102OR R1430020K 
R142205OR R1431050K 
R14230 10OR R14320 100K 
R14240 200R P1433020011 
R14250 500R R14340 500K 
R142601K Ri43501M 
R142702K R143602M 
R14280 5K 

1•9 IQ. 

$1.95 $1.75 

MEW 
DB CONNECTORS 
Cat. No. Description Price 

P10880 DE9P Male $1.95 
P10881 DE9S Female $2.25 
P10882 DE9C Cover $1.20 
P10884 DE9P RA Plug $3.65 
P10885 DE9S RA Skt $4.25 
P10890 DA15P Male $2.10 
P10891 DA15S Female $2.25 
P10892 DM 5C Cover $1.25 
P10894 DA15P RA Plug $4.25 
P10895 DA15S RA Ski $5.00 
P10900 0825P Male $2.75 
P10•901 D825S Female $2.95 
P10902 DB25C Cover $1.25 
P10904 0625P RA Plug $4.50 
P10905 D8255 RA Skt $5.95 

3,/2 DIGIT ECONOMY 
LCD DPM SO 
• Ultra-Low POW/If 
• Bandgap Reference 
An uttra-low power, extremely stable 
LCD CPM suitable for a wide 
number of different applications. 
Features Auto-zero, Auto-polarity. 
200mV fsd. User adjustable Low 
Battery indication. 12.5mm digit 
height, programmable decimal 
point. The OP-5513 has an external 
bandgap reference for extra 
temperature stabilrty, with 
connections brought out. allowing 
use in single ended. differential or 
ratiornetric rnode The fscl can be 
easily rescaled by the user to 
indicate votts, amps, ohms or many 
other engineering units. Supplied 
verth a beezel mounting. clips, 
connectors and full data street. 
SPECIFICATIONS: 
Accuracy: 0.1% r - 1 count 
Linearity: • - 1 count 
Samples/sec: 3 
Temp. Stability: 50 ppm typical 
Temp. Range: 0 - 50•C 
Supply Voltage: 5 - 15V DC 
Supply Current 200uA typical 
Max. DC Input Voltage: • -- 20V 

Cat 015513 $89.95 

ECONOMY 4 CHANNEL 
MICROPHONE MIXER 

(MM) 
Its size and simplicity makes this 
mixer very portable and easy to 
operate 
SPECIFICATIONS: 
• 4 low impedance 600 ohm 
microphone inputs 

• individual gain control for each 
microphone 

• Master volume control 
• Power on LED 
• inputs Outputs • 6 3rnm mono 
sockets 

• DC operated (9V battery only) 
• Input Impedance 600 ohm 
• Output impedance 1 5kohm 
• Signalnoise rate 55013 
• Frequency response 20Hz to 
20kHz plus or minus 2dB 

• Weight 320 grams 
• Dimension 148 x 46 x 86mm 
• Torque variable range 1-22dB 
• input sensrtiv.ty ImV 
• Output level 9OrnV ( at Input 5mVi 
• T H 0 0 01% 

Cat A12001 $44.95 

MAGNETIC BULK 
ERASER 
The best and by far the quickest way 
to erase tapes, cassettes and 
computer disks. Reduces noise 
levels below recorders own erase 
head level On011 switch located in 
handle 240V AC operation 

Cal C14950 Normally $34.95 

SPECIAL, ONLY $29.95 

ULTRASONIC 
TRANSDUCERS 

(i.elsansee:rs'n 
.viteaati4OkliHzz 

(L19991) with unto 201/1 ,P on the 
transmitter These units cant be 
heard and so are ideal for TV remote 
controls. water level detectors 
burgalar alarms, motion detectors 
and information carriers as they can 
be either pulsed or used in the 
continuous wave mode 
Full specrleatens below for design 
purposes 
Maximum Input Voltage: 20V ens 
Centre Frequency (kHz): 40 • rO 
Sound Pressure Level 10V RUS-
1008 min 

Sensitivity (diVviubar) min.: 
65 min 

Bandwidth ( kHz): 
Transmit 40 (at 1000B) 
Receiver 5 0 ( at 730131 

Impedance: 
Transmit 500 
Receiver 5000 

Cal L19990 ( Transmitter) $4.75 
Cat 119991 ( Receiver) $4.75 
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ILM.11411.111 
MINIATURE HEATSINK! 
A great little tellow if you we shod of 
space. Great pnce too. because we 
import direct so you save! 
Cat. H10606 1-9 10. 

$0.40 $0.35 

fit* 
STAND need  OFFS to 

At IncaRD  
pay abeurd prices because we 
Import MOT dire« and pats on 
Ilse sayings to youl 

2 Pack P10930   $1.00 

10 Pack P10932   $3.95 
100 Pack P10934  $20.00 

ELECTRET MIC 
INSERTS 

With pins for easy board insertion 
Cat C10170 
1-9 •10 

$2.50 $2.25 
100. 

$2.00 

UHF/VHF/FM ANTENNA 
AMPUFIER AND 2 WAY 
SPUTTER. 
Covers all Australian frequencies 
Suitable for use in hOuses 
caravans, boats etc 
• 1 x 75 ohm Input 
•2o 75 ohm output 
• Gain 2e 6013 
• Maximum output 2x 96dBuV 

Cat 115041 $39.95 

ErmiL1ss;) 
TV INTERFERENCE 
FILTER 
Cuts Ce•Ham signals interference 

Cat 111048 $5.95 

10dB IN-LINE COAXIAL 

Reduces AMPLItle f%m splatters and long 
cable runs Sortable for use with 
antennas, coaxial feed lines and 
VCR's AC adaptor Included 
SPECIFICATIONS: 
Frequency Range: 5-900MHz 
Gain: 10d6g 
Power Requirements: 12V AC 
Adaptor (included) 

Input Impedance: 75 ohm 
Output Impedance: 75 ohm 

Cat L15043 $44.95 

HIGH INTENSITY 
ALPHANUMERIC 
RED DISPLAY 

Interlockable 2 display module with 
35 high Intensity. 5mm pixels per 
module Mooring vast scope for 
custom displays 

Bnghtness 3000 =I lOrnA 
PIN 1 Row 5A PINS Row 3A 
PIN 2 Row 7A PIN 9 Row IA 
PIN 3 Col 2C PIN 10Col 4C 
PIN 4 Col 3C PIN 11 Col 3C 
PIN 5 Flow 4A PIN 12 Rove 4A 
PINS Col 5C PIN 13 Col IC 
PIN 7 Row 6A PIN 14 Row 2A 

Cal No 1-9 10 • 

210196 $7.95 $6.95 

cites 
PA. SPEAKERS 
Low dual cone. code range 
20Ornm (Ban Weal Ice public 
address. background rnusc 
etc Tremendous Value al these 
'meek 
Cat CI2000 $7.95 

Weec:c ---5 

CAR ANTENNA BOOSTER 
• In-line Instalabon 
• 12V boosts 100% 
Cat A12073 $7.95 

tfile 
NICADSI 

Size Deem 1-9 10. 

AA 0.5 &H $2.95 $2.75 
C 1.2 A.H. $7.95 $6.50 
D 1.2 A.H. $7.95 $6.50 

100 , 

$2.25 

$4.25 

$6.25 

UNIVERSAL BATTERY 
CHARGER AND TESTER 
Save money on expensive battenes 
with this universal battery charger 
Features include meter tester, and 
provisions for D. C. AA, AAA. N. 
button and cell bananas. 9V and 6V 
(square types) Comes complete 
with detailed Instructions 

Cal M23533 $29.95 

BRAND NEW FANS 
Uualaly, new fans for use in power 
arms. computers. ho(spot cooleg etc 
Anywhere you need plentypf arr 
240V 45/13 Cat 712461 514.95 
115V 45,43" Cat T12463 $14.95 
210V 312' Cat 712465 $14.95 
115V 31/2 ' Cat 712467 $14.95 
ro. fans (mired) only S10 each! 

U.V. TUBES 
Fits into standard 15W flouro holder 
Suitable for Scotchcal. E prom 
erasing etc As used in ETI Eprom 
Erasing Kit 
WARNING Do not look directly into 
UV Tubes 
Cat H28600 $24.95 
•If ordenng by marl please include 
an extra $2 for special package 

3M SCOTCHCAL 
PHOTOSENSITIVE 

All prices per box and Include tax 

8007 REVERSAL FILM 
250 0 300mm ( 10 sheets) $39.95 
3000 600mrn IS sheets) $51.95 

8005 BLACK ALUMINIUM 
2500 30Ornan ( 10 sheets) $69.95 
3000 60Ornm (5 sheets) $79.95 

8009 BLUE ALUMINIUM 
250 x 30Ornm ( 10 sheets) 
3004 600mrn (5 sheets) $79.95 

8011 RED/WHITE 
250e 30Ornm ( 10 sheets) $64.95 
300 x 600nun (5 sheets) $71.95 

8013 BLACK/YELLOW 
250 30Ornm ( 10 sheets) $64.95 
300 o 60Ornm (5 sheets) $74.95 

8015 BLACK/WHITE 
2504 300nun ( 10 sheets) $64.95 
300n 600mm IS sheets) 

8016 BLUE/WHITE 
250 x 300mm ( 10 sheets) $64.95 
3004 600mm IS Sheets) $71.95 

8018 GREEN/WHITE 
250 x 300mrn ( 10 sheets) $64.95 
3000 60Ornm (5 sheets) $74.95 

$69.95 

$74.95 

RECHARGEABLE 
ELECTRe SC,R=R 
me perfect tool tor 
or handyman! 
• Long lasting NrCad battery 
• Forward/Reverse Modes 
• Detachable pistol gnp 
• Simple to use chuck 
• 2 Flat tips 
• 2 Philips tips 
• Includes AC•DC charger 

PERFORMANCE DATA: 
Gems Ratio: 1 50 
Was. R.P.U.: 150 
Mao. Torque: 3.2 (Newton Metre) 
Screwing Capacity: 4 EV300 

5 8/220 
112200 $99.50 

RECHARGEABLE 12V 
GELL BATTERIES 
Leakproof and in 3 convenient 
sizes, these long »Nee Ide 
batten« are ideal for burgulw 
systems. emergency lighting or as a 
computer backup power supply 
Ideal for many power needs 

Cat S15029 12V 1 2 AH $17.50 
Cat S15031 12V 2 6 AH $32.50 
Cat $15033 12V 4.5 AH $39.50 

• 
• 1 
.M..AIL nwi- •rmiJER 

°°1 3,3SeleVE 

L "Re • 
543 e 77 

TELECOMMUNICATIONS 
AUSTRALIAN STYLE 

iteraL9rogefoneeltesocket 
• Length 10 metres 
Cat V16015 515.95 

U.S. TELEPHONE 
EXTENSION CABLE 
• U s plug to 2 U b sockets 
eLengmlOmetffl 

Cat 716028 $10.95 

U.S. TELEPHONE 
EXTENSION CABLE 
sus plug to U S socket 
• Length 10 metres 
Cat 716024 $8.95 

!Wotan to UES PHON CpElt11_ CORD 
• Replacement hand set cord 
• Length 4 S metres 

Cat 716023 $7.95 

TELEPHONE ADAPTOR 
• Aastrakan plug to t.) b socket 
• Length 100m 
• Cream colour cable 

Cal 716026 $6.95 

SEKICONDUCTORSI 
Always check vrith ui 

before you but-9 IOn y!  

2716 $9.95 $950 
2732 $6.95 $8 50 
2764 $7.95 $7.50 
27128 $6.95 $6.50 
27256 $11.50 $10.50 
4116 $3.95 $3.50 
4164 $2.95 $2.75 
11256 $5.95 $5.50 
sssarince.50 0.40 
6116 $3.95 $3.75 
6264 $6.50 $5.50 
6802 $5.00 $400 
6821 $2.00 $1.80 
6845 "sea $400 
7406 
8250 

$8.95 
$7.95 
$6.95 
$6.25 
$10.00 
$2.95 
$2.50 
$4.95 
0.35 
$3.50 
$55.25 
$3.75 
$1.70 
$3.75 

$29 95 $27.95 " 

811XL9601 
Have you blown up your Apple Onve 
by plugging it in backwards or not 
turning off the power whale changing 
boards, We have the MEL9501 chop. 

SPECIAL, ONLY $29.95 

8087 
Genuine InMI chips with manual 
and data sheets packed In boxes! 
80874 (4 77MHz) $299 
8087-2 tomrir) $399 
8087-1 clorAHz) $649 
80287-3 (6MHz) $499 
80287-7 (81.411z) $899 
8087-3 (4 77MHz) $299 

scentecnE 
1.9 10. 

$1.95 $1.85 

taPePleopternallyIe95. 
Save $25, SPECIAL $24.95 

SPEECH SYNTHESISER 
CHIPS!, 

SP0256A-AL.2: Sae.) synthekser 
chip, needs programming to work 

$16.95 
CTS256-AL2: Contaans the code 
recognition circuit to enable the 
protect to plug directly on the printer 
port. or into an IBM PC 

$29.95 
A SET OF EACH . $44.95 

ECONOMY 
TRANSFORMERS 

1-9 10. 
2155 240V 6-15V 1A 
Cat M12155 $9.95 $8.95 

2156 240V 6.15V 26 
Cal M12156 $14.95 $13.95 

2840 240V 9V CT 
Cat M12840 $5.95 $4.95 

2851 240V 12-6V CT 150mA 
Cat M12851 $5.95 $5.50 

2860 210V 15V CT 250mA 
Cal 1.112860 $5.95 $4.95 

6672 240V 15-30V IA tapped 
Cat M16672 $11.95 $13.95 

==== 

HIGH INTENSITY 
RED LED BAR GRAPH 

Dlinenslons: 
Overall 63mm across. 5rnrn high 
LEDs 10 5mm Imrn 
Cat No 1.9 10 • 
210180 $2.95 $2.75 

REGULATED DC-DC 

CONVERTER on t, heav, duty aluminium 
healsank with 7 amps Ideal for 
trucks and boats 
• Input 24V DC 
• Output 12V DC at 7 amps 
• Fully regulated with short circuit 
protection 

• Size 180(1)494(W) x 33(H artam 

Cat A15056 $34.95 

CEP4TRONICS GENDER 
ClIANGEPS 
• Female to Female 
• Saves moddrng or replacing 
non-mafing Centronics cables 
• All 36 pins wired straight through 

Cal X15660 Make to Male 

Cal X15661 Male to Female 
Cat X15662 Female to Femake 

Normally $33.95. 
Our Price $24.95 

RS232 GENDER 
CHANGERS 
• Saves moddyIng or replacing 
non-mating R$232 cables 

• All 25 pans weed straight through 

Cal 015650 Male to Stale 

Cal X15651 Male to Female 
Cat 015652 Female to Female 

Normally 519 95 each 

Our Price $14.95 

RS232C NULL MODEM 
ADAPTOR 
• Male to female connections 
• Pins 2 and 3 reversed 
• All 25 pans connected 

Cat 015657 Vale to Male 

Cat. 015658 MaM to FetnaM 
Cat X15659 Female to Female 

Normally $22 95 

Our Price $14.95 

wee' 

• 
RS232 MINI PATCH BOX 
• Interface RS232 devices 
• 25 pin inputs 
• 25 leads with tinned end supplied 
• Complete with Instruchons 

Cat X15653 Male to Male 

Cat X15654 Female to Male 
Cat 015655 Female to Female 

Normally 525 95 

Our Price $19.95 

RS232 WIRING 
ADAPTOR BOX 

• Male to emule 
• 25 Detachable plug on leads 
• 2 mini Jumpers 
• Ideal for experamentang or 
temporary connections 

Cat 015665 Normally $39.95 

SPECIAL $29.95 

raz?vegiecTennut 
• All pin weed straaght through 
• Dual colour LED Indicates activity 
and direction on 7 fines 

• No battenes or power required 
T D Transmit Data 
D S R Data Set Ready 
R.D. Recame Data 
CO Carrier Detect 
RIS Request to Send 
D.T.R Data Terminal Ready 
CTS Clear to Send 
Cat 015656 Normally $39.95 

SPECIAL, ONLY $32.95 

RS232 INLINE 
SWITCHING BOX 
• 25 pin "0" plug to 25 pan "D- socket 
• DIP scatehtis alkaw easy swechang 
of Internal wiring 

Cal 015462 $32.95 

HIGH EFFICIENCY 
RADIAL FIN HEATSINK 
Black anodised with a thick base 
plate, this radial fin heatenk can 
dissipate large amounts of heat for 
maximum efficiency Designed by 
Rod Irving 

105430mm Cat H10520 $ 3.50 
105475rnmCat H10525 $ 3.50 
1054100mm Cat H10529 $ 4.90 
1054140mm Cat H10534 $ 6.50 
1054150mm Cat. H10535 $ 6.75 
105x170mmCat. H10538 $ 7.95 
1054195mm Cat H10542 $ 9.90 
1054200mm Cat H10513 $ 9.90 
1054225rnmCat H10516 $10.50 

105430OrnmCat H10549 $12.00 
1054600mm Cat H10560 $24.95 

IJ C 
Cmge..1 

HEATSINK COMPOUND 
Heatunk compound is applied to the 
base and mounting studs of 
transistors and dedes It maintains 
a positive heatsank seal that 
improves heat transfer from the 
device to the heatknk, thus 
increasing overall efficiency 
Cal H11800 $2.95 

Rod Irving Electronics 
44 &Beckett St. MELBOURNE 
Phone (03i 643 6151 

425 Mph St, NORTHCOTE 
Phone (03) 489 8866 

Mad Order and Correeponrience 
FO Boa 620, CLAYTON 3168 

Telex AA 151938 

MAIL ORDER HOTLINE 
008 335757 
(TOLL FREE( 

(STRICTLY ORDERS ONLY) 

LOCAL ORDERS 
I& INQUIRIES 
f 03j 543 7877 

POSTAGE RATES 
51 59.99 $2 00 
$10 $24.99 53 00 
525 $49 99 5.4.00 
$50 59999 55 00 
$100 $199 S7 50 
$200 $199 510 00 
5500 plus $12 50 
FREE POSTAGE FOR ORDERS 
OVER $ 75 8 UNDER 3KG" 

TheaboveposUpermesanOor 
basic postage only Road Freight. 
bulky and fragile items will be 
charged at dtftwent rates 

Certified Post for orders over 
$100 included free. 

1:., ateraed Poet fir orders over 
ded Ire. 

All sales ta• exempt orders and 
wholesale inquines to 
RITRONICS WHOLESALE, 
56 Renew Rd. Clayton 
Pla (03) 543 2166 (3 lines) 

Errors and omissions eitcepted 
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NEWS DIGEST 

Software 
Two new computer software 
packages for the design of 
electronic circuit boards and 
custom microchips launched 
recently were designed 
under a Government industry 
research and development 
contract placed with the 
Royal Melbourne Institute of 
Technology (RMIT) and the 
University of NSW (UNSW). 
The software package de-

veloped by RMIT is targetted 
at companies requiring the 
capacity to design electronic 
sub-systems using printed cir-
cuit board, hybrid, gate-array 
or standard cell methodolo-
gies. The software package 
developed by UNSW is target-
ted at companies requiring 
full custom chip design solu-
tions. 
The RMIT package is capa-

ble of running on an IBM PC/XT 
or AT. The UNSW package re-
quires a computer workstation 
of the power of a Labtam 
3015N32 for effective real-
time performance. Both soft-
ware suites are substantially 
technology independent and 
include highly sophisticated 
simulation, automatic routing 
and capabilities for user-gen-
erated circuit libraries. 
Following the evaluation of 

tenders, the Department has 
selected Engsoft Pty Ltd, a Bal-
larat software development 
company, to be the main 
licensee to distribute the 
packages in Australia and 
overseas. 

High tech 
ad agency 
A full service advertising 
agency has been established 
in Sydney to cater specifi-
cally for high technology 
companies. Called Ad-
vanced Technology Advertis-
ing, it is the brainchild of en-
trepreneurial electronics de-
signer-turned headhunter, 
Colin O'Brien, and will be 
headed by Garnet Meekings. 
ATA is a sister company to 

O'Brien's existing enterprise, 
Advanced Technology Re-
cruiters, a high technology re-
cruitment consultancy. 

O'Brien believes that most 
mainstream agencies are 
unable to provide the spe-
cialist services that high tech-

nology companies need. Ac-
cording to him they simply do 
not technically understand 
high tech products and their 
markets. 
"We've selected our per-

sonnel very carefully to maxi-
mise our expertise in both 
technology and advertising," 
he said. 

O'Brien's technology back-
ground is complemented by 
the extensive advertising ex-
perience of Meekings, who 
has held senior advertising 
management positions in 
high technology companies, 
including Philips (communi-
cations) and Utilux (electrical 
and electronic components). 
ATA is geared to provide 

complete advertising and 
promotional services, Includ-
ing product launch manage-
ment, audio visual production 
and public relations. 
"Our high-tech clients often 

have special needs which re-
quire both unusual promo-
tional solutions, and a high 
degree of technical under-
standing," said O'Brien. "So 
our agency offers a range of 
services beyond normal ad-
vertising programs." 
ATA is currently servicing 

clients in fibre optics, data 
communications and elec-
tronic test equipment. 

For further information call 
Garnet Meeking on (02) 959-
5015. 

CSIRO 
research 
crucial 
CSIRO research is crucial to 
the technological renais-
sance of Australian industry 
according to the organiza-
tion's new chairman, Mr 
Neville Wran. 
Mr Wran, who resigned in 

July as NSW premier and fed-
eral president of the ALP, took 
up the position of part-time 
chairman of the CSIRO Board 
last December. 
"The Board's primary role 

will be to align CSIRO's re-
search priorities closely to na-
tional objectives," he said. " If 
Australia is to survive econom-
ically it must develop manu-
facturing and service indus-
tries as competitive and inno-
vative as its agricultural and 
mining sectors. CSIRO's re-
search is crucial to achieving 

The new chairman of CSIRO, 
Neville Wran. 

this objective.' 
Mr Wran acknowledged 

that the organization has al-
ready contributed billions of 
dollars a year to the country, 
both through the generation 
of income by primary indus-
tries, which it has assisted over 
many decades, and through 
savings that have flowed from 
its research in public health, 
environmental protection and 
resource management. It is 
also playing a leading role in 
introducing new technologies 
to existing industries and in 
the development of new in-
dustries based on space tech-
nologies, biotechnology, ad-
vanced materials and ad-
vanced silicon chip design. 
"CSIRO is one of the world's 

most highly regarded na-
tional research organizations, 
and one of Australia's most re-
spected public institutions," 
he said. "The task of the new 
Board will be to ensure that 
Australia gets the greatest 
benefit from this excellent re-
source." 

New improved 
home 
shopping 
Home telephone shopping for 
people living in south-east 
England has acquired a fresh 
dimension with the introduc-
tion of a British Telecom order-
ing service that centres 
around a new free-of-charge 
consumer magazine, Boule-
vard. 

Instead of calling individual 

shops to request advertised 
items, customers choosing 
goods from the magazine 
can telephone a central Brit-
ish Telecom bureau where 
staff with desktop computers 
will place the orders with the 
appropriate stores. 
Customers will receive their 

goods either the same eve-
ning or the next morning, after 
giving their credit card de-
tails. Orders can be taken 
around the clock for goods 
which, in the first issue of 
Boulevard, range from lin-
gerie, wine and cameras to 
the chance to test drive and 
buy a car. 
The 350,000 homes receiv-

ing the magazine, which 
carries articles on general 
subjects as well as featuring 
advertisements, have been 
chosen from among likely 
customers for shops taking 
part in the scheme. These in-
clude the well-known stores of 
Selfriges and Harvey Nicols, 
the tobacconists Dunhill, the 
fashion specialists Janet 
Reger, and Oddbins which 
runs a string of wine and spirit 
shops. 

Six issues a year of Boule-
vard are planned for areas in 
London and the south-east, al-
though delivery of goods can 
be undertaken in other parts 
of Britain. 
Boulevard editor David 

Smith said that the service was 
aimed at busy people who 
would normally be personal 
customers of the stores adver-
tised but who did not always 
have time to visit them. 

Infrared 
quasar 
A team of US astronomers, sur-
veying infrared sources de-
tected by the IRAS satellite, 
believes it has discovered a 
previously unknown type of 
quasar which could lead to 
considerable advances in 
our knowledge of the origins 
and evolution of galaxies. 
A quasar is the energeti-

cally active central region of 
a distant galaxy. Some 3500 
quasars have been identified, 
showing a characteristic 
peak of energy in the ultra-
violet part of the spectrum. The 
'new' quasar, known as 
13349+2438, emits 90 per cent 
of its energy in the infrared. 

The discovery was made 
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during a search for faint stars 
known as 'brown dwarfs' in our 
own galaxy, conducted by 
astronomers from the Califor-
nia Institute of Technology, the 
US National Optical Observa-
tory and the University of Ari-
zona. One of the objects they 
picked out had a red shift of 
0.1, equivalent to a distance of 
about a billion (101 light 
years from Earth and well be-
yond the Milky Way. 

This 0.1 red shift is compara-
tively small. The largest re-
corded shift was over 4, or 
equivalent to a distance of 
more than 10 billion light 
years. However the discovery 
of 13349+2438 is important 
due to the nature of its radia-
tion, which peaks at a wave-
length of about 25 microme-
tres and has similarities to the 
radiation from the class of ac-
tive galaxies known as Sey-
ferts. Many astronomers have 
postulated a relationship be-
tween quasars and Seyferts, 
but the links have been ob-
scure. The discovery of the in-
frared quasar may provide 
some answers. 
Quasar 13349+2438 has a 

star-like appearance which 
the American astronomers ex-
plain as an effect of dust sur-
rounding the central active 
core of the body. It may be a 
typical phase of quasar ac-
tivity, and the better known 
appearance of quasars as 
optically bright bodies emit-
ting strongly in the ultraviolet 
may simply correspond to a 
later stage in a quasars life-
time when the dust has been 
blown away by the activity in 
its core. 

It certainly seems likely that 
13349+2438 is behaving in a 
way typical of all quasars at a 
certain stage in their evolu-
tion. No one has previously 
looked for quasars that are 
active in the infrared and 
there may well be many more 
of them waiting to be discov-
ered. 

$1 million gift 
for AI 
Deakin University has re-
ceived a $1 million-plus gift 
of equipment from Rank 
Xerox to set up a world class 
artificial intelligence labora-

tory within the school of sci-
ences. 

The gift is the largest re-
ceived by the university. The 
equipment donated includes 
state-of-the-art computer 
hardware and software, 
which will be used to de-
velop software tools for com-
mercial, educational and in-
vestigative needs for both the 
home market and overseas. 

Artificial intelligence (AI) is 
the technology of making 
computers act with some-
thing akin to the human 
thought processes of evalua-
tion, interpretation, reasoning 
and decision-making. 
According to Deakin's 

Brian Gamer, Foundation Pro-
fessor of Computing, exports 
will come from three areas. 
Firstly, the laboratory will 
offer consulting services to 
commercial and industrial 
enterprises to refine or de-
velop software environments 
and applications suitable for 
export. The second area 
would be the development 
of export-oriented software 
products such as expert sys-
tems shells and a range of 
software tools to enhance the 
attractiveness of the Xerox 
environment. And thirdly, 
there is the largely undiscov-
ered area of developing 
knowledge bases which 
capture the knowledge of 
experts and make it avail-
able and understandable to 
novices. 

"For example, the labora-
tory could provide a know-
ledge base used by, say, a 
specialist mechanic or elec-
tronics engineer in diagnos-
ing a complex vehicle prob-
lem that could become a 
useful tool for all garages to 
implement," Professor Gamer 
said. "We expect to be 
developing multiple knowl-
edge bases or expert system 
shells that will find a ready 
market in both domestic and 
overseas environments." 

In announcing the grant, 
which will comprise hard-
ware, software and continu-
ing support services, David 
Stringfellow, managing direc-
tor of Rank Xerox in Australia, 
said that while Deakin was 
Australia's youngest university 
"it has established an envi-
able reputation both in Aus-
tralia and abroad for its 
courses in information tech-
nology". 

"We are expecting the 
development of software out 
of the Xerox laboratory at 
Deakin that will become a 
substantial income earner for 
Australia," he said. 

Australia is currently ex-
porting in excess of $1 million 
of what is loosely termed 
high technology products. 
With what he terms "proper 
support and proper organi-
zation" Professor Garner be-
lieves that this could become 

a $10 billion export market 
within five years. 
There are already several 

specific, commercial appli-
cations of Al most notably in 
the areas of oil exploration 
and medical diagnosis. In 
Australia, where Rank Xerox 
has become the first com-
pany to package and mar-
ket Al hardware and soft-
ware, its use has been ex-
tended into the accounting 
profession. 

Shortage of frequencies 
According to a Radio Neder-
land report from its represent-
ative at the World Administra-
tive Radio Conference, Jim 
Vastenhoud, two thirds of in-
ternational broadcasters 
have made their requests 
known for frequencies they 
require in the next allocation 
period. In total 100 countries 
have specified their require-
ments. 

Instead of picking a fre-
quency shortwave broad-
casters will have to nominate 
their requirements, such as 
the time and frequency 
band and the area to which 
they wish to broadcast. The 

international body would al-
locate the power and fre-
quencies to be used. The 
band most heavily requested 
in use was the 9 MHz band or 
31 metres, with 7000 requests. 
Following that was the 11 MHz 
band or 25 metres, with 6500 
requests; then the 6 MHz 
band, 49 metres with 6000. 
By the end of 1987 the num-

ber of 500 kW transmitters will 
be more than the total of 100 
and 250 kW transmitters in 
operation, so that one third of 
all shortwave transmitters will 
be 500 kW or over. 

— Arthur Cushen 
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Do computers play 
any part in your 

life? 
If they do — or if you just want to 
find out about them — don't miss 

each month's issue of 

4n1m121111 MAGAZINE FO USIN El AND PLEASURE 

A magazine for all computer users and enthusiasts, Your Computer 
has something for everyone — topical features on all aspects of the 
computing world, expert reviews of the latest software and hardware, 
up-to-the-minute information for business people, and even games 

and advice for hobbyists. 

NEWS 
Your Computer brings you all 
that's interesting, innovative 
and inventive in the 
microcomputing world — news 
of products, plans and politics 
to keep you up-to-the-date 
with what's going on in this 
fast-moving industry. 

REVIEWS 
The latest machines and 
software from all the computer 
manufacturers are reviewed 
each month in Your Computer. 
Keep informed about what's 
available, and use our reviews 
to help you assess which 
products are right for you. 

TUTORIALS 
Your Computer's tutorials include 
regular series on such popular 
subjects as the BASIC 
programming language and 
dBase II, probably the 
biggest-selling database 
program of them all. Written by 
such well-known industry 
experts as Les Bell, they're an 
invaluable aid to learning how 
to make computers work for you. 

PROGRAMS 
Your Computer regularly publishes 
all kinds of programs written 
by both professional programmers 
and readers, and ranging from 
games to business uses, utlitities 
to additions and alterations to 
well-known programs. 

All Your Computer's articles are 
written in everyday English, 
not computer jargon, so even if 
you're a beginner there's 
something for you in every 
issue. And our regular columns 
on all the popular brands of 
microcomputers are packed with 
enough information to get any 
newcomer straight into the 
exciting world of computing. 
At $2.95 — less if you take out 
a subscription — Your Computer 
is going to cost you a lot less 
than its overseas rivals — and 
provide you with the latest 
information on the computer 
scene in Australia at the same 
time. Look for it every month at 
your newsagent. 



COMING EVENTS 

FEBRUARY 
Finance '87 Melbourne, an exhibition of money-handling 
technology, will be held at the World Trade Centre, Mel-
bourne, 10 to 13 February. For further information contact 
BPI Exhibitions on (02) 266-9799. 

MARCH 
A series of seminars will be held in conjunction with the In-
ternational Technology Exhibition in Canberra 3-7 March. 
For more information contact Total Concept Exhibitions on 
(02)938-2033. 
An International CAD/CAM Congress on current realities 
and future directions will be held 17 to 20 March in Mel-
bourne. Contact ACADS/FACE Congress Secretariat, 576 
St Kilda Rd, Melbourne, Vic 3004. (03) 51-9153. 

PC87, Eighth Australian Personal Computer Show, is on 17-
20 March at Centrepoint in Sydney. Contact Australian Ex-
hibiton Services on (03)267-4500. 

The Fourth South Pacific Area Conference of Computer 
Users, SPARC '87, will be held in Brisbane 17-19 March 
and is calling for papers. Contact Graham Coote on (07)57-
7077. 

The Queensland Electronic Distributors Associaton will hold 
its next exhibition 24-25 March at the Brisbane Entertain-
ment Centre. Contact Bob Hunt (07)854-1911 or Bob Hee-
Ian (07)277-4311. 

APRIL 
The fourth workshop on small computer systems, organized 
by Queensland Institute of Technology, is on 13-15 April 
and calling for papers. Contact Dr C. Chesmond, QIT Dept 
of Elec Eng, on (07)223-2484. 

Labex '87, international lab and equipment and products 
exhibition is on in Brisbane at the Science Pavilion, RNA 
Exhibition Grounds, 31 March to 2 April. Contact BPI on 
(02)266-9799. 

ATUG '87 4th Australian Telecommunications Exhibition & 
Conference will be held at the Hilton Hotel in Sydney 7 to 
9 April. Contact Riddell Exhibitions on (03) 429-6088. 

The What's New in Electronics Exhibition — electronics in 
process control — will be held 14-15 April at the State 
Sports Centre, Underwood Rd, Homebush, NSW. 

The 17th International Symposium on Industrial Robots will 
be held 26-30 April at the Chicago Hilton & Towers. Con-
tact RI/SME Public Relations, 1 SME Dr, PO Box 930, 
Dearborn, MI 48121. Ph 313/271-0777. 

MAY 
Ausgraph '87 is on 11-15 May in Perth. Contact Conference 
Secretariat on (03)387-9955. 

Photographics '87, an exhibition of the equipment and tech-
nology of photographics will be held 23 to 26 May at the 
RAS Showground in Sydney. 

JUNE 
Communications '87, the Australian International Office 
Technology Exhibition, is on 1 to 4 June at the Royal Exhi-

bition Building, Melbourne. Contact Australian Exhibition 
Services on (03)267-4500. 

PC87, The Ninth Australian Personal Computer Show is on 
1 to 4 June at the Royal Exhibition Building, Melbourne. 
Contact Australian Exhibition Services on (03)267-4500. 

Office Technology '87 will be held 1 to 4 June in Mel-
bourne. Contact Australian Exhibition Services on (03)267-
4500. 

The 1987 Computing Systems Conference will be held 17 to 
19 June in Brisbane. Contact the Institute of Engineers, 
Australia, 11 National Circ., Barton, AC-1' 2600. (062) 73-
3633. 

Videotex '87 Exhibition & Conference is on in Melbourne 
over three days in June. Contact Riddell Exhibitions on 
(03) 429-6088. 

Videotex '87 to be held 30 June to 2 July at the Sheraton 
Hotel, Auckland. Contact the Secretariat on (649) 68-6955. 

The Third National Space Engineering Symposium will be 
held 30 June to 2 July at the Australian Defence Academy 
in Canberra. Contact The Conference Manager on (062)73-
3633. 

JULY 
Automach '87, an exposition on automated manufacturing 
and sponsored by the SME, is scheduled for 7 to 10 July in 
Sydney. Contact Adolph Greco on (02) 875-2377. 

AUGUST 
A symposium on signal processing and its applications will 
be held at the University of Qld 24-28 August. Those inter-
ested in participating contact the Conference Secretariat, 
ISSPA 87, Uniquest Ltd, University of Q1d, St Lucia, Old 
(07)377-2733. 

Nelcon '87 national electronics conference will be held 24-28 
August at Auckland University, New Zealand. Contact B. 
S. Furby on (02)957-3017. 

IREECON '87 will feature digital technology when it is held 
14 to 18 September. Contact Heather Harriman on (02)327-
4822. 

SEPTEM BER 
The 4th Australasian Remote Sensing Conference will be 
held 14-18 September at the Adelaide Convention Centre. 
Contact John Douglas, South Australian Centre for Remote 
Sensing on (08)260-0134. 

Labex '87 international laboratory equipment and products 
exhibition is on 21 to 24 September at the Royal Exhibition 
Building, Melbourne. Contact BPI Exhibitions on (02) 266-
9799 or (03)699-9151. 

OCTOBER 
Computer Indonesia will be held in Jakarta 20-24 October. 
Contact Australian Exhibition Services on (03)267-4500. 

NOVEMBER 
CommuniTech and Computer '87 is on in Kuala Lumpur 
11-14 November. Contact Australian Exhibition Services on 
(03)267-4500. 
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C U R R E N T A FTIF A I R s 

ELECTRONICS 
IN WESTERN 
AUSTRALIA 
It's been called 'the State of excitement', and that's probably a 
pretty good description of the atmosphere in WA — at least in 
the electronics industry. The WA government regards 
electronics as the saviour of its manufacturing sector and is 
happily handing out substantial financial and other support. 

T
he mining companies of Western 
Australia are known for their trains 
as much as anything. The trains haul 

iron ore from the mines at Newman and 
Mt Tom Price to the harbours at Port 
Hedland and Dampier where it is trans-
ferred to ships and sent all around the 
world. Economics dictate that the trains 
should be long, amongst the longest in the 
world. However, as the trains get longer, 
the stresses on the links between the 
trucks get greater, until the train breaks. 
To avoid the ignominy of being stranded 

with a split train in the middle of the dry 
desert ranges requires drivers to have 
some experience. In particular, how to 
drive the train while putting the least pos-
sible stress on its components. It's not 
easy, and, of course, the experience is not 
cheaply gained. 
This was a problem all through the 

1970s. However, by 1980, lecturers from 
the University of Western Australia had 
developed a considerable amount of ex-
pertise in modelling these stresses in a 
computer. So they left the university, set 
up a company which they called Acet, and 
proceeded to build train simulators in 
which they could teach drivers how not to 
break them. If you're in the heavy train 
game, you've got to have one. So far 
they've sold five simulators at half a mil-
lion dollars each inside Australia, and they 
arc busily trying to extract export orders. 

It's an interesting story if only because, 
out in the West, it's getting to be very 

typical. For a start, the company is very 
new. Secondly, it's linked significantly to 
the existing economic order (mining, fish-
ing or agriculture). Thirdly, it's expanding 
rapidly. Fourthly, it's highly specialized 
and, fifthly, the guys who head it up are 
almost unbelievably bullish about the pos-
sibilities for the future. 

In a nutshell, that's WA's electronics. 
New, brash and growing fast. 

Profile 
The profile of the Western Australian 
electronics industry is in fact much like 
that of other booming manufacturing 
centres around the world. It also tends to 
be technology-driven by new money. It's 
unlike a lot of the rest of Australian 
industry. 

Total employment in the industry rose 
16 per cent last year. More than half its 
companies reported increases in sales of 
over 25 per cent. R&D is up, 40 per cent 
on average. Most significant of all, export 
sales amount to over 25 per cent of total 
revenue. Currently there are some 530 
companies employing 6500 people. Invest-
ment is calculated at $2b, and at current 
growth rates will exceed $5b by 1990. 

Electronics in WA has not specialized 
into any particular area. It's an industry in 
which the lack of a pattern is itself the 
pattern. A browse through an electronics 
directory reveals representatives from al-
most every branch of the industry. Some 
of the more noteworthy: Randata and> 

ETI February 1987 — 19 



' le V. 

1 I 

BIT PATTERN 
GENERATOR KIT 
In applications where you are 
required to look for a particular byte 
of infonmation in a serrai or parallel 
data path short of a logo analyser or 
a storage oscilloscope. there is not a 
lot to help you However. thrs Bit 
Pattern Generator gives you a 
simple and ecconornical way to 
detect and display specific bytes of 
data It may be used on both parallel 
and senal data paths. 
(ETI 172. May '86) 
Cal IC41720  $54.95 

(Send/Parallel Kit) 

ELECTRONIC 
MOUSETRAP 
This clever electronic mousetrap 
disposes of mice instantly and 

. mercifully. without fail, and resets 
itself automatically They'll never get 
away with the cheese again. 
(ETI Aug 84) ETI 1524 

Cat K55240 $39.95 

S  Ain% 
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AEM DUAL SPEED 
MODEM KIT 
The ultimate kit modern featunng 
1200/300 baud, case and 
prepunched front panel 
Exceptional value for money, 
(AEM 4600 Dec 35) 

Normally $169 

SUPER SPECIAL, ONLY 
$139 

• 
15V DUAL POWER 
SUPPLY 
The sirrille Protect is suitable for 
most projects requinng a dual 
voltage. Includes transformer 
(ETI 581. June'76) 

Cat K45810 $34.95 

r , 
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50V SA LABORATORY 
POWER SUPPLY 
New switchmode supply can deliver 
anywhere horn three to 50V DC and 
currents of 5A at 35V or lower 
Highly efficient design. 
(Ea May...lune33)83PS5 

Cat. K83050   $199 

soy dome «MOM 1) 

MOTORCYLCE 
INTERCOM 

OVER 500 SOLD! 
Motorcycling is fun, but the 
conversation between hoer and 
passenger is usually pet not 
possible But build this intercom and 
you can converse with your 
passenger at any time while you are 
on the move There are no -push-to-
talk' buttons, adjustable volume and 
ifs easy to Dude 
(EA Feb'84) 84MC2 
Cat 104020 $49.95 

• Mire 
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VIDEO FADER CIRCUIT 
Add a touch of professionalism 
to your video movies with die simple 
Video Fader Circuit it enables you 
to fade a scene to black (and back 
again) without loss of picture lock 
(re) or colour 
(EA Jan '86.85610) 

Cat K86010   Ncirrnally $24.95 
Special, only $19.95 

CAR IGNfT1ON KILLER 
Most car bungular alarms are easily 
circumvented, but not this cunning 
-Ignition Killer' This sneaky 
antitheft device uses a 555 timer to 
•leCe an intermittent short moot 
across the points Until disabled by 
its hidden switch the arctic! 
effectively wakes the car 
undriveable - a sure dish:vent to 
thieves. ¡EA Feb.'84) 84AU1 
Cat. K84010   . $24.95 
(Our kit includes the box.) 

30 V/1 A FULLY 
PROTECTED POWER 
SUPPLY 
The last power supply we did was 
the phenomenally popular ETI-131 
lhis low cost supply features lull 
protection, output variation from OV 
to 30V and selectable current kmit 
Both volatage and current metenng 
is provided (ETI Dec 831 ETI 162 
Cat K41620 Normaily 369 50 

SPECIAL, $59.50 

FOUR CHANNEL MIXER 
This four channel mixer protect 
gives professional quality with 
impressive specifications 
SPECIFICATIONS: 
Mae. Input sensitivity 500B 

(2 &MI) 
Signal to noise ratio: - 780B 

relative to • elE1 
Dlistortlon: 0 03. at ' 4dB 2kHz 
Input Impedance: 3k ohm nominal 
Output Impedance: 100 ohms 
Frequency Response: 10Hz to 
30kHz • 1dB) 

(ETI1404. ETI July 85) 
Cat KS4040 $99 

el 41 

MULTI SECTOR 
ALARM STATION 
Protect your home and possessions 
from burglars with this up to the 
minute burglar alarm system It's 
easy to build, costs less than 
equivalent commercial units, and 
features eight separate inputs, 
individual sector control, battery 
back up and self-test facility 
Specifications: 
• Eight sectors with LED status 

indication 
• Two delayed entry sectors 
• Variable exit, entry and alarm 

time settings entry delay variable 
between 10 and 75 seconds: exit 
delay variable between 5 and 45 
seconds: alarm time variable 
between 1 and 15 minutes 

• Resistive Loop sensing suds 
both normally open and normally 
closed alarm sensors 

• Battery back-up with 
charger circuit 

• Built-in siren doser 
The RIE Idt Includes a superb 
printed and prepunched metal 
case and inside metal work, plus 
▪ gill battery! Unbeatable VALUE! 

Cat K85900 Normally $ 169 

SPECIAL, $159 

fa. IL 
LAB SUPPLY 
Fully variable 0-40V current lorded 
0-5A supply with both voltage and 
current metering (two ranges 
0-0.5A/0-5A). This employs a 
conventiond serles-pass regulator. 
Mat a switchmode type with its 
attendant problems, but dissipation 
is reduced by unique relay switching 
system switching between laps on 
the transformer secondary 
(ETI May33) ETI 163 

Cat. K41630   $249 

PARALLEL PRINTER 
SWITCH KIT 
Tired of plug swapping when ever 
you want to change from one printer 
to another, l'his low-cost project 
should suit you down to the ground. 
It lets you have two Centronicatype 
printers connected up permanently, 
so that you can select one or the 
other at trie flick of a swatch 
(ETI 666. Feb 35) 

Cat K46660 $79.95 

UNIVERSAL RELAY 
BOARD 
Operating a relay to switch heavy 
current or mens voltages is a 
common requirement in electronic 
control applications This project 
permits a relay to be switched in a 
vanety of ways and form a variety of 
inputs (ETI May'81. ETI257) 

Cat, $13.50 

THE BUSKER 
PORTABLE AMP1JFIER 
This handy amplitie in coripleelY 
portable and is capable of operating 
from ether the mains of a 12V 
battery Main features include guitar 
and high-level inputs, an inbuilt 
loudspeaker, and bass and treble 
controls Its just the thing for busking 
or for guitar practice 
(EA Feb 85 85ba2) 
Cat K85020 (excluding cabneo$99 
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CRYSTAL CONTROLLED 
TV PATTERN GENERATOR 
Anyone wishing to obtain the 
maximum performance horn a colour 
TV redever needs a pattern 
generator. Why not build this superb 
unit which provides five separate 
patterns; dot, crosshatch, checker 
beard, grey scale and white raster' 
Note: The RIE kit includes a large 
ABS type case! 
(80pg6. EA June'80) 
Cat. K80033  $97.50 
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MODEL ENGINE 
IGNMON SYSTEM 
Get sure starts every time, without 
glow plug burnouts on your model 
engines 
(ETI June'83) ETI 1516 

Cat K55160  $49.50 

RS232 FOR COMMODORE 
A emple project to give your 
Commodore RS232 compatibility. 
(E7I 1601, Ell July'86) 
Cat K56010  $19.95 

LOW BA 
VOLTAGE INDICATOR 
Knowing your batteries are about to 
give up on you oould save many an 
entmetrasebng situation This simple 
low cost project will give your early 
warning of power failure and makes 
a handy beginner's project 
(Ell 280. Mardi'85) 
Cat K42800 $9.95 

ELECTRIC FENCE 
CONTROLLER 
Restore discipilne to the farm or 
allotment with this newelectric fence 
controller. It features higher output 
power and lower current dram than 
the previous design for use in rural 
WM. 
(EA Dec 85, 8541 11) 

Cat./C85110 $49.95 

FAIR DINKUM RS232 
FOR MICROBEE 
The Microbee, among other home 
computers, has a 'sort of RS232 
port in that it doesn't implement 
negative-going portion of its ouput 
signal (TxD). Most peripherals with 
an RS232 input can cope with that, 
but inevitably, there are those that 
can't. This project fixes that. 
(ETI 676. Ell FEB134) 
Cat K46760 $39.50 
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DIGITAL SAMPLER KIT 
Digital sampling is at the core of 
many of the special sound effects 
used by modern musicians. A tngger 
input (usually a contsrudion drum 
pad) tnggers a prerecorded sound 
from the digital sampler. This sound 
has been recorded into the 4K of 
onboard mernory and can be 
digitally manipulated so that it 
sounds completely different on 
playback The unit has controls for 
gain, regeneration and mixing. It 
also gives a choice of a number of 
different triggenng methods 
(ETI 1402. May-July '86) 

Cat K41420   $119 

50/500MHz 7 DIGIT 
FREQUENCY METER 
Want a high pedormance digital 
frequency rneter that's easy tO to 
build', This unit uses just five IC's, 
measures period and frequenoes 
up to 500MHz, and features a brig° 
seven digit display Save a small 
fortune over comparable commerce' 
units 
Note The RAE Frequency Meter Ka 
Includes high quality prepunchea 
end silk screened front panel! 
(EA December 31) 
(50MHz 81finl Oa. 500MHz 81frn10b) 

50MHz Cat. K81120   $149 
500MHz option Cat. K81121 

  add $29.95 

RADFOTELETYPE 
CONVERTER FOR THE 
MICROBEE 
Have your computer print the latest 
news horn Me international 
shortwave news service. Just hook 
up this project between your short 
wave receivers audio output and the 
MicroBee parallel port A simple tat 
of software does the decoding. 
Can be hooked up to other 
computers too ( Ell Apr '83) 

Cat K47330 $19.95 
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FUNCTION GENERATOR 
This Function Generator with digital 
readout produces Sine. Triangle 
and Square waves over a frequency 
range from below 20Hz to above 
160Hz with low distortion and good 
envelope stability. It has an inbuilt 
four-digit frequency counter for ease 
and acoiracy of frequency setting. 
(EA April '82. 82A03A/R) 
Note The RIE Function Generator 
Ms a high quality screen printed 
and prepunched front panel 
Cat K82040 $1 09 

PARABOLIC 
MICROPHONE 
Build a low cost parabola, along with 
a high gain headphone amplifier lo 
help when listening to those natural 
activities such as babbling brooks, 
s.r.9.og birds or perhaps even mere 
sinister noises The current cost of 
componenets for this project is 
around $15 including sales tax. but 
not the cost of bananas or 
headphones (EA Nov 83) 83MAll 

Cat K83110 $14.95 

STEREO ENHANCER 
The best thing about stereo is that it 
sounds good! The greatest stereo 
hie system loses its magndeenCe it 
the effect is so narrow you can't hear 
it This ewe lets you Cheat on 
being cheated and creates an 
'enhanced stereo effect' with a small 
unit which attaches to your amp 
(ETI 1405. ETI. MAR'85) 

Cat K54050 $79.50 

; aerate( °UM • 
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MUSICOLOR IV 
Add excitement to parties, card 
nights and discos with EAs 
Musoolor IV light show This is the 
latest in the lamOus line of 
musicolors arid it offers features 
such as four channel color organ' 
plus four channel het chaser, front 
panel LED display, internal 
microphone. single sensitivity 
control plus opto-coupled switching 
for increased safety 
(EA Aug.'81) 81MC8 
Cat 1031080 $99 

AUDIO TEST UNIT 
Just about everyone theSe days who 
has a stereo system also has a good 
cassette deck, but not many people 
are able to get the best performance 
horn it. Our Audio Test Und allows 
you to set your cassette recorder s 
bras for optimum frequency 
response for a given tape or 
alternatively. it allows you to find out 
which tape is best for your recorder. 
(81A010) (EA Oct'81) 
Cat. K81101 $59.50 

DIGITAL CAPACITANCE 
METER Illc.2 
Updated from the EA March'80 
issue, this Digital Capacitance 
Meter checks capacitor values 
horn 1 pF to 99.99uF over three 
ranges, Its main features include a 
nulling circuit and a bright 4 digit 
LED display. 
'Note:The RIE kit contains quality 
silk screen printed and prepunchecl 
front panel AND an exclusive 
He Intensity Display! 
(8119a. EA August '85) 
Cat K85090  $99.95 

TRANSISTOR TESTER 
Have you ever desoldered a suspect 
transistor, only to find that it checks 
OK? Trouble-shooting exercises are 
often htnciered by this type of false 
alarm, but many of them could be 
avoided with an ' in-ci rcuir 
component tester, such as the EA 
Handy Tester. (EA Sept'83) 83178 
Cat K83080  $18.95 

PRINTED CIRCUIT 
BOARDS 
ETI 044   $2.95 
ETI 163   $12.95 
Ell 164   $4.95 
ER 183   $6.95 
Ell 256   $4.95 
ETI 268   $4.95 
ETI 278   $4.95 
ETI 324   $4.95 
ETI 412   $5.95 
ETI 449   $4.95 
ETI 453   $4.95 
ETI 455   $4.95 
ETI 458   $7.95 
ETI 464   $4.95 
Ell 466   $9.95 
Ell 477  $10.95 
ETI478SA   $3.95 
ETIVAS8   $3.50 
ETI 478SC   $3.50 
Eli 4neso   $3.50 
ETI 480   $5.95 
Ell 494   $4.95 
ETI 496   $15.50 
Ell 499   $9.95 
ETI 581   $4.50 
Ell 666   $6.95 
En 668   $5.95 
Ell 672   $4.95 
ETI 688A   $5.95 
ETI 68813   $2.95 
elan   $9.50 
ETI 724   $5.95 
Ell 733   $6.95 
ETI 736A   $3.95 
ETI 736B   $3.95 
ETI 755A  $10.95 
En 75513   $2.95 
ETI 755C   $2.95 
ET! 760   $4.95 
Ell 1404A   $19.95 
ETI 1404PS   $6.95 
Ell 140513   $69.95 
ETI 1478MB  $23.90 
80pa6  $15.95 
80p96   $7.95 
8060110   $3.95 
82ps2   $6.95 
82m2   $4.95 
82092   $2.95 
82vc3   $4.95 
82pa7   $11.95 
82pc10   $3.95 
83mati   $5.95 
Maul   $5.95 
84ba5  $15.95 
&Small   $2.95 
85.111   $7.95 
AEM 4600     $23.95 
AEM 3500   $6.95 



FREE POSTAGE FOR ALL ORDERS OVER S75 & UNDER 3KG 
HI FI SPEAKERS 
A compreheneive range of 
matched appearance speakers. 
all with square silver grey frames 
and black cones - ideal for 
building up low cost speaker 
systems that will look and sound 
superb. 

11/2" TWEETER 
SPECIFICATIONS: 
Sensitivity:90dB 
Freq. Response: 1 2 • 20 kHz 
Impedance 8 ohms 
PCM/Of RMS: 10 watts 
Magnet Weight: 2 oz 

Cat C10200 $5.95 

21/2" TWEETER 
SPECIFICATIONS: 
Sensitivity: 9408 
Freq. Response 1 1 • 17 kHz 
Impedance: 8 ohms 
Power RIAS: 10 watts 
Magnet Weight: 2 oz 

Cat C10202 $6.95 

4" MIDRANGE 
WITH SEALED BACK 
SPECIFICATIONS: 
Sensitivity: 96dB 
Freq. Response:650 - 15 kHz 
Impedance: 8 ohms 
Power RMS: 15 watts 
Magnet Weight: 3 6 oz 

Cat C10204 $11.95 

61/2 " WOOFER 
Cloth edge roll surround. 
SPECIFICATIONS: 
Sensitivity. 96dB 
Freq. Response: 55 - 7 kHz 
impedance: 8 ohms 
Power RAM: 15 watts 
Magnet Weight: 54 oz 

Cat C10208 $17.95 

8- WOOFER 
RIBBED CONE 
Cloth edge roll surround. 
SPECIFICATIONS: 
Sensitivity: 94dB 
Freq. Response: 55 - 8 kHz 
Impedance 8 ohms 
Power RIAS, 20 watts 
Magnet Weight: 54 or 

Cat C10210 $20.95 

12" WOOFER 
RIBBED CONE 

MiCieeger,eisà",rou'd. 
Sensitivity: 92dB 
Freq. Response: 32. 4 kHz 
impedance 8 ohms 
Power WAS: 30 watts 
Magnet Weight: 13 3oz 

Cat C102 ,4 $49.95 

PHILIPS SPEAKERS 
For the month of January. 

we are offering 20% off these pnces. 
But. you'd better be quick as this offer 

tor a limited time only 

Description Cat.No. Price 

A00161078 (C12030) $24.95 
AD02160S08 (c12040) $69.95 
AD80652W8 (C12042) $69.95 
AD070620M8 (C120451 $69.95 
AD12250W8 (C12050) $129.00 

1 y 

2 WAY 80 WATT 
CROSSOVER NETWORK 
• 6d13 attenuation 
• Cross Over point 3.500 Hz 
• Impedance 8 ohms 
Cat A16001 $7.95 

3 WAY 60 WATT 
CROSSOVER NETWORK 
• 608 attenuation 
• Cross over point 800 and 5.000 Hz 
• Impedance 8 ohms 

Cat A16003 $12.95 

3 WAY 100 WATT 
CROSSOVER NETWORK 
• 12dB attenuation 
• Cross over point 800 and 5 000Hz 
• Impedance 8 ohms 

Cat A16005 $28.95 

OMNI-DIRECTIONAL 
WIRELESS MICROPHONE 
Tuneable: 92. 104MHz 
Freq. Response: 50. 15kHz 
Range: Over 300 feet in open field 
Modulation: FM 
Power Source: 9V Battery 
Type: Electret Condenser 
Dimensions: 185 x 27 . 38rnrn 
Weight: 160 grams 

Cat A10450 $19.95 

CRYSTAL LOCKED 
WIRELESS MICROPHONE 
AND RECIEVER 
MICROPHONE SPECIFICATIONS: 
Transmitting Frequency: 37 1MHz 
Transmitting System: crystal 
oscillation 

Microphone: Electret condenser 
Power Supply: 9V battery 
Range: 300 feet in open held 
Dimensions: 185 x 27 38mrn 
Weight: 160 grams 

RECIEVER SPECIFICATIONS: 
Recieving Frog: 37 1MHz 
OutputLeve:30m1/(maumumi 
Removing System: Super 
heterodyne crystal oscillation 

Power Supply: 9V Banery or 9V DC 
power adapter 

Volume control 
Tuning LED 
Dimensions: 115 x 32 x 44mm 
Weight: 220 grams 

Cat A10452 R.R.P. $ 113 

Our price, $99 

SENNHEISER 
HEADPHONES!! 

The worlds beet headphones are 
now avellable trots Rod Irving 
Electronicelt 3 model. to choose 
from, other models are available 
on request! (Phone Tony DiPaolo 
on (03)543 2166) 

SENNHEISER HD 40 
The H040 s leather light. at sist bOg! 
This HIM stereo headphone is 
uncommonly convenient to use Its 
systems can be rotated so it can it 
into any drawer It is also available 
as a TV headphone 
SPECIFICATIONS: 
Frequency Range: 22 - 18.002Hz 
Impedance: 600ohm 
Distortion Factor: Amok 1 5%. 
pressure on ear. aperos 1 3 N 

Weight: Approx 60g 
Length of lead: 3 metres 

Cat 810515 $49.95 

SENNHEISER HD 410 SL 
The HD 410 SL embodies all the 
advantages of the new' 
concept brilliant sound character-
mhos with an optimum of sound 
volume combined with high wearer 
comfort 
SPECIFICATIONS: 
Frequency Range 20 - 18.000Hz 
Impedance: 60005m 
Distortion Factor: Less than 1%. 
pressure on ear, approx 25 N 

Weight: Approx 829 
Length of lead: 3 metres 

Cal A10518 $74.95 

SENNHEISER HD 540 RE-
FERENCE 

The HD 540 reference headphones 
are open dynamic stereo 
headphones They are among the 
best ever made Designed according 
to latest findings in acoustics their 
reproduction s of extraordinary 
transparency and the highest 
transients fidelity The test Verth a 
CD player shows their acoustic 
properties are outstanding The ear 
cushions play a major role They 
provide a completely resonance-free 
treble reproduction up to 25 KHz and 
assure an impressively clear bass 
reproduction down to 16 Hz 
SPECIFICATIONS: 
Frequency Range: 16 25.000Hz 
Impedance: 600ohm per capsule 
Harmonic Distortion Factor: 
Less than 04% 

Contact Pressure: Approx 3 N 
Weight, Approx 250g 
Length of lead: 3 metres 

Cat 510519 6199 

- 

DUAL ATTENUATOR 
•LEO indicator 
• MichHigh range for 3 way systems 
• Impedance 8-10 ohms 
• Power handling 18 watts RMS 

Cal 816013 $17.95 

VIFA/AEIA 
3 WAY SPEAKER KIT! 

Ma superb 3 way speaker kit 
competes with systems that cost 

- 3 times the cost of these units! 
(which may even be using VIFA 
drivers etc.) Never before has it 
been possible to get such 
exceptional value in kit 'peaks's! 
Call in personally and compare 
for yourself! 

The system comprises... 
2 x D19 dome tweeters 
2 x D75 dome midrange 
2 x P25 woofers 
2 x pre-built quality crossovers 

The cabinet lut consists of 2 knock-
down Coxes in beautiful black grain 
look mth silver baffles. speaker 
cloth, crier-bond. gnIl clips. speaker 
terminals, screws and ports 

D19 DOME TWEETER SPEAKER 
SPECIFICATIONS 
Nominal impedance: 8 ohms 
Frequency Range 2 5 20kHz 
Free Alr Resonance: 1.700Hz 
Sensitivity 1W at 1m: 890B 
Nominal Power: 80 Watts 
(le 5.000Hz. tzreocti 

Voice Coil Diameter: 19mm 
Voice Coil Resistance: 6 2ohms 
Moving Mass: 02 grams 
Weight: 0.28kg 

075 DOME MIDRANGE 
SPECIFICATIONS: 
Nominal impedance: 8 ohms 
Frequency Range 350. 5.000Hz 
Free Air Resonance 300Hz 
Sensitivity 1111/ at 1m): 9108 
Nominal Power: 80 Watts 
(to 500Hz 120Bmot) 

Voice Coil Diameter: 75mm 
Voice Coll Resistance: 7 2ohms 
Moving Mass (incl. air): 36 grams 
Weight: 0.65kg 

P25 WOOFER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range 25 - 3,000Hz 
Free Air Resonance 25Hz 
Operating Power: 5 watts 
Sensitivity (1W at 1m): 89dB 
Nominal Power: 60 Watts 
Music Power: 100 Watts 
Voice Coil Diameter: 40mm 
Voice Coil Resistance: 5 7ohms 
Moving Mass (incl. air): 44 grams 
Thiele/Small Parameters: 
Om 315 
Oe 046 
01 040 
Vas 180 1 

Weight: 1 95kg 

Complete Kit Cat K16030$1 199 

Speaker Kit Cat K 16031 $949 
Cabinet Kit Cat 816032 $349 

VIFA/AEM 
2 WAY SPEAKER KIT! 

This exciting new speaker kit, 
designed by David Tillbrook (a 
name synonymous with brilliant 
design and performance) uses 
VIFA's high perlomance drivers 
from Denmark. You will save 
around 6800 when you hear what 
you get from this system when 
compared to something you buy 
off the shelf with similar 
characteristics. Call in personally 
and compare for yourself! 

The system comprises... 
20 P21 Polycone rr. woofers 
2 x 0257 Ferroflud cooled dome 
tweeters with Polymer diaphrams 
2 pre-built quality crossovers 

The calomel kit consists of 2 knock-
down boxes in beautiful black grain 
look with silver baffles, speaker 
cloth, onerbond. grill clips, speaker 
terminals, screws and ports 

D257 SPEAKER SPECIFICATIONS 
Nominal Impedance: 6 ohms 
Frequency Range: 2 - 24kHz 
Free Air Resonance: 1500Hz 
Operating Power: 3.2 watts 
Sensitivity (1W at 1m): 90013 
Nominal Power: 90 Watts 
Voice Coll Diameter: 25mm 
Air Gap Height: 2rnm 
Voice Coil Resistance: 4 7ohms 
Moving Mass: 03 grams 
Weight: 0.53kg 

P21 WOOFER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range: 26 4.000Hz 
Free Air Resonance 33Hz 
Operating Power: 25 watts 
Sensitivity (1W at 1m): 92dB 
Nominal Power: 60 Watts 
Voice Coll Diameter: 4Ornin 
Voice Coll Resistance 5 8ohins 

Pelxv= ie sPa2r0ageZrssOm 24 

Weight: 1.65kg 

Complete Kit Cat 816020 

Speaker Kit Cat 816021 

Cabinet Kit Cat 816022 

Oe 041 
Or 035 
Vas 80 1 

$799 
$649 
$209 

MAIL ORDER HOTLJNE 
1  008 335757 
41" (TOLL FREE' " 
LOCAL: 543 7877 „we iee % m op 

e 
tee  

MULTI FUNCTION 
STEREO MIXER EQUALIZER 
SPECIFICATIONS: 
SENSITIVITY: 
Phono: 3mV 
Mic: 1mV 
Line (tape or tuner): 150mV 

SIGNAL/NOISE RATIO: 
Phono: 55dB 
Mic: 60dB 
Line: 65dB 

FREQUENCY: 
Phono: 20Hz-20KHz ( RIAA + -2dB) 
Mic: 20Hz-20KHz + - 3dB 
Line: 20Hz-20KHz + -3dB 

CHANNEL BALANCE: 0 5dB 
T.H.D: Less than 0.03% 
HEADPHONE IMPEDANCE: 4-16 ohms 
OUTPUT: 0.775V 
EQUALIZER: 
Centre frequency: 60Hz, 250Hz, 1KHz, 4KHz, 12KHz 
Control Gain: + - 12dB 

POWER SOURCE: 110V/60Hz or 220V/50Hz 

Cat. A   $399 

SUPERB NEW VIFA/EA 
60 60 SPEAKER KIT! 

The new Vila/EA 60.60 
loudspeaker lut has been designed 
to completely out perform any 
similarly priced speakers This is a 
2-way design incorporating dnvers 
which give a deeper, more natural 
bass response arid 19mm soft-donne 
ferro fluid cooled tweeters which 
provide dear, uncoloured sound 
reproduction 

These Vila dnvers are identical to the 
ones used in such line speakers as 
Mission. Fingers, Bang & Olufsen. 
Monitor Audio and Haybrook lust to 
naine a lem Some of which cost well 
over $ 1.000 a pair, 

The dividing network is of the highest 
quality and produce no inherent 
sound characteristics of their own, 
they simply act as passive devices 
which accurately distnbute the 
frequency range between both 
drivers in each speaker 

The fully enclosed acoustic 
suspension cabinets are easily 
assembled All you need are normal 
household tools and a couple of 
hours and you've bulk yourself the 
finest pair of speakers in their class, 

019 TWEETER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range: 2 5 - 20KHz 
Free Air Resonance 1.700Hz 
Sensitivity 1W at Im: 89dB 
Nominal Power: 80 Watts 
00 5.000Hz, 12dBiod) 

Voice Coll Diameter: 19mm 
Voice Coil Resistance: 62 ohms 
Moving Mane 02 grams 
Weight: 0 28kg 
Cat C10301 538 

C20 WOOFER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range: 35 • 6.000Hz 
Resonance Frequency: 39Hz 
Sensitivity 1W at 1m: 900B 
Nominal Power: 50 Watts 

(12011 Oct) 
Voice Coll Diameter: 25mrn 
Voice Coll Resistance 5 5 ohms 
Moving Mass: 15 grams 
Cat C 10322 889 

Cat 886092 (speakers only) $379 

Cat 886091 (complete kit) $449 

• . . 

Rod Irving Electronics 
48 A•Beckett St. MELBOURNE 
Phone (03)663 6151 

425 High St. NORTHCOTE 
Phone (031489 8864 

Mail Order and Correspondence 
P.O Box 620, CLAYTON 3168 

Telex AA 151938 

MAIL ORDER HOTIJNE 
008 335757 
(TOLL FREE) 

LOCAL: 543 7877 
POSTAGE RATES 
01 $9 99 52 00 
$10 $24 99 $3 Po 
025 649 99 64 00 
$50 599 99 65 00 
$100 6199 67 50 
6200 0499 610 00 
6500 plus 612 50 
FREE POSTAGE FOR ORDERS 
OVER $75 UNDER 3KG" 

The above postage rates are for 
basic postage only Road Freight 
bulky and fragile Items will be 
charged at differmi rates 

Certified Post for orders over 
5100 included free' 
Registered Post for orders over 
$200 Incuded Ire.' 

All sales tax inerript orders and 
wholesale inquires to 
RITRONICS WHOLESALE 
56 Reviver Rd, Clayton 
Ph (03) 543 2166 (3 lines) 

Ends and omissions excepted 

'ArtYr arc, *4... re ,r9stawycl Ye» name% 
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FREE POSTAGE FOR ALL ORDERS OVER S75 & UNDER 3KG!! 



ELECTRONICS IN WA 

DTX, both specializing in data communi-
cations products; Geoscan, well known for 
its remote sensing products aligned to the 
needs of the mining industry; Laocon, one 
of a new breed of company producing 
highly sophisticated security systems; and 
Radiolab, which produces communications 
product for radio stations right around 
Australia. 
Another interest in WA that stems from 

its own position and geography is in satel-
lite downstation equipment. A number of 
companies have set up manufacturing for 
downstations for domestic purposes, and 
WA is proving one of the largest markets 
for domestic TVRO type systems. This 
market is expected to grow dramatically 
when the first commercial channel joins 
ABC on the satellite. Professional down-
station equipment is being manufactured 
by Icom. 
As one would expect, there is also a 

strong showing from companies which ser-
vice these industries, the board makers 
and component suppliers. Jemal and Al-
tronics will be familiar to regular readers 
of ETI. Perhaps less so is Circuit Tech-
nology with its multiwire boards (see else-
where in this issue). 

Government 
In early 1986 the WA Government set up 
a strategic plan that established electronics 
as one of the first three sectors in the 
State's economy to be the subject of inten-
sive study by the Department of Industry 
and Development. This process has been 
fruitful, although not without its contro-
versy. Industry leaders in WA bewail a 
lack of consultation between government 
and industry. It's a complaint familiar in 
most industry/government dealings. 
The government will hand out business 

development grants, product refinement 
loans, give grants for the purchase of 
equipment and even take equity in compa-
nies. By making good commercial deci-
sions the government is hopeful of backing 
winners. 
The government has also moved in 

other directions. Two years ago a Tech-
nology Park was set up in the suburb of 
Bentley. It's shown very limited growth 
until now, but according to development 
minister Mel Bryce, it is acting as a focus 
for a number of interesting R&D efforts. 
Another step to increase the level of 

R&D was the introduction of the 
'academic/industry interface', a scheme to 
provide opportunities for the R&D facili-
ties of the tertiary institutions to be uti-
lized to assist the industry solve specific 
problems and for the commercialization of 
results through joint projects and licensing 
agreements. 
The Neville Stanley Studentships are an-

other example of this. They were intro-
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duced last year to allow students to be 
seconded into industrial settings to carry 
out research projects nominated by the 
company. For more advanced research, 
the government will pay $ 15k on a dollar 
for dollar basis for academics to be used 
by industry. 

University 
The electrical engineering department at 
the University of Western Australia is 
tightly bound to the emerging industry. 
Staff are encouraged to do commercially 
relevant work outside the university by a 
scheme that allows them 33 per cent of 
the royalties that accrue from their proj-
ects. The university and the department 
share the rest. 
Among the more interesting schemes 

under development at the moment is a 
joint venture company called QPSX. The 
other venturer is Telecom, and the aim 
will be to produce advanced PABX 
switching systems. A VLSI design centre 

66 
One of the most significant 
differences between WA and 
the rest of Australia may well 
be that in WA they realize 
that getting to market is 

actually the whole point of 
the exercise. 

99 
is under construction. Once operational 
the State government will put money in to 
turn it into a microelectronics design fa-
cility for the use of industry. ICs will be 
produced by AWA in Sydney. 
According to the head of school, As-

sociate Professor Yanni Attikiousel, the 
focus of the facility will be Western Aus-
tralia for the first year, and then the rest 
of Australia and South-East Asia. He sees 
a booming market for the facility in Perth, 
in fact "they're already knocking down the 
doors" he says. 

Investment 
In the private sector, possibly the most 
important step forward was the creation of 
the second board. This is effectively a 
stock exchange without much of the legis-
lation that makes it difficult for companies 
to list on the regular stock exchanges. The 
most significant difference is that the 
amount of capital the company must have 
is very much less. 
This means that small start-up ventures 

can go public right from day one, using 
public funds to develop their ideas. It 
sounds fine in theory, and it often works 
in practice, but the second board has also 
become a place for sharks. Sorting out the 
sharks from the genuine players, indeed, 
sorting out the sharks from their prey, is 
not a game for the faint-hearted. Big 
money is being made and lost. 

Distance 
If there is a common factor linking every-
one in WA, it is distance. Not only dis-
tance from international markets, but also 
distance from major Australian markets in 
the Eastern States. This is something that 
has a psychological edge to it, but it also 
has a purely practical side; how to get 
goods and services to the marketplace. 
One of the most significant differences 

between WA and the rest of Australia 
may well be that in WA they realize that 
getting to market is actually the whole 
point of the exercise. In all the other 
States, marketing is very much a problem 
for individual companies. It is not a gov-
ernment concern. The WA government 
has recognized this as folly and stepped in 
with marketing grants. 
One of the more interesting forms this 

takes is to provide funds for attending ex-
hibitions outside the State. At a more 
mundane level, the government will pro-
vide funds with repayments based on sales 
turnover. This means some relief from 
cash flow worries as well as money for 
marketing exercises. 

Options 
The WA Government regards the elec-
tronics industry as the saviour of its manu-
facturing industry. Like most of Australia, 
the WA experience was of a small manu-
facturing base supported by a huge pri-
mary industry. In the 1970s the manufac-
turing side of the economy essentially col-
lapsed. For a while, the accepted wisdom 
was that the service industries would pro-
vide jobs and wealth. But as earnings 
from the primary sector contracted, that 
began to look like a recipe for disaster. 
Although not big in dollar terms in ex-

ports or gross earnings, the industry is sig-
nificant. It does contribute to export earn-
ings, it has shown significant growth, and 
its prospects are bright, so it's hardly sur-
prising if the government wishes to hitch a 
ride. 
Questions remain about the propriety of 

giving so much in order that private com-
panies can reap the reward. The answer 
appears to be that WA really has no op-
tions if it wants to preserve a manufactur-
ing base all all. Government ministers are 
betting that by investing heavily in the in-
dustry, it will provide jobs and income 
well into the future. • 
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NEW DE-SOLDERING IRON 
This iron is just what every service 
technician needs. It combines a soldering 
iron with a powerful solder sucker. No 
more trying to heat the joint up with the 
iron in one hand and using the other to 
try and suck the solder. In this one the 
nozzle of the sucker is the bit of the 30W 
iron. Will desolder about 200 joints 
without cleaning. Will also handle double-
sided boards. SECV approved (V/84068). 
Well worth $65.00. 

WOOD FOR CHIPS... WOOD FOR CHIPS ... WOOD FOR C 

NEW RANGE OF HIGH QUALITY TEST LEADS 
Sick of those stiff plastic test leads that come 4mm Plug-On Clip Test Tweezers 
with most multimeters? You know the onesthat No exposed parts. Fully epoxy-resin insulated. 
kink and produce pungent smoke when you Grips down to 1mm and won't fall off $10.54. 
touch them with a soldering iron? Well we've 11 
done something about it and proudly introduce 
the HCK range of quality silicone leads. , 
It's impossible to describe how flexible they 
are. You wouldn't believe that a 1000V/16Amp 
rating cable could be so er. floppy (?). Cable 
has soldering-iron proof silicon rubber insula-
tion with 512 strands of copper inside. - 100 C to 
300 C temperature range. Plugs are stackable. 
extremely hard-wearing. Choice of black, red, 
blue, yellow, green and violet. 

4mm Test Leads 
Stackable with special cracking protection 
grid. Laminated cage spring contact with 
virtually no contact resistance. Available in 
three lengths - 500mm $5.66, 1.0m $7.21 and 
1.5m $8.66 with exposed plug on each end. 

4mm Safety Prod Leads 
Available with straight or 90 plug. Available in 1 
metre length only. 

9024 Straight $10.15 

4mm Safety Shrouded Leads 
Available with straight or 90 plugs. Available in 

1 metre length only. 9014 Straight $ 9.43 

9026 90° 

9016 90° 

9112 Plug-on Prod 

9113 Plug-on Prod 

Safety Hook Grip 
Handles up to 1kV. 3A. Will grip pins up to 

1.5mm diameter. 
9116 Hook Grip 9.43 

$ 3.50 

3.92 

Safety Clamp Grip 
Handles 1kV, 3A. Two wire hooks open 
and spread to grip connection. Flexible to 
reach awkward locations. 
9120 Clamp Grip 

Safety Jaw Grip 
Handles 1kV, 20A (Yes, twenty amps!) 
Grips up to 20mm wide terminals. 
9119 Jaw Grip S14.44 

$10.55 

8.30 to 5 Monday to Friday, 8.30 to 12 Sat. 
Mail Orders add $5.00 to cover postal charges. 

All prices INCLUDE sales lax. 

Tax exemption certificates accepted if line value 

exceeds $ 10.00. 

BANKCARD, MASTERCARD, VISA, CHEQUES 

specialising in electronic components for the professional and hobbyist. 

Changeover Adaptor 
Combines plug and recessed safety 
socket. 
9122 Changeover S 2.33 

Safety Couping 
Shielded plugs for use with test prods etc. 
9124 Adaptor 3.00 

9205 Test Prod S 2.66 

2A Crocodile Clip 
Fully insulated. 2A max rating. Jaws open 
12mm. 60mm long. Available in red or 
black. 
APK-4 Crocodile Clip S 2.22 

16A Crocodile Clip 
Fully insulated. 16A max rating. Jaws 
open 20mm. 80mm long. Available in red 
or black. 
AK-4 Crocodile Clip 3.55 

Stacicable Plug 
Make your own test leads. Takes cables 
up to 4mm diameter. Simple wrap round 
insulation cover. Side or in line cable 
entry. 
L421 Plug S 1.80 

Insulated Terminal 
Fully insulated terminal handles 35A 
Mounts on panels up to 4mm thick. 
9214 Terminal S 2.45 

All prices are for single items - we told 
you they were high quality' 

GEOFF WOOD ELECTRONICS P/L 
(02) 427 1676 
229 BURNS BAY RD. 
(CORNER BEATRICE ST.) 
LANE COVE WEST N.S.W. 

INC IN NSW 

TWX 71996 
P.O. BOX 671 
LANE COVE N.S.W. 2066 

OR CASH CHEERFULLY ACCEPTED 
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U E N A 

The winner! George Katz's solid state oscilloscope. 

THE ETI-SCHOOILS 
COMPETITION 

The students of Australia and New Zealand show their imagination, 
knowledge and inventiveness! ET! acknowledges! 

L
ast year, ETI invited schools to de-
sign and build electronic devices to 
be submitted in a competition. To en-

courage submissions we made the condi-
tions of entry as wide as possible. The 
project could be designed by the contest-
ant, or built up from one of our kits, but 
one way or the other, the submission had 
to demonstrate an understanding of the 
workings of the circuit. Thus the quality of 
the documentation that accompanied the 
device was of considerable importance. 
One hundred and fifty schools across 

Australia and New Zealand submitted ex-
pressions of interest in the contest. Thirty 
or so actually submitted finished, working, 
documented prototypes. If nothing else, 
this demonstrates that Murphy's Law of 
electronics, which holds that it's always 
more difficult than it seems, is still 
operating. 

24 — ETI February 1987 

Of the 30 or so projects that were re-
ceived for judging at the State level, 
(that's the six States, the ACT and New 
Zealand), one winner was selected from 
each. In each State, the judging was done 
by a member of the Science Teachers As-
sociation and an ET! representative. 
The winning entry of the first round 

from each State final was then brought 
into the ETI offices for final judging. To 
make things a bit more equitable, we al-
lowed two from New South Wales and 
Victoria, since that was where the ma-
jority of entries came from. 

Judging 
The final judging was extremely difficult 
since all the entries were of such a high 
standard. An added complication was that 
all bar one were original designs. One was 
an old ETI project, but considered be-

cause its documentation was exceptional 
and the construction extremely good, pro-
fessional in fact. 
The biggest variation between projects 

was in the documentation. Some people 
had done a really professional job of pre-
sentation, getting the report typed prop-
erly, thinking about how the information 
was to be presented and including pic-
tures. Others had really regarded the 
documentation as an afterthought; with 
rough notes torn out of an exercise book. 
Old and grizzled engineers reading this 
will recognize the pattern as one common 
in the industry generally. 
The problem is, of course, that no mat-

ter how good your circuit, or device, if 
you don't tell people about it in a way 
they can understand, then they won't be 
able to operate it and the project is next 
to useless. A few of the finalists lost heav-



uy because it took ages Just to figure out 
what the box was supposed to do. 
Thcre was also considerable variation in 

the quality of the construction. Soldering 
is still a problem out there! Since all the 
projects worked, connections had actually 
been made, but some of them looked 
highly suspect. 
One or two of the finalists had been 

able to get hold of photographic equip-
ment and draughting tape to do a proper 
job of the circuit board. Others had been 
stuck with inking the tracks in with a 
Daylo pen. This certainly doesn't look as 
neat, but we accepted that people were re-
stricted to the materials at hand. 

In some cases, the final presentation of 
the project was well done, usually in a 
plastic jiffy box with L,etraset lettering. 
Some presented the project rather badly. 
The same remarks apply here as apply to 
the problem of documentation. If you're 
doing it for yourself it probably doesn't 
matter if your circuit looks like a bird's 
nest and doesn't have a decent box. If you 
are trying to demonstrate it to people, 
much less convince them it's worthwhile, 
the presentation becomes vitally impor-
tant. It's always handy to have the knobs 
labelled, so the punter knows what he's 
tweeking! 

The projects 
This is a description of some of the more 
interesting of the State finalists: 

New South Wales I 
George Katz of Balgowlah Boys High in 

Sydney presented a solid state oscillo-
scope. He says "probably the best advan-
tage is its very small size and the fact that 
it can run off the power supply of the cir-
cuit being tested. Although it has a low 
frequency range, it can still be used for 
most circuits. Its poor resolution will still 
allow for most waveforms to be visual-
ized." 
This was pretty much the judges' own 

assessment of Katz's project. It uses 'a ma-

66 
The final judging was 

extremely difficult since all 
the entries were of such a 
high standard. An added 

complication was that all bar 
one were original designs. 

99 
trix of 100 LEDs for a display, and does 
suffer from being slow and having rather 
poor resolution. Still, we could display a 
sine wave running at 500 Hz without trou-
ble, that that's not all that dissimilar to 
commercial solid state oscilloscopes. 
The circuit displays an understanding of 

the mechanics of displaying an analogue 
waveform. The timebase is simply a 555 
generating a horizontal sweep, while the 
vertical amplifier is a 3914 with a trimpo 
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on the front. It's extremely simple, but it 
works. 

The LEDs are multiplexed by a 4017 
driven by the timebase. This arrangement 
reduces the current requirements consider-
ably, no mean consideration when operat-
ing from the power supply of the device 
under test. 

With a device like this, making the unit 
as small as possible is obviously a consid-
eration. Katz decided to make his own 
box out of perspex so that he could make 
it just as big as the circuit board, and no 
bigger. He was also able to give the thing 
a fancy shape rather like a bought one. 
On the basis that this project had the 

highest combination of imagination, design 
ingenuity, construction and documenta-
tion, we made it the national winner. 

Tasmania 
A group from Taroona High in Tasmania 
designed and built a universal timer. The 
group was composed of Vimal Pal, James 
McCoull, Campbell McKilligan, Edward 
Jager, and Rhyl Opie. The timer allows 
functions to be turned on or off in re-
sponse to internal or external triggers, in a 
sequence defined by a set of 10 switches. 
They say: "The timer became universal 

when we found many uses for it in the 
school. Some of them involved random 
flashing lights at the librarian's display, 
use as a photographic timer and control-
ling a tape recorder." 

The timer is based around the 4046 
phased-locked loop, the frequency of 
which can be varied by a 250k pot. The 
output is then divided down by 4017s and 
sent via a switch network to the relay 
driver circuitry. By appropriately manipu-
lating the rate and the switches, you can 
turn the relay on or off as required. 

A clever sophistication of this basic idea 
is the VIA, or versatile appliance inter-
face. This is designed to allow an external 
trigger to be applied to the unit. In the 
documentation that accompanies the de-
vice (excellent, by the way) they show 
how to connect it up so as to use a trigger 
from a digital clock to start the unit. This 
can then be used to turn on an appliance 
for a certain period of time. 

New Zealand 
Andrew Dickson from Rangitoto College 
in Auckland sent in a 'stable voltage and 
current power supply'. It features control-
lable voltage and current supply, with cur-
rent limiting. It is capable of 4 amps and 
60 volts. 

It was originally designed for charging 

Nicads, but "the greatest use, for which 
this unit is tailor-made, is for electroplat- 11> 

ETI February 1987 — 25 



ETI-SCHOOLS COMPETITION  
SPONSORED BY DICK SMITH ELECTRONICS * PHILIPS SCIENTIFIC & 
INDUSTRIAL * SCOPE LABORATORIES * MULTICORE SOLDERS * SIEMENS 

ELECTRONIC TAPE MEASURE 
R9 

MAI  
1K 

DP 

• C7 
10µF 

:R3 
62R 1 

LEDI 
COY89A 

R4 R5 
i; 22k 10k 

RI 
180R 

R6 
10k 

IISW2 
COUNT 

100k 

4X LT313 

01 02 

4 xBC338 

03 

IN LM3177 
OUT 
8V2 

+'C2 
— lop 

R2 
lk 

'C3 
41.17 

04 
R10-16 
470R 

10 

CK 

18 
Vcc 

MM74C 926 

GND 

d 

e 

5 
6 

17 

HMI 

2 

3 

R8 47k 

 *Vet°  

'CI T,c4 
let 

ONO 

LM7805 
+ 2 

OUT 
5V 

13 

SW1 
RESET 

9 

ALL CAPACITORS ARE 16 VW TYPES UNLESS 
OTHERWISE NOTED 
• REPRESENTS TANTALUM CAPACITORS 

ing, where you need to limit the current 
so that the plating action doesn't occur too 
fast". 
Another consideration was that the unit 

should be cheap. Dickson priced his unit 
out at $80, which is very reasonable given 
the specifications. 
Centre of the circuit is an LM339 quad 

op-amp which is used for voltage sensing 
and current limiting. The voltage sensor 
drives a Darlington pair made from a 3055 
and a BD140 to provide the required out-
put. The current sensor works by turning 
the output current into a voltage, and then 
comparing this with a preset value. 

Victoria I 
Darren Chandler of Keon Park Technical 
School sent in a car sonar. This project 
rated highly for imagination. The idea is 
that a sonar transmitter should be placed 
on the back bumper of a car, and the 
echoes received from another transducer, 
also on the bumper, should be used to 
drive an LED bar display. Since the inten-
sity of received ultrasonic signals will go 
up with the bumper's nearness to a reflect-
ing surface, this provides a very nice re-

verse parking indicator for getting into 
tight places. 
The circuit is made up of a transmitter, 

receiver and display driver. The receiver is 
a simple oscillator based on a 4046 run-
ning at 40 kHz and driving the transducer 
directly. The received signal is fed to a 
stage transistor amplifier and then into a 
LM380 power amplifier. This output is 
then fed into the potentiometer to control 
its level, thence out to the display driver. 
The configuration of the receiver seems 

somewhat odd. Chandler says "the diffi-
culty . . . was that I couldn't make an am-
plifier with a high enough frequency rat-
ing, and when I did, it wouldn't give 
enough gain". The configuration chosen 
evidently does provide sufficient gain and 
bandwidth. 
The display driver simply consists of a 

string of transistors, each connected via a 
string of diodes in series. The transistors 
turn on, switching an LED on at the same 
time, as the voltage rises in 0.6 volt steps. 

Victoria II 
Jason Sutherland of Broadmeadows West 
Technical School in Melbourne built an 

adaptation of a digital clock circuit we 
published some time ago as the ETI-564. 
This project uses a series of counters to 
change the mains frequency into clock 
pulses. These drive a number of LEDs 
which are formed into bars to make up a 
seven-segment display. 
During the course of construction, he 

experimented with the best way of build-
ing the project, having regard to require-
ments for low current drain, weight and 
readability. 
He came up with a composite construc-

tion for the front panel. It starts with a 
clear plastic screen. Behind this is a mask 
of red filter paper, and then a sheet of 
black plastic, cut out to give shape to the 
digits. Behind the plastic there is a layer 
of thin tracing paper to act as a diffuser, 
and then a layer of polystyrene foam to 
act as a deflector. Then there is a layer of 
white plastic with the LEDs poking 
through. The LEDs are connected by wire 
to the pc board which is mounted below. 

New South Wales II 
David Adkins of Newington College in 
Sydney sent in an 'electronic tape mea-

26 — ETI February 1987 



sure', actually a wheel with the number of 
turns calibrated to indicate millimetres on 
an LED display. This circuit uses an 
MM74C926 display driver to drive the 
four seven-segment LED displays, and an 
optical transmitter receiver pair to identify 
movement in the wheel. 
Apart from the idea, which shows consi-

erable imagination, the other noteworthy 
thing was the way the unit was presented. 
The wheel is attached to a small jiffy box, 
and is easy to run along irregular surfaces. 
A lead connects to an old calculator case, 
where the digits are displayed. A single 
switch on the front panel performs reset 
functions. It looks just like a bought one! 

ACT 
Three students in year 9 at Trinity Chris-
tian School in the ACT, Paul Munger, 
Bernard Kobier and David Cone11, built 
an intercom for use in the school dark-
room. Evidently, communications between 
the darkroom and the adjoining room are 
extremely difficult. 
They used a modification of a simple 

two-transistor amplifier described in Dick 
Smith's Fun way into Electronics. Essen-
tially, what they have done is to use the 
speaker as both microphone and speaker. 
An intercom can then be created by 
switching the inputs and outputs of a sin-
gle amplifier between the speakers. 

Andrew Dickson's stable voltage and current supply'. 

This turned out to be more difficult than 
at first thought. The output transistor had 
to be replaced by a BD139, and the front 
end changed around as well, in order to 
match an 8 ohm speaker to the high resist-
ance crystal mic originally specified. They 
did this with an audio transformer. 

Congratulations to all who entered, 
especially to George Katz! Now go away 
and put your thinking caps on for next 
year! 

1987 
At this time the arrangements for 1987 
have not been finalized. However, science 
teachers at every high school in the coun-
try should receive notification in the first 
week of term of the arrangements for the 
1987 contest. Look out for it! • 

George Katz from Balgowlah Boys High, 
NSW, received the Philips oscilloscope from 
Graham Adams, pictured here with Chris 
Binstead and Barry Longworth from the school. 
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WEATHER CATASTROPHE 
Of late, scientists have been talking about two meteorological theories 

that portent problems in the making. Will we fry or freeze? 

Jon Fairall 

T
he study of climate has progressed 
enormously over the last 20 years. 
Satellites have enabled scientists to 

extend their vision as never before; com-
puters have enabled them to crunch 
numbers on a grander scale than their 
fathers. The atmosphere, that vast seeth-
ing mass of gas, is at last starting to yield 
some of its secrets. 
Not only are we learning about the 
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weather today, but we are learning 
about the weather of yesterday. From 
ice fragments 30 metres deep in the Ant-
arctic ice sheet, from ocean sediment 600 
million years old, from fossil pollens at 
Lake George near Canberra, from an-
cient tree rings, we are beginning to 
know what passed for a fine spring 
morning a hundred years ago, or a hun-
dred million. It's given us a baseline by 

which to measure the present. 
And the news is not good. Mankind 

has started to change the weather. 

The greenhouse effect 
According to a recent report in the Brit-
ish science magazine Nature, the world 
will be between one and five degrees 
warmer by 2050. There is doubt about 
the figures; it could be more, or less. 



But there is little doubt about the trend. 
The temperature of the Earth is deter-

mined mainly by the amount of energy 
received by the sun. Incident energy can 
be either absorbed or reflected and the 
final temperature depends on the bal-
ance between the two. There are many 
factors that influence the final result. 
One of them is the composition of the 
atmosphere. The more certain elements 
are present in the atmosphere, the more 
energy will be absorbed. What happens 
is that solar radiation is admitted to the 
atmosphere at one frequency. In the 
normal course of events it would be re-
radiated at a different frequency, and 
lost to the atmosphere. With a certain 
cocktail of additives in the air, however, 
the atmosphere will refuse to transmit 
this re-radiated radiation. The principle 
is the same as that used to keep a glass-
house warm. 
Researchers around the world have 

been using weather satellites and the la-
test in remote sensing equipment to 
track the growth of these gases during 
the last decade. Among the gases identi-
fied as problems: carbon dioxide, ozone, 
nitrous oxide and chlorofluorocarbons 
(CFC). The chief culprit is carbon diox-
ide. There are two main mechanisms 
causing its level to rise. On the one 
hand, burning fossil fuels release carbon 
dioxide into the air. On the other hand, 
the main scavenger of carbon dioxide, 
trees, are being cut down at a furious 
rate. 

NASA research 
Using methane is anohter starter in the 
greenhouse stakes. Until recently its ef-
fect was ignored, but it now turns out 
that methane is increasing more rapidly 
than carbon dioxide in the atmosphere. 
The theory is that when vegetable matter 
is burned, as is happening with the large-
scale clearing of forests, carbon monox-
ide is the most significant byproduct. 
The monoxide links with OH molecules 
floating in the atmosphere and produces 
methane. 
As with carbon dioxide, the methane 

absorbs energy from sunlight. Air bub-
bles trapped in Antarctic ice show that 
the amount of methane in the air has 
doubled in the last 300 years, so presum-
ably the amount of energy trapped in 
this way has doubled too. 

Nuclear winter 
Hot or cold? One way to stop the green-
house effect would be to destroy the 
civilization that produces it. And the 
fastest way to do that is through the 
mechanism of nuclear war. 

Massive nuclear strikes on cities in the 
Northern Hemisphere would cause large 
clouds of smoke and dust to rise high in 
the atmosphere. By analogy with an or-
dinary cloudy day, the temperature 
would drop. In the normal course of 
events clouds don't last for very long, 
but the point made by nuclear winter 
theorists is that a smoke pall would rise 
into the stratosphere, mix with smoke 
from fires and spread right around the 
world. The effect could last for weeks, 
possibly months. If there were enough 
smoke, the sun would be completely 
blanked out. 
There is little doubt that the effect is 

real enough. The unknown is exactly 
how cold it would get; a nuclear winter, 
or a nuclear autumn? 
The original nuclear winter studies 

showed that the effect would be quite 
striking, perhaps reducing the tempera-
ture by 20-40°C within a few days. Other 
studies have been more optimistic, per-
haps only a few degrees for a few weeks. 

66 
Hot or cold? One way to stop 
the greenhouse effect would 
be to destroy the civilization 

that produces it. And the 
fastest way to do that is 

through the mechanism of 
nuclear war. 

99 
Consequences 
It seems we are talking small numbers 
here. Maybe the greenhouse effect will 
make the Earth five degrees warmer; 
maybe a nuclear winter could reduce the 
temperature by 20°C. This would be un-
pleasant, but hardly seems life threaten-
ing. 

In fact, the consequences would be 
dire. A paper presented in 1975 by the 
University of Wisconsin's Reid Bryson, 
and still currently accepted, suggested 
that a one degree change in average 
temperature would reduce the world's 
food crop by 27 per cent. A change of 
2.4 degrees would lower the world har-
vest by over 50 per cent. We would 
starve. 
Those not frozen or starved would 

have other problems. Heat melts ice, 
cold freezes it. Either way sea level 
changes dramatically, as the oceans ex-
change water with the polar ice sheets. 
Apart from changing local living condi-

tions, it would also change local climate. 
Australia would be particularly badly hit. 
During the last ice age when the tem-
perature was 10°C colder, Australia was 
one third bigger than it is now. 

The biosphere 
There has been vociferous debate in the 
general media and the scientific press 
over both the greenhouse and nuclear 
winter theories of climatic catastrophe 
since they were first announced. The 
starting point for much of the criticism 
of the disaster theorists has been the 
view that man's activities are so puny 
next to the activities of nature that it's 
unthinkable we could be about to poison 
the atmosphere. Yet this is not the first 
time that living things have changed the 
atmosphere, nor would it be the first en-
vironmental catastrophe. 
The original atmosphere of the Earth 

was a noxious mixture that contained 
large amounts of ammonia, carbon diox-
ide and methane, much as do the atmos-
pheres of the other planets today. Howl 
ever, something happened on planet 
Earth that set it apart from the others. 
Because of our fortunate distance from 
the sun, the temperature of the Earth 
was mainly between 0° and 100°C. As a 
result liquid water could, and did, form. 
Liquid water is an ideal place for chemi-
cals to mix together in more and more 
complex forms. Eventually, maybe as a 
result of a lucky chance, or maybe not, a 
group of chemicals clumped together in 
such a way that they were able to repro-
duce themselves. That early slime grew 
ever more complex, climbed painfully 
out of the sea and even, one day, be-
came aware of itself. 

These early life forms had many inter-
esting attributes, but for our purposes 
the most interesting of all was that one 
of their waste products was the gas oxy-
gen. Give a millennium or two, give a 
billion or so generations, and the atmos-
phere had changed beyond recognition. 
Mostly it was composed of the inert gas 
nitrogen. Some 20 per cent was the 
highly reactive gas oxygen, excreted 
from plants. A couple of per cent was 
given over to carbon dioxide, and there 
was a small admixture roughly account-
able for by the elements of the Earth's 
crust. 

Changes 
But the position was far from stable. 
Over the eons that followed the weather 
had fluctuated wildly, as we can see 
from the record of fossil animals and 
plants. Once hippopotami roamed the 
fields of England and tropical ferns grew I> 
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WEATHER CATASTROPHE 

along the Thames. Ice sheets spread 
over Australia's Great Divide and the 
Sahara was the garden of Africa. The 
Earth's average temperature, betrayed 
by the amount of sea water locked up in 
ice in the ice caps, has rocketed up and 
down over the millennia. 
Why the weather should fluctuate, no 

one knows, although most scientists 
working in the field favour astronomical 
answers. Certainly, it has not been be-
cause of significant changes in the com-
position of the atmosphere. Mainly, the 
answers rely on the fact that the energy 
budget, the amount of energy received 
and absorbed or reflected, has changed 
in some way. This could be because the 
energy from the sun itself has changed, 
or the distance of the Earth from the 
sun, or even because, as some have sug-
gested, clouds of interstellar gas has got-
ten in the way of the sun's rays. 
Each time the weather changed, it fa-

voured certain groups of animals. Those 
animals well adapted to one particular 
type of weather would often disappear 
with a change in the climate. One of the 
less successful would suddenly find the 
time just right. Alternatively, new cli-
mates would create new opportunities, 
and existing animals would adapt to ex-
ploit them. 

Certainly this seems to have happened 
when the last ice sheet gripped Europe 
some 50,000 years ago. Then a small 
hunting primate out of Africa saw an op-
portunity to improve himself and fol-
lowed the cold weather animals into the 
blizzards of the north. It was an environ-
ment that favoured the resourceful, and 
the cunning. When the ice retreated, 
Homo sapiens emerged full blown, and 
inherited the first green fields of Europe. 

Extinctions 
Another interesting point to emerge 
from the research of recent years has 
been the fact that some of these climatic 
changes have been surprisingly rapid. 
One of the more spectacular has been 
the announcement of a thin layer of the 
rare earth indium in strata all around the 
world. Dating shows it to be about 65 
million years old. The indium, apparent-
ly, would be consistent with a massive 
meteorite strike causing atmospheric 
havoc. The date is significant because 65 
million years ago the dinosaurs died out. 
This extinction of 65 million years ago 

is not the only one either. Researchers 
have now identified several periods when 
animals were wiped out quite suddenly. 
In fact so many have been reported that 
some theorists have thought they could 
see some sort of periodicity in the dates. 
This led to the idea of Nemesis, a corn-

panion star that periodically approaches 
the sun, disturbs the comets and causes 
some of them to crash into the Earth. 
There are many problems with such a 

theory, but for our purposes it's only 
necessary to note that massive changes 
in the weather are not unusual. 

Solution 
The environment is sending us messages 
that we are running big risks. Are there 
ways of avoiding both heat and ice? 

Clearly, nuclear winter is just another 
one of the consequences of nuclear mad-
ness, and as such, beyond sane compre-
hension. One commentator has ex-
pressed the belief that maybe the oppos-
ing sides would try to hit targets that lib-
erated little smoke instead of going for 
oil refineries. It's difficult to take seri-
ously. 
Dr Carl Sagan, one of the original 

gurus of the scientific winter hypothesis, 
has argued that arms reduction talks 
should be aimed at reducing the world's 
nuclear arsenal to about one per cent of 
the present stocks. This would be 
enough for deterrence, but not enough 
to cause a nuclear winter. As yet there 
are no signs that the rationality of 
Sagan's argument has penetrated either 
the Kremlin or the White House. 

But there are signs that governments 
in the Northern Hemisphere are starting 
to take the threat of atmospheric pollu-
tion more seriously. The US government 
is moving to ban CFCs; motor car emis-
sions are also being tightened up to re-
duce the amount of carbon monoxide 
they produce. 
The real problem is still seen as the 

burning of fossil fuels, mainly coal in 
power stations. It's ironic that in the cur-
rent anti-nuclear, post-Chernobyl mood 
the main beneficiary of nuclear reluc-
tance will be the biggest environmental 
polluter of all. 

Is it possible to create coal- tired power 
stations without sending carbon dioxide 
up the flue? Technically the answer is 
yes. However, recent studies in the US 
show that electricity would be 70 per 
cent more expensive to produce from a 
clean power station. 
More practical might be economic sys-

tems that forced companies to use 
energy more efficiently, thus cutting the 
need for electricity. Studies around the 
world have shown consistently that more 
efficient energy use is actually quite 
cheap and thus practical to achieve. 
The question though, is how long do 

we have before we trigger irreversible 
changes in the atmosphere? There's a 
strong body of opinion that holds its al-
ready too late. • 
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FEED FORWARD 

Ectletazécte 
Lead times being what they 
are, this is being written in the 
first full flush of summer. 
Beaches call, we blow away 
the cobwebs on the boat 
trailer, spend an entire day 
hunting up last years cozzle; 
life's good. 

This editor likes to lie on the 
beach and contemplate 
sand grains just two inches 
away. Looking at the uni-
verse ... I find it quaint to 
think of people toiling to tum 
them into integrated circuits 
and optical fibres. In certain 
moods, this editor finds it 
quaint to think of people toiling at all. 

Yet some do. Students in school for instance. But what do 
they study? Not the sciences it seems. A meeting of Univer-
sity Deans of Science last month argued that the school 
system has an entrenched bias against science and tech-
nology. The Deans wamed that unless it can be changed, 
Australia will have to look overseas for science graduates 
by the next decade. Where is not clear, since education 
establishments in Britain and the US, our main suppliers 
of qualified people, suffer much the same malaise. 
The news is all the more worrying when one considers 

that most commentators see Australia heading for a tech-
nology led recovery, and a technology sustained future. 

It's also rather sad to think that our society depends so 
much on technology, while the subject remains totally 
opaque to the majority of its citizens. Has there ever been 
a time when so many citizens of a country have been so 
ignorant about so much that affects them so profoundly? 
We must blame it on the schools. If the end result of 

education is to fit students for life, then the school system is 
failing, mainly because the quality of technical training in 
our schools is appalling. The schools entrench the view 
that there are two types of people in the world: the human-
ist and the scientist. Neither can talk to the other. The scien-
tist is the nerd, innocent of culture. The humanist neither 
knows, nor cares, why things are so. 
The cycle starts early. Primary schools are mostly staffed 

by women. But Australian women don't do science sub-
jects at school, so are almost universally innocent of scien-
tific sophistication. If a child starts at high school with an 
interest in science at all, it will be despite, not because of, 
the teachers. 
The chances are better in high school, but the dice is still 

loaded against the technologist. If any encouragement to 
do science is extended, it will almost certainly not be ex-
tended to the girls. The girls do humanities, and become 
teachers. 
And it's not getting better. Many education departments 

are trying to make their units more generalist, by which 
they mean, less rigorous. This suits arts and humanities type 
thinking, but it plays havoc with the teaching of maths or 
science. 

Is there a solution? The NSW Education Department has 
taken to giving science graduates a crash course in 
teaching. It's one answer, but it has all the marks of a stop 
gap measure. Perhaps a better answer might be to require 
all teachers to do some science as part of their course. 

Jon Fafrail 
Editor 

q. 

>LIST 

00010 REM.SHOOTOUT. 
00020 REM.PETER DENMAN. 
00030 GOSUB390,POKE220,20 

00035 FORS.170641CURSS,31PRINT"1",NEXTS 
00036 FORS.11.0641CURSS,13.PRINT"1"INEXTS 
00040 CURSA,2,PRINT .hah . 
00050 CURSB,12:PRINT .hbh" 
00060 CURES, 1 41 NORMAL: PRINT " MEX ICAN "; C: . «13 .... .D,PCG 
00070 REM.MOVEMENT OF YOU. 
00000 BIS.KEYStIF B111THEN130 
00090 IF 131$."A .DRAI$»"a"THEN180 
00100 IF Elf."\"THEN210 
00110 IF B11." " THEN240 
00120 REM.MOVEMENT OF MEXICAN. 
00130 Y.INT(RND.5).1 
00131 IP Y-2 ANDA>0 THEN132 ELSEGOT0140 
00132 A.A- IsCURSA,21PRINT .hah":007080 

00140 IF Y.3 AND A<63 THEN 142 ELSE SOTO 150 
00142 A.A.11CURSA,21PRINT"hah':GOT080 
00150 IFY.4 THEN320 
00160 GOTOSO 
00170 REM.MOVEMENT LEFT. 
00190 IFB>OTHENIMELSEGOT080 
00185 B.13-1 
00190 CURS8,12:PRINT .hbh":601.080 
00200 REM.MOVEMENT RIGHT. 
00210 IF8<63 THEN215ELSEGOT080 
00215 8.8.1 
00220 CURGB,121PRINT .hpb .:00T080 
00230 REM.FIRE. 
00240 CUR88,2:PRINT"c" 
00250 OUT2,64:OUT2,0 

00270 IFA.8THEN280ELSECURS8,21PRINT"h":601040 
00280 D.D.I:CURSA,2:PRINT"de" 
00285 PLAY24,4 
00290 FORD.IT01000:NEXTO 
00295 CURSA,2:PRINT"hhh . 
00300 IFD.10THENS20ELSELETA.63:GOT040 
00310 REM.MEXICAN FIRE. 
00320 CURSA,12:PRINT'c" 
00330 OUT2,641OUT2,0 
00350 IFS.A THEN360ELSECURSA,121PRINT"h .:GOT040 
00360 C.C.1,CURSA,12sPRINT'fir 
00365 -PLAY24-01 
00370 FOR0.1701000:NEXIO 
00376 CURSA,12:PRINT .hh . 

00380 IFC.10 THEN560 ELSELE16.31601050 
00390 CLSIINPUT"WHAT IS YOUR NAME ,. ;All 
00400 P.63488.97.16 
00410 FORZ.PTOP.C1.50.9:-12READT:POVEZ,F 
00420 NEXTZ:PCG 
0 REM.DATA FOR PCG CHARACTERS. 
0= DATA 16,56,254,84,108,124,16,56,84,84,16,40,40,68,68,68 
00450 DATA 124,124,124,124,16,56,68,146,146,146,16,40,40,6U,60,68 
00460 DATA 137,137,74,74,44,44,24,248,41,24,52,52,82,82,145,145 
00470 DATA 0,0,0,117,85,117,101,85,0,0,0,32.40,124,253,127 
00480 DATA 0,0,0,213,85.213,0,21,0,0,0,0,0,1,199,254 
00490 DATA 0,0,0,117,85,117,101,85,0,0,0,0,0,64,112,6t 
00500 DATA 0,0,0,213,85,213,0,21,0,0,0,0,4,15,239,255 
00505 DATA 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 
00506 DAYA238,255,0,255,0,255,0,0,0,0,0,0,0,0,0,0 
00510 A.60:8.2:C.0:0.0:CLS:RETURN 
00520 NORMAL:CLS:PR1NT"WELL DONE « sAIE: . !.! YOU HAVE WON'" . 
00525 PLAY10,21515:7,2:5,2:0,2:9,a10,2 
00530 PRINT:INPUY .ANOTHER GAME Yire. :01$ 
00540 IF 01$."Y"ORDIS."y"THENRUN 
00250 CLS:POKE220,111:END 
00560 NORMAI:CLS,PRINI .BA0 LUCK .181$1"... THE MEXIG0N 

Shootout 
This program has been de-
signed for use with Microworld 
BASIC. It shows PCG graphics 
without needing machine 
code programming. 
The object of the game Is to 

win the battle between the 
Mexican and yourself. The 
Microbee controls the 
Mexican. You are equipped 
with a gun. The keys are: A to 

move left;Nto move right; and 
SPACE to lire gun. 
The Mexican is equipped 

with a gun. The method of 
scoring is as follows: 1 point 
for a direct hit on the Mexican, 
1 point for you being hit. The 
first person to reach 10 points 
is the winner. 

Peter Ochman 
Koondoola, WA 
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A 

00100 REM Greek Alphabet Printout 
00110 REM 8.1. Robjohns Dec 1985 
00120 DIM COl14),C1(25) 
00130 CLS:CURS454:INPUT•GREEK ALPHABET - Ready prànter then press < RETURN) . 10011 
00140 A.0:E06.CHR*(27):OUTLel:LPRINT CHRt(2711 .1°1 

00150 FOR 2.1 TO 14:READ CO,(2):NEXT Z:FOR 2.1 TO 25:READ CIO(2):NEXT Z 
00160 LPRINT E061"-*ICHRS(Ill•Greek Alphabet•iEffl•-•;CHRIO(0) 
00170 LPRINT:FOR J.1 TO 50:IF FLT(J/21-FLT(J)/2.0 THEN 190 

00180 LPRINT C1617/2.1li:FOR 2.1 TO 11-LEN(C1*(nnIll:LPRINT • •;: NEST 
00190 ON J 0010 230,250,230,250,240,250,240,250,230,250,230,250,230 
00200 ON J-13 GOTO 250,230,250,240,250,230,250,230,250,240,250,230 

00210 ON J-25 GWO 250,230,250,240,250,230,250,240,250,230,250,240 
00220 ON J-37 GOTO 250,230,250,240,250,240,250,230,250,240,250,240,250 
00230 A.A.1:LPRINT COR(A)1 • . 1:00TO 290 
00240 (.0:00TO 260 
00250 K.1 

00260 LPRINT CHR*(27)1 •101CHR6(10);CHRS(128); 
00270 FOR 1.1 TO 11:READ R:LPRINT CHR*(R);:NExT I 
00280 IF K.0 THEN LPRINTI:LPRINT . ELSE LPRINT 
00290 NEXT J 

00300 DATA °A.,°B.,•E°,•F",•2•,•H .,•I*,•10,•M .,'N.,..0.,•P.,°T.,.X. 
00310 DATA •Alpha °,•Bete, •Claama .,'Delte,•Epsilon .,'Digalme,'Zete 

00320 DATA •Eta','Theta .,'Iote,"Kappe,•Laabda .,'Mu .,•Nu .,'Xi',.06icron. 
00330 DATA •Pi .,•Rho .,•Sigae,'T6e,«Upilson .,°Phi .,•Chi .,°Psi .,..0aega. 
00340 DATA 0,0,28,34,34,28,20,34,0,0,0 

00350 DATA 0,0,0,1,62,82,82,44,0,0,0 
00360 DATA 0,0,64,64,126,64,64,96,0,0,0 

00370 DATA 0,0,64,64,38,25,25,102,0,0,0 
00380 DATA 0,0,6,10,18,34,18,10,6,0,0 

00390 DATA 0,0,0,108,82,82,12,0,0,0,0 

In many mathematical and 
scientific applications there is 
a need for symbols that are 
not readily available In the 
standard printer library. 
The following program is 

'SYNTAX ERROR 

IPROO 

•SYNTAX ERROR 
IL 1ST 

O REM PATTERN BY CHARLES HACKER 

1 j'In SP(56,38): TEXT : HOME : PRINT ' COLOUR ( 1-WHITE 
GET OH 

2 GH . SON ( OH): IF OH < 0 THEN 
3 HOR2 
4 HCOLOR. OH * 7 

15 HPLOT 0,0: CALL 62454 

17 AO . 0 

20 X . 1:Y 1:XX 1:YY 1:I . 0:AM . 0:HA . 0 
21 FOR YU . 0 TO 56:SP(YU,O) 50:SP(YU,38) • 50: 

22 FOR YU . 0 TO 38:SP(0,YU) 50:SP(56,YU) SO: 

This program produces the 
graphics pattern shown 
above. It has two options; 
white lines on a black screen 
or black lines on a white 
screen. 

NEXT 
NEXT 

00400 DATA 0,0,0,0,28,42,42,0,0,0,0 
00410 DATA 0,0,0,0,0,0,0,0,0,0,0 
00420 DATA 0,0,0,64,50,41,41,6,0,0,0 

00430 DATA 0,0,32,64,60,64,64,63,0,0,0 
00440 DATA 0,0,0,60,82,82,82,60,0,0,0 
00450 DATA 0,0,0,28,42,42,42,28,0,0,0 
00460 DATA 0,0,0,0,60,2,2,0,0,0,0 

00470 DATA 0,0,126,16,40,68,66,4,0,0,0 
00480 DATA 0,0,4,8,16,32,16,8,4,0,0 
00490 DATA 0,0,6,72,80,60,2,2,0,0,0 

00500 DATA 0,0,1,126,4,4,124,4,0,0,0 
00510 DATA 0,0,0,64,60,2,68,56,0,0,0 

00520 DATA 0,0,0,66,82,82,82,66,0,0,0 
00530 DATA 0,0,0,168,84,85,85,66,0,0,0 
00540 DATA 0,0,0,28,34,34,34,28,0,0,0 

00550 DATA 0,0,64,126,64,64,64,126,64,0,0 
00560 DATA 0,0,32,64,126,64,32,62,64,0,0 
00570 DATA 0,0,31,48,72,72,72,48,0,0,0 
00580 DATA 0,0,0,70,106,82,66,66,0,0,0 
00590 DATA 0,0,28,34,34,60,32,64,0,0,0 
00600 DATA 0,0,32,64,64,62,34,34,64,0,0 
00610 DATA 0,0,32,64,64,62,64,64,32,0,0 
00620 DATA 0,0,64,60,2,2,68,56,0,0,0 
00630 DATA 0,0,60,66,66,235,66,66,60,0,0 
00640 DATA 0,0,0,28,34,127,34,28,0,0,0 
00650 DATA 0,0,0,34,36,28,18,34,0,0,0 
00660 DATA 0,0,64,120,5,255,5,120,64,0,0 
00670 DATA 0,0,64,120,4,255,4,120,0,0,0 
00680 DATA 0,0,2,58,70 64 70 58 2 0 0 

00690 DATA 0,0,28,34,2,12,2,34,28,0,0 

Greek alphabet 

designed to give a printout of 
the Greek alphabet in upper 
and lower case on the 
MIcrobee MB-80 dot-matrix 
printer. While some charac-
ters are similar to standard 

É. 

SCREENt0.13LACK).• 

YU 

YU 

English symbols, those that 
cannot be represented in this 
manner are defined in data 
statements at the end of the 
program. S.L. Robjohn 

Somerton Park, SA 

25 HCOLOR. NOT (OH) * 7 

26 MF FN NO() INT ( AND ( 1) * X • I) 
27 8P(1,1) . 500 

30 R FN N(2) 
31 AO - AO • 1 

32 IF AO ) 4 THEN 220 

40 ON I • 1 GOTO 30,80 
30 ON R GOTO 60,70 

60 YY . Y • 1: 00TO 110 
70 YY . Y - 1: GOTO 110 

80 ON R 00TO 90,100 
90 XX . X • 1: GOTO 110 

100 XX . X - 1 

110 IF XX < 1 OR XX ) 55 THEN 30 
120 IF YY < 1 OR YY T 37 THEN 30 

130 IF SP(xX,YY) T 5 THEN 220 

140 HPLOT X * 5,1 * 5 TO XX 1 5,11 * 5 
141 AO . 0 

150 X . xX:Y . YY:SP(x,Y) . 50 

160 / NOT ( I): 0070 30 

170 X . FN N(55):Y FN N(37) 
171 AO . 0 

190 /F SP(x,Y) 1 5 THEN 170 

195 SPiX,Y) . 50:XX . X:YY . Y: GOTO 30 
210 END 

220 ON I • 1 OOTO 230,300 
230 YY . Y - 

240 IF 111.(XX,YY) < 5 THEN 110 
250 YY . Y • 1 

260 IF 11P(XX,YY) < 5 THEN 110 
270 DOTO 170 
300 XX . X • 1 

310 IF 8F(XX,YY) < 5 THEN 110 
320 XX . X - 1 

330 IF SP(XX,YY) < 5 THEN 110 

340 DOTO 170 

Pattern 
The program is designed for 

an Apple computer, but can 
be altered for a different type 
of computer. Also, for com-
puters with colour, the pro-
gram can be modified to 

produce coloured lines for an 
even better effect. 

C. Hacker 
Rockhampton, laid 
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RITRONICS Pty. latti. 
56 Renver Road, CLAYTON, 3168, VICTORIA, AUSTRALIA. Phone (03) 543 2166 (4 lines). Telex AA151938 

mew DISTRIBUTOR: Bill Edge Electronics Pty. Ltd. 76 Porters Rd, RENTHURST 2156. Phone (02) 654 2046 1 

Minimum account order is $50, minimum cash sale is $25. Minimum post/pack $3.00 Minimum account post/pack $5.00. Comet Road Freight, bulky items and/or over 10kg is extra. I 

Bank Card, Visa and Master Card Welcome' Exxon& Otnnustonx Excepted 111 

Cat No. Desc. 1.3 4. 
014500 C61111/6 MO $125 
014502 Amber $135 8130 

Pitts 20% tax eitere &operable 

12 stones serranly1 
1•9 104 100. 
$145 $135 $125 

as 20% lax store secede 
CeMs..gge,erge,sw,S 

DISK DRIVE FOR APPLE' 
(6502 SYSTEM) 

1-9 fen 75 • 
$175 $1116 $155 

Plus CO% fax where appbcabis 
("Apples a restored frader,,ark) 

Cat No. 1-9 10. 
C12010 5" Plastic IOW Nax 180 5.60 
cum r metal lOW SI« 5.75 5.50 
C12012 12V Stress 9.90 eso 

Plus 20% tax where amicable 

r 7(1 rvE 

RC . 
Cat.163. Description 14 10. 
W11302 2 Pair 830.00 527.00 
W11303 3 Fie 839.00 837.00 
W11310 10 Per $120.50 $115.00 
Per 200m Roll 

20% Sales tax *ter. act2e.S9e 

i 6" 00 10. 1. 1002. 10K• 
i'4= 1.00 0.80 0.75 0.69 
WO2 0.28 0.26 0.25 0.23 
WOO 0.30 0.28 0.26 0.24 
354 4(01 5.50 5.00 4.75 3» 

Plus 20% lax *twee amicable 

Cal.No. Deseret 1.9 10. 100 • 
010500 Me 0.1m4 7.50 6.95 6.75 
010502111145 50-0-50u4 7.50 6.95 6.75 
011:604 141.1456100u4 7.50 6.95 6.75 
010505111045 0-50u4 7.50 6.95 6.75 
01061011045 034 7.50 6.95 6.75 
010518 1131450.14 7.50 6.95 6.75 
010520 101.145 0-20V 7.50 8.15 eis 
01053511045 VU 1350 7.75 7.50 

• 0105301115210-1m4 9.95 135 
• 010533 NU52E0-5rte 9.95 8.35 
• 0113538 11U1160.50u4 11.50 9.36 8.95 I010640 MI5 0.1mA 11.50 9.36 816 

010560 1•1650.100u4 11.50 10.35 9.95 
0105601111U650 0-20y 11.50 10.35 9.95 

Plus 20% lax whore woke* 
Plus 20% Sales Tax eTlere amicable Plus 30% lax rmete appicabie 

L MMMMOM IM OM MI ME Mil 21111 UM Ma 'Man MI MU MI Ma ffl 

Caties. 1 Dec. 1.99 100 • 1000 • 

1412651 2851 3.00 2.75 250 
240V 12-611 CT 15OrnA 

1112155 2155 5.50 tes 4 SO 
2401 6-15V IA tapped 

I412156 2156 8.50 8.25 7.90 
2401 6.151 2A tapped 

11121140 2840 3.20 100 2.70 
240VIo9VC.T.ol 50mA 

14121160 2160 3.50 3.00 280 
210V to 151 CT at 2501n6 

1116472 6472 8.50 7.95 770 
2409 15.30V IA tapped 

ri‘n 20% la. Mere aPolcarg^ 

DescrIptIonest No 14 10. 
1.2 All S15029 $12-50 $11.75 
16411 515031 $17.70 $16.50 
4.5411 S15033 $23.40 $22.00 

Plus 20% tax oiler. *picot* 

NICAD.Ç' 
Cat No Descrlption 149 100 • 250 - 
S15020 AA .54/1 $2.00 fl 90 $1/0 
515021 C 1.24/1 $5 55 IS 45 S5 15 
S1S022 1.2AH 5575 5530 05 25 

Plus 70% tax wnere amicable 

Cat.No. Deiscdpeon 10 • 100 • 
916124 4.7uF 16V sete $0.18 
916125 10uF 161 80.25 80.23 
010120 15uF 161 $0.34 00.36 
916120 22uF 161 $0 42 $0 40 
916132 47uF 161 $1.55 51.20 
916134 611uF 16V $1.80 SISO 
916220 4.7uF 161 $0.35 50.33 
916224 10uF 161 50.38 80.37 
916228 22uF 161 $1.20 $1.00 
916300 0.1uF 35V $0.13 $0.12 
916302 0.15uF 151 $0.13 50.12 
9113134 0.22uF 35V 50.1$ $0.12 
916306 0.33uF 351 $0.15 $0.14 
916306 0.47uF 35V $0.15 $0.14 
910310 0.68uF 35V $0.16 ».15 
116311 0.82uF3SV 9118 $on 
916312 1 uF 35V $0.15 $0.12 
916314 1.5uF 351 $0.24 00.20 
916316 2.2uF 35V 80.24 »23 
R16318 3.3uF 35V $0.29 $0.27 
916320 4.7uF 35V 5035 5/33 

30% Sales tss oboe accecabis 

AXIAL ELECTROLYTICS 

1000 • 
10.09 
50.09 
$0.09 
$0.06 
$0.06 
sees 
sell 
sun 
$0.11 
$0.13 
$0.11 
$0.13 
$0.12 
$0.12 
$eir 
sets 
$0.15 
»22 
$ots 
$eir 
$0.40 
f0.22 
$0.25 
$010 
sees 
$035 
seio 
$014 
$0.55 
$0.00 
».90 
$1.00 
0040 
$0.80 
sew 
:lea 
$1.60 
01.90 

FANS 
Cat No Dewy& 14 10. 100. 
712461 240V 41»" 10150 10.00 8.00 
112465 240131/2" seso 10.00 9.00 
112463 ilsv41/2 - lase woo sao 
112447 »wee- 10.50 10.00 9.00 

(Fan guards to suit oleo eyellabie) 
Pius 20% tax where appleable 

IC's GALORE! 
Dew. 14 10. 100+ 250 • 
8035 310 3.70 3.50 3.00 
8085 4.00 190 150 3.03 
8048 15.00 14.00 12.00 11.00 
8155 300 3.75 3.50 3.00 
8156 3.50 3.30 2.90 2.50 
0212 110 1.70 130 1.00 
8224 240 2.00 1.90 1.50 
e72e lie 1/0 1.50 1.00 
42374 35.00 31.00 
8253 3.90 3.70 3.50 3.00 
8255 4.00 3.50 190 2.00 
8257 3.90 3.50 3.00 2.50 
8259 3.90 330 3.30 2.70 
82374 35.00 31.00 
8271 3.90 3.50 130 2.79 

Plus 70% tax ',Mere apçdcable 

FREE 
58 PAGE ., 

WHOLESALE 
PRICE LIST! 

Simply mpply a 
Business Card' 

ELECTROLYTIC 
SINGLE ENDE  

10. 
f0.07 
00.07 
10.07 
$0.06 
50.07 
$057 
so.07 
$0.07 
$0.06 
$0.07 
$107 
$017 
seer 
$0.07 
$0.07 
$0.08 
seat 
00.09 
50.07 
$0.10 
$0.011 
80.09 
$ees 
solo 
solo 
so oe 
00.15 
93.24 
5019 
50 14 
$0.25 
$026 
$0.15 
$0.34 
$0.16 
$0.23 
$030 
00 oo 
$eei 
$0.25 
seis 
sets 
$0.45 
$0,65 
$1.20 
$0.45 
$0.65 

MEMOR 17 PRICES! 
"Check for the latest mernoryprices!" 

10-99 100. 1000+ 109. 
27512 $24.00 $22.00 % ZOO $22•00 
4164.15P $ 2.00 S 1.70 S 1.65 5 110 

41256 5 4.00 $ 3.50 $ 3.40 $ 3.20 
6116P-3 S 3.00 $ 2.90 S 2.20 $ ZOO 
2716 $ 7.50 S 7.00 $ 6.50 5 6.00 
27 128 S 7 00 $ 6.50 5 6.00 5 150 
2532 $ 8.50 $ 6.50 S 6.40 $ 130 
2732 $ 7.50 $ 6.10 $ 5.90 5 510 
272% $ 9.00 $ 8.00 $ 7.00 1% 
6264 $ 5.50 S 5.00 $ 410 $ 4.00 2764 

$ 6.00 $ 100 $ 4.50 $ 4.00 
Plus 20% tax Where spoke:se 

4.01.1'11- 
CRYSTALS 

CM /to. Frequency Con 10. 100 • 
Y11000 111Hz HC33 4.7$ 4.00 
111005 231kb HC33 ies 1.79 
111008 2.45763111x 14C111 1.95 1.70 
Y11015 3.5795411Kr 14C18 1.20 .95 
111020 4.00YHa 14C18 1.20 .95 
Y11022 4.1613049Hr FICIII 1.20 .95 
Y11025 4.751910 11C111 1.20 .95 
V11026 4.915211111 HC18 1.20 /5 
111042 114441Hr HC18 1/0 .95 
011050 11.0011.1: HC18 1.20 15 
111055 8.86723311Hr 11C111 1.20 .95 
111070 12.001aHr NCH/ 1.20 .95 
111072 14.311664, HC18 1.20 15 
011080 115.0001Hz HC111 1.20 .95 
111065 111.432101: HC111 1.20 .95 
011090 20.00161tr HC18 1.20 .95 
Full none of crystals sysbabie on Indent. 

Plus 20% tax wnere amicable 

POLYESTER 100V 
"FNCAP" TYPE 

Cat No. DeecdptIon 140 100. 1000. 
915131 .001 uF 0.06 0.04 .03 
915137 .0012e 0.06 0.04 .03 
915138 0015uF eas 0.04 .03 
915140 »22ssF 0.06 0.04 .03 
915142 .0033uF 0.05 0.04 .03 
915143.0039uF eos 0.04 .03 
915145 0047uf 0.06 0.04 .03 
915146 .0056uF 0.06 0.04 .03 
915147 0042uF 0.06 004 .03 
915148 .01uF ow 0.05 .04 
915150.015uF 0.07 0.05 .04 
515152 .022uF 0.07 0.05 14 
915154.0330F 0.07 005 .04 
915155 .039uF 0.07 0.05 .04 
915156 0470F 0.08 eos .05 
915157 .056uF 0.08 0.06 .05 
915158 .0611uF 0.08 eels .05 
915159 /IMF 0.08 0.07 .05 
915160 . 1uF 0.09 0.08 .07 
915162 . 15uF 0.11 0.10 .09 
915164 22uF 0.15 0.14 . 13 
915165 27uF 0.16 0.15 .14 
915172 le 0.70 ess 0.50 
915176 2.2u 1.20 1.10 1.00 
915178 13uF 1.50 1.20 

Plus 30% tax *nee applicable 

rs 

Cal/40. 06.'161 10 • 100 • 1000 10K 
210135 104148 0.03 002 001 .01 
210105 104002 0.04 003 0.03 025 
210107 104004 0.05 0.04 0.03 . 025 
210110 IN4007 0.10 006 0.05 0.04 
$10115 1N5404 0.18 eii 0.09 0.08 
710119 INS408 0.20 0.16 0.10 0.09 

P,..., 20% tax Were apcicaNe 

ta • ' 
• • • • « 
• • 

5 1 4 " FLOPPY DISKS 
Here a look al 'Mee prices! 

These ere 100% codified. prirne ipso. 
disks in labetSed >eels. 
(not like our oppositions) 

Description 1-9 IS, 100+ 
Cat No. boxes box« boxes 
S(3 DM C12440 514.50 $13.90 $13.00 
CitS DM C12445 516.50 514.90 813.50 

Flus 20% tax where applaable 

Menton Schools. GQ05t.,m4 Depts etc 
FREE sample cask available on request' 

(Please send $2 to cover postage) 

VERBATIM DATA liFF 

Cel. No. 1-9 box 100. box 500. box 
51/4" SNOOD 25.00 23.50 22.50 
1./4"013/1313 3100 27.50 25.00 

'ODE 
51/4- sseo 25.00 25.00 22.50 
51/4" Mel) 31.00 ieso 28.50 
3't2 55250 59.00 47.50 45.00 
31/4" OS/DO 39.00 55.50 50.00 

Plus 20% tax where amicable 

LEDS 57. NnARD 
Dam 10. 100 • 1000• 10000• 
Rilt *10 00.09 $0.08 00.07 
Onlen 80.15 $0.10 00.09 5630 
YellOw *15 80.10 00.09 $0» 

Plus 20% lax nbere applicable 

Cat No. Description 10. 100 • 
915705 0.47uF »V $0.12 00.10 
915715 luF631 $0 12 $0 10 
915725 2.2uF 631 80.12 00.10 
913742 4.7uF 251 $0.11 0009 
915745 4.70Fsiv $0.11 $0.09 
915761 Itle 16V $0.12 »SO 
915762 10uF251 $0.13 $0.12 
915765 10uF 63V $0.15 $0 14 
915792 22uF 251 00.13 se 12 
915794 22uFSOV $0.17 $0.15 
915812 20uF 251 $0 13 »12 
915815 2Suf 63V $0.17 00 15 
915831 true 16V $0.16 00.13 
915432 47soF 25V $0 10 5/13 
915435 47uF1531 $0.22 $0.19 
915841 100uF 169 $0.18 $0.16 
915842 100uF 251 $0.18 $00.16 
915845 100uF 631 50.27 50.24 
915851 220uF 115V 9117 $0.15 
915852 220uF 251 $021 50.18 
915455 220uF 631 $0.50 W.» 
915871 470uF 169 $0.27 $0.24 
915872 47CoF 25V :en 10.27 
915873 470uF 351 sers solo 
915875 470,40039 $0.75 $0.70 
915845 10030630 $0.60 SO 58 
915891 1000uF 16V 50.39 50.35 
915•2 100CuF 25V $0 45 50.40 
91511113 1000,40359 50.70 80.65 
915894 ICOOsiF 939 sego 50.00 
915903 2200uF 35V $1.20 $1.10 
915904 25013uF 50V 61.30 $1.20 
915011 2500uF 169 sun seso 
915012 2500uF 251 $0 95 $0.90 
915813 2SOCOF 351/ $1.10 $ 1.00 
915914 25P3uF 501 $1.30 $ 1.20 
915832 4700uF 25V $1.90 $1.80 
915933 4703uF 351 $2.40 82.15 

Plus 30% lax Move amicable 

CalNo. DeecrIplico 
1115405 0.47uF63V 
915415 luessv 
9154» 2.2uF 25V 
915424 2.2uF 50V 
915425 2 2‘,631 
915432 3.3uF 25V 
91543$ 3 3uF 631 
915442 470125V 
915613 4.7uF 3SY 
915445 4.7uF631 
915161 10uF 16V 
915462 10uF 251 
915463 10uF 35V 
915465 10uF 631 
915481 22uF 161 
915482 22uF 25V 
915443 22uF 351 
915484 22uF SOV 
915502 25uF 251 
915505 25uF 63V 
915512 33uF 25V 
91 5521 47uF 161 
915522 47uF 25V 
915525 47uF 63V 
915531 100uF 161 
915532 100uF 251 
915533 100uF 35V 
915535 100uF 339 
915541 220uF 16V 
915542 220uF 25V 
915543 220uF 351 
915545 220uF 631 
915552 330uF 251 
915555 330uF 63V 
915561 470uF 161 
915562 470uF 25V 
915563 470uF 351 
915564 470uF 50V 
1115565 470uF 63V 
915581 1000uF 161 
11155» 1000uF 251 
915583 1000uF 35V 
915681 2200uF 181 
915592 2200uF 25V 
915593 22004035V 
915601 2500uF I6V 
915602 2500uF259 

P105 30% tax *tore amicable 

100 - 1002 • 
»06 50.05 
$0.06 sees 
10.06 $0.05 
$0.05 $0.04 
00.06 $0.05 
sees $0.05 
seos 80.05 
50.06 50.05 
$0.07 $0.06 
$0.06 $0.05 
00.06 seos 
woe so.os 
$0.06 $0.05 
seos 00.05 
$0.06 $0.05 
50.06 »05 
50.07 50.06 
50.06 5/07 
$0.06 80.05 
$008 $0.07 
$0.07 10.06 
seos $0.07 
$0.011 $0.07 
$0.09 $0.08 
sees 10.09 
80.07 00.06 
$0.12 UM 
00.22 $0.20 
$0.04 $0.07 
$0.12 $0.11 
$0.23 seas 
80.24 00.22 
$0.13 00.12 
seio $0.28 
$0.13 00.12 
$0.20 $0.18 
00.28 $0.26 
50.00 S0.00 
S0.39 seas 
$0.22 f0.20 
10.30 $0.21 
00.40 f0.36 
$0.40 00.34 
50.60 $0.50 
50.91 00.75 
00.40 5030 
$0 .60 SO 55 

Desc. 
23.149 
P1422224 
P143443 
PI43564 
P6135418 
P143640 
P913642 
P•3644 
IN442504 
Pt44358 

CANNON TYPE ADUIO 1APS443 

r-'0NNFr-s- n e SIPSA93 - 

Wii•se eok110078 because of !hearse retie' BUIOI 1.50 125 BUM» 2.75 155 
Cel./63. Dees. 19 10 • 00206 150 2.20 250350 2.75 2.40 
P10960 P1nUnelhole 230 1 85 81,320 1/5 130 BC547 .07 .06 
P10962 Pin Cheats Ms1e 110 1.70 BC548 .07 .06 BC549 07 .06 
P10964 Pin Une Femme 2.75 150 BC557 .07 .06 BC5S8 .07 06 
P10066 Pln Chula Femade 2.90 2.75 BC559 .07 .06 

TRANSISTORS 
10. 101. Chic. 10. 10:4 
5.50 4.95 289134 5.50 4.95 
.10 .08 PN21(1074 .10 .08 
.15 .13 P90545 .12 .11 
.15 .13 P143567 .10 .04 
.18 . 16 P10639 .18 .16 
.14 .14 PN3641 .10 .08 
.10 .08 P10643 .10 Al 
.15 .13 P913645 .15 .13 
.15 . 13 PI41355 if .14 
.16 .14 SIPS442 23 20 
23 .20 1195455 15 14 
.15 . 14 trIPS492 22 20 



ADVERTISING INFO No. 13 

JESEC — SWITCHES PLUS COMPONENTS 

569 Hampton Street, Hampton, Vic. 3188 
Telephone: 598 2333 

AGENTS: N.S.W. — 635 0799 • OLD. — 369 1277 
SA. — 277 3288 • W.A. — 275 5522 

LABORATORY POWER SUPPLIES 
APLAB offer a complete range of regulated DC bench/rack power supplies combining high precision and 
regulation capabilities with continuously adjustable outputs. 

Designed with single, dual and multiple outputs, these power supplies can be used in either constant 
voltage or constant current mode of operation. 

(;)? 

Standard models include: 

SINGLE OUTPUT 
OUTPUT: Output VOLTAGE: Current 

0-30V 0-1A to 30A 
0-70V 0-2A to 10A 

DUAL OUTPUT MULTIPLE OUTPUT 
0-30V 0-1A to 2A 0-30V 0-2A to 5A 

SCIENTIFIC DEVICES AUSTRALIA PTY. LTD. 
VIC. 2 JACKS RD.. SOUTH OAKLEIGH. 3167 

PHONE: (03) 5793622 TELEX: AA32742 
NSW: 559A WILLOUGHBY RD., WILLOUGHBY 2068 

PHONE: (02) 95 2064 TELEX: AA22978 
S.A 31 HALSEY RD., ELIZABETH EAST. 5112 

PHONE: (08) 255 6575 TELEX: AA88125 

ADVERTISING INFO No. 14 
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FEED FORWARD 

4tte Sdt", 

ALTERNATIVE WORDSTAR INTERFACE 
I AM A SUBSCRIBER to your magazine and I never regret 
the outlay. 

I have just read with great enthusiasm the idea of the 
month for November 1986, Wordstar Interface. After the pur-
chase of my computer I long considered the design of just 
such a circuit. My reasons for not pursuing the design were 
a lack of time and the discovery of an alternative solution 
but i compliment the designer for an ingenious design 
which I will certainly build. 
The solution I spoke of involves using one of Wordstar's 

user definable characters. I used control Q, the character 
generated when the user types control PQ. To assign this 
character I used Winstall, the Wordstar Installation pro-
gram. To the character control Q I assigned the hex values 
of 00 00 00 1B. This will send the ASCII escape to the print-
er. Note that the 1B is last. This is because the printer turns 
off the escape mode if it sees 00 hex before the charac-
ters following the escape reach the printer. 
Most of the Epson print features may be activated using 

escape sequences. This involves sending escape followed 
by some other ASCII characters. For example, to turn on 
near letter quality the sequence is <ESC>x1 and to turn it 
off <ESC>x0. To turn on underline <ESC>- 1 and to turn it 

off < ESC>- 0. 

Ex amp I o•i, •. 1004. Iv I) I ..•: 6) o 

let 

11.•,111 

1.4•••illt 

Tea fit., 

Ile. t: 

11161, II •I II`, ,o..l II y 0,e0 

This is near letter quality 

i'441F611 •jeil j . t 

I t. I. 1111. I»....I 

041t ti t, .,.,11.• 

...dr. 

TeAt Dine, 01 up.,  1 D'A ç., ( H uh r pt e .41,11 

p.•.661 , 

This does not solve all the problems that the printer inter-
face will solve but it will be much easier to implement, 
and is much cheaper. 

J. Hancock 
Morphef Vale, SA 

fi-684 KIT BUYERS BEWARE 

I RECENTLY PURCHASED a kit for your Intelligent Modem 
Project ETI-684 and ran into a few troubles which I will de-
tail below for the benefit of any other readers who may be 
having the same type of problems. 
Not all kits may have these faults but the kit I have was a 

source of concern. 
1. Check the board for shorts between adjacent tracks. 

Mine had no less than five. 
2. Check any plated through holes. Mine had an extra 

one that shorted IC8/10 ( LIVE ON OUT) on the motherboard 
component side to IC11/8 ( DTR OUT to IC7/23) on the lower 
side causing a breakdown of both IC8 and IC11. Although I 
checked for shorts this was something I didn't count on 
especially since the pcb layout was not provided with the 
kit. 

3. One brand of 555 IC will not work in the 8 volt gener-
ator circuit. It just doesn't have the necessary drive for this 
application suppyling only 6 volts while the 1488 IC needs 
at least 7 volts negative to make it switch. 

4. Make sure that SK3 (REMOTE) is insulated as it can 
ground through the Scotchcal label to the other sockets 

and your cassette recorder may just happen to switch bat-
tery causing a bum out in your recorder. 

5. My 6.2 volts Zener diode (ZD1 in the power supply) 
was only 5.9 volts. As there is approximately 1.3 volts 
dropped across the circuit of the emitter/base junction of 
Q1 and D6 this resulted in a standby voltage of 4.6 volts. 

6. Check all holes with the component overlays. My 
boards had no ground holes for C30 and C32 on the inter-
face board or for the RS232 ground on the motherboard. 
Some 2.4576 MHz crystals have a wider set on the pins 
and may require redrilling of these holes. 

7. IC15 on the motherboard must be either 74C154 or 
74LS154 but not a 74HC154 as these chips although faster 
are not physically compatible with the board holes. 
While on this subject, the 74LS series was found to work 

quite well in place of the 74C series of chips and in most 
cases is not only faster but also cheaper. 

8. Check all components in your kit. I found two 4069s in 
place of two 74CO2s (electronically incompatible); and a 
SPDT 12 volt relay for the power supply (electrically and 
physically incompatible). 

9. The original power transformer was an A&R 2155 and 
some replacements may not be up to it and overheat. 

10. R8 (4k7) pulidown resistor in the power supply is du-
plicated by R6 ( 3k3) on the motherboard resulting in 2.3 
volts instead of over 4 volts to the LIVE ON line. Remove R6 
from the motherboard. 

11. Looking at the underside of the interface board, the 
DIL switch should have SW8 closest to IC32 (SW1 towards 
C23). This makes the DIL switches have the following appli-
cations: 

ON=1 OFF = 0 

SW1 SW2 SW3 WORD STOP PARITY 

0 0 0 8 1 ODD 
1 0 o 8 1 EVEN 
0 1 0 8 1 NONE 
1 1 0 8 2 NONE 
0 0 1 7 1 ODD 
1 0 1 7 1 EVEN 
0 1 1 7 2 ODD 
1 1 1 7 2 EVEN 

Finally I would like to thank Mr Hui, the designer of this 
project for his very kind assistance and generosity in help-
ing me debug my unit. 

Howie Moore 
Everton Park, QM 

LASER & ELECTRO OPTICS SUPPLIERS 

I AM A second year Electronic Engineering student at the 
University of Western Australia, with an insatiable interest in 
electronics. I am also the Vice President of the University 
Computer Club, an institution devoted to the real side of 
computer programming and electronics. I have collected 
Electronics Today International magazines since 1975 and 
followed with interest, your magazine since way back. 
The main concern of the University Computer Club is, as 

its name suggests, the building and programming of com-
puters. However, there are a large number of students with 
a strong footing in electronics and a desire to tinker with 
the latest and greatest. 
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One of our experimental entitles is a robot of sorts, which 
was developed by past members and has festered lately 
in a corner. Many members are now interested in design-
ing and building various peripherals, one of which Is a 
laser-based range finding device. The brain Is a 68000 mi-
croprocessor so we have the necessary number crunching 
power to effect this system. Other projects are an arm, and 
possibly artificial intelligence. 

It is with more than usual interest, that I read the articles 
of July 1980 which described the low power helium-neon 
laser kit and how to build it. Unfortunately, the power out-
put of this laser is insufficient to overcome the amblent 
noise in a range finder configuration. I was also hoping to 
see some follow up in the way of interesting laser projects 
to tempt the electronics hack Into the optics field, which, 
by all accounts, is well on its way to being the alter ego of 
the electronic logic systems. 
My reason for writing to you is to obtain the names of 

retailers of laser components in Australia. We are hoping 
to obtain a medium power (around 10 to 20 milliwatts) heli-
um-neon laser. I have been informed that to purchase 
such a device from the United States through a company 
that has a franchise deal on lasers could cost anything up 
to $4000 Australian for the tube alone (a bit much for poor 
students!!). 

I would also like to register my appreciation of a maga-
zine that continues to provide details for the experienced 
hacker and hints for the novice. 

D. Emrich 
Perth, WA 

l suggest you approach Mr Sunda Siva of the Department 
of Industry, Trade & Commerce (062) 72-3338, who re-
cently completed a report on laser and electro optics in 
Australia. The report contains a list of all the major electro 
optical players in Australia. Unfortunately, it's too long to 
print here. 

— Ed 

ALARMING THOUGHTS 

I HAVE BEEN studying the requirements for fitting the VCR 
alarm ( ETI-284) described in the November 1986 issue. The 
most dismaying fact I found was the relative costs of the 
sections. The electronics on the pc board add up to about 
$5. The piezo alarm is about $4. The keyswitch is about $ 7 
to $ 8! 

This, together with the obvious difficulty of disguising a 
key operated switch on a VCR, caused me to consider 
what other (and cheaper) means of accomplishing the de-
sired result were available. 
What costs around 50 cents if you haven't already got 10 

in the spare parts box? Answer — a 3.5 mm panel mount-
ing jack. These normally have a break contact when the 
plug is inserted. 
What would look totally in place on the back panel of a 

VCR? Answer — a 3.5 mm panel mounting jack labelled 

"AUX". 
Any 3.5 mm plug can be inserted to silence the alarm 

when necessary and a thief is more than likely to pull out 
all the cables when making off with the VCR. He definitely 
won't expect to have to plug something in to shut it up. 

W. G. Neuman 
Yeerongpilly, 

eeetimazt 

FOR SALE: MINI-TESTERS, break 
out boxes, 2-way gender 
benders, etc. Plated through 
boards $5 each, 4-way gender 
bender boards $ 16. For more 
info send SAE to Don McKenzie, 
29 Ellesmere Cres, Tullamarine 
Vic 3043 

FOR SALE: V1C-20 software li-
brary. Games, utilities, educa-
tional and misc programs 
available. Discount tapes. 
Send SAE to Chris Groenhout, 
25 Kerferd St, Watson, ACT 
2602 for list. 

FOR SALE: TOP QUALITY L&D 
speakers in large 70 litre cabi-
nets; 4-way; 300 mm woofers. 
30-20,000 Hz; 60 watts mis. 
Showroom condition. Cost 
$649, sacrifice $300. Brian 
Proctor (02) 579-6867. 

WANTED: Circuit diagram or 
service manual suit ATA SEA-
COM 75A marine transceiver. 
Will pay reasonable price. 
Brian Pearce, PO Box 545 Lae, 
Papua New Guinea. Phone 42-
4380 (bh). 

FOR SALE: BWD506 CRO 
15 MHz with manual, as new, 
$250 ono. Z80 starter kit, 48K, 
KB, VDU, RS232, Centronics, all 
manuals and listings, 40 2114 
memory chips; P/S 5V/10A, 
10V/1A, - 15V/1A, 25V/25mA 
to suit; $200 ono. T199/A with 
ext BASIC and 10 games; $250 
ono. Uwe Knop, 13 Want St, 
Parkes, NSW 2870. 

FOR SALE: SONY SCANNER 
ICF-2001 PLI synthesized AM/ 
FM/SSB/CW and many more 
features. Exc condition $ 240. 
(08)268-6469. 

FOR SALE: COMPLETE set of 75 
ETI magazines from Septem-
ber 1980 to November 1986 
$250. Jim Berry, 619 
Burbridge Rd, West Beach, SA 
5024. 

READER SERVICES: All enquiries re-
garding back issues. photocopies of 
articles artwork or technical enquiries 
must be directed by mail to ETI 
Reader Services. PO Box 227. Water-
loo, NSW 2017. Endose cheque or 
money order to the appropriate value 
with your request Relevant charges in-
cluding postage within Australia and 
New Zealand are: back issues $4. 
photostat copies. S4 per article of $8 
if project spreads over nue than crie 
issue. artwork. $5 per board or panel 
up to 10 cm2 or equivalent. S10 fcr 
larger boards 

TECHNICAL ENQUIRIES: No enquiries 
by telephone will be accepted 
Readers have two options to submit 
a written enquiry with $5 money order 
or cheque and receive a postal reply, 
this service is limited to projects pub-
lished within the last five years, alter-
natively they may forward enquiry 
without money and expect a pub-
lished reply in the Feed Forward col-
umns at the editors discretion 

GENERAL INQUIRIES: For all inquiries 
about back issues. subscriptions, 
photocopies of articles. artwork or 
submitting articles. call 102) 653-W99 
or write to Eli Reader Services, 180 
Bourke Rd, Alexandria. NSW 21215 (PO 
Box 227. Waterloo. NSW 2017) 

CONTRIBUTIONS: Submissions must 
be accompanied by a stamped, self-
addressed envelope The publisher 
accepts ro responsibility for unsolic-
ited material 

COPYRIGHT: The contents of Electron-
ics Today International and associated 
publications is fully protected by the 
Commonwealth Copyright Act 09681 
Copyright extends to all written ma-
terial, photographs, drawings, circuit 
diagrams and printed circuit boards 
Although any form of reproduction is 
a breach of copyright we are not 
concerned about individuals con-
structing projects for their own private 
use, nor by bands (for example) con-
stiucting one or more items for use in 
comection with their performances. 
Commercial organisations should 
note that no project or pan project 
described in Electronics locloy Interno-
tonal or associated publications may 
be offered for sale, or sold in substan-
tially or fully assembled form. unless a 
licence has been specifically ob-
tained so to do from the publisher. 
The Federal Publishing Company, or 
from the copyright holders 

LIABILITY: Comments and test results 
en equipment reviewed refer to the 
particular itern submitted for review 
and may not necessarily pertain to 
other units of the same make or 
'nuclei number Whilst every effort has 
been made to ensure that all con-
structional projects referred to in this 
edition will operate as indicated effi-
ciently arel properly and that all nec-
essary components to manufocture 
the some will be available. no re-
sportsibility is accepted in respect of 
the failure for any reason at all of the 
project to operate effectively or at all 
whether due to any fault in design or 
otherwise and no responsibility is ac-
cepted for the failure to obtain any 
component parts in respect of any 
such project Further, no responsibility 
is accepted in respect of any injury or 
damage caused by any fault in the 
design of any such project as atore-
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FEED FOR WARD 

CURRENT 
SHUNT 
0.1511 

999999 

100 II 

18V NOM 
OUTPUT 

FOR 3 A FULL SCALE CURRENT 

V,„ 0.45V 

fl 16.7mS (60 Hz) 

T2 - 1200 S(20 M) 

OUTPUT 1 COUNT - 1 AMP-HOUR 10k 

  + ZERO 

  LM340T12 yin   12V 

100k 
100k 

10k 

+ 12V 

20k 

2 

12V 
COUNTER 

1 COUNT PER 
AMP HOUR 

This application arose from 
the need to indicate the 
amp-hour output from solar 
panels. The basic circuit has 
wide ranging applications in 
any situation where signals 
need to be integrated over 
long time periods, eg, watt-
hours derived from a watt-
age signal; liquid volume 
from a flow-rate signal, etc. 
The circuit is fundamentally 

'a voltage integrator that has 
been designed to operate 
over extremely long periods 
between counts. At maximum 
charging current there is one 
output pulse every 20 
minutes and this can extend 
to several hours for reduced 
charging currents. A conven-
tional voltage integrator ap-
proach is unsuitable due to 
the very high values of ca-
pacitance and resistance re-

2N3053 02 

100k 

DC AMPLIFIER 

IC1 
COMPARATORS 

LM-324 

IN 4004 + 

)12k 

7 2k2 

--
20m SEC 
PULSES 
AT 02 

+ 

4 

IC1A 

1 

6800 

GAIN 

1k 

1k 

5 to 8.5V 

TP-3 

100k 

INTEGRATOR 

44  
IN914 

11 047 
13 

01 

2N3904 

12 

4700 

115°P 

mv  
100k 

IC1D 
14 

COMPARATOR 

100k 

4.6,, Me 
...em..314.100k IC1C 

T1 I 

I 

TP-2 
 • 

821.c IC2 

IC1B 

ONE SHOT 

824 TIN914 

ZIN914 
00k., 

S 

SQUARE 
WAVE 

Solar panel amp-hour accumulator/counter 

quired to achieve these long 
time periods, and the conse-
quential effect of leakage 
currents on accuracy. 
The Input current is con-

verted to a voltage of 0 to 
0.45 V maximum by the cur-
rent shunt. This voltage is am-
plified and a zero offset ap-
plied by the dc amplifier A. 
The signal is then fed to inte-
grator D which produces a 
saw-tooth wave output whose 
period is proportional to the 
input voltage. The integrator 
is allowed to continue to inte-
grate until it reaches a preset 
threshold established by the 
setting of the gain potenti-
ometer. 

At this point, the compara-
tor C changes state and gen-
erates a positive going sig-
nal which drives transistor Ti 
to reset the integrator. This 

signal is also used as an 
input signal to the divider cir-
cuit. The divider circuit uses a 
conventional MM-5369 17-
stage oscillator/divider IC — 
a popular IC used to gener-
ate a 60 Hz timebase signal. 
(The 50 Hz equivalent may 
also be used.) This divider 
takes the input signal which 
has a maximum frequency of 
60 Hz and divides it down to 
a maximum of one output 
pulse each 20 minutes. This 
signal is then used to drive 
comparator B which oper-
ates as a one-shot producing 
a 20 millisecond drive pulse 
to transistor T2. Transistor T2 is 
then used to operate a 12 V 
electro mechanical counter. 
Adjustment of the circuit is 

quite simple, with the zero 
potentiometer being ad-
justed with no input signal for 

6 

DIVIDE BY 
71,600 

OSC 
(NOT USED) 

MM5369 12. 
- EYR 

DIVIDER 

1.2V 

approximately 5 V output 
from dc amplifier A. The zero 
pot is then finely adjusted just 
to the onset of pulse genera-
tion at TP-2. The gain potenti-
ometer is then adjusted with 
a full scale input voltage to 
provide the desired 16.7 (or 
20 ms if using a 50 Hz time-
base) period at the output of 
comparator C. 

This circuit proves to be 
extremely accurate and 
while requiring a number of 
functions, it is basically ac-
companied by just two low-
cost integrated circuits. With 
the one-shot minimizing the 
energy needed to drive the 
counter, the current con-
sumption is only a few milli-
amps. 

N. R. Strong 
St Ives, NSW 
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Logarithmic amplifier 
Taking advantage of the 
unique input characteristics 
of LM3900 type current input 
mode amplifiers, this circuit 
generates an output voltage 
which is logarithmically pro-
portional to an input current. 
Typical applications in-

clude photographic light 
meters, sound level meters 
and test instruments for audio 
equipment. The circuit is ide-
ally suited for operation on a 
battery or other floating 
power supply. 
The logarithmic current-to-

voltage conversion is per-
formed by 1Cla and 1C1b in 
an active feedback configu-
ration. ICIc provides a stab-
ilized bias voltage for the cir-
cuit, while ICId is a straight-
forward inverting output buff-
er. Optional temperature 
stabilization is included to 
minimize output voltage drift 
which might otherwise occur 
due to temperature changes 
in ICI. This uses the base-
emitter junction of one of the 
input transistors in ICI as a 
convenient on-chip tempera-
ture sensor. 
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IC2 controls the conduction 
of a transistor QI in response 
to the (base-emitter) voltage 
which appears between pins 
7 and 8 of ICI. QI in turn acts 
as a variable load on the 
output of IC1c, thus affecting 
the whole power dissipation 
in ICI. By negative feedback 
action, the conduction of QI 
is continually controlled to 
maintain ICI at a substan-

MULTI-TURN TRIMOUT RECOMMENDED FOR RVI 

flatly constant temperature. 
Before calibrating the cir-

cuit, connect a voltmeter be-
tween pins 7 and 8 of ICI 
and adjust RV1 to obtain a 
reading of about 0.5 V. Now 
calibrate by first adjusting 
RV2 to obtain a reading of 
zero at the output with, say, 
100 nA of input current ap-
plied. Then adjust RV3 to get 
a suitable output voltage 

reading with, say, 1mA of 
input current applied. The cir-
cuit is now calibrated over a 
4-decade input range. If 
calibration over a narrower 
range is required, adjust RV2 
and RV3 in the same manner 
but with two levels of input 
current applied appropriate 
to the required range. 

H. NacinovIch 
Gulgong, NSW 

Feed Forward needs your minds. If you have ideas for circuits that you 
would like to enter in our idea of the month contest, programs for the com-
puting columns or just want a word with the editor, send your thoughts to: 

Feed Forward 
ETI, Federal Publishing, 
PO Box 227, 
Waterloo, NSW 2017 

Contributors can look forward to $20 for each published idea/program which 
should be submitted with the declaration coupon below. 
Programs MUST be in the form of a listing from a printer. You should in-

dicate which computer the program is for. Letters should be typewritten or 
from a printer, preferably with lines double spaced. Circuits can be drawn 
roughly, because we have a draughtsman who redraws them anyway, but 
make sure they are clear enough for us to understand. 

'Idea of the month' contest 
Scope Laboratories, which manufactures and distributes soldering irons and 
accessory tools, is sponsoring this contest with a prize given away every 
month for the best item submitted for publication in the ' Ideas for Exper-
imenters column — one of the most consistently popular features in ETI 
Magazine. Each month, we will be giving away a Scope Soldering Station 
(model ETC6OL) worth approximately $ 191. 

Selections will be made at the sole discretion of the editorial staff of ETI 
Magazine. 

RULES 

The winning entry will be judged by the Editor of ETI Magazine, whose deci-
sion will be final. No correspondence can be entered into regarding the 
decision. 
The winner will be advised by telegram. The name of the winner, together 

with the winning idea, will be published in the next possible issue of ETI 
Magazine. 

Contestants must enter their names and addresses where indicated on 
each coupon. Photostats or clearly written copies will be accepted. You may 
send as many entries as your wish. 

This contest is invalid in states where local laws prohibit entries. Entrants 
must sign the declaration on the coupon that they have read the above 
rules and agree to abide by their conditions. 

COUPON 

Cut and send to: Scope-ETI 'Idea of the Month' Contest/ 
Computing Column, ETI Magazine, PO Box 227, 
Waterloo NSW 2017. 

"I agree to the above terms and grant Electronics Today International all rights to 
publish my idea/program in ETI Magazine or other publications produced by d. I 

declare that the attached idea/program is my own original material, that it has not 

previously been published and that its publication does not violate any other 

copyright." 
• Breach of copyright is now a criminal offence. 

Title of Idea/program   

Signature  Date  

Name   

Address   

  Postcode  
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"the highest performance computer design ever published" 
ETI Magazine December 1986 

'FLEXIBILITY AND 
COMPATIBILITY IN A 16 BIT KIT. 

THE AMAZING 1616. 
At last a kit computer that sports similar 
features, specifications and classical design 
architecture to current PC's. 

The 1616 offers the latest microprocessor, 
loads of onboard memory, expansion slots 
for your favourite add-ons and more! 
As well as software with the power to 
pull all these features together 
and make the 1616 
function as a useful, high 
performance personal 
computer priced to suit 
any bud:et. 

THE CHALLENGE 
THAT IS WELL 
REWARDED. 
Built up in easy stages, the 1616 offers 
a unique insight into the workings of 
16 bit computers. Each stage can be tested 
by diagnostic functions, to ensure correct 
construction. In its complete form, the 1616 
is comparable with today's commercial 
PC's, or, in partial form, it is perfect for 
research ada stations. 

HARDWARE THAT PROVIDES 
POWER AND FUN, - 
Just imagine; a 68000 CPU, high 
resolution colour graphics, stereo sound, 
memory and software with an abundance 
of I/O and unlimited expansion capabilities. 
COMPETITIVE' 
TAX INCENTIVES 
FLEXIBLE PURCHASING 
The 1616 is available as a Basic Kit for $449 
with the Board, Chips and Components. 
The Keyboard is $ 139 and the Power Supply 
Unit is only $69. Applix can arrange 
discounts for bulk purchases as well as all 
necessary tax exemptions for educational 
and business customers. 

tHE 1616 KIT COMES AS A 
BARE BOARD, A BASIC KIT 
OR FULLY CONSTRUCI ED. 

CONSTR 

TAKE 
ADVANTAGE 
OUR SPECIAL 

N WORKSHOPS 

Applix are conducting Construction 
Workshops for purchasers of the 1616. All 
areas of constructional techniques, 
componentry handling and final detailing 
will be covered in this special one day 
workshop at a very reasonable cost. 

A PP Llà6 

SORRY, IT DOESN'T WORK! 
APPLIX GUARANTEES 
IT WILL! 
If properly constructed the 1616 will 
function perfectly, however, if you do 
encounter problems, Applix will, for a flat 
fee, guarantee to correct them. 

FEATURES THAT ARE 
BOTH ORIGINAL 
& COMPATIBLE 

* Motorola 68000 ( 16 bit) Processor 
* 512K bytes RAM as standard 

* Graphics: 320Hx200V 16 
colours, 640Hx200V any 

four of 16 colours. 
* Standard RGB1 

Interface or 
composite 

video 
(shades of 

grey).* Stereo 
sound. * On-board 

high speed cassette 
interface. RAM disk software 

support in ROM. * Uses standard 
IBM-style detachable Keyboard. * Four 

80 pin expansion slots. * Centronics 
compatible parallel printer port. * Dual 
serial ports. * General purpose analog & 
digital 1/0 port. * Analog two-button 
joystick port. * Powerful monitor, full screen 
editor, terminal emulation, communications, 
operating system and more. 

CONTACT APPLIX TODAY! 

Applix Pty. Limited 
324 King Georges Road, Beverly Hills. 

P.O. Box 103, Beverly Hills.2209. NSW 
Telephone: (02) 758 2688 

ADVERTISING INFO No. 15 
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Andrew Morton & Paul Berger Part 2 

1611BIT COMPUTER 
This is the second article in a series which will describe the 
operation, construction and use of the 1616 computer. In this 
month's issue we give an overview of the MC68000 

microprocessor and a description of how the 1616's hardware operates. 

AT THE CENTRE of the 1616 is the 
68000 microprocessor, supported by its 
RAM and ROM. In this article, we take a 
close look at the 68000 and its operation, 
and the way it talks to the rest of the cir-
cuit. 

About the MC68000 family 
Motorola's MC68000 series microprocessor 
family was first introduced in 1980, at a 
time when advances in VLSI fabrication 
and design techniques were permitting 
manufacturers to put an entire 16-bit mi-
croprocessor on a chip. 
At this time some manufacturers (most 

notably Intel) elected to design their 16-bit 
micros as upgrades to their 8-bit ones. 
Motorola on the other hand produced an 
architecture which was derivative of none 
of its previous microprocessors — it was a 
multi-register device which was designed 
from scratch to support high-level com-
piled languages, multi-tasking operating 
systems, and multiple processors. 
Motorola has excelled in designing mi-

croprocessors for the programmer. Its 
MC6809 was the best of all the 8-bit mi-
croprocessors from the programmer's 
point of view and the MC68000 family in-
struction set certainly indicates that the 
software boys made a large contribution to 
its design. 
The microprocessors in the MC68000 

family are: 

MC68000: A 64-pin IC, with a 16-bit ex-
ternal data bus, 32-bit internal data bus, 
12.5 MHz maximum available clock speed. 
MC68008: With 48 pins, an 8-bit external 
data bus, a 32-bit internal data bus and a 
12.5 MHz maximum available clock speed 
the MC68008 was designed - to bridge the 
gap between existing 8-bit subsystems 
(such as memory and I/0 cards) and a 32-
bit microprocessor. 
MC68010: This device is very similar to 

Signals with a bar across the top are active 
low. This means that when the signal Is ac-
tivated, It goes low. 

the MC68000. it has some extra instruc-
tions some of which have been made more 
efficient, but the main rationale for the in-
troduction of the MC68010 is probably as 
a 'fix' for a limitation of the MC68000 
which prevented it from resuming a pro-
gram after a memory fault — a capability 
which is necessary for large operating sys-
tems. This MC68010 feature is not needed 
in a system of the 1616's size. 
MC68020: The MC68020 is a 127-pin mi-
croprocessor IC with 32 address pins. 32 
data pins, on-board instruction cache, 
25 MHz clock speed, dynamic bus sizing, 
etc, etc. This is a very powerful micro-
processor. 
MC68030: Rumours abound. This device 
is apparently being shipped in sample 
quantities at present and it must go like a 
free beer. 

A hardware description of 
the 68K 

Memory transfers 
The MC68000 can address 16 Mbytes of 
memory. This is a 24-bit address range — 

the microprocessor's internal addresses are 
in fact 32 bits but the eight most signifi-
cant address lines (A24-A31) never see 
the light of day due to IC packaging con-
straints. 
As with all of Motorola's microproces-

sors, memory and I/O devices are mapped 
into the memory space. The MC68000 
does not use a separate I/O space with its 
associated special I/O instructions, as do 
the Intel and Zilog microprocessors. I/O 
devices are written to and read from in 
the same way as memory. 

Data alignment 
There are 16 data lines connecting the mi-
croprocessor to its memory. The MC68000 
may read or write data in either 8-bit or 
16- bit quantities. The signals which deter-
mine the amount of data to be transferred 
are UDS (upper data strobe) and LDS. If 
UM is asserted (set low) during a 
memory cycle, 8 bits are transferred across 
D8-D15. If LDS is asserted, 8 bits are 
transferred across DO-D7. Asserting tr-D3 
and LDS together causes a 16- bit transfer. 
Although the data bus is 16 bits wide,› 

ETI February 1987 — 41 



PWCA8CR 16I16 

COM 

LEFT SIG 

LEFT 

DATA 

WPAL 

RELAY 

COU 
CASSETTE IN CASSETTE OUT 

DATA 
RIGHT GND o + 5 
SIG °A 2 5° 

- RIGHT CLKIo1 3 NiC 

+5 

R37 

2k2 14 
KEYBOARD R36 

CONNECTOR PINOUT S 

LOOKING INTO SOCKET COMA 

2k2 1 

+12 

31 16 

C33 
Ion 

IC21 

1 2 3 4 5 6 7 

R35 

2 

IC22 
3 

-12 

11 

DATA 

0 

IC20 

D 

1 2 3 4 5 6 7 

WAMUX 
• 

RN 

RIPORT 8 4 7 
 • 00 

15 7 
14 5  
13  
12  
11 
lî  

1 19 

IC19 

20 

p D7 
3  D6 
2 9D5 
IT-  D4 

D3 
 2 D2 
I Dpol 

13 

2 
0 

PB 1 
PB 

SW2 

R38 
1k 

7 7 
6 
5 
4 
3 

1k 

1 

+5 

13 

LM324 12 IC22 

11 

IC18 

u-

-4-

R14 k 

150Rk 

2LED1 
RN4 RN 

-•-•-•-••- -9-4-- 

9 6 8 7 6 910 
0 00 0 0 

6 

VIACS 23  
RESET — 

A   

A I 
E 4 11  

W :   
VSYN.: 

,OARD 
•.OHNECTOR 

CLK 

DATA 

" 12,i494C95 

0.4 TOOT 700-T, 

RS3 
RS2 
RS1 
RSO 

Vo. 

IC15 

PB7 
PB6 
PBS 
PB4 
PB3 
PB2 
PB1 
PBO 

C14 
CASSETTE IN 0-11-

390pF 

R25 
56k 

1 13 
14 

j  14 

PA7  
PA6  
PAS  
PAO  
PA3,  
PA2  
PA1  
PAO  

CB1   
IRO  
CB2  

9 4.  

o 

6 

EN640 
ECASWIRO 

-4  

RES 
k7 4k7 

IC34 

10 

8 

3 

RN5 

KBD 
LINK 

11 
12 

13 

VIAIRO 

1 

130 90 1  
14 D ic53 1  
11 12 
-e- D 
.5V 11  

IC49 

9 

WCE 

7 
6 

5 
4 
3 
2 
1 

DATA 

42 — ETI February 1987 



3 Y 3Y  
4052 21  

1Y  
3 vIC23 0y  

3)( It-2X, — 

nVE,Ve 
C41 C40 C39 

I I  

LM324 33 

o 

C37 100n 

R19 

21(2 

02 

IN914 

R17 

2 k 2 

Nee  
R20 11 
56 k 

6 
IC11 

3 

100R 

R41 
10kil% 

12 
13 
11 

2 RES PRE 
o 

IC32 

5 

1110 9 

02 

R11 
56k 

C327 

1 

ZiASSETTE 
MOTOR 

3 

5 

C38 

100n 

RV1 

200k 

C19 

00 

200k 

JOYSTICK 
CONNECTOR 

R10 +5 -0 2 
56k Pal-0 1 

PB0..0 7 
R1315k 1 

eAtleee_54 

16 
4051 î 1A1,1 0 R12 15k I 

..."—« IC U 10    

6 1  f : A10: - VEE V 
71 S 

10 

.11.1 IC61 
IC32 

CASIRO 

RN1 

R39 33K CASSETTE 

OUT 

R33 

150k 

SCCRD 
SCCWR 
SCCCS 

Al 
A2 

3.75M 

CENTRONICS 
CONNECTOR 

ALL EVEN PINS 
GROUNDED 
PIN 26 N/C 

23 USER PORT 

e 
3 

C27 1 220µF 

6 

6 

1C22 

14 

R29 120k 

R27 R28 

1k 2k2 

C20 1.10µF 

9 

120k 

R32 R31 

lk 2k2 

ITC25 
I 100.F 

13 

To Pin 1 } 

To Pins 3, 4, 5, 
  10, 11,12 

9 T 8 SJA-I 7  
36 +5  RD IE INTA R.15 1 2 

T x DA 13 -0 35 3 
33 WR R k DA 
 CE  RTSA 
2 DiC CTSA 16 5. 7. 

17  

AiEi OTRA '19 191: 
34  

15 4 
14 7 
13 
12 38 
11 2 
10 39 

3 

1 
8 40 

PCLK DCDA 1 13. 
SYNCA  
TRXCA 
RT x CA 

D7 
06 
O5 
O4 
D3 
D2 
D1 
DO 

IC17 

14 15 

12 le ?18 

I 3.75 M 

SJEt-I 
1 

TxDB 2  
2 3: Rx DB 

IC13 

RTSB 13-05 

CTSB n 724 90 c%ele_w--.1-12 CTS 
DTRB DTR 
Da:*  2 11: 0:___I DCD 

SYNCB 2 13. 14 1 GND 

16 15 RTXCB 28 17.0 :V1IL-1 1122 TR XCB 26  
p18 17 -18i 1  

3.75M î TI + 

+5+12-12 
SPEOR RI L 

21 

I T  GND 

 0 A01 

ANALOGUE 
CONNECTOR 

34 0 A00 

C21 1 LEFT 

22011F 

C22 

220µF 

4 o LEFT SIG 

SPEAKER 
CONNECTOR 

3  
-0 RIGHT 

5 0 RIGHTSIG 

SERIAL 
PORT 
A 

SJA-0 

1 5 0..— T X 0 
04_1 Rx D 

.3. 1. RTS 
08- --2 CTS 
e______I DTR 
en Dco 

1 yl t_ i4 
CND 

7 cirT 6 «-F1122 

+51+121. I 1- 

1 2 
13-0 

.. -12 
SJ  

5 
7 xD 

4-‘L-1 RXD 
.1_2 Firs 

SCCIRO 

DTR  

fie  •4 
DCD • 

FITS I • 3 8 
-12 I  7 

• 
CTS 
---04 6 

12 1  

GNU  

SERIAL 
CONNECTOR 

ETI February 1987 — 43 



PrrOPC'R 1616 

the MC68000's addresses refer to byte (8-
bit) quantities. Bytes which are at even 
addresses are transferred on data lines D8-
D15 (um asserted). Odd address trans-
fers occur across DO-D7. This is why the 
microprocessor has no AO (address line 
zero) pin; the least significant address bit 
is kept internally and is used to determine 
which of UDS and LDS is to be asserted 
during a byte transfer. 
Reading or writing a 16-bit quantity at 

an odd address would require two memory 
accesses to two different 16-bit addresses. 
The MC68000 does not permit this. The 
32-bit reads and writes are accomplished 
by doing two accesses to consecutive 16-
bit addresses. 

Data transfer mechanism 
The MC68000 uses asynchronous memory 
transfers. This means that instead of hav-
ing a fixed memory access timing scheme, 
the MC68000 requests access to a memory 
location and waits until external hardware 
signals that the memory has responded. 
The signals which are used to indicate a 
memory access are AS (address strobe), 
UDS and LDS. When the external 
memory address decoding hardware de-
tects the assertion of these signals, along 
with a valid address it waits until the 
memory has had time to respond and then 
asserts then negates (raises) AS and termi-
nates the memory cycle. 

Bus errors 
The asynchronous memory transfer mech-
anism essentially involves inserting 
memory wait states into the processor's 
bus cycle. Different types of memory have 
different access (response) times and so 
the address decoding circuitry must ascer-
tain from the address what type of 
memory is being accessed and insert an 
appropriate wait period. If the processor 
attempts to access an address which no ex-
ternal circuitry recognizes, it will never re-
ceive a DTACK signal and will wait in-
definitely. Note that such an address is an 
invalid one to which no device is mapped, 
and a reference to it could only arise from 
a programming fault. 
Such an indefinite wait is terminated by 

yet more external hardware, which 
watches for a processor memory request 
(an assertion of AS) and when one is de-
tected its duration is timed. If it is deter-
mined that AS has been asserted for too 
long, then it is assumed that the processor 
is accessing an undecoded (invalid) ad-
dress and the external circuitry asserts the 
MC68000's BERR (bus error) signal. This 
causes the processor to abort the offend-
ing memory access and to commence ex-
ecution of a user-supplied error handling 
routine. 
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The mechanism of externally detecting 
an access to an invalid address by measur-
ing the bus response time is known as a 
bus error, or a bus timeout, or a memory 
fault. 

6800 device interface 
The MC68000 signals E (enable clock), 
VMA (valid memory address) and VPA 
(valid peripheral address) facilitate a sim-
ple interface to devices from Motorola's 
8-bit microprocessor family, the MC6800 
series. When the address decoding cir-
cuitry recognizes an access to an MC6800 
series device, it drives the MC68000's 
VPA signal low, and the processor then 
uses an MC6800 style memory transfer 
timing scheme which is quite different 
from that described above. 
The 1616 uses this mechanism for ad-

dressing all of its I/O except the 8-bit out-
put latches. This includes, of course, the 
6845 CRTC and the 6522 VIA, both of 
which have MC6800 compatible bus 
timing. 

Interrupt implementation 
The MC68000 uses a prioritized interrupt 
scheme. It supports eight interrupt levels. 
The processor has an internal register 
which determines its current interrupt pri-
ority level. This ranges from zero (lowest) 
through to seven (highest). External hard-
ware requests an interrupt by encoding a 
number onto the MC68000's interrupt re-
quest pins IPLO-IPL2. If the encoded 

ABOUT PALs 
A PAL (programmable logic array) is a 20-
or 24-pin IC which may be once-only pro-
grammed in a manner similar to bipolar fu-
sible-link PROMs. A PAL may replace as 
many as 10 catalogue logic ICs when used 
to implement complicated logic functions. 
The 16R8 PALS used in the 1616 consist 

of an array of AND gates which drive an 
array of OR gates, the outputs of which are 
latched and then passed to the outside 
world. When the device is in its unpro-
grammed state the Inputs and the AND 
array are connected to all of the IC's inputs 
and to all of its outputs. A PAL is pro-
grammed by electrically removing some of 
the internal fuses which connect the AND 
array to the PAL's Inputs and outputs. De-
signing a PAL fuse map involves selecting 
those fuses which are required to imple-
ment the desired logic function and then 

blowing all of the others in a suitable 
programmer. 
A useful feature of the 16R8 PAL is its 

output registers. A group of eight latches 
on the outputs permit the storage of previ-
ous state information for the generation of 
complex timing sequences. The latches vir-
tually eliminate timing skew between the 
PAL's output signals; when the PAL is 
clocked all of the output changes occur 
within a very short period, which eliminates 
many design uncertainties concerning de-
vice propagation delays. 

The 1616 is a complex circuit, and this, in a 
break from our usual policy, is not a com-
plete description of how the thing works. 
Since we don't have an infinity of pages, 
you'll have to forgive us. If you are Inter-

ested in a more detailed description, con-
tact Applix directly. 

number exceeds the processor's curren 
priority level, the current priority level is 
moved up to that which was requested and 
the MC68000 commences execution of a 
user-written interrupt handling program. 
When this program is completed, the pro-
cessor returns to its previous priority level. 
Using this scheme, external interrupting 

devices may be organized according to the 
urgency with which their interrupt request 
must be handled. A high priority interrupt 
request may temporarily pull the processor 
out of handling a lower priority interrupt. 
An example of this may be seen in the 
1616's interrupt organization. None of the 
VIA's interrupt sources need be serviced 
with great urgency, so the VIA is put at 
interrupt priority level two. For high 
speed communications we wish to respond 
quickly to the serial I/O interrupts, so the 
SCC is put at priority level three. This 
means that if the processor is dealing with 
a VIA interrupt when the SCC makes its 
higher priority interrupt request. the VIA 
interrupt handler will be temporarily sus-
pended whilst the SCC interrupt is pro-
cessed. The converse does not apply: if an 
SCC interrupt is being serviced when the 
VIA requests an interrupt, the VIA re-
quest will be ignored because its level is 2 
whilst the processor is currently at priority 
level 3. The level 2 request will be recog-
nized when the processor's priority returns 
to level 1 or level O. 

Hardware description 

EPROMs: 
The EPROM decoding circuitry is very 
simple. Any address in the range $500000-
$5fffff (hex) enables the EPROMs. 
The fiipflop IC60 is used to get things 

under way when the processor is reset. 
The MC68000 requires valid data at ad-
dresses $000000 to $000007 immediately 
after it is reset. This is provided by ini-
tially enabling the EPROMs at all ad-
dresses throughout the entire memory 
map. The processor shortly commences 
execution in the normal EPROM address 
range at $500000 and the memory map is 
restored to normal as soon as the pro-
cessor performs a write operation. 

Decoding RA Ms 
The 1616 sports 512 kilobytes of dynamic 
RAM on board organized as 256K of 16-
bit words. The base address of the on-
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board RAM may be set at either the 0, 1, 
2, 3 or the 4 megabyte boundary using the 
`mem' strapping block. For software rea-
sons it is intended that all the RAM in the 
system be in one block, starting from ad-
dress $000000. Any expansion RAM 
boards will have either 1, 2, 3 or 4 mega-
bytes of storage, and when they are in-
stalled the on-board RAM's address will 
be shifted up to the next address beyond 
the expansion RAM. 

Timing 
The 1616's memory timing scheme is quite 
complicated and lies at the very heart of 
the system. 
The complexity of the timing is due to 

the need to resolve any contention be-
tween the MC68000's RAM accesses and 
those of the video circuitry. The video ab-
solutely must read 16 bits from the RAMs 
at a rate of 1.875 MHz or else the display 
image would be affected. For this reason 
the processor access is synchronized to 
that of the video. For most of the time the 
interleaved video/processor memory ac-
cesses are quite transparent and the pro-
cessor runs without any wait states — the 
video accesses are squeezed into the first 
half of the MC68000 bus cycle. Occasion-
ally the MC68000 will lose synchronism 
with the video and it must be delayed (by 
retarding D''IA—C-g) in such a way as to 
cause the processor to resynchronize. 

It should be noted that this synchroniza-
tion only applies to the on-board RAM. 
All other devices on the bus are accessed 
in a more conventional manner. This is 
possible because the video data paths are 
isolated from those of the rest of the sys-
tem by the buffers IC28 and IC30. The 
video essentially has a private data bus 

and must only synchronize with the 
MC68000 when there is to be an exchange 
of data. 
Benchmarks indicate very little speed 

difference between programs which run in 
RAM and those in ROM, indicating that 
the synchronization delays are not signifi-
cantly slowing the processor. 
Note that the MC68000 and the video 

circuitry accesses result in the on-board 
RAM being accessed at a continuous rate 
of 3.75 MHz. There are 7.5 megabytes per 
second going across the data bus and the 
RAMs are being cycled at 267 ns. The 
minimum specified cycle time for 150 ns 
dynamic RAMs is 250 ns and it is this 
which limits the 1616's processor clock fre-
quency to 7.5 MHz. 
A 16R8 PAL (IC51) and a 74F74 flip-

flop (IC50) are driven at 30 MHz and to-
gether they perform the following critical 
timing functions: 

• generation of the 7.5 MHz, 3.75 MHz' 
and 1.875 MHz signals for system timing 
control functions; 

• processor/video synchronization by ap-
propriately delaying MD''ACTC and the 
RAM control signals; 

• generation of the RAM RAS (row ad-
dress strobe) signal. 

e generation of the Iv—MX signal which 
multiplexes the memory address (from 
either the MC68000 or the video circuit-
ry) onto the RAM chips;  

• generation of the CASU and CitSi. 
(column address strobe upper and 
lower) signals which enable the RAM 
chips — the assertion of these signals 
corresponds to the assertion of the UDs 
and LDS MC68000 signals;  

• generation of the LPULSE (load pulse) 
signal which causes the video shift regis-
ters (IC29 and IC31) to be loaded from 
the RAM chip outputs; 

• enabling the RAMWE (RAM write en-
able) signal; 

• enabling the DBRE (data bus read en-
able) signal which turns on IC28 and 
IC30, driving the system data bus with 
the data read from the RAM. 
How's that for two chips? 

Processor support 
There is an amount of random logic 
around the processor which does the fol-
lowing things: 
Bus fault timer: IC33 is a retriggerable 
monostable (or one-shot) which monitors 
AS and asserts reERR on a timeout. 
Interrupt encoding: IC56 is an 8-input pri-
ority encoder which is used to encode the 
level of the highest priority interrupt 
which is currently pending onto the proc-
essor's interrupt request pins. 
OreTC generation: IC57 and IC58 are 
used to generate the processor D''IÀ—ek 
signal when the decoding circuitry detects 
a valid memory reference. 
Via generation: IC54 and IC57 detect 
when the MC68000 is addressing an 
MC6800 type address and inform the pro-
cessor of this by asserting VPA. The VFA 
signal is also asserted when the processor 
is first responding to an interrupt to in-
form the processor that the interrupting 
device does not support the MC68000 vec-
tored interrupt scheme. 
Reset circuitry: This logic handles the as-
sertion of the MC68000's RESET and 
HALT signals to force reinitialization. 
Address decoding. 

Due to a lack of space on the circuit diagrams, we have not put chip type numbers on the dia-
gram. Use this key to find out. 
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MULTIMET 
Meg BLITZ 

DIV LTD 

Check out the value! DSE prices and quality 
stand the hobbyist test of value-for-money... 

Economy mini meter Buzzer continuity & 
10A DC range 
included! 

E 

Rugged little meter for the beginner's work 
bench or a handy second for handymen, 
technicians in the field. 11 ranges, 2000 

ohms per volt for a 
variety of testing. 

Excellent value - now 
$4 off! Cat 0-1010 

si 2" 
Was $16.95 

Ranges: 
AC & DC Volts: 
10, 50, 250 & 1000 

DC Current: 0.5, 100mA 
Resistance: x10, x1k 

Virtually a 
work bench 

in one 
meter! 

• 100,000 ohms 
multimeter 

1111111111.1" • Tests capacitance & transistors too! 
The affordable way for 

hobbyists to equip their work benches! More 
than just a multimeter, it measures transistor 

'co and Hfe .. great for diode testing too. 
Built-in oscillator for capacitance 

measurement. Cat o-1140 

RANGES: 
DCV: 0.25, 2.5, 10, 
50, 250, 1000 
(100k/V) ACV: 4, 10, 50, 250, 1000 ( 10k/V) 
DC: 10mA, 2.5mA, 25mA, 500mA, 10A 
AC:10A Decibels: -10 to -82 
Resistance: x1, x10, x1k, x10k 
Transistors: Hfe 0-1000 lc° 0-50uA 
Capacitance: 50pF-3uF, 0.01uF-50uF 

Was $ 125 $80 

Pocket the 
savings... 
Pocket-size LCD meter 
that's brilliant value! 3.5 
digit, wide angle display for 
accurate readings from 
virtually any position. RF 
shielding for stable 
readings. Overload 
protected t00! Cat Q-1520 

$4995 Was $64.95 

it's the extras which make this 
19 range/20,000 ohms per 
volt meter such a good 
buy! • Audible continuity • 
Battery checker • 10A DC 
range • Diode and fuse 
protection. Includes 
mirrored scale and 
banana plugs. Cat Q-1022 

'2495 Was $34.95 
RANGES: 
DCV: 2.5, 10, 50, 250,1000 
ACV: 10, 50, 250, 1000 DC (mA): 5, 50, 500 
& 1A RES: x1, x10, x1k Batt: 1.5V, 9V 
Continuity 

Hot value... 
Temperature/ 

multimeter 
Versatile meter for all 

standard checks PLUS 
conductance, capacitance 
and temperature measure-
ments! Temperature range 
covers an impressive -20° 

to 1370° Celcius for testing 
heatsinks, amplifiers, etc. 

Includes: • 3.5 Digit display • Overload 
protection • Buzzer continuity. Cat 0-1512 

RANGES: 
DCV: .2, 2, 20, 100, 1kV 
ACV: .2, 2, 20, 200, 750V 
DC: 2, 20, 200mA, 10A 
AC: 2, 20, 200mA, 10A 
RES: 200, 2k, 20k, 200k TEMP: -20° to 1370°C 
CAP: 2000pF, 2uF, 20uF 

". 
91, 

sl 69 
Was $199 

Meter with logic 
tester! 

Double value at a 
bargain price! This 

superb 20 range 
multimeter includes a 

built-in logic tester 
indicating HIGH' LOW' 

and 'PULSE'states of 
logic circuits. Cat Q-1026 

NOW 
95 

32 
RANGES: DCV: .3, 3, 

12, 60, 300, 1200 
ACV: 6, 30, 120, 300, 1200 

DC: .06 3, 30, 300mA RES: x1, x10, x1k, x1OK 

4.5 Digit 
Multimeter 

Affordable 4.5 digit bench 
top that's versatile enough 
to take with you! Extremely 

accurate with high 
resolution. Cat 0-1550 

• 10 voltage ranges - 
accuracy .05% DC 

• 6 resistance ranges -accuracy . 15% 
• 200uA min - 10A max AC/DC 

• 6,000 hours battery life. 

ffi‘ 

Was $289 si 99 

3.5 Digit 
meter/cap 
checker 
A reliable work bench 
companion that offers 
more than multimeter 
functions. Also checks: 
• 5 ranges of capacitance 
• 2 ranges of conductance. 
Added features include: 
• Auto polarity • Diode 
check position • Over-load protection • High 
input impedance ( 10M). Cat 0-1460 

$89 Was $ 129 
RANGES: DCV: .2, 2, 20, 100, 1kV 
ACV: .2, 2, 20, 200, 750V DC: 200uA, 2, 20, 
200mA, 10A AC: 200uA, 2, 20, 200mA, 10A 
RES: 200, 2k, 20k, 200k, 2M, 20M 
COND: 2uS, 200nS 
CAP: 2, 20, 20Onf, 2, 20uF 
DIODE TEST: 1mA, -2.8V 

3.5 Digit with 
MEMORY... 
• Simple press 
button 
memory retains 
reading until cleared! 
Don't forget this impressive meter - it's got 
the lot! • Voltage and resistance auto-ranging 
with two user selectable current ranges: 
20mA or 10A • Overrange indicator with 
audio tone in current/voltage measurements. 
Cat 0-1515 

$6n Was $99 7 Save $30! 
DC Voltage: 200m V, 2, 20, 200, 1000V 
AC Voltage: 2V, 20, 200, 750V 
Resistance: 200-2M in 5 ranges 

DC Voltage: 2000m V, 20, 200, 1000 
AC Voltage: 200V, 750V 
Resistance: 2000, 20, 200, 2000 ohms 



NEVER TO BE 
REPEATED SAVINGS 

THIS MONTH ONLY WHILE STOCKS LAST — 

Yaesu's 2m mobile now $160 off! 
The features you want, 
at a price you can 
afford... 

TAIL 

 «Mal 

Add Oomph to 
your 2m rig! 

State of the art performance 
with flexibility: that's the FT-
270R! With 10 memories, dual 
VFOs and superb scanning 
facilities, you're ready to take on 
2m pile-up — and win. High/low 
power (25W/3W) output. 
Cat 0-3516 

$499 
Was $659 

HF Linear amp 
Adds a real boost to your rig 
over the full HF band: 2-30MHz. 
• 100W ( plus) with only 4W input 
• 3-Level RF power selection 
• Input/output impedance: 50 
ohms nominal. Famous TOKYO 
HY-POWER Brand. Cat D-2547 

$99 Was $299 
Famous 
Oskerblock HF 
Power/SWR 
meter 
Checks accuracy/efficiency of 
your antenna and HF rig for 
optimum performance. • Covers 
3-150MHz... suits 50 and 75 
ohm lines • Directional coupler 
and through line techniques for 
minimal loss. 0-1340 

2m Linear amp does the job! 
Impressive 30W output with Just 
3W in • 13.8V Power supply 
(great for mobile) • Dual time 
constant for SSB or FM 
• Reverse polarity protection. 
Afinco All Mode Amp. Cat D-2546 

$79 Was $ 124.95 
2m Linear amp! 
" Build it yourself and Save! 
Gives the power for those 
distant repeaters and DX: at an 
affordable price because you 
build It yourself! Ideal for mobile 
or base stations.., up to 120W 
(CW) output from just 15W 
drive. 12VDC operated. Cat K-6313 

$199 
Was 
$299 
Save 

Was $ 125 $87 $100! 

UHF GaAsFET 
preamp 
" Save $$$... build it 
yourself! 
Truly affordable way to add 
power to your 70cm rig. 
• > 15dB gain • Device noise: 
<2dB • Covers 430-440MHz 
• Auto rx/tx switching — suits 
masthead mounting • Strip line 
techniques for real stability 
• Coax relays included. 

89 
Cat K-6309 

Was 
$129 

For VHF... an 
Oskerblock 
Power/SVVR 
meter too! 
Sensational value for a piece of 
equipment every keen amateur 
should own! • Covers 144-
155MHz • Power range: 0-5W, 
0-25W and 0-250W. Cat 0-1341 

85 
Was 
$125 
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BOOK 
CLEARANCE 

Design your own PLI. 
circuits 
Ideal for hobbyists 
tackling digital circuitry in 
communication projects. Cat 13.1249 

9 495 WAS $24.95 

How to tune the Secret 
Shodwave Spectrum 
It gives you all those frequencies 
that are not usually published 
e.g. Military, Government, 
Espionage, Pirate, etc. Great 
reading. Cat B-1649 

$795 
WAS $12.95 

333 Science Tricks & 
Experiments 
Provides step-by-step 
instructions on a diverse range of 
experiments: gases, chemistry, 
light and many more. Cat B-1730 

9 495 WAS $19.95 

Transistor Equivalents 
This reference book enables the 
user to find substitutesd for 
approximately 9,500 European, 
American and Japanese 
transistors. Cat B-4507 

$4 95 WAS $8.95 

The World Transistor 
Cross-Reference Guide 
covers specifications for all major 
manufacturers and some minor 
ones as well. Invaluable! Cat B-4506 

$4 95 WAS $8.95 

World Radio TV Handbook 
The latest edition! Contains the 
complete listing of international 
radio and TV stations throughout 
the world. Includes frequencies, 
addresses, call signs. IDs and 
much more. Cat 8-2086 

$4 95 WAS $14.95 

Digital ICs and LEDs 
A superb source book for 
experienced hobbyists and 
novices alike! Teaches important 
fundamental circuit concepts, 
how to build useful digital 
devices, plus trouble shooting 
hints. Cat B-1785 

51 095 WAS $ 19.95 

333 More Science 
Tricks & Experiments 
If the first edition wasn't enough 
here's more! Just as stimulating 
and exciting as the first. Cat B-1735 

$1495 WAS $19.95 

Laser Technology 
Interested in laser technology? Covers 
laser radiation, construction, design 
and much, much more! Cat 13-1881 

sl 2 95 WAS $32.95 

Motorola Small Signal 
Products Databook 
All the JEDEC types plus all of 
Motorola's 'house' branded small 
signal transistors. Cat B-4036 

$1 2 95 WAS $27.95 



Video 
The MC6854 CRTC video controller gen-
rates timing and addressing signals which 
interact with the timing PAL to load 16 
bits of data from the RAMs into the shift 
registers (IC29 and IC30) every 533 ns. 
This data is shifted two bits at a time into 
the video PAL (IC5) at 15 MHz. 
The 8-bit video latch (IC16) holds the 

video border colour (4 bits) and the video 
display RAM address offset (4 bits). Using 
this latch the video display RAM may be 
set to start at any 32K boundary within 
the on-board RAM. This permits the use 
of multiple display pages to implement 

7.5 MHz stream of 4-bit words. 
The border colour may be any of 16 co-

lours, independent of the video mode. 
The data selector IC3 selects the video 

data from either the PAL or the register 
file, latches it internally and presents it to 
the video mixing circuitry. 
The video mixing circuitry converts the 

video data into both a standard IBM 
RGBI output and into a 16 grey scale 
composite sync signal. 
Memory mapping: In 640 and 320 column 
mode, each word ( 16-bit quantity) in the 
1616's video display memory is repre-
sented on the screen as below. 

15114:13112111:101 91 8: 71 6: 51 51 31 21 1: 01 

\ / \ / \ / \ / 

Index into 
register 
file for 
leftmost 
pixel 

\ / \ / \ / \ / 
\ / \ / \ / \ / 

640 mode 

animated displays. The 1616 operating sys-
tem ROMs fully support this feature. 
640 column mode: In this mode, video 
data is shifted out at 15 MHz. The two 
bits coming from the shift registers are 
used as an index into the 4x4 bit register 
file, IC4. The 4x4-bit words in the register 
file are written by the processor and allow 
the programmer to map each of the four 
colour combinations into one of the 16 
available colours. 

320 column mode: In this mode the RGB 
and I signals are generated by the video 
PAL, rather than being read from the 
register file. The PAL simply remembers 
the previous two bits from the shift regis-
ters and presents them alongside the cur-
rent two. This is essentially a serial- to-
parallel conversion and it produces a 

Index into 
register 
file for 
rightmost 
pixel 

Note that the most significant bits of a 
word appear toward the left side of the 
display. The mapping of screen memory 
addresses to screen coordinate positions is 
quite complicated. This is due to the use 
of the MC6845 RSO, RS1 and RS2 signals 
to address the memory, and to the use of 
the MC6845's hardware scrolling capabil-
ities. There is extensive software support 
for video display manipulation in the 
1616's operating system ROMs. 
The 1616 video, unlike most computers, 

has no text-only mode. Due to the speed 
of the MC680(X) it is possible to draw 
characters onto the screen from a table of 
character shapes stored in memory. This 
table is stored in a compressed format in 
the 1616's ROM and is transferred into 
main memory at power on. There are two 

15H,4: 13112:1 1:10: 9: s 71 61 5: 51 31 2: 11 01 

\ / \ / \ 
\ / \ \ 

/ \ / \ 
\ / \ 
\ / \ / 

Colour o+ 
leftmost 
pixel 
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320 mode 

\ / 
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r ghtmof,.i: 

p. xci 

main advantages to this method. Firstly, it 
allows an infinite number of display for-
mats, including different fount styles and 
sizes, and secondly, it simplifies the design 
of the video circuitry. 
The use of an MC6845 allows the pro-

grammer to select a wide range of video 
formats, including interlaced mode and 
variable horizontal and vertical formats. 
The 1616's video drivers initialize the 
CRTC for 640 (or 320) columns, and 200 
scan lines. This requires 32K of video 
RAM. The number of columns and lines 
may be increased or decreased, but the 
programmer will have to write his own 
drivers to support non-standard configura-
tions. • 

BUYING THE 1616 
The 1616 Is available directly from Its de-
signers, Applix. As of writing we have been 
approached by many anxious distributors 
so you may eventually be able to purchase 
it elsewhere also. 
When designing the 1616 our aim was to 

make it a useful, cost-effective, high per-
formance kit computer. We have tried to 
make the kit as appealing and flexible as 
possible. The response to the introductory 
article was in a word "overwhelming", espe-
cially as the pricing and distribution had not 
been finalized. 

KITS 
The Mini Kit costs $239 and includes the 

1616 printed circuit board, EPROMs, PALS, 
30 MHz oscillator, MC68000 processor and 
socket, and the user/construction manual. 
This kit would be for people who can 
source their own components and are famil-
iar with a project of this type. 

The Basic Kit costs 8449 and includes all 
the components, connectors plus the con-
tents of the Mini Kit. This kit would appeal 
to most people and works out significantly 
cheaper than purchasing the Mini Kit and 
sourcing the components commercially. But 
It is also important to note that this kit does 
not include the necessary components to 
implement the serial, Centronics and user 
ports, as most people would regard these 
as optional. It also does not Include IC 
sockets. 

OPTIONS 
The I/0 Kit costs 859.95 and includes all the 
necessary components to implement the 
serial, Centronics and user I/O ports. 

The IC Socket Set costs $29.95. Due to 
the controversial nature of the use and type 
of IC sockets we have decided to make 
them available separately. The sockets in-
cluded in the kit are of sufficient quality for 
a project of this type. You may use your 
own (machined, etc) or, if you are brave, 
use none at all. As stated elsewhere we 
only offer service/repair to fully socketed 
Basic Kits. 

The keyboard is 8139. A high quality 'IBM 
AT style' detachable keyboard. 

The power supply is $69. Standard 'Apple 
type'. switching power supply with suitable 
power connector. 

Applix will also be offering competitive 
prices on other related products but you are 
certainly not restricted to buying everything 
from us. 



If you're into computers 
you could have a job for life. 

If you're interested in the finer 
points of digital electronics and 
computers, the computer industry 
needs you. 

Enrol now into Control Data 
Institute's Computer Engineering 
course and you could be working in 
the ever-expanding computer industry 
in as little as 8 months. 

Control Data Institute's flexible 
study programmes will allow you 
to study full-time or part-time in 
subjects such as Electronics, 
Microprocessors, Mini Computers, 
Data Communication, Terminals, 
Disk Drives, Line Printers and 
Machine Language Programming. 
Or if you choose, you can study 
individual subjects. 

You can even get exemptions 
if you have some experience in the 
electronics field. And at the end of your 
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course of study, you qualify with a 
Diploma in Computer Engineering. 

Control Data is accepting 
enrolments now for their Computer 
Engineering courses in Sydney and 
Melbourne. The demand for Control 
Data Engineering Graduates has never 
been higher. 

For further information call 
Control Data Institute now. You can 
attend special monthly free 
engineering information seminars or 
phone Wendy Mason in Sydney on 
(02) 438 1300 or Sherrill Maconachie 
in Melbourne on (03) 268 9666 for a 
personal appointment. 

@D CONTROL DATA INSTITUTE 
iOUR CAREER BEGINS I IERE 
An education serviceiilCiintriil I hita Australia Pty. Limited. 

BUITOWS Doble Lawrence CDA 1640 

52 ways to 
train for a job that 
pays more money! 

FREE FACTS ON HOW YOU CAN QUALIFY 
FOR THE CAREER YOU WANT 

Today, as never before, you need 
some kind of specialised training to 
qualify for the career of your choice. 
International Correspondence Schools 
offers you the opportunity to qualify for 
the job you want ... more money ... more 
satisfaction and more personal growth. 
You need no previous experience and 
there is no need to change your daily 
routine. As an ICS student, you study at 
home, the hours you want. You waste no 
time travelling to and from class and you 
never have to miss a pay packet! But you 
are not alone. Skilled instructors are 
ready to help guide you step by step, 
grade your exams and make suggestions 
when needed. You move ahead one step at 
a time as fast or as slow as you want. 
International Correspondence Schools 
398 Pacific Highway. Lane Cove. N.S.W. 2066.T (all hours) 
PO. Box 900. Lane Cove. N.SW. 2066 
Sydney (02) 427 2700 or Austwide (TOLL FREE) (008) 22 6903 
or ICS New Zealand Ltd. 45 Courtenay Place, 
Wellington I. New Zealand 

'Cs 
Since 1890 

•••Il 1•111.• 

No school can promise success, but if you 
want more security, more day-to-day satisfaction 
and a better future, send for the facts 

MAIL COUPON FOR FREE FACTS I IIMI» IMO 

International Correspondence Schools, a division of National Education Corporation. 
398 Pacific Highway, Lane Cove. N.S.W. 2066. PO. Box 900, Lane Cove. N.S.W. 2066. 

YES! Please send me without cost or obligation free facts on how I can study at home for the career I have chosen. 

'MK ONE BOX ONLY! 

(i) Personal Computing 
O Computer Progranvning 
D Accounting for 

Managers 
Bookkeeping 

CI Practical Accounting 
0 Commercial Art 
0 Recreational Art 
0 Cartooning 
0 Auto Mechanic 

Small Engine SePalf 
O Motor Cycle 

Maintenance 
Diesel Mechanic 

CI Bolding Sciences 
D Builders Drafting 
D Architectural Assistant 
O Carpentry F. Joinery 
0 Drafting 

English Composition D Executive Management 
C) Basic English LJ Business Administration 

So:rotund Practice (IBA) 
El Clerk Typist D Modern Management 

Electronics C] Small Business 
o TV Technician D Marketing Mgmt. (AMI) 
CI Basic Electronics CI Salesmanship 
D Civil Engineering D Public Relations 

Electrical Engineering D Copywriting for 
[) Mechanical Engineering Advertising 
LI Hydraulic 8. Pneumatic DTV Script Writing 

Power L] Short Story Writing 
[1 Restaurant & Catering. Reese emedese 

Management Mr/Mrs/Mess 
(:) Club Management 
El Hogg/Motel 
ManagementAddress 

U Hotel/Motel Owners 
D Interior Design 
DInterior Decorating 

Anwar 6011 HIM toosi n 6K6 iarwi 
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U Journalism 

Ft Dress Maidng 8, 3 

D Rnesi &N utrition ;e  e"«4k, 

Pattern Cutting 
E) Pharmacy Assistant 1.4E.4'3—ER1977  

Classical Guitar 
o Practical Photography 
n Basic Refrigeration & 

AI Conditioning 

n Refrigeration & &Domestic 
Air Conditioning 

Age 

Poem*  

ne.eei Sexy 1021 in 2,00 e erme Mown)  
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(I.«.C. SUBSTITUTION 
MANUAL 
We believe that this book on IC 
substitution is about as good as they 
come - for any price. I-low would you like 

a single book to list all of the current IC 
product from ice of the western \worlds C 

manufacturers' National Serriconductor, 
for example, lists 19 pages 
(4 columns/page) of their products 
Motorola 19 pages. RCA 9 pages and 
Texas 18 pages. 

Many obscure (to Australia) manufacturers 
are listed. 
And that's only 1/2 the bookl The other 
half of the book lists the generic 
number of the IC. 
358 pages. Cover 190(W) x 2620-fimm 
Cat. BM-4552 

ONLY $39.95 
SPECIAL INTRODUCTORY PRICE 

POLYSWITCH 
SPEAKER 
PROTECTORS 
Ref: EA July 1986 
We have had unbelievable trouble 
getting these products from the 
manufacturers in the USA As this ad 
is compiled we have hundreds in 
stock. Simply connect the polyswitch 
tn sedes with the speakers you wish 
to protect. 
Cat. RN-34101s suitable for 
protection of tweeters In systems up 
to 100 watts. 
Cat. RN-3415 will protect midrange 
and woofers up to 100 watts. 

$6.98 each 
RIM IMMI BM BBB IVOR 

MAGGY LAMP 
Ideal for 
Needlepoint 
Stamp collecting 
Reading 
Electronics 
Cat. 51.-2700 

NORMALLY 
$185 
SAVE 
$20 
ONLY 
\1:165.00 

JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR 

JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 
JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR 

JAYCAR FORGING AHEAD EV 1987 
UP-TO-DATE WORLD e.144 /** 
TRANSISTOR 1 1̀' 
COMPARISON TABLE 
Not a table - a great thick bookl 784+ 
pages of transistor equivalents. The book 
lists all transistors in strict alphenurreric 
order. 

Each denim is descrbed briefly by its 
prima maker, malaria!, polarity, case type 
and laad configuration, function and 
whether • compfernentary version exists. 
Suggested equivaient parts are also 
fisted. 

This book stands apart from other 

equnalent books because actualy 
ems data on the cooponent in question. 
790 pages. Cover 110(W) x 145(14)mm 

ONLY $29.95 
SPECIAL INTRODUCTORY OFFER 

PIONEER 12" 
WOOFER 
White cone and chrome surround 
with superb specifications make this 
driver a winner. Only HALF the price 
of European equivalents. 65 watts 
rma, frequency response 25 - 
2,50011z, resonance frequency 
2511z. SPL 97d13/0.5 metre 
Cat. CW-2121 

$47.50 

PIONEER 10" 
WOOFER 
10" woofer with excellent tone. 
Ferroflutd 50 watts rms, frequency 
range 25 - 2,50011z, resonance 
frequency 2511z, SPL 96d0/0.5 metre 
Cat. CW-2117 

0 9 PIONEER MID 107 

6 VOLT MINI 
LAMP 

Perfect for lighting dials, etc. 
Cat. SL-2641 

40 cents each 
lo for $2.50 
100 for $1.50 

«eel 

Our moat popular midrange. White 
cone, large sealed back. Extra clear. 
crisp midrange. Ferrofluid 80 watts 
ems system power. Frequency 320 - 
6,00011z, resonance frequency 
320I1z. SPL 100dB/0.5 metre 
Cat. CM-2080 

$22.50 

PIONEER 21/2" 
TWEETER 
'Hits super efficient tweeter will suit 
most 3 way speaker systems. 8 ohms. 
frequency response 2kIlz 20kIlz, 
nominal sensitivity 100d13/W 0.5 
metre, GO watts rrns system power 
handling. 
Cat. CT-2002 

AYCAR -. • 
AYCAR 
AYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAY 
AYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAYCAR JAY • •, 
AW, A 0 UAW^ A 0 rnvrun IAV,Ar, fAVnA Avr•-• n I ASO • • t1-7-

METIER 
Two probes content out of one end 
of this hand held device ore Inserted 
Into the water to be tested. An insta-it 
reading of the Chlorine level & pH 
value is given on the panel meter 
disobey. 
Put an end to messy chemical tests 
for your pool this summer. Great for 
fish tares tool 
Battery powered. 
Cat. 0M-6135 

ONLY $39.95 ;--

r INCREASED 
SLIDER POT 
RANGE 

- slider pots have become 
almoat impoasible to buy lately. We 
have a range ex-stock with some s3 50 
values in huge quantities for OEMs. • 
RP-3904 2K LIN 45mm $3.95 $3.50 
RP-3906 5K LIN 45mm $3.95 $3.50 
RP-3910 50K LOG 45mm $3.95 
RP-39I2 50E UN 45mm $3.95 $3.50 
RP-3920 100E LIN 45mm $3.95 $3.50 
RP-3925 500K LIN 45mm $3.95 $3.50 
RP-3932 250K DUAL UN 45tnrn 

$5.50 $5.00 
RP-3938 10K LOG 6Ornm $5.50 $5.00 

1-9 10+ 

DOUBLE SIDED 
COPPER CLAD 

PCB 
Back in stock and in two brand 
new sizes tool! Fibreglass. 

8"x 5" (210 x 120) 
Cat. HP-9518 

$ 4.95 
6'' x 6" (150 x 150) 
Cat. HP-9519 

$ 5.75 
12" x 12" (300 x 300) 
Cat. liP-9520 --
$12.95 

THIN DOUBLE 
SIDED COPPER 
CLAD BLANK PCB 
We now stock a high grade fibreglass 
PCB material that te about HALF as 
thick as normal PCI3. The copper 
(double sided) is the same thickness 
as normal PCB. It is Ideal for 
applications where weight ta 
important i.e. model aircraft, cars, 
etc.. wireless microphones, etc. It ts 
also good for RF work as the ground 
plane effect is greater (becuase the 
sides are closer together). It is also 
fairly flexible. 
It is available as double sided only. If 
you want single sided etch one side 
off completely. 

LAST(?) 
CHANCE 
ever to buy 
quality 1/4" reel-to-reel 
tape at dirt cheap prices! 

DIRT 
CHEAP!! 

That's rightl Once again Jaycar has 
purchased the entire remaining aft:cis of 
e real ye -BASF brand quality Ferro LH 
Ii Fi magnetic recording tape. 

Type 1,35 275 metres or 903 feet. 
This tape will run for 45 minutes at 33/41.p.s., 

There sa fair amount of stock Ils better 
quality because the Mylar backing is slightly 
thicker and therefore Is lass likely to stretch. 

1-9 $3.95 10-19 $3.00 
2opius $2.50 
Cat. AR- 1512 

C20 CASSETTES 
Exceptionally good quality leaderless' 
blank cassettes tri the usual plastic 
case. 
Cat. XC-4715 

NORMALLY $1.50 each 
THIS MONTH 90 cents each! 

10 up 75 cents each 

HOME ALARM 
PANEL 
The latest In home control panels. 

• 3 sectors WO or N/C 
• Triggers instantaneously if any 
sense!' wiring cut 

• 24 hour instant circuit 
• 2 relay outputs, Ideal for strobe 
• Powe_r 11aupply to suit $29.50 (Cat. 
MP-302 

• Backup battery $28.50 (Cat. SB-
24801 
Cal LA-5162 

ONLY $ 149.50 

CM,,., LOC.. 

= 

3 SIZES 
3.. x (75 x 150) 
Cat. IIP-9522 

$2.25 
6" x 6" 
Cat. I i P-9523 

$3.95 
12" x 12" 
Cat. IIP-9524 

$9.95 

(150 x 150) 

(300 x 300) 
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e TELEPHONE 
EXTENSION BELL 
This ccerpact unk le suppled wkh 10 
metres of cord fined with a standard 
Telecom plug. Sins* plug It Ina a wall 
outlet and it wig ring at the same finless 
your telephone. A LED I. flied as wel 
which will flash. (Note. it you only have 
one telephone outtet a double adapter will 
be required. (Cat. YT-8020$7.50). 
Cat. YT-8033 

ONLY $24.95  À 

THERMAL/MAGNETIC 1/2 
AMP CIRCUIT BREAKERS 
QUAL/IT MADE E-T-A GERMAN MAKE 
TYPE 1 Stngle pole plunger type, 240V 
AC or 115V DC. Will Interrupt when 
current exceeds 0.5 amp. Has thermal 
overload (slow current Increase) and 
magnetic overload (fast current 
Increase) for double circuit protection. 
Has 2 aux contacts (N/O & N/C) to 
bigger remote alarms if necesaary. 
Cat. SC-2280 

NOW $2.00 each 
10 up $1.20 each 
TYPE 12 double pole toggle type 
(ganged). Basically the same as above 
but with toggle type actuator. Extra aux 
circuits provided. Ganged units can be 
split to single pole. 
Cat. SC-2282 

NOW 83.00 each 
10 up $2.00 each 
FULL DATA SUPPLIED 

HIGH QUALITY 
AUDIO 

TRANSFORMER 
- MADE IN 
AUSTRALIA 

A chassis mount audio transformer 
with a 33 ohm centre tapped primary 
and two 3.5 ohm secondaries (which 
can be connected In series). Power 
rating 10 watts RMS. Ideal for push-
pull amps. 
Cat. MM- 1600 

••'"*. 
$4.95 each etyt 

Í NEW PRODUCTS 

PRICE INCREASES 
As a result of the continuing 

depreciation of the SA mices of 
many goods have inevtably 
Men. We notice that unne 

competitors have increcned the 
pdces already. We wish to ensure 
oil customers that Jaya:owl only 
increase prices as cost increases 

ore forced upon us 
We ore proud not to 

rlp you off. 

COMPUTER 
TRANSFORMER 
BARGAIN 

ANOTHER JAYCAR 

SCOOP PURCHASE!! 
We have purchcned limited stoats of a 
power trcnsformer badly suited for a 
computer power supply. It has 4 

secondory whdings which provide the 
foloviing DC power 

+15V 0 1 arnp; -15V or ( 12) 0 0.5 amp: 4-
or - 18/24V 0 I amp; +5V 06 amps 

Total of 100VA A flux shorting shop is oleo 
fitted. 

Cat. MM-2033 
(Due to weight - P&P S5 - aorryll) 
Normally a transformer of this 
quality would be around $50 - 

but this month you can grab one for 
a measly 

$15.00!!!! 
that s right, fifteen dollarslIl 

FIRST EVER UNDER 
$200!! 

DIGITAL 
MULTIMETER 

WITH FREQUENCY 
COUNTER 

Cat. QM- 1556 

$ 1 5 9 . 0 0 

40,1111 
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WORLD CLASS 
ADCOLA 
SOLDERING/ --- 
DESOLDERING 
STATION 
See our Jan ads for full details. 

POWER CONTROLLER 
Cat. TS- 1475 
(no iron or desoklerer supplied) 

$139.50 
40 WATT SOLDERING PENCIL 
CT-6 
Cat. TS- 1478 

$39.95 
80 WATT SOLDERING PENCIL 
CT-7 
Cat. TS- 1480 

$42.50 
DESOLDERING PENCIL 
Cat. 1S-1478 

$59.95 

$4.95 

$4.95 

$4.95 

ADCOLA 240 VOLT 
IRONS 
S30 30 watt 
Cat. TS- 1492 

$27.95 
S50 50 watt 
Cat. TS 1494 

$29.95 

TIPS 
For CT-8 and S30 Irons 
0.7rran Chisel point 
Cat. IS- 1484 
1.5mm Chisel (standard) 
Cat. TS- 1485 

• 3Inni Chisel point 
Cat. TS- 1488 

44* 

A compact DMM which not only has 
impressive current and 
resistance ranges BUT a digital 
frequency and capacitance meter to 
boot! Not to mention the diode and 
transistor checker as well. 
You will be proud to own this attractive 
meter moulded in high Impact 
plastic. Quality shrouded test leads, 
instructions and battery. 
See our January ad for full 
specifications. 

PENLIGHT NiCads 
Don't throw away money buying non-
rechargeable batteries - step up to 
NCods - Cat. S8-2452 
'ROCKET BRAND AA PENUGHT 450mA 

$2.95 
each 

SPECIAL 4 
for $ 10 

470 ohm WIC Thennistor 
0-120pF Compression Trim Cap 
0-10pF Porcelain 'Dining Cap 
0-100pF Porcelain Trim Cap 
100uF 10V Tantalum 
3.3uF 63V Greencap 

Cat. No. 
RN-3450 
RV-5743 
RV-5742 
RV-5738 
RZ-6648 
RG-5179 

Each 
$0.50 
$1.95 
$9.95 
$4.95 
$2.50 
$2.25 

10 + 
$0.45 
$1.75 
$9.50 
$4.50 
$2.25 
$2.00} 

TURN YOUR STOCK INTO 
CASH! - Jaycar will purchase your 
surplus stocks of components and 
equipment. We are continually on the 
lookout for sources of prime quality 
merchandise. 

CALL GARY JOHNSTON OR 
BRUCE ROUTLEY TODAY ON 

(02) 747 2022 

CONCORD STORE 
NOW OPEN ON 
SATURDAYS 

FROM 9am - Noon 

W aal la la la la • MOB • 

.• PIEZO TWEETER • 
• WITH WIDE 

U. 

For Ct-7 and S50 Irons 
0.7mm Chisel point 
Cat. TS- 1488 
2.5mm Chisel (standard) 
Cat. TS- 1487 
3mrn Chisel point 
Cat. TS- 1490 

$5.95 

$5.95 

non sim 

$5.95 / 

nee 

INTERCOM 
BARGAIN 

• DISPERSION LENS • Quality Reimer brand 20 station 
intercoms. Each station can be used as a 

• The lens consists of 8 vanes set at a • master. Allows up to 10 conversations 

• precise angle of 31. These disperse III simultaneously. Suited for installations 
• the sound over a horizontal plane of U requiring between 3 and 20 stations. JAYCAR 

• 80t wider than could be obtained with WERE $69.50 each JAYCAR JAYCAR 

• a bons alone. This pattern is well 
• suited for such applications as sound Now is the time to wire up your j/g,8AAFF1 

• home or business. JAYCAR 
JAYCAR 

▪ Cat AI-6608 JAyYeACARR 'WCAR 
• ' 

'CAR 
• \ CAR 
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ULTRAVIOLET EPROM ERASER 
It's all very good being able to program EPROM' easily but how do you ERASE 
them quickly and safely1 You can put them out In the sun for an underterrntned 
time or use a special high-power UV-tube In an unprotected fluor° batten. You 
could also end up with a white walking stick 
If you need to regularly erase the contents of EPOMa (even NEW EPFt0Ma could 
be corrupted with random data) then this is your most cost-effective solution. It 
will erase up to 9x 24 pin devices In complete safety to your eyes and your 
chips. In around 40 minutes for 9 chtps (loss for less chips). This US-
product has a special safety conductive-foam chip drawer and has a dode:sted 
Insulated design for your safety. 

FEATURES 
• Erase up to 9 chips at a time 
• Chip drawer has conductive foam pad 
• Mains powered 
• High UV Intensity at chip surface 
ensures thorough erase 

• Engineered to prevent IN exposure 
• Long UV tube life 
Cat. XE-4950 

ONLY $99.50 

LOW COST 
SOLAR PANEL - 
- WILL CHARGE A LEAD 
ACID 12V BATTERY 

We have purchase the surplus stock 
of a well known brand solar panel. 
The panel will deliver 16 volts at up 
to 200mA in bright sunlight This is 
sufficient to slow charge a car 
battery! 
The units are made In the USA and 
are completely epoxy sealed. They 
can be screwed Into any Ilat panel. 
Ideal for boats, farms, etc. 
Cat. M-9008 

$89.95 
WERE SELLING FOR $149.50 

ELSEWHERE 

COMPONENT VALUE PACKS 

- 6 new component packs that represent unbelievable value for 

money. These are an ideal start to that junk box that ta essential 
to all electronic enthusiasts. 

MIXED CAPACITOR PACK 
Don't miss this bargain! This pack contains approx. 150 assorted capacitors. 
Not junk values, most are normal stock lines. Here's what you get* 
RT Electro luF, 4.'7uF, 25uF, 100uF, 220uF, 470uF most 63V, 10.000uF 16V 
RB Electro luF, 2.2uF, 25uF, 47uF 
Creencap 100V .0022, .01, .22, luF 
Greencap 630V .022uF, 0.1uF 
Ceramic 4.7pF, 47pF, 220pF, 470pF, 0.022uF 
Polystyrene 220pF, 820pF, 2200pF 
IkV Ceramic 330pF, 470pF, 680pF - MIS LOTS MORE 

150 PRIME SPEC CAPACITORS FOR $10.00 
That's only 6.6 cents each!! SAVE 84% 
At our current prices these cape are worth $61.00 Cat RE-8260 
•We reserve the right to make changes to this pack if stock shortage* occur. 

SEMICONDUCTOR PACK 
This pack includes EPROMs, RAM, CMOS. Tu, Transistors, diodes and 
Zeners - the EPROMs alone are worth $ 10.0011 
Cat ZP-8990 

100 SEMIS FOR $10.00 - SAVE MEGABUCKS! 

NUTS AND BOLTS 
A pack of 80 assorted 1/8- whitworth nuts and bolts for hobbyist work. Bolts 
include both round head and countersunk types from l/2" to 11/2- I'mg• 
Cat. HP-0380 

ONLY $ 1.95 - they would normally be worth 86-67 

n 
TANTALUM PACK 
This pack contains 25 Kermet type RT tantalums. These are military spec 
and much higher quality than the resin dipped type we are used to. These 
Tantalums are worth up to $5 each!! Here's what you get 
4 - 0.1uF, 4 - 4.7uF, 4 - 6.8uF, 3 • 10uF. 4 - ISuF. 2 - 22uF, 2 - 47uF, 1 -100uF. 

Cat RZ-6692 

ONLY $5 SEE RESISTOR & 

 m, 
DIODE PACKS L';',  / 

4 

• 

4164 
MEMORY SALE 
Quality MOSTEK brand 

150nS 1-9 $3.50, 10-24 $3.25, 

25 + $3.00 Cat.ZZ8422 

200nS 
1-9 $3.25, 10-24 $2.75, 

25 + $2.50 Cat.ZZ8420 

QUANTITIES LIMITED. 
Brand new prime spec parts. 

e NEW SEMIS 
100V 35A STUD DIODE 
We now carry a standard DO-5 stud 
mount diode that will carry 35 amps 
RMS at 100V peak inverse. Quality 
Motorola brand. 
Part No. 1N1184 
Cat ZR-1042 

$5.00 each 

10 up $4.50 each 
8 BIT DAC 

MOTOROLA MC1408L8 
(Similar to DAC-08) 

This Is a high quality ceramic cased 
±1/2 LSD D/A converter in a 16 pin 
DIL package. Settling time 300n8 
typicaL Data sheet $0.50. 
Cat ZZ-8080 

$5.00 each 

16 

8T-28A/MC6880A QUAD BUS 
EXTENDER 
This is the Motorola Schottky TIL 
Inverting data bus extender. They are 
tri-state and bi-directional, quad 
packaged tn a 16 pin DIL 
Cat ZZ-8082 

$1.95 each 

10 up $1.50 each 

16 

AND ONE OLD SEMI!! 
1702 EPROM 256 x 8 
The original? Now out of production 
but still needed as a spare. Brand 
new stock 
Cat ZZ-8451 

$2.95 each 

10 up $2.00 each 

TWEE'rY PIE - • 
116dB 

This incredible little limo screamer 
measures 57(1.) it 33(H) emits a 
116dB wail. It's deafening! As used in 
the screamer car alarm kit 
Cat LA-5255 

$16.95 

QUARTZ CRYSTAL 
CLOCK MOVEMENT 
'Very compact • Powered by one 1.5V 
AA battery that lasts for one year 
• 56rrmi square, 15trim deep • Very 
accurate. 

Fit your own custom clock face. Great 
for novel applications such as fitting 
to pictures. Supplied with 3 sets of 
hands. 
Cat XC-0100 $12.95 

24V PCB MOUNT 
S.P.D.T. RELAY 

Quality Japanese made relay at a 
bargain price. One normally closed 
and one normally open contact. Each 
rated at 3 amps. Convenient PCB 
mount. Connection diagram provided. 
Cat SY-4067 

$1.95 (cheap!!) 

NEW 

CONCORD NOW 
OPEN ON 
SATURDAY FROM 
9am - Noon 

That's only 
20 cents each!! 

• 
1 

e RESISTOR PACK SENSATION!! 
RESISTORS FOR I-Fffl THAN A CENT EACH!! 
We have made a jumbo resistor pack. Each pack contains over 1,000 
1/4, 1/2, & 1 watt resistors of computer selected useful values!. This is a 
once only offer and cannot be repeated. We estimate that you only need 
to use 10% of this pack to recoup your outlay. 
Cat. RR- 1682 

ONLY $7.50 for over 1,000 Resistors! 
NEW DIODE PACKS 
1N4004 400V lA - pk 100 $7.50 
Cat ZR-1005 

1N4007 1000V lA - pk 100 $14.00 
Cat ZR 1008 

• 
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(- NOT MORE 
SPEAKERS??? 

Do you know that Jaycar keeps in stcck 
ova( 50 different speakers, not to 
mention kit, crossovers and all 
accessories. 
TWO MORE NEW ONES!! 

PHILIPS QUALITY 
8" WOOFER - AD80652/W8 

Ideal for small sealed enclosures. 
Mazim um enclosure volume is 25 litres. 
Great bass. Recommended Xover 
frequency 2500Hz. 
Freq. Response: 60 - 4000Hz 
Res. Frequency: 39Hz 
Power Handling: 50W R?4S 
CaL CW-2115 

ONLY $49.50 

DOME MIDRANGE 
AD02110/Sq8 

This great dome midrange as used in the 
ET! 4000 speaker kits is available again. 
Freq. Response: 650-5000Hz 
Res. Frequency: 360Hz 
Power Handling 100W RMS 
(System) 
Cat. CM-2088 

ONLY $62.60 

f J. 

9aycar No.1 For 
Speakers 

t e Z80 MICROPROCESSO;\ 

By tcdays standards he cld Z) is a poky 
pedestrial CPU. Ficsvadsys, we onty akaire 41.4Hz 
'A' version. But guess stun We have kund s cat» 
dad Z80 p:rtsi They were mom hardly gel and ai 
beccrne hard Io gain tie M.'s. So at he pkes 
sham txkws le.owes the yesi 
Standard l.. 

LOW 
DISTORTION 
AUDIO 
OSCILLATOR 
SEE EA December 1986 
Cat. KA-1680 

$ 139.00 

( DELUXE 
CURRENT 
SENSE CAR 
ALARM 

AEM8501 
Ref: AEM Oct 1986 
This high quality Tlibrook designed uni 
includes case and Scotchcol front 
panel. 
Cat. KM-3048 

ONLY $98.50 j 

NEW KITS 

(DUAL TRACKING POWER SUPPLY 
Re(: EA 2/87 

This idt tM9 supply up to ±21.5 volts at 503mA. At 5 votts t will supply 3A and at 10-16V 
the current e 2 crnp. 
Cat. KA-1682 

ONLY $ 129.50 

MODEL RAILWAY LIGHT CONTROLLER 
For model train enthusiasts. Controb Signals, level crosshgs, etc. LEDs not 
supplied due to varbtbns h gauge stet 
Cat. KA-1563 

ONLY $21.95 

e PLAYMASTER 60/60 STEREO AMPLIFIER ..*‘ 
WITH NEW AUSTRALIAN MADE TRANSFORMER 

High quality, low priced stereo amplifier from Electronics Australia 
See EA may, June and July 1986 
Cal KA-1650 $299 

MORE 
POWER!' 

'ULTRA FIDELITY" PREAMPLIFIER 
IDEAL FOR USE WITH AEM 6000 (see opposite page) 

REF: AEM Oct - Dec 1985 
Cat. KM-3030 

/ THE ULTIMATE 
AM 6000 POWER AMPLIFIER 
The 6000 aeries power amplifier by David Tillbrook is the 
culmination of over 7 years work on power amp design using 
Mosfet technology. 

SPECIFICATIONS: 
Output Power 240W RIMS per channel Into 8 ohms 

(360W RMS Into 4 ohms) 
Damping Factor >300 ( 100Hz into 8 ohms) 
THD <0.005% 0 IkHz 0 200 watts 
S/N Ratio 400Hz - 201diz noise bandwidth 

>I I 8c113 'A' weighted 

DUE IN FEBRUARY 

SHOWROOMS 

SYDNEY 117 York Sr (02) 267 1614 
Mol, Fr, 8 30 am 5 30 pm 
Thurs until 830 pm Sat 9 am 12 noon 

CARLINGFORD Cr CarlIngford & Pennant Hills Rd 
(02) 872 4444 Mon Frt 9 am 530 pm 
Thurs until 8 30 pm Sat 9 am 12 noon 

CONCORD 115 Parramatta Rd 102) 745 3077 
Mon Fr, 8 30 am 5 30 pm only 

HIJRSTVILLE 121 Forest Rd (02) 570 7000 
Mon Frt 9 am 5 30 pm 
Thurs until 8 30 pm Sat 9 am 12 noon 

GORE HILL 188 Pactfic Hwy (Cnr Bellevue Ave) 
(02) 439 4799 Mon Fr, 9 am 530 pm 
Sat 9 am • 4 pm 

lacar 
ELECTRONICS 

$319.00 

The Jaycar kit includes - 
- 300VA toroids Ipre-amp toruld extra) 
- Metal work identical to prototype 
- Original diecast heatsink 
Commercial equivalents cost between 
$2.500 & $3,500 
Cat. KM-3020 

INCORPORATING ELECTRONIC AGENCIES 
OLD. BURANDA 144 Logan Rd (07) 393 0777 

Mon Fr, 9 am 5 30 pm 
Thurs until 8 30 pm Sat 9 am 12 no", 

HEAD OFFICE I 15 Parramatta Rd 
Concord 2137 
(02) 747 2022 Telex 72293 

ROAD FREIGHT ANYWHERE IN AUSTRALIA S13.50 

VISA 

MAIL ORDER VIA 
YOUR PHONE 

MAIL ORDERS 
I'll 71 V7 

-- HOTLINE 
TOLLFREE 

FOR ORDERS ONLY 

POST & PACKING 

S5 S9 99 $ 2 00 
$10 524 99 S 375 
$25 $49 99 S 450 
550 599 99 S 650 
OVER $ 100 $ 10 00 
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STEREO LOUDSPEAKER 
SWITCH ER 
Have you ever wanted to switch between two pairs of 
loudspeakers to confirm that your favourite pair is simply the 
best? If so then read on. This ultra-useful project includes an 
anti-thump circuit and also finds an application in the 
recording or home studio. 

A LOUDSPEAKER SWITCHER is ex-
tremely simple in concept yet it finds a 
wide range of applications for the audio-
phile and in the recording studio. The 
most obvious application would be to use 
it as an A/B loudspeaker switcher. Subjec-
tive listening tests on the sound quality of 
two stereo speaker systems can be made 
while the switcher is used to quickly 
switch between the two pairs under test. 

56 — ETI February 1987 

In a recording studio environment it is 
often required to use at least two pairs of 
monitor speakers whilst doing a recording 
or during a mixdown. A high quality pair 
is used to monitor the sound quality of the 
recording, the other pair is used to give 
the engineer an idea of the way it would 
sound in a typical hi-fi set-up in the home. 
The loudspeaker switcher would also be 
an economical approach to switching be-

Terry Kee 

tween the two pairs using a common am-
plifier. Do I hear whoops of delight from 
those who have been denied music be-
cause the amplifier in the lounge has 
walked into the studio in the spare room? 
Another feature of the ETI-1412 is its 

anti-thump circuit. At switch-on in an 
audio set-up the first sign of life is nor-
mally heard as a thump from the speakers. 
In a system where many audio processors 
are interconnected, eg, in a studio, where 
powering up via a single mains switch is 
common practice, the thump can be quite 
a problem. In extreme cases it can actually 
damage the speakers Some amplifiers 
produce loud thumps on their own at 
switch-on. The anti-thump circuit is incor-
porated to reduce these problems. 
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Description 
A toggle switch is used to select loud-
speaker A or B and two LEDs indicate 
which pair is selected. The switch and 
LEDs are housed in a hand-held remote 
control box connected via cable to the 
main unit. 

In the early stages of designing the anti-
thump circuit, it was decided to avoid hav-
ing any form of circuitry connected across 
the loudspeakers as it would inevitably de-
tract from the speaker units under test. 

Furthermore deriving a trigger signal for 
the anti-thump circuit and power source 
from the amplifier was also avoided as it 
would mean dismantling and groping deep 
into the depths of your prized amplifier. 
A simple solution used in the switcher is 

to have the anti-thump detector circuit 
across the power amplifier output only for 
the switch-on period. The trigger signal is 
actually derived from the audio output of 
the left power amplifier. When power is 
applied to the switcher, the relay contacts 

are configured so that the speakers are 
disconnected from the amplifier. At this 
point the anti-thump circuit is connected 

across the amplifier output and waits for a 
signal. When a change of dc level or an 
audio signal exceeds the threshold level of > 

Eli — 1412 — HOW IT WORKS 

Relays RLY2 and RLY3 actuate the speaker 
switching from pair A to pair B and vice 
versa. The relays are configured to ground 
the speaker pair that is not selected to mini-
mize crosstalk, eg, if pair A is selected then 
pair B is grounded. 01 and 02 are the tran-
sistor coil drivers of RLY2 and RLY3 re-
spectively. The switching voltage is derived 
from SW1 in the remote control. 

D1 is a half-wave rectifier and with Cl de-
rives a dc signal from the output of the left 
amplifier to trigger the anti-thump. ZD1 
clamps the voltage to 4.7 V for large voltage 
excursions. The rectified voltage is fed to 
IC1 which is configured as a Schmitt trig-

ger. 
The non-inverting input of IC1 has its 

threshold voltage varied by RV1. When the 
threshold level is exceeded the output of 
IC1 is driven low and triggers the 555 timer. 
When triggered, the timer will drive its out-

put (pin 3) to a high for the timing period of 
about 2 seconds in this case. The on period 
cannot be re-triggered until it times itself 
out and is determined by R9 and C4 (see 
text). On powering up C3 and R8 ensure 
that the 555 is reset. IC3 is a D-type flipflop 
and latches its output to a high when the 
timing period of the 555 expires. This in 
turn will drive 02 on and switch over the 
relay contacts of RLY1. Once the Illpflop Is 
latched, the only means of resetting h 
would be to turn off the dc supply. On 
powering up the flipflop is reset by C9 and 
R13. 
The dc supply is derived from a 9V 

power pack and IC4 provides a 5 V regu-
lated voltage rail. The switcher draws a 
maximum of around 210 mA and occurs 
when RLY1, RLY2 and RLY3 are driven on. 
D2 protects the circuit from power supply 
reversal. 

ETI February 1987 — 57 
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ETI-1412 — PARTS LIST 
Resistors all 1/4 eje, 5%, unless noted 
R1, 8 47k 
R2, 4 1M 
R3, 5, 6, 7 10k 
R9 ... 470k 
R10, 13, 14, 
15, 16   
All „„. 100k 
R12  
R17, 18 220 
R19, 20 8R2 5 W (see text) 
RV1  47k vertical preset 

Capacitors 
Cl lOn greencap 
C2 15n greencap 
C3 100n greencap 
C4, 5 34 electrolytic 25 V 
C6 220p, electrolytic 25 V 
C7, 9 24 electrolytic 25 V 
C8 lOn ceramic 25 V 
C10, 11 220n greencap 

Semiconductors 
LED1, 2 5 mm LED 
D1, 2 1N4004 
ZD1 4V7 Zener 1 W 

111.. 4k7 

D3, 4, 5 1N4148 
01, 02, 03 SD139 
04 BC109 or equiy 
IC1 3140 FET input op-amp 
IC2 555 timer 
IC3 4013B dual D flipflop 
IC4 7805 5 V regulator 

Miscellaneous 
RLY1, 2, 3 pcb rnounting DPDT 6 V, 

5 A 72 ohm coil resistance 
(Fujitsu 621D006) 

SW1  miniature SPDT toggle 
SW2 miniature on-off toggle 
SK1 dc power socket (2.1 mm) 
SK2-SK13 banana sockets or sockets 

of your choice: 
8-pin OIL IC socket, 2-off; 
14-pin DIL IC socket, 1-off 

ETI-1412 pcb; metal cabinet (185 x 70 x 
160 mm); Zippy box (28 x 54 x 83 mm); 9 V 
plugpack 300 mA; loudspeaker cable; 6 m twin 
shielded cable; regulator dip-on; heatsink. 

Price estimate: $80 
(excluding plugpacic) 

a Schmitt trigger things start to happen. A 
555 timer will be triggered for around 2 
seconds and when the delay period ex-
pires, the relay contacts will close and 
connect the amplifier output to the speak-
ers. This should allow sufficient time for 
the various power supplies to complete 
charging their smoothing capacitors. 
The anti-thump circuit is now set and 

can only be reset by turning off the power 
supply. In normal use this function is quite 

58 — ETI February 1987 

adequate and resetting is only required 
when the audio system is switched off. 

Construction 
Building the switcher should not present 
any problems as most of the components, 
except for the remote control, are 
mounted on the pcb. Start by checking the 
board for bridged or broken tracks. Once 
you are satisfied that the board is accept-
able, drill all the necessary holes, includ-

ing those for mounting. 
Next insert and solder the links, resis-

tors and capacitors, taking care to get the 
correct orientation of the electrolytics. 
The IC sockets come next. Make sure that 
they are pressed down properly on the 
board when soldering. Do not insert the 
ICs themsleves until later on. Next pro-
ceed by mounting and soldering in the 
relays, RV1 and finally the diodes, transis-
tors and regulators. Ensure that the po-
larity of the diodes is correct and that the 
transistors and the regulator are oriented 
the correct way. Refer to the component 
overlay. 
Tin the copper tracks of the relay con-

nections to the amplifier and speaker as 
they will be carrying high currents under 
load. 
Before the wiring to the pcb can be 

completed, the switch and sockets need to 
be mounted on the front and back panel 
of the box. I have opted to use banana 
sockets for the speaker and amplifier con-
nections, however other socket types may 
be used. Starting with the back panel, drill 
the holes for the banana sockets or sock-
ets of your choice. Then proceed with the 
holes for the on-off switch, dc power 
switch and remote cable on the front 
panel. Once that is done mount the sock-
ets and switches into position. A clamping 
rubber grommet should be used to fasten 
the remote cable where it leaves the box. 
Use tinned copper wire (22 swg) to con-

nect the negative terminal of the left am-
plifier to the negative end of the left A 



and B loudspeaker at the sockets on the 
back panel. ( Refer to the wiring diagram.) 
Similarly do the same for the right ampli-
fier and right A and B speakers. It is im-
portant to ensure that the negative termi-
nal of the left and right channels is not 
connected as unwanted hum-loops can de-
velop. Also make sure that the correct po-
larities are observed. Use suitable loud-
speaker cable for the speaker and ampli-
fier to socket connections. Note that only 
the negative terminal of the left amplifier 
is connected to 0 V on the pcb. The on-off 
switch and plugpack dc socket can now be 
wired in. 
The construction of the remote control 

can now be started. Drill the holes for the> 
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selector switch and the two LEDS on the 
top plate of the box. Drill another hole on 
the side for the remote cable. Use a grom-
met or tie knot in the cable to fasten it 
down. I chose to use a twin screened cable 
with the outer braiding connected to 0 V; 
6 m should be adequate for most applica-
tions. The writing can now be completed 
according to the wiring diagram. 
The next exercise is to go back to the 

pcb and check it very carefully for dry 
joints and solder splashes, all of which are 
quite common even for the experienced 
constructor. It is important to check for 
short circuits in the vicinity of the ampli-
fier and speaker connections as a simple 
solder splash can be an expensive one. 
Once you are convinced that all is well, 
insert the ICs into their sockets making 
sure of their correct orientation. Take the 
usual precautions with handling the 
CMOS devices. 

Testing 
Connect the 9 V plugpack and switch on 
the dc power switch. If the measured volt-
age rail is not within 800 mV of 5 V, dis-
connect the plugpack and re-check the cir-
cuit in the vicinity of the supply rail. If all 
is well, one LED on the remote will light 
and toggling the selector switch will toggle 
RLY2 and RLY3. The relay switching can 
be heard as the contacts change over. 
Next, measure the dc voltage at pin 3 of 

ICI and adjust RV1 for a reading of 
600 mV on the multimeter. This is the 
maximum sensitivity for triggering the 
anti-thump circuitry. Connect the ampli-
fier and speakers to the unit and once that 
is done, power up the amplifier with the 
volume control turned right down. Grad-
ually increase the volume control, with a 
sound source connected to the amplifier, 
of course. When the signal level exceeds 
the threshold level, IC1 will trigger and 
start the delay time thereafter connecting 
the speakers. The sensitivity can be de-
creased by adjusting RV1 for a higher 
threshold voltage. If you want the time 
delay changed then it is a simple matter of 
changing the value of R9 or C4. The time 
delay is given by the equation: td = 1.1-
RxC. 
Once the circuit is triggered it is time to 

use the switcher for switching. Toggling 
the switch on the remote should switch-
over your speakers from pair A to pair B 
or vice versa. If not, then check your wir-
ing to the back panel of the unit and then 
the amplifier and speaker connections. 
The 5V regulator (IC4) will get warm as 

the circuit will draw around 210 mA when 
all the relays are driven on. A small heat-
sink clip mounted on the regulator will 
help dissipate some of the heat. 
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in use 
The switcher will cope with a maximum 
power rating of 100 W into 8 ohms per 
channel with the stated relays. We recom-
mend you do not switch near or at full 
power due to the problems of switching 
highly inductive loads. It's far better to be 
safe than sorry. Furthermore the life ex-

Wiring diagram 

The pc board Inside the box. 

pectancy of the relays tends to decrease 
when switching high currents. 
Some switching noise will be apparent 

due to the switching of inductive loads and 
open-circuiting the amplifier outputs for 
the change-over period. For these reasons 
it is imperative to use an amplifier that re-
mains stable under these conditions. Cer-
tain valve amplifiers, for example, will 
protest quite strongly by exterminating 
themselves under no load conditions. 
Also, avoid using ac coupled output am-
plifiers, remember them? The switching 
noise heralds itself as a click and is de-
pendent on signal level, amplifier, cross-
over and speaker type. As an option, con-
necting in R19, C11 and R20, C10 across 
the right and left amplifier respectively 
should help reduce the switching noise a 
little by introducing a load at high fre-
quencies. These components can be 
mounted at the sockets on the back panel 
(see the wiring diagram). My colleagues 
and I felt quite strongly about having 
minimal additional circuitry in the audio 
path and at average listening levels the 
transient noise is negligible. 



$13,000 REFERENCE MONITORS 
— also available in kit form. 

Readers of overseas hi-fi magazines often wonder why imported quality loudspeakers sell for over twice the 
price in Australia. The answer is simple - but for good reasons not advertised. 
Fully imported speakers incur such cost factors as: 

• 25-30% freight • 30% sales tax 
• 25% import duty * 28% handling charges (typically) 

Not one of these factors improve the sound - they only contribute to the extremely high Australian price tag. 
A pair of fully imported 4-way DYNAUDIO reference speakers is today priced at $13,250 in Australia. 
By importing the drivers only and utilising world renowned 
Australian technology (Thiele & Small) together with local 
genuine timber craftmanship, it is now possible to acquire a 
pair of these speakers fully assembled at less than half this 
price. 
For the technically minded hi-fi enthusiast further savings are 
possible by assembling the speakers yourself. Pre-built 
enclosures and crossovers make this task a mere breeze. 
A good soldering iron and a Phillips head screwdriver will 
save you a further 30%. Should you happen to be in the 
furniture production industry, enclosure plans can be supplied 
with the kit (drivers and crossovers) 
for even greater savings. 
To audition the $13,000 DYNAUDIO 
reference monitors, contact SCAN 
AUDIO for full details and the name 
of your nearest authorised DYNAUDIO 
specialist. 

DI NAUDIOn 
AUTHEN11C FIDELITY 

Sole Australian Distributor: 
SCAN AUDIO Pty. Ltd., 52 Crown 
Street, Richmond. Vic. 3121. 
Phone: (03) 4292199 (Melbourne) 

(02) 871 2854 (Sydney) 
(07) 3577433 (Brisbane) 

SATELITE-2 
$1700 pair 
($1200 as kit) $2500 pair 

($1700 as kit) PROFILE-3 
$3500 pair 
($2400 as kit) 

PROFILE-4 
$5200 pair 
($3600 as kit) 

ADVERTISING INFO No. 24 
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HIBR SPEAKERS 
This is a no-expense-spared, high quality speaker project. It 
uses the best components available on the market. The result 
is a speaker that costs less than $2000, but will give you 
performance better than that of a $10,000 speaker. 

Mike Henriksen 
Mike Henriksen is the managing director of Scan Audio. 

OVER THE PAST two years we have 
seen an increase in the number of well de-
signed loudspeakers on the market. How-
ever, with the fall of the dollar, they are 
becoming more and more expensive, to 
the extent that a decent speaker is now a 
luxury item. For this reason we decided to 
try our hand at designing a hi-fidelity 
loudspeaker. 
The idea was that the speaker should 

use the best possible components and have 
the best possible performance, but at a 
realistic cost. We recognized that the cost 
would not be insignificant, but at least it 
wouldn't be outrageous. 
The aim was to design a speaker that 

could compete with some of the most ex-
pensive fully imported speakers available 
on the Australian market. 
The first question to be answered was: 

what drivers? Many are good, but we held 
the view that overall the best of the lot 
were those from Dynaudio in Denmark. If 
Denmark seems like an odd choice of 
country, read the accompanying specifica-
tions. 

Drivers 
The woofer chosen for this system is an 
8" model 21W54. The basket is heavy-duty 
diecast magnesium with a 125 mm magnet 
fitted to the back. The voice coil is a 
54 mm aluminium former with Dynaudio's 
hexagonal shaped aluminium voice coil 
wire. The peak linear excursion is 7 mm 
and a massive 29 mm maximum excursion 
ensures that this driver is capable of gen-
erating the lowest deep bass in a correctly 
tuned cabinet even at high volume. 
The surround is a foam surround fitted 

to Dynaudio's PHA (phase homogeneous 
area) diaphragm, which is a polymer 

based mixture enriched with metal oxide 
particle for higher damping. 
This woofer has a total Q factor of 

0.303 and a VAS of only 60 litres making 
it ideal for a medium sized bass reflex 
cabinet. 
We used a complicated computer pro-

gram to optimize the bass reflex cabinet 
for this woofer. After modelling on the 
computer for a few hours we found that a 
box volume of 55 litres and a port tuned 
to 37 Hz would give a flat frequency re-
sponse down to 40 Hz and a 3 dB down-
point of 35 Hz; at 30 Hz it would be down 
only 6 dB. 
As midrange we chose the 52 mm soft 

textile dome midrange from Dynaudio, 
the D52AF. 

This midrange is a very interesting con-
struction as the voice coil is working in a 
ferro-fluid cooled air gap, ensuring the 
highest possible power handling capacity 
and excellent damping qualities of the dia-
phragm. A hole has been drilled in the 
pole piece making access to a rear cham-
ber behind the magnet which is damped 
with long fibre wool. In this way the free 
air resonance has been lowered consider-
ably to only 350 Hz, making this driver 
ideal for a 3-way system with low cross-
over frequency point. The frequency re-
sponse is almost ruler flat between 700 
and 7000 Hz and its dispersion characteris-
tics are down only 3 dB at 60° off axis at 
5000 Hz. 
An ideal tweeter for this 3-way system 

was the D21AF Dynaudio Super Tweeter. 
Its construction is very similar to the D52 
with aluminium wire voice coil with a hex-
agonal shaped aluminium wire, double 
chamber cabinet with low free air reso-
nance and superb dispersion characteristics 
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Cross section of the woofer. . • 

Cross section of the midrange diver. 

Brüel & K 

OP 0124 

Cross section of the tweeter. 

13.401 A ICKer 

Mr1 epeak8cce 

%Pee Speed 

aTte 
q 50 

dB 

Potennomeer Ramie __21/...d13 Recther_tiEt_LowerLrm Frig 2(11L_H, 
2 

de Spp.d _10_0,111,),.‘ 

dB 

 ,  tr . 

' , 

, tr . 

' , 

VVVV 

frsjquendy 
tivr..rx.,• 

' r 
V , 

4 7° 

i r. e4ggrise 9306B° I 

kg ' 
/Ale 

ZUS1 

! 

hfipaltillt..e tiu, ve 

I I 
i 

'Lox 
111Ii 

t t t t 

i.l. 10[5 
I. 

1 , 
, 5r4 

±9.. . 20 _"+, sq I 00 200 He 500 loos _..... 2000 He 5030 10000 20000 40000 
7r o Lev. 11612/21121 

Frequency response from 3.000 up to 40.000 Hz ± 1 dB!! The impedance curve 
shows the resonance well damped. D-21 AF 

• Kjaer 
cfflwoir. 

ALB., Kion Bruel • Movr 
Paper Speed _ 3 mm/sec 

_ 

Potentiometer Riede  50  dB Remoter  RMS  Lower Lim Freq  20  Ile Wr. nineeda 

d 

Meesunng Obj 

D-_%2.13E1._2Aaf 

input power 

.1 W 

B. 

2012 --Tfr=e  
JL   • 

0-festsese-re-e 

UP•Ie  

tife 

5  rSzL  

o 
10 56 Pre Ire 
Nolnerly Fret Scale by 1 

R. Nd.- 301 10 

Dpm- 2703 84 
Srein 

OP 01 

o 

100 TOO SOO 
Zero Levet . I • 

2000 Hi 5000 loom  wee 
(141a/2112) 

The curve indicates wide dispersion and smooth dropping at both ends 
which is the correct behaviour of a midrange. D-52 AF 

saw a Kew &OM Jeer Paper Speed _a_ rnin/sec 
- 

Betel & Kerr Pounlioenow. Rene: --50--de Rectifier RMS Lower Lem Wr. Speet_10.0_ min/sec. 
Onterenze 

.41bn- da 

40 
Memerng Ctet : 
21W-5406 2A 

0 
_ 
_ 

_ 
_ 

L-.. 
- - rAlià .-•- 

imp 

i 

• 
e. 
respHctre er breMie. -_-: ' 

Y • t ,• _. 
- 

__._.. 

_._.- - 

- 

5 

--------- 
._ _-... 

......._ .... — 
_ ___ 

_ 

, - 1 
li 

input _ - 
- 

oower 

=- V :: \=."._"- - 
_ LT 

— 

Rec. No.1_2.8_ ' ° _ 

10 20 Hi 50_ 00. 200 H, 500 000 - ..2000 Hi 5000   40000 

(see frequency response chart). The re-
sponse of this tweeter is flat from 3000 to 
40,000 Hz, its only variation ± 1 dB. 

The cabinets 
In designing the cabinet we aimed for a 
tall slim floor-standing cabinet for various 
reasons. By making the cabinet as slim as 
possible the beaming effect from the front 

ultrpti Fceq Soil, by Zero eve • 116 2/2112/ 

Balanced response up to 4 kHz, important in 2way combinations. Early roll- off and high 

but narrow resonance impedance indicate high magnetic damping and energy. 21W-54 

panel would be as small as possible, and 
another advantage would be that the 
speaker would look smaller in a domestic 
situation. 
By off-centering the tweeter and mid-

range we would achieve better stereo im-
aging because the physical distance would 
be different from the two edges of the 
cabinet. We made the cabinet fairly high, 

so that the tweeter and midrange would 
be as close to ear level as possible when 
the listener is postioned in an ordinary 
lounge chair, which we considered would 
be the most common listening position. 
As mentioned earlier, the system was 

designed as a bass reflex cabinet and we 
had various options in positioning the 
port. We decided to position the port in> 
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DANISH LOUDSPEAKER HISTORY 

Since the very early days Denmark has 
played an Important role in loudspeaker 
technology and electro-acoustical engineer-
ing. As far back as 1820 the Danish physi-
cist Hans Christian Oersted discovered the 
electro-magnetism, the basis for a loud-
speaker. It is for this reason that the unit of 
magnetic field strength has got the name 
Oersted. 

In 1918 it was two Danes, Axel Petersen 
and Arnold Poulsen, who were the co-
founders of Ortofon, which invented the 
first synchronized sound to a movie. 
The first primitive loudspeakers were 

constructed by American Edison and Ger-
man Siemens, but in 1923 It was again a 
Dane who designed the first electro-static 
loudspeaker. His name was K. Rahbek. 

It wasn't until 1925 that the first moving 
coil dynamic loudspeaker was designed. 
Again a Dane by the name of P. L. Jensen, 
the founder of Jensen loudspeakers in 
America, played an important role in this 
respect. It is this basic design that is still 
used in most loudspeakers today, but with 
some brands perfecting it to a level which 
makes it possible to design loudspeakers 
with an almost identical sound quality to 
the original sound. One of these companies 
is Danish Dynaudlo. 

the rear of the cabinet for three reasGr.s. 
One, we would have minimal high fre-
quency radiation out through the port to-
wards the listener. Two, we would have 
one less hole in the front panel which 
would mean a weakening of the front baf-
fle; and three, by positioning the port in 
the rear, it is easy to adjust the bass out-
put by positioning the speaker closer or 
further from the wall. 

We have braced the cabinet on two 
points from front to rear to stiffen the 
front baffle after it has been weakened by 
the hole cuts. Another brace between the 
two side walls has also been provided. 

The crossover 
As seen from the frequency response 
curves the three drivers have an extremely 
smooth roll-off in both ends. We are 
therefore able to use the ultimate cross-
over slope which is 6 dB per octave. 
The 6 dB per octave crossover will give 

us a linear amplitude, a linear phase re-
sponse, and good impulse or transient re-
sponse. Crossover frquency was decided at 
700 Hz and 5000 Hz. 

The components used in the crossover 
network have been chosen with no corn-

BUYING 
To find out where to obtain these speakers, 
and see thum demonstrated, contact Scan 
Audio on (03)429-2199. The full bit will be 
available for $2400, but you can buy the 
components separately if required. The D21 
costs $188, the DS2Af costs $288 and the 
21WS4 is worth $378. The crossover is 
available for $182. 

promise in mind. The drivers are among 

the finest ever manufactured and it would 
be absolutely wrong to Uy to cut any cor-
ners. 

Che two coils for the bass driver and the 
:midrange are low impedance, high quality 

air coils of thick copper wire. The induc-
tors used are metallized polypropylene ca-
pacitors manufactured by Rifa in Mel-

bourne. As a by-pass shunt capacitor in 
parallel ith the metallized polypropylene 
capacitot, aie two small 10mF polystyrene 
capacitors for ultimate speed in the high-
est frequencies. An attenuation for the 
tweeter and midrange was necessary and 
here a numbci of non-inductive resistors 
have been put in parallel, causing no audi-
ble deterioration of the sound. 

The wires that have been used to con-
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Looking down at the bottom brace. The crossover network. 

nect the input terminals to the crossover 
and from the crossover to the drivers are 
516-strand pure copper cable manufac-
tured by Multi-Contact in Switzerland. 
These have extremely low resistance and 
are designed for internal wiring. 
At the rear of the cabinet are the input 

terminals which are banana sockets for the 
best possible connection. 

Construction 
Construction is quite straightforward. For 
the cabinet, use 18 mm high density chip-
board, preferably with a genuine timber 
veneer. Follow the cutting diagram in-
cluded here, noting the position of the 
bracing, which is most definititely not op-
tional. 

The speakers themselves should be re-
bated into the front panel. This is to 
achieve maximum dispersion and to mini-
mize edge dispersion. Apart from the 
audio qualities, this will also increase the 
aesthetic appeal of the job. 

Before you insert the front panel, 
remember to include the damping. This 
should consist of one inch at least of 
medium density foam on the rear panel 
and on the floor. On the side panel only 
take it half way to the top This will elimi-
nate standing waves in the cabinet and 
back radiation of the higher frequencies 
onto the woofer diaphragm. 

Performance 
The ETI-1408 speakers are every bit as 
good as the performance graphs would in-
dicate. It's clear that computer simulation 
of the box size resulted in a close to opti-
mum result in terms of matching woofer 
against box size. 

In fact, the response is particularly good 
right across the range. The midrange is 
obviously working well, but the most spec-
tacular part of the system is the D21 
tweeter. According to Dynaudia the D21 
goes out to 40,000 Hz before it hits the 
half power point, and it sounds like it. • 

DYNAUDIO PROFILE 3 KIT SPEAKER 
3-WAY FLOORSTANDING BASS 
REFLEX SYSTEM 
Power handling: 

Nominal impedance: 
Sensitivity: 
Frequency response: 

Internal volume: 
Cabinet resonance: 
X-over type: 
X-over frequencies: 
DRIVERS 
Woofer: 
Midrange: 
Tweeter: 
Dimensions: 

Weight: 

160 Wrms 
(250 W peak) 
8 ohms 
9 dB/1 W/1 m 
31-35,000 Hz ± 3 dB 
24-40,000 Hz ± 8 dB 
(DIN 45,500) 
55 litres 
37 Hz 
1st order parallel filter 
700/5000 Hz 

Dynaudio 21W54 
Dynaudio D52AF 
Dynaudio D21AF 
790 x 360 x 270 mm 
(h x d x w) 
21 kg each 

VATE: 5/17/86 VENTED S1STEM - FREOUENC) RESPONSE 
DRIVER: MODEL, DYNAUDIO 
21854 HOOFER. 
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Inside the box. The crossover network is hidden 
by the foam at the back of the box. 
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SUMMER LISTENING TO 
SHORTWAVE NEWS 

Our feature this month looks at shortwave news broadcasts and provides 
information on global news available during the normal listening hours. 

Arthur Cushen 

T
he service is weighted towards evening listening in Aus-
tralia as during our summer the higher frequencies will be 
more active and signals from Asia and Europe should be 

at their best. The list indicates the time, location and/or the 
station name and the best frequencies for reception. In all 
cases the information covers November-March; the location of 
some stations is not given, only their slogan. 
A list at the end of this feature gives a fuller address of some 

international broadcasters, but it is generally found that an ad-
dress such as: "Radio Australia, Melbourne, Australia" is suf-
ficient for postal deliveries. Times indicated are UTC (GMT) 
which is 11 hours behind Australian Eastern Daylight Time, 
and the frequencies given are in kHz. 

UTC 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2000 
2030 
2040 
2100 
2100 
2100 
2110 
2115 
2130 
2200 
2200 
2200 
2200 
2200 
2200 
2200 
2300 
2300 
2300 
2300 
0000 
0000 
0000 

STATION AND/OR LOCATION 
Radio Australia 
Radio Baghdad, Iraq 
BBC London 
Radio Canada 
IBA, Jerusalem 
Radio Prague, Czechoslovakia 
Moscow, USSR 
Radio New Zealand, Wellington 
Voice of Turkey, Ankara 
VOA, Washington 
Radio Yugoslavia, Belgrade 
Radio Nederland 
Havana, Cuba 
Radio Australia 
DW, Cologne, Germany 
Moscow, USSR 
Damascus, Syria 
Cairo, Egypt 
Radio Canada 
AIR, Delhi, India 
BBC London 
Radio Canada 
Helsinki, Finland 
VOA Washington 
VOFC Taipei 
Voice of Turkey, Ankara 
AFRTS, Los Angeles 
Radio Australia 
Moscow, USSR 
VOA Washington 
AFRTS, Los Angeles 
BBC London 
Madrid, Spain 

FREQUENCY (kHz) 
7215, 9580 
15120 
7145, 7325, 9410, 9570 
11945,15325 
9009, 9815, 11960, 12080 
5930, 7345 
7320, 9470 
11780, 15150 
7215, 7225, 9560, 17770 
6040, 9760, 11760 
6100, 7240, 9620 
9715, 9895, 11740 
11725, 15300 
9580, 15240 
7130, 9765 
15130, 15155, 15385 
7455, 9955 
9805 
11945 
9595, 9910 
6195, 9410, 9570 
9755 
9575 
15185, 17740 
11855, 15370 
9560, 17770 
15345, 17765 
15160, 15240 
13665, 15425 
15185, 17740 
11790, 17765 
9410, 9915 
9630 

0000 Radio New Zealand 
0000 VOA Washington 
0030 Brussels, Belgium 
0100 DW, Cologne, Germany 
0100 Moscow, USSR 
0100 Radio Prague, Czechoslovakia 
0100 RAE, Buenos Aires 
0200 AFRTS, Los Angeles 
0200 Radio Australia 
0200 BBC, London 
0200 Berne, Switzerland 
0200 Radio Braz, Brazilia 
0200 Radio Canada 
0200 KBS, Seoul, Korea 
0215 Cairo, Egypt 
0230 Radio Nederland 
0230 Radio Pakistan, Karachi 
0230 Radio Sweden, Stockholm 
0300 Radio Budapest, Hungary 
0300 Radio Canada 
0300 DW, Cologne, Germany 
0300 Radio Prague, Czechoslovakia 
0300 Voice of Turkey, Ankara 
0315 Cairo, Egypt 
0315 RFI, Pans 
0330 UAE, Dubai 
0340 Athens, Greece 
0350 Rome, Italy 
0400 AFRTS, Los Angeles 
0400 Radio Australia 
0400 BBC, London 
0400 Berne, Switzerland 
0400 Havana, Cuba 
0400 Sofia, Bulgaria 
0400 VOA, Washington 
0415 RFI, Paris 
0430 Radio Nederland 
0500 DW, Cologne, Germany 
0500 IBA, Jerusalem 
0500 Madrid, Spain 
0510 Radio Botswana 
0530 UAE, Dubai 
0600 BBC, London 
0600 Kuala Lumpur, Malaysia 
0600 Moscow, USSR 
0600 Radio New Zealand, Wellington 
0600 KBS, Seoul, Korea 
0600 VOA, Washington 
0615 Radio Canada 
0620 HC,JB, Quito, Ecuador 
0630 ORF, Austria 
0630 Radio South Africa 

15150, 17705 
11760, 15185, 17740 
9925 
9545, 11785 
12050, 13635, 15140 
9630, 9740, 11990 
9690, 11710 
11790, 17765 
15240, 17795 
9410, 9915 
9725, 9885, 12035 
11745 
9755 
11810, 15575 
9475, 9675 
9895 
11745, 15115 
9695 
9835, 12000 
9755 
9545, 9640 
9630, 9740, 11990 
9560, 17770 
9475, 9675 
9535, 9790, 9800 
9640, 11940 
7430, 9420, 11595 
11905, 15330, 17795 
11790, 17765 
15240, 17795 
5975, 9410 
9725, 9885, 12035 
6100, 9740 
11765, 15140 
6040, 7200, 9670 
9550, 9790, 9800 
9895 
5960, 6120, 9690 
7410, 9009, 9435 
6125, 9630 
4820 
15435, 17775, 21700 
7150, 9640, 15360 
15295 
15130, 15385, 17730 
15150, 17705 
15395 
6040, 7200, 7325 
7155, 9760, 11840 
6205, 11835 
11920, 15410 
11900, 15270 
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Elizabeth Francis, 
one of the many 

BBC women 
newsreaders. 

0630 Tirana, Albania 
0630 Warsaw, Poland 
0645 Bucharest, Roumania 
0700 AFRTS, Los Angeles 
0700 BBC, London 
0700 Tokyo, Japan 
0730 Radio Nederland 
0730 Radio Prague, Czechoslovakia 
0800 BBC, London 
0800 BRT, Brussels, Belgium, 
0800 Kuala Lumpur, Malaysia 
0800 Pyongyang, North Korea 
0830 Berne, Switzerland 
0830 FEBC, Manila 
0830 Radio Nederland 
0830 OAF, Austria 
0830 Radio Prague, Czechoslovakia 
0830 Radio Vanuatu 
0900 Radio Australia 
0900 BBC, London 
0900 DW, Cologne, Germany 
0900 Moscow, USSR 
0900 Papua New Guinea 
0900 Tokyo, Japan 
0915 Seoul, Korea 
0930 Beijing, China 
0930 Helsinki, Finland 
0930 Radio Sweden, Stockholm 
1000 AFRTS, Los Angeles 
1000 AIR, Delhi, India 
1000 Berne, Switzerland 
1000 Hanoi, Vietnam 
1000 Oslo, Norway 
1030 Colombo, Sri Lanka 
1030 Radio Nederland 
1100 Radio Australia 
1100 BBC, London 
1100 Berne, Switzerland 
1100 KE3S, Seoul, Korea 
1100 Radio New Zealand, Wellington 
1100 Radio Pakistan, Karachi 
1100 VOA, Washington 
1100 Voice of Asia, Taiwan 
1115 RBI, Berlin 
1115, Tehran, Iran 
1130 Bangkok, Thailand 
1200 BBC, London 
1200 Radio Canada 
1200 Tashkent, USSR 
1200 VOA, Washington 
1230 Dhaka, Bangladesh 
1230 Radio Ulan Bator, Mongolia 

7080, 9500 
6135, 7270, 9675 
11940, 15250 
6030, 11790 
7150, 9410, 15360 
11955, 15230 
9630, 9715 
11855, 17840, 21705 
9410. 9640, 15360 
9880, 17595 
15295 
11830, 13650 
9560, 15305, 15570 
11850, 15350 
9630 
11840, 11915, 15410 
11855, 17840, 21705 
3945, 7260 
6040, 9655 
6195, 15070, 15310 
15185, 17800 
15130, 17730 
3365, 4890 
11875, 15235 
6480 
9700, 11755, 15440 
11935 
15390 
9530, 9590 
15335, 17875 
11745, 15570 
9840, 12035 
15180, 15230 (Sunday) 
11835, 15120, 17850 
6020,9650 
6060, 7215, 9580 
6195, 11750, 15070 
11795, 15585 
15575 
9620, 11780 
15606, 17660 
6110, 11715, 15425 
7445 
17705, 21540 
11790, 15084 
9655, 11905 
15070, 17790 
9650, 11855 
7340, 9650, 9715 
6110, 9760, 11715 
15525, 21630 
9575, 15305 

1300 
1300 
1300 
1300 
1330 
1330 
1400 
1400 
1400 

AFRTS, Los Angeles 
Radio Australia 
BBC, London 
VOA, Washington 
AIR, Delhi, India 
UAE, Dubai 
Beijing, China 
Moscow, USSR 
Stockholm, Sweden 

Brian EmprIngham, a 
familiar voice to 
listeners of BBC World 
Service when he reads 
news. 

6030, 9700, 15265 
5995, 7215, 9580 
15070, 17795 
6110, 9760, 11715 
9545, 11810, 15335 
11940, 17775, 21605 
11600, 15165 
6020, 6050, 7315 
11785, 15345 

The full addresses of those stations listed above which only 
contain the slogan or initials of the broadcaster are as follows: 
Armed Forces Radio & TV Service (AFRTS), 1016 North 

McCudden Place, Los Angeles, CA 90038, USA. 
Radio Australia, Box 428G, Melbourne, Vic 3001. 
BBC World Service, Bush House, The Strand, London WC2B 

4PH UK. 
Radio Botswana, Private Bag 0060, Gaborone, Botswana. 
Radio Braz, Brasilia 70710, DF, Brazil. 
Radio Canada International, Box 6000, Montreal, Quebec H2L 

4S5 Canada. 
Deutsche Welle, Voice of Germany, PO Box 10 04 44, Cologne, 

East Germany. 
Far East Broadcasting Co (FEBC), PO Box 2041, Manila, 

Philippines. 
KOL, Israel Broadcasting Authority, PO Box 1082, Jerusaleni 

910-10. 
Radio Nederland, PO Box 222, Hilversum, Holland JG 1200. 
ORF, Austrian Radio, A-1136 Vienna, Austria. 
National Broadcasting Commission, Box 1359, Boroko, Central 

District, Papua New Guinea. 
RAE, Box 555, 10000 Buenos Aires, Argentina. 
Radio Berlin International (RBI), Nalespastrasse 18-50, Berlin 

116 GDR. 
Radio France International (RFD, BP 9516, F-75-16 Paris, 

France. 
Radio South Africa, PO Box 4559, Johannesburg 2000, South 

Africa. 
Radio Tashkent, Tashkent, Uzbeckistan, USSR. 
UAE Radio, PO Box 1695, Dubai. 
Radio Vanuatu, PO Box 49, Port Vila, Vanuatu. 
Voice of Free China (VOFC), PO Box 24-38, Taipeh, Taiwan. 
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Endless music 
Music, music, music. That's 
the promise of Pioneer's new 
CD-M6 compact disc player, 
which can be programmed 
to give 'endless' hours of 
music with its multi play 
feature. 
The attributes of the Pioneer 

PD-M6 were acknowledged 
by the audio industry when it 
won the CD product of the 
year award at last year's 
CGSA HI-FI Grand Prix. 
The player has a six disc 

multi play magazine which 
gives versatility in the selec-
tion of compact disc tracks. 
You have the choice of pro-
gramming your entertain-
ment, or letting the PD-M6 se-
lect the music for you at ran-
dom. Another option is using 
the player conventionally 
with a single disc at a time. 

If you pre-program you 
simply choose up to 32 se-
lections from the discs in the 
magazine, and then sit back 
to enjoy the music without 
having to move a muscle. 
You can even press the re-
peat button if you want the 
music to play endlessly. If 
you tire of listening to your 
programmed discs being 
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played in the same se-
quence, you can set the CD 
so that its micro computer se-
lects the tracks at random. 
"The PD-M6 is the juke box 

of the 80s," according to Pio-
neer's hi-fi and video man-
ager, Frank Fragale. " It gives 
you the random selection of 
your favourite music at home 
without constant handling 
and changing of discs." The 
multi play facility is undoubt-
edly the major feature of this 
new CD. It's also worth noting 
that the multi play magazine 
doubles as a convenient stor-
age space, and additional 
holders will be available as 
accessories. A single disc 
magazine, allowing the PD-
M6 to play as if it were an or-
dinary single play CD, is also 
available. 
There are also four repeat 

modes (for repeating all 
discs, a single disc, program 
or single track), three-speed 
manual search to quickly 
find a desired track, full re-
mote control, subcode output 
for future disc technological 
development and head-
phone output with volume 
control. 

rf switches 
from MFJ 
GFS Electronic Imports has 
announced the release of 
two new coaxial rf switches 
from MFJ Enterprises. 
The first, the MFJ-1701, is a 

six-position switch which al-
lows switching between six 
antennas without the need to 
unplug cables. It can be 
used on both 52 and 75 ohm 
systems, and will handle 
2000 W SSB or 1000 W CW. It's 
fitted with seven SO-239 con-
nectors and gives negligible 
insertion loss on HF bands. 

All unused inputs are auto-
matically grounded for static, 
lightning and rf protection. 
Equipped with mounting 
holes for desk or wall mount-
ing it measures approxi-
mately 250 x 75 x 38 mm 
and Is priced at $154 plus 
$12 p&p 
The other new coax switch 

is the Model MFJ-1702, a two-
position switch designed for 
50 ohm systems. It is capable 
of handling 2.5 kW PEP and 
has an insertion loss of less 
than 0.2 dB. Isolation is better 

than 60dB at 300 MHz and 
50 dB at 450 MHz. VSWR is 
less than 1.2:1. The unused ter-
minal is grounded for static, 
lightning and rf protection. 
The MFJ-1702 measures 75 x 

Technics flat 
speaker 
The acoustic research labo-
ratory of Matsushita (maker 
of National, Panasonic and 
Technics products) has de-
veloped an ultra flat panel 
speaker that is ideal for wall-
mounting and for use with 
digital audio systems. 
The new speaker has been 

developed mainly for home 
use but it is expected that it 
will also be used for profes-

sional purposes. It is 6cm 
deep and occupies about a 
square metre of wall space. 
A feature is its 'twin cabinet' 
construction: the speaker's 
nodal operation with four 
voice coils drives the flat dia-
phragm of woofers and mid-
low, each in its own cabinet-
type enclosure, yet resident 
in one speaker. 
The new audio flat panel 

(AFP) speaker features a 
wide frequency response, 
from 35 to 40 kHz, and offers 
especially accurate repro-
duction at the low range — 
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50 x 50 mm and is priced at 
$99 plus $10 p&p 

For more information con-
tact GFS Electronic Imports, 17 
McKeon Rd, Mticham, Vic 
3132. (03)873-3777. 

Combination 
CD player 
One of the major attractions 
of digital audio — and its 
standard bearer, the com-
pact disc — is that the sound 
quality recorded at the 
studio or concert hall can be 
reproduced accurately in 
the home. 

Joining the growing array 
of compact disc equipment 
now making an impact In the 
Australian marketplace are 
two new products from Accu-
phase: the DP-80 CD player 
and the DC-81 digital pro-
cessor. The company claims 
that this CD player and dig-
tal processor combination 
will offer as high quality as 
any system currently avail-
able. 
The DP-80 CD player reads 

digital signals from compact 
discs and the DC-81 digital 
processor converts those 
digital signals into audio sig-
nals. 
The output digital signals 

are transmitted by Accu-
phase's optical fibre trans-
mission system, which the 
company claims will cam-

seven times better than other 
conventional units when wall-
mounted It handles up to 
350 W of music and an out-
put sound pressure level of 
88 dBWirn. 

Until now, audio designers 
have employed large enclo-
sures to achieve powerful 
low-range sound reproduc-
tion This conventional ap-
proach, however, has re-
sulted in the loss of sound 
pressure level and an in-
crease in distortion due to 
the non-linear movement of 
the damper and supporting 
edge at the low range. It 
also adds more bulk and 
weight to speakers 
To overcome these draw-

backs, Matsushita designers 
used three-dimensional com-
puter analysis to create the 
new twin cabinet acoustic 
enclosure. The company also 
developed new acoustic 
material to take full advan-
tage of the speaker's rela-
tively flat shape. The woofers 

diaphragm in the AFP 
speaker is made from a pulp 
composite reinforced with 
mica and a hard chitinous-
like natural high molecule. 
Matsushita, with the support 
of the Shizuoka Paper Indus-
trial Laboratory, developed 
this unique material to im-
prove the strength and sensi-
tivity of the woofers dia-
phragm. 
The company also de-

veloped a special mica and 
thermosetting resin compos-
ite for the mid-high and 
tweeter diaphragms. The 
composite, which is vapour 
deposited, forms a diamond-
like layer surface. 

For home application the 
AFP speaker can be used in 
combination with VTI2s, hi-fi 
equipment, new AV systems 
(video projector, etc) and 
even an electronic organ. 
Professionally, it can be used 
in broadcast by stations, at 
discos and for public ad-
dress equipment. 

pletely block spurious radia-
tion and thus give excellent 
sound quality. The DP-80 Is 
equipped with a coaxial 
cable output of standard for-
mat so that not only the DC-
81 but also digital processors 

Digital storage 

of other makes can be con 
nected to the CD player. The 
laser pickup is driven by a 
linear motor and controlled 
by an 8-bit microprocessor. 
Access time of less than one 
second has been achieved. 
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The Hagemeyer (Australasia) 
company has moved into the 
field of digital audio for 
broadcast with an interesting 
new product called the Sirius 
100. 

Strong interest was shown 
in this new system at last 
year's IBC Show in London. 
According to company pub-
licity, the digital audio 
memory system is a logical 
extension of its wide experi-
ence in digital processing 
technology. 
The Sirius 100 offers 1000 

minutes of audio stored on 
hard disc at 16- bit quality. 
There are eight channels of 
audio processing and corn-

puter editing facilities. In 
addition, it can take up to 
eight remote control stations, 
connected via a single coax. 
Basic applications include 

audio editing systems, com-
puter controlled playback, 
commercials and music seg-
ments, station ID and an-
nouncements, and back-
ground sound effects. In fact, 
it is being marketed as a re-
placement for tape cartridge 
machines. 

It's expected to be avail-
able for sale In early 1987. 

For more information con-
tact Hagemeyer on (008)22-
5044. 
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GALION 
PERFORMANCE 
IN PINT POT 
Only 300 x 480 (mm), these new Technics SB-R50 speakers put 
out a sound and a half. With some advances over their 
predecessors, the SB-R100s, Louis thinks they're a good buy. 

Louis Challis 

UST over two years ago during my 
visit to the Osaka acoustic laboratories 
of Matsushita Electric, I met a quiet 

and unassuming, brilliant young Japanese 
engineer named Mr Nakao. As the engi-
neer in charge of Matsushita's research 
program, he conducted me through the 
laboratories and proudly revealed some of 
the advanced research projects and tech-
niques whose development he had initi-
ated or led. 
By the time I arrived Mr Nakao had 

long since developed his SB-R100 loud-
speakers (sée ET! June 1985). I am still 
convinced that they are one of the most 
exceptional small speakers that you can 
buy. I naturally asked him whether it was 
his intention to produce a larger version 
that would provide the obvious improve-
ments in low frequency performance. Of 
course he was and he proudly showed me 
some of his computer modelling associated 
with that particular development. It was 
not surprising that at his request I have 
now received the first pair of reviewer's 
SB-R50 speakers to reach Australia. 
What Mr Nakao set out to achieve was 

a speaker with all the attributes of the SB-
R100 (which really does offer superlative 
performance from a modest 90 Hz to be-
yond 25 kHz), supplemented by a low fre-
quency response which could rival many if 
not most of the larger studio monitors and 
far more expensive consumer oriented 
loudspeakers. 

Design and appearance 
The enclosure is at first sight relatively 
small and deceivingly inconsequential. The 
size of the enclosure belies its weight 
which at 16.5 kg appears to have a much 
higher density (weight per unit volume) 
than any other speaker I have yet seen. 
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This high mass comes as a result of the 
massive diecast speaker assembly. This 
speaker incorporates two large ferrite 
magnet assemblies one of which provides 
the sensitivity and long throw capabilities 
of the main voice coil; the second is pro-
vided simply to reduce the stray magnetic 
flux leakage which is so important when 
speakers of this type are used in close 
proximity to a TV set or other recording 
equipment. 
Obviously a completely separate mag-

netic circuit is required for the coaxial 
tweeter and National/Technics has used a 
space age samarium cobalt magnet assem-
bly that is remarkably powerful and re-
markably small. The fundamental design 
of this speaker is based on the same con-
cepts which went to make the SB-R100. A 
centrally mounted tweeter (with Brüel & 
Kjaer type microphone diaphragm assem-
bly cover) is retained. Around this the an-
nular aluminium honeycomb flat piston 
drive assembly of the SB-RX50 is almost 
conventional in terms of the depth to 
diameter ratio. At that point all similarity 
with other speakers tends to disappear as 
this driver assembly provides an electro-
acoustic performance which is substantially 
better than any other coaxial speaker sys-
tem previously developed or currently 
available. 
The whole driver assembly is mechani-

cally screwed into a large specially re-
cessed flat plate mounting escutcheon on 
the front of the heavy plastic-veneered 
particleboard enclosure. The edges of this 
cabinet front have been specially smoothly 
contoured to reduce the sound diffraction 
effects. The low frequency response of the 
enclosure system has been extended by a 
rear-mounted 25 mm diameter vent pipe. 
Although relatively effective, this will still 

result in a step response when tested 
under anechoic conditions which the 
miniscule speaker volume is incapable of 
fully compensating for. When tested in 
proximity to a rear reflecting wall the 
additive effect of this mounting arrange-
ment compensates for the low frequency 
step response. 
The tweeter directional dispersion is 

modified and effectively broadened 
through the use of a physical diffraction 
element which has been carefully placed 
on the central axis directly in front of the 
tweeter diaphragm. 
The designers have provided a supple-

mentary high frequency level control 
which is sensibly mounted on the front 
face of' the speaker. For some unknown 
reason when fully rotated to the maximum 
cut position this provides a dramatic atten-
uation of the tweeter response, so that 
over the range 3 kHz to 8 kHz you can 
provide more than 20 dB of attenuation 
and at higher frequencies, more than 30 
dB of attenuation. 
Each enclosure is provided with an al-

most transparent black cloth-covered 
removable speaker grille, which provides 
minimum attenuation across the band and 
minimum impact on the high frequency 
sound diffraction. The rear of the cabinet 
(which is not veneered) incorporates two 
universal spring loaded speaker terminals 
designed for accepting bare speaker wires. 

Objective testing 
Of the objective tests, one of the most 
telling is the free field frequency response 
evaluation which generally shows different 
figures from those that the manufacturers 
show in their literature. The on-axis fre-
quency response at 2 m measured in my 
anechoic room soon revealed a frequency 
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response that was in practical terms, flat-
ter than that provided by the SB-R100s, 
over the range 150 Hz to 20 kHz. How-
ever, the performance at the low fre-
quency end of the spectrum exhibited a 
somewhat 'bumpy' response between 30 
Hz to 150 Hz. I had hoped to find a flat-
ter response in this particular region 
where it should be noted the SB-R100s 
have an almost inconsequential output. As 
it transpired, the low frequency perform-
ance of these speakers is still commend-
able particularly when mounted on a shelf, 
fixed to a wall or close enough to a wall 

for the rear mounted venting port to do 
what it was originally intended to do. 
The tweeter control, when advanced to 

maximum attenuation, decimates the high 
frequency response so that you are left 
with a response that is flat to 2 kHz, be-
yond which point the output really 
'crashes'. With the tweeter control set at 
mid-point, there is less than 5 dB of atten-
tuation over the range 3 kHz to 17 kHz 
and most listeners would still find this 
position more than acceptable. However, 
the most sensible way to use this speaker 
is with the high frequency attenuator set 

in the fully anti-clockwise position where 
the high frequency response is absolutely 
superb and equal to the best that I have 
yet recorded. 
The diffraction and dispersion effects of 

such a speaker are equally important even 
in the small rooms and monitoring type 
situations for which I believe the speakers 
will primarily be used. The measured fre-
quency response at 30° from the main axis 
is only 5 dB down at 10 kHz; 10 dB down 
at 15 kHz; and only 14 dB down at 19 
kHz. These results are excellent and the 
group of measured polar responses are 
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TECHNICS SB-RX5Os 

LOUDSPEAKER DATA SHEET 

MEASURED PERFORMANCE OF: TECHNICS S13-R X50 

SERIAL NO:  

FREQUENCY RESPONSE: 

CROSSOVER FREQUENCY: 

SENSITIVITY: 

(for 96dl) average at Ins) 

TK 64I2A 29H 

30 Hz - 20 icHz 

2.2 kHz 

10.0 V r.m.s.. 16.7 Watts (nomtnal mro 6 Oruns) 

IIAR(.IONIC DISTORTION: 10011. 1/..ktz 
¿for 96 dB at Irn) 

INPUT PAPEDANCE 
ONE TEST: 

2nd 
3rd 
4th 
31E 

-26.0 
-30.7 

-48.3-  
6.5 0.034 

10011: 
IkIlz 

Man at 150 Hz 

100HzilleHz 4:1  

6.4 oruns 
16.0 ohms 
7.2 ohms 
5.6 ohms 

6.3011. 

-55.4 dB 
-37.3 dB 

dB 
dB 

0.22 

Decay response spectra. 

TECHNICS SB-RX50 LOUDSPEAKERS 
Dimensions: 300 mm (wide) x 480 mm (high) 

x 282 mm (deep) 
Weight: 16.5 kg 
Manufacturer: Technics Division of Matsushita 

Electric, Osaka 
RRP: $795 (each) 

without any hesitation or doubt, amongst 
the best I have seen from any speaker. 
The measured phase response is also re-

markably smooth and reveals that the 
coaxial design has not robbed the driver 
system of one of the most critical design 
aims. 

It is the decay response spectra which 
are the most exçiting objective test results 
for the SB-RX50s. The multi-contour 
graphs exhibit an exceptionally smooth re-
sponse with minimal signs of perceptible 
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Tone burst response for 90 dB steady state 
SPL at 1 m on axis. Upper trace is electrical 
input; lower trace is loudspeaker output, 

resonant frequency or unwanted radiation 
energy apart from a few low level reso-
nance peaks in the 3-5 kHz and 15 kHz 
regions. With decay response spectra ex-
hibiting such a small number and with 
such a low level of resonance characteris-
tics, I anticipated a distinct lack of colou-
ration and a general purity of sound. 
The tone burst responses revealed no 

significant anomalies or inconsistencies 
over the normal freequency range, al-
though in the range of 5-6.3 kHz, I was 
aware of a general low level inconsistency. 
The decay response spectra also exhibited 
this. 
The impedance curve exhibits an unu-

sually large resonance peak at 55 Hz and 
somewhat smaller peaks at 18 Hz and at 
1.5 kHz. The lowest output impedance is 
6 ohms and the speaker is not intended to 

be used in parallel with other speakers 
when connected to normal consumer am-
plifiers. 
The distortion characteristics of the 

speakers are relatively low at power levels 
up to 20 watts after which the low fre-
quency distortion climbs fairly rapidly and 
at a much faster rate than the high fre-
quency distortion. The distortion over the 
frequency range 30 Hz to 100 Hz is some-
what higher than I would desire but this 
must be accepted if you try to achieve so 
many conflicting requirements in such a 
tiny package. The efficiency of these 
speakers is relatively low, with an input 
signal of 10 volts being required to pro-
duce 90 dB output at 2 m. 

Subjective testing 
Although the objective performance of the 
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TECHNICS S1-RX508 

speaker is remarkably good and especially 
when the size of the speaker cabinet is 
considered, it was during the subjective 
appraisal that I really became aware of the 
full potential of these little speakers. 
There are few speakers in this size range 

which are capable of readily accepting 
peak input powers in excess of 400 watts 
and conversely which are capable of 
producing peak output sound pressure 
levels in the range 110-120 dB at the nor-
mal listening position in my monitoring 
suite. I connected the SB-RX5Os to a 
Yamaha M80 power amplifier, which is 
capable of delivering peaks in excess of 
400 watts and to which I mercilessly sub-
jected both speakers. 
The first new disc I listened to was 

Suppe's Light Cavalry Overture with 
Charles Dutoit conducting the Montreal 
Symphony Orchestra (Decca 414 408-2). 
On track 1, this disc provides an excellent 
piece of rollicking orchestral music; it is a 
particularly good test piece for it utilizes 
practically the full range of orchestral in-
struments that a symphony orchestra con-
tains. The SB-RX5Os produced an audible 
signal with exceptional clarity and which 
during subsequent A-B testing against my 
reference speakers, could not be readily 
separated or ranked in terms of differen-
tial quality of performance. 
The second disc I listened to was Buddy 

Rich on a new Denon disc Tuff Dude 
(33C38-7972 EX). On the "Chameleon" 
track, the speakers produced such a faith-
ful rendition of the human voice that with 
my eyes closed I felt that Buddy Rich was 
really singing to sne in the room. The 
stereo imaging and localization was superb 
and I believe that this attribute is one pri-
mary result of the unusual coaxial speaker 
symmetry, which is one of the unique fea-
tures in these particular speakers. 

I listened to a number of other older 
vinyl discs both with singing and spoken 
voice. I still retained my initial impression 
that the reproduction of the human voice 
by these speakers is outstanding and that 
this characteristic puts them into a `mini-
monitor' class. This will attract many 
potential users in small recording studios 
and similar locations where often the 
problem of lack of space compromises the 
user's ability to instal or purchase appro-
priate quality speakers. 
During this phase of the evaluation, I 

experimented with the speakers mounted 
in a range of different positions relative to 
a rear reflective wall and subsequently to 
a rear absorptive wall. With a spacing of 
approximately 300 mm out from the wall 
and a double fullness curtain interposed, I 
found that I could readily compensate for 
the drop in output signal between 50 Hz 
and 100 Hz so that the resulting frequency 
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then produced a subjective signál without 
noticeable non-linearity and no discernible 
step in the 40 to 2(10 Hz region. 
The last classical disc that I .istened to 

was Dvorak's "Symphony No 9" 
(Deutsche Grammophon 415 509-2) in 
which the speakers provided a sound vir-
tually indistinguishable in quality and 
faithful fidelity from my reference speak-
ers, except for frequency components 
below 40 Hz. 
The last disc I 'auditioned' was played 

with the volume control set at much 
higher levels than I normally recommend. 
The peak signals were logged on the am-
plifier's monitoring meters as providing 
peak inputs in excess of 500 watts to the 
speakers and the resulting sound pressure 
levels were in excess of 110 dB at my lis-
tening position. The disc was one of the 
Australian group INXS's latest hits enti-
tled The Swing (WEA 250 389-2) and the 
example that I chose to experiment with 
was "Original Sin". 

I was apprehensive about the speaker's 
ability to handle the peaks (quite apart 
from the average signal in the troughs). 
With peak signals repeatedly topping 110 
decibels, there were obviously traces of 
audible distortion, but to a much lesser 
degree than I expected. After cautiously 
playing the first track, I listened to the re-
maining tracks at the same level and was 
more than pleasantly surprised to perceive 
how well these almost miniscule speakers 
'womped' out the bass — as if the speaker 
cabinets were four times the size and had 
twice the peak sound rating. 
No, I didn't destroy the speakers. I was 

left with an overall impression which I can 
only convey in three words: an exciting 
performance. 
The overall results of my reviewing were 

inspiring, for although the low frequency 
performance of the speakers measured 
under anechoic conditions is plainly be-
tween 6-10 dB down over the range 30 Hz 
to 150 Hz, the subjective appraisal of their 
output when they are correctly positioned 
in the listening room, does not noticeably 
result in that characteristic. Part of this 
compensated perception must be attri-
buted to the rear venting hole which, 
when installed in the intended or conven-
tional way on either a bookshelf or adja-
cent to a rear reflecting surface, provides 
a significant change in the output response 
vis-a-vis the anechoic room response. 
There are not many speaker designers 

who have managed to achieve a 'gallon of 
performance in a pint pot' and Mr Nakao 
at the Technics Laboratory on Osaka has 
unquestionably achieved that result. The 
SB-RX5Os are just about the only speaker 
system that I have yet heard which can 
justly claim this accolade. • 
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AMSTRAD 1512 
The new computer from Amstrad offers performance and price that's hard to beat. 
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y
ou can pick up the new PC 1512 for 
about $1500 in its base configura-
tion, and about $2500 fully expand-

ed. The base version has a single 51/4-inch 
drive and a black and white screen. Fully 
expanded it comes with two drives and a 
colour monitor. 

Either way you get 512K (expandable to 
640K) driven by a 16-bit 8086 running at 
8 MHz. A hard disk version has already 
been released in the UK and will be avail-
able here shortly. There is a real time 
clock backed up by four small pen-light 
batteries. A mouse is standard, so are 
serial and parallel ports. 
The Amstrad PC 1512 comes with four 

disks, one containing MS-DOS, another 
DOS Plus, a third GEM (Graphics Envi-
ronment Manager) and fourth with GEM 
Desktop and Locomotive BASIC 2. 
Locomotive BASIC is a special implemen-
tation that uses the windowing capabilities 
of GEM for input/output. MS-DOS makes 
the 1512 compatible with IBM. Digital 
Research's DOS Plus allows you to run 
CP/M-86 IBM. In short, the Amstrad will 
run just about anything. 

All of which is to say that the Amstrad 
1512 is probably the best value for money 
in a small computer on the market today. 
It would be excellent value purely as an 
IBM-compatible, but added to that is a 
special graphics capacity courtesy of 
GEM, which takes it up into the class of 
the latest 16-bit offerings from Commo-
dore, Tandy or Atari. 
As you might guess, the Amstrad is not 

a conventional clone. Its CPU is the 8086, 
not the 8088 as in the IBM PC. Both use 
the same code, but the 8086 is substan-
tially faster and has a different data bus 
arrangement. Amstrad has surrounded the 
CPU with a number of proprietary chips 
(gate arrays apparently) to achieve, 
amongst other things, a standard IBM 
hardware interface. 

In fact, the 1512 has bog standard ex-
pansion slots, albeit only three of them. 
That's less than the traditional half dozen 
or so on a normal PC, but then the need 
for them is so much less. You don't need 
graphics cards, I/O cards and so on, as 
these facilities are all provided on the 
motherboard. Indeed, Amstrad has gone 
to the trouble of providing a socket for an 
8087 maths co-processor, so there's re-
duced need for high speed processing 
boards. 
The extended graphics card, currently 

the biggest selling IBM add-on in the US, 
runs but not well. It will only work in the 
Amstrad's low resolution mode with re-
sults only marginally better than using 

high resolution minus the board. 
However, one board that Amstrad is ap-

parently very serious about is the network 
card, which will allow Amstrads to form 
part of a local network. This is becoming 
increasingly vital for business and educa-
tional applications. 
Another advantage of customizing the 

hardware is that it saves in manufacturing 
costs. By using gate arrays the Amstrad 
people have managed to put much of the 
discrete logic that clutters an IBM board 
inside a few chips. The result is fewer 
steps on the production line, and cheaper 
costs. To maximize things even further, 
British-based Amstrad has made the 1512 
in Korea, where labour costs are cheap. 
One disadvantage of this unique archi-

tecture is that because it's so different, 
there are sure to be plenty of IBM pro-
grams that won't run on the Amstrad. I 
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99 
tried dBase III, Wordstar 2000 and Flight 
Simulator 2.1. All appeared to work with-
out any vices, but if you have any other 
programs in mind, you'd be well advised 
to check them out before buying. 
The MS-DOS installed in the Amstrad 

seems pretty much bog standard. There 
are all the usual commands, plus some 
extra ones associated with the mouse and 
so on. I understand that Microsoft sup-
plied not only its latest version of MS-
DOS, but also mouse drivers, and special 
patches for the real time clock and RAM 
disk. 
The other side of the 1512 is GEM. It's 

designed as a graphics oriented input/out-
put system, perhaps the most efficient 
non-keyboard I/O system designed so far. 
In this implementation it makes full use of 
the graphics capability of the machine. 
The built-in colour adaptor provides a 
number of different modes. In Alpha, it 

can do either 16-colour, 40 by 25, or 16-
colour, 80 by 25 character. In graphics 
mode, it can do four-colour, 320 by 200 
pixels, or two-colour 640 by 200. 
There are a number of applications in 

the GEM pack, BASIC and GEM paint 
both being worth a mention. Also in-
cluded in the software package are two 
screen drawing programs: Dr Doodle and 
Gempaint. Gempaint is an extremely so-
phisticated electronic painting program (at 
least for computers in this price range). 
With patience you should be able to 
create quite complex drawings. Dr Doodle 
is somewhat simpler and easier to use, but 
fun nevertheless. 
The BASIC is called Locomotive 

BASIC 2. It's terrific to use, and seemed 
exceptionally fast, although I didn't have a 
benchmark to quantify it. The opening 
screen shows three windows, labelled 'dia-
logue', 'edit' and 'results'. Edit is where 
the program is actually constructed. Re-
sults is where it runs, and dialogue is 
where you talk to the system: load, save, 
quit and so on. 

Editing is done via a text editor, and 
changes can be made by moving a cursor 
with the arrow keys and inserting and 
deleting as required. Line numbers are un-
necessary except as the destination of 
GOTO commands. In such a graphics ori-
ented version of BASIC, it's no surprise 
to hear that there are a number of power-
ful graphics commands to make screen 
drawing very easy. 

I'm sure I didn't get anything like the 
full benefit from the BASIC, however. 
For some unaccountable reason Amstrad 
supplies only a cursory overview of 
Locomotive BASIC in the manual of the 
machine. If you want to know more you 
have to go out and buy a separate manual. 
The supplied manual is no more than 

OK. It's incredibly big, and would scare 
any neophite user with its bulk alone. I 
had the review machine for about three 
weeks, and in that time never got comfort-
able with finding things in the manual. In 
fact, it took two weeks to find out that 
there is a list of MS-DOS keywords in the 
middle somewhere. I think I would rather 
have seen several slimmer volumes; one 
on MS-DOS, one on DOS Plus, another 
for GEM and a fourth for the BASIC. 

Unfortunately, this is not mere carping. 
The Amstrad is intended for the education 
market, and will be the first computer ex-
posure many people get. Other reviewers 
have pointed out, and I would agree 
whole-heartedly, that the Amstrad 1512 
may herald the greatest computer publish-
ing boom this year. 
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CHOOSING A MODEM 
Hayes-compatible, CCITT standards, V21, V22, V23, Bell, 
Smart, auto-dial, carrier-detect... There's a lot to think 

about in choosing a modem, so let's start at the beginning and 
consider: what's in a mode? Matt Whelan provides the 

answers ... 

I
n choosing a modem, you must begin 
by deciding which mode suites your 
communications needs — CCITT V21, 

V22, V23, V22 bis (from a French word 
which has the same meaning as encore) or 
even Bell 103, 202 or 212. It's a mouthful, 
but is relatively simple. 

First, let's look at the two standards 
(the standards define the frequencies the 
modems will use, their operating modes 
and so on). 
The Bell standard is the one used in the 

United States, at least for the slower (up 
to 1200 bits per second) speeds used by 
PC modems. These standards are almost 
exclusively US-based, which is why we 
missed out on the enormous range of 
cheap, feature-packed modems we read 
about in the American magazines in the 
past. Fortunately, the Americans are using 
international standards for their higher 
speeds (2400 bps), so there is now some 
degree of compatibility. 

International CCITT standards are used 
in most other countries, including Austra-
lia. Here's what the various standards 
you'll hear quoted mean: 
V21: The basic 300 baud (or, more cor-
rectly, bits per second) full-duplex modem 
standard, used by virtually all the private 
and user-group bulletin board systems, 
and available on most major commercial 
networks. If you could have a modem 
meeting only one standard, this would be 
it for the moment — 3(X) bps is the 'uni-
versal language' of communications for 
now. It's an ideal speed for reading the in-
formation as it is transmitted to your 
screen, but feels excruciatingly slow for 
large file transfers. 
V22: Four times as fast is four times the 
fun, as long as you can find someone.to 
talk to! V22 provides for operation at 
1200 bps full duplex, the rate offered by 
most high-speed dial-in systems. Only a 
few bulletin boards operate at this speed, 
so you're restricted to business systems 
and large networks like OTC's Midas, 
Telecom's Austpac, and so on. 
V22 his: Transmission at 24(X) bps full du-
plex means you can shift around 3000 
words a minute, or transfer the contents 
of a 360 Kbyte IBM diskette in 25 
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minutes. Until recently 2400 bps was con-
sidered the highest speed possible (with 
any reliability) on the voice-grade tele-
phone network. Of course, there aren't 
too many other 2400 bps modems around 
for you to talk to just yet. 
V23: A bigger number, but not more 
speed. V23, used by Telecom's Viatel and 
other videotex services, is meant to be an 
in-between standard, providing lower-cost 
1200 bps communication using half-duplex 
or a limited form of full-duplex transmis-
sion. It can be a real pain. With modems, 
half duplex means you can receive or 
transmit, but not at the same time (rather 
like two-way radio), so you need software 

MODEM PHONES 
Several modems come equipped with 
their own phones attached, which is 
convenient because you can simply 
pull your current phone out of the wall 
socket and replace it with the 
phone/modem unit. 
However, it's also a nuisance be-

cause in most cases the supplied 
phone is one of those awful, cheap 
Asian echo-boxes. 
We recommend you buy a modem 

without a phone, or at least take one 
which allows you to select your own 
phone and plug it In ( Netcomm, for ex-
ample, provides this option). 

Don't fall into the trap of asking 
Telecom to install an extra socket for 
connection of a modem only to the line 
(to allow use of your current phone) — 
it costs upwards of $40, and in these 
days of deregulation you can buy an 
approved Telecom Mode 3 double, 
adaptor for $19. This, of course, gives 
you complete versatility as you can 
take the whole lot with you to home, 
the office, or when you travel. 
Watch out for the modems that use 

parallel connection instead of Mode 3 
— if you use a Mode 3 connection for 
these they'll disable the phone. Paral-
lel adaptors are also available, and 
cost even less, so even if you buy both 
you'll be ahead of the Telecom job. I've 
paid for enough modem connections 
(even after deregulation) to know just 
how useful these little devices are. 
And don't forget to check with your 

supplier, or Telecom, if you're planning 
to use a modem through a PABX or 
Commander telephone system, as spe-
cial connections may be required. 

which can handle the switches between 
modes. The limited full-duplex mode pro-
vides a 75 bps back channel, but again, in 
many cases, you need software to handle 
the speed changes or a serial port which 
can handle the split baud rate. 

Bell: The Bell standards break down much 
the same way as CCITT, but happen to 
use different frequencies. Bell 103 is the 
300 bps standard equivalent to V21, 202 is 
the equivalent to V23 (but doesn't provide 
for a 75 bps back-channel — it's a half-
duplex standard only), and 212A is the, 
1200/1200 match for V22. For high-speed' 
work, the Americans can use the same 
V22 bis standard. 

Most of the new local multi-standard 
modems incorporate Bell modes as well as 
CCITT — what you really have to watch 
out for is the people (and there are some) 
who are selling Bell-only modems into the 
Australian market. 

The Public Switched Telephone Net-
work (PSTN) consists of voice-grade cir-
cuits with a bandwidth of around 3.4 kHz 
— from 400 Hz to 3.8 kHz. That is a rea-
sonably sized pipe through which to 'pour' 
information if the line is clean. 

However, our phone network is far 
from clean. And once you slice a chunk 
out of each side of the bandwidth to avoid 
the areas of highest attenuation, then di-
vide what's left into two to allow full-
duplex communication, flow through the 
pipe is reduced to a trickle unless new 
techniques are used to squeeze the infor-
mation along. 

For speeds up to 300 baud (and at that 
speed bps and baud measures are still 
equal . . .) the job is relatively simple — 
there are no problems squirting one bit at 
a time down the pipe, and the connection 
will usually be reliable. Most modems use 
a principle known as frequency shift key-

ing, or FSK for short. Basically, there is a 
carrier frequency which is transmitted con-
stantly and is modulated up or down to 
represent binary 1 or 0. For example, if 
the carrier frequency is 1700 Hz then 
2200 Hz could represent 1 and 1200 could 
represent 0. 

However, at faster transmission rates we> 
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91E+45 3010 vvyrIeV21.V22,VI3 8103 y y Y 200:160:32 y 1448 DO NetComm 
1200/ 75 8212 

3086' 1:0 y y Y V V V21.V22.V23 13103 y y y 203:160.32 y $1520 00 NetCeno 
1200/7s 

:%62c . y 8212 300 . V2I.V22,V23 .e.; y y 200.160.32 r 1100000 NetCo., 
1700/7, 

IN625 cro vyyyyV21.V22.V23 8103 y v V 200:160:32 y $1240 00 NetCone 
8212 1221/7S 

V21 A/22.V73 B103 v 200,160.32 y 1993 00 NetComm :-.6CC 17C YVYY V V y 
1.69C 
64/122 8212 100:160,32 1799 DO NietCen... 

:700/75 
'CC V Y Y Y V21.V23 Y y y 
1711/,5 

. ...ter 8er...en 310/300 V21.V23 n n n 150:90.55 y $16.5 90 m, e.. 6bae 
Systros _ te 1200/75 SYSte. Ltd 

Aotopecer. Krme n y ,, n V21.V23 , , n n 225:95,90 y $244 20 M.c.ebee 
1230/75 s,..t... Lt. 

..,., ma.a. %cal 123 12rr/p; y y ,.. ,,. Y V2I.V22.V23 2103 y n. y 250,260:60 y 491000 %cal M. les 
317 

Ee-cata 3089 37 V2I 2103 . 230,150.30 y $200 00 5e.data 
300AA 777 y n 1/21 8103 n n 230,150.30 y $300 DO Sendata 
17 , 1211/ ,I- V71.23 8103 - 230:150:10 y $260 CO 5er:data 

77: 
1/21,23 2101 y n nt IBM y $550 DO Sardata 

112 tniniln..On 

700 1200/75 V21.21 2103 . n 270.85:55 y 4249 DO Sendata 
10C 

'e rt.e.o 'kelr. 1200/75 YYYY Y '/21 '123 9103 y D< y 260.270.64 y 1493 DO Yeleoore 
Inteli..e., 300 8202 
Mode. 102 
Tblo 1200/1200 yvyvvV21.V22.V23 8103 y 04 Y 260:7,0:64 y 1829 DO Telecceo 

Intell..ent 1200/75 8202 
"Cade'. 123 300 8212 
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start to run into the limitations of the 
phone line. We can't reliably send 1200 
bits along our noisy, cluttered pipe in a 
second. 

The solution is to compress the informa-
tion, using phase shift keying (PSK) tech-
niques to send two bits at a time. By shift-
ing the phase in 90 degree increments we 
can send what are known as dibits, which 
give four possible combinations (00, 01, 

10, 11) compared to the two (0 and 1) 
available under FSK. 
Thus 1200 bps is really 600 baud — it's 

600 state-changes pet second. The PSK 
technique allows us to send two bits for 
each state change. 

Similarly, 2400 bps is 600 baud: again 
we use the same number of state changes, 
but take the compression technique even 
further by sending four bits at once. 

The new VIATEL-MODEM with all the 
legendary Performance and Reliability 
of the CICADA 300 series. 
Fully Telecom approved. 
Approval No.C85/3037/1358 

CENTRE INDUSTRIES 

187 Allambie Road, Allambie Heights, NSW 2100 
Telephone (02)451 5555 After Hours (02) 451 6244 

Telex AA 22671 

The roickelShipS 
Super-fast modems are starting to appear, 
and have an obvious application in some 
areas — usually dedicated corporate dial-
up links. The problem, of course, is there 
is no real standard for these 10,000 bps 
hotshots, so your $ 10,000-or-so investment 
(you need two units) is useful only for its 
intended purpose. 
The methods used for obtaining these' 

SUPPLIER 
New South Wales 
Sendata Communications 
Products 
67 Nicholson Street, 
St Leonards 2065 
(02)438-4255 
Teiecorp 
PO Box 236, 
Terrey Hills 2084 
(02)450-2522 
Rrsser Communications 
Suite 4, 
1051 Pacific Highway, 
Pymble 2073 
(02)449-8233 
Scitec Corporation Australia 
3 Apollo Place, 
Lane Cove 2066 
(02)428-9555 
Racal Migo 
47 Talavera Road, 
North Ryde 2113 
(02)888-6444 
Wordcomm 
Suite 203, 
156 Pacific Highway, 
St Leonards 2065 
(02)439-7144 
NetComm 
Unit B, 
25 Paul Street North, 
North Ryde 2113 
(02)888-5533 
Microbee Systems Limited 
Unit 2, 
Fden Park Estate, 
31 Waterloo Road, 
North Ryde 2113 
(02)888-9866 
Avtek Electronics 
8 Orion Road, 
Lane Cove West 2066 
(02)427-6688 
Data Sat 
Suite 5, 
522-524 Kingsway, 
Miranda 2228 
(02)525-6688 
System Solutions 
215-217 Clarence Street, 
Sydney 2000 
(02)29-2222 
Computer Haven 
183 Maroubra Road, 
Maroubra 2035 
(02)349-2366 
HI-Corn Unitronlcs Int 
7 President Lane, 
Caringbah 2229 
(02) 524-7878 

Jaycar Electronics 
115 Parramatta Road, 
Concord 2137 
(02) 747-2022 

ADDRESSES 
High Technology Communications 
Suite 2101, 
Bondi Junction Plaza, 500 Oxford Street, 
Bondi Junction 2022. 
(02) 387-5222 
Systems Technology 
154-156 Clarence Street, 
Sydney 2000 
(02)29-3834 

AWA Eel Communications, 
33 Bellona Avenue 
Regents Park 2143 
(02) 645-2777 
Case Communications, 
10-12 Rodborough Road 
Frenchs Forest 2086 
(02) 451-6655 
Dick Smith Electronics, 
Cnr Lane Cove & Waterloo Roads 
North Ryde 2113 
(02) 888-3200 
Es's Pty Ltd, 
15 Pleasant Avenue 
Lindfield 2069 
(02) 467-2032 
Hypec Electronics, 
21 Ryedaie Road 
West Ryde 2114 
(02) 467-2032 
Micro Educational, 
8/235 Darby Street 
Newcastle 2300 
(049) 26-4122 

Victoria 
Consolidated Electronics 
15A Anderson Road, 
Thornbury 3071 
(03)484-0791 
Pulsar Electronics 
Cataline Drive, 
Tullamarine 3043 
(03)330-2555 
Datacratt 
PO Box 353 
Croydon 3136 
(03)727-9111 
Novatech Controls 
429 Graham Street, 
Port Melbourne 3207 
(03)645-2377 
Shuttle Datacomm 
Suite 37, 3rd Floor, 
456 St Kilda Road, 
Melbourne 3004 
(03)267-1291 
Software Corporation of Australia 
136 Buckhurst Street, 
South Melbourne 3205 
103)699-7255 

Queensland 
Bait« Systems, 
26 Mayneview Street 
Milton 4064 
(07) 369-5900 
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WHAT IS? 
Hayes Smartmodem compatible, with auto-dial, auto-answer, 300 

and 1200 baud full duplex, Viatel 1200/75 and 75/1200 
compatible, supports Bell and CCITT, has auto-baud rate scanning, 
microprocessor-controlled intelligence, up to 8K of CMOS battery 
backed memory, built-in mini computer style security features and 
comes complete with software that even does terminal emulation ... 

• 

• Australian made 
• 12 months manufacturer's warranty 
• Programmability features (with built-in debugger) 
• Telephone handset and internal clock optional 

LOOK! 
AT compatibles from  $3299 
Turbo PC compatibles from   $1985 
HP Laserjet  $4999 
Riteman C•   $ 499 
Olympia NP165  $ 490 
Epson LX80   $ 499 
IBM 10Mhz turbo card  $ 460 
Apple 1MEG memory card   $ 713 
Apple modem with Viatel   $ 240 
Zenith ZVM green screen   $ 195 
Supervision Ill   $ 749 
Hercules compatible card  $ 195 
Color graphics card   $ 165 
AT compatible keyboard  $ 175 
Enhanced 5151 PC keyboard $ 185 
Grappler.   $ 56 

COMPUTER HAVEN 

MAIL ORDER FACILITY 

ADD $5 POSTAGE & 

welcome here 

A DIVISION OF MALABAR TRADING PTY. LTD. 

INC. IN N.S.W. SINCE 1966 

183 MAROUBRA ROAD, 
MAROUBRA, N.S.W. 2035 

TEL.: (02)349-2366 
VIATEL: *248753* 

VISA OR SIMPLY PHONE 
Prices subject to change without notice. 

PACKING MOST ITEMS. 
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INTELLIGENT MODEMTm 

NOW IS THE BEST TIME TO PURCHASE YOUR 
FIRST MODEM FROM TELECORP. 
Everyone wants the best product they can 
afford. Until recently, however, only a few large 
companies and the government had the 
resources to purchase Tulpi modems, because to 
them money is no option, but this is not the case 
for someone on a budget. 

Our management has decided to substantially 
reduce the price of two of our Tulpi models in 

order to establish a base of users in the domestic 
and small business sectors. This price reduction 
will only be for a limited time. 

Our highly successful Tulpi Intelligent Modem 
(Model T- I03) is available from our factory for 
$595.00, tax included. It has all of the features 
you would expect from Australia's best micro-
processor-controlled modem, and is designed for 
future expandability as your needs increase. 

The big brother (no pun intended) to the Model 
T- I03 is the model T- I23, and is available at the 
direct price of $995.00 inclusive. This is a saving 
of more than $400.00. 

These are not 'stripped-down versions', but 
fully featured and brand new. 

So ring us today, or visit our showrooms in 
Sydney and Melbourne. 
To buy the best from Telecorp, phone 

450 2522 in Sydney 
or 690 9933 in Melbourne 

Tele A DIVISION OF 
EFTECH LIMITED 

26 Tepko Road, Terrey Hills, 
NSW 2084, Australia. 
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COMMUNICATIONS TERMINOLOGY 
Baud: The number of transmission per second 
along a data communications line. 
Bit: Binary digit, being the basic unit of data 
storage. Either 1 or 0, off or on, true or false. 
Binary Synchronous Communications: A 
type of protocol that synchronizes both ends of 
the communication line, then transmits binary 
data across the line. 
Byte: A computer word eight bits wide. A byte 
in memory can hold a character or a binary 
number between zero and 255 (or — 128 and 
127), or a computer instruction. 
CCITT: Consultative Committee on Interna-
tional Telegraphy and Telephony. The commit-
tee sets standards for various aspects of tele-
phone and telegraph usage. 
EBCDIC: Extended Binary Coded Decimal In-
terchange Code; an 8-bit character-coding sys-
tem — IBM's answer to ASCII. 
DCE: Data Communications Equipment — one 
end of the RS232 connection. It needs to be 
set up differently (some wires reversed) to the 
other end, DTE. Modems are typically DCE. 
DTE: Data Terminal Equipment: the other end 

. . a computer configured as DTE will talk to a 
modem configured as DCE. If the gods are will-
ing and the moon is right, a straight-through 
cable should do the trick. 
File transfer protocol: A protocol that only ex-
changes disk files with the host. This type of 
protocol does not allow you to communicate in-
teractively with the host. 
Handshaking: A technique for controlling data 
communication between two devices; data flow 
only occurs when the receiving device sends a 
signal indicating it is ready to receive. 
Host: The computer that is in control in a data 
communications network. The host may be a 
mainframe, mini or microcomputer. 
Interactive protocol: A protocol that lets you 
communicate interactively with the host. In this 
kind of protocol, part or all of the contents of 
the screen display are sent to the host when 
you press RETURN; you do not have to com-
municate with the host by sending it disk files. 
Interface: The (hardware or software) connec-
tion between any two devices. 
Modem: Modulator/demodulator device used to 
link a computer to the telephone line. It en-
codes digital bits into frequencies, and vice 
versa. 
Packet switching: A system of communicating 
data by dividing it into small packets addressed 
to particular receivers. 
Parity: An extra bit on the end of a character 
or byte, which is used for error detection. 
Protocol: The rules governing the exchange of 
information between two devices. 
RS232: (also RS232C) Registered Standard 
232C. A widely used standard for connecting 
components in a computer system. 
Synchronous: A mode of transmission in 
which the transmitter and receiver are in step 
with each other. 
Serial transmission: Movement of data one 
bit at a time. One byte will be sent as eight 
bits, one following the other. Cheap and slow. 
UART: This is a Universal Asynchronous 
Receiver/Transmitter, which handles the serial-
to-parallel and parallel-to-serial conversion of 
bits in a data message. 
Viatel: Telecom's videotex system. 
Videotex: Also known as viewdata. A tech-
nology which uses slightly modified domestic 
televisions to access data from a computer 
database along the telephone lines. Prestel in 
the UK was the first such system. Australia's 
version is called Viatel. 

Incredible speeds vary. The Tulpi Fast-
corn, for example, uses a similar compres-
sion technique to the 2400 bps standard 
discussed, while the Netcomm Trailblazer 
employs a complex system of multiple car-
rier channels, examining each to test its 
quality and then sending the most data 
down the good channels. Just the thought 
of the design work that must have gone 
into that unit knocks me out . . . 

Another standard 
American modem manufacturer D.C. 
Hayes established another standard we 
should know about — the 'AT' standard 
for control of intelligent modems. 

Virtually all auto-pilot communications 
software is designed to drive a Hayes-corn-

patible modem — usually offering a menu 
selection of numbers to call, calling the se-
lected number automatically, connecting 
at the right baud rate, hanging up the line 
when asked, and so on. (Some programs 
provide 'drivers' for modems using differ-
ent standards, while a few are configura-
ble to suit the modem -- however, stick-
ing with Hayes compatibility is really the 
only way to go.) 
You can control a wide range of modem 

functions with the Al' command set (so 
named because the modems recognize 
commands preceded with AT, known as 
the attention character) and, because it 
has become the de facto standard, you 
should consider it a primary feature to 
look for in an intelligent modem. • 

I eoleaDuo I 
DATA BRIDGE 

MODEMS 
The Right 
Modem is 

easy to 
find 

at 
Rosser 

SCITEC 

NetComm 

We stock the widest range in 

Australia selected from all the top 

manufacturers, so finding just the 

right model for your needs is easy. 

Plus we stock everything you need 

to get up and running straight 

away. Software, cables.... the lot! 
We can deliver your complete 

modem system now so you 

don'thave to wait weeks and 

weeks for supply. And as we select 

the best value products you will be 

pleasantly surprised at our 

competitive prices 

Get your data communications 
on-line fast — Talk to us today. 

ROSSER 
COMMUNICATIONS 

(02) 449 8233 
Suite 4, The Pymble Professional Centre, 
1051-1055 Pacific Highway, Pymble, 2073 
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DATA & REFERENCE Chapter 1, Guitar Effects Units. Chapter 2, General Effects Units, 
Chapter 3, Sound General Protects: Chapter 4. Accessories. 

$9.50 
DIGITAL IC EQUIVALENTS AND PIN CONNECTIONS 
A. Michaels BP0140 
Shows equivalents and pin connections of a popular user-orientated 
selection of European. American and Japanese digital ICs. Also 
includes details of packaging, families, functions, manufacturer and 
country of origin 

$18.00 
256 pages (Large Format) 
(Avisgat* February 1987 

LINEAR IC EQUIVALENTS AND PIN CONNECTIONS 
A. MIcheels BP0141 
Shows equivalents and pin connections of a popular user-orientated 
selection of European, American and Japanese linear ICe. Also 
includes details of functions. manufacturer, and country of origin. 

$16.00 
320 pages (Large Format) 
(Available February 1987) 

INTERNATIONAL TRANSISTOR EQUIVALENTS GUIDE 
A. Michaels BP0085 
Helps the reader to find possible substitutes for a popular user. 
orientated selection of European, American and Japanese 
transistors. Also shows material type, polarity, manufacturer and 
Use 

$12.00 
329 pages 

CHART OF RADIO, ELECTRONIC, SEMICONDUCTOR AND 
LOGIC SYMBOLS 
M. H. Saban', B.Sc.(Eng) BP0027 
Illustrates the common, and many of the not-so-common, radio, 
electronic, semiconductor and logic symbols that are used in books. 
magazines and instruction manuals. etc.. in most countries 
throughout the world. 

$4.00 
Chart 

RAM AND ELECTRONIC COLOUR CODES AND DATA 
CHART 
B. B. Babanl 8P0007 
Covers many colour codes in use throughout the world, for most 
radio and electronic components. Includes resistors, capacitors, 
transformers, field cots, fuses, battery leads, speakers. etc 

$4.00 
Chart 

AUDIO AND HI-FI 

BUILD YOUR OWN SOLID STATE HI-FI AND AUDIO 
ACCESSORIES 
M. H. [tabard BP0220 
An essential addition to the library of any keen hit, and audio 
enthusiast. The design and construction of many useful projects 
are covered including: stereo decoder. three-channel stereo mixer. 
FET pre-amplifier for ceramic PUs, microphone pre-amp with 
adjustable bass response, stereo dynamic noise filter, loud-speaker 
protector, voice-operated relay. etc. 

$8.00 
96 Pages 

AUDIO PROJECTS 
F. O. Royer BP0090 
This book covers in detail the construction of a wide range of audio 
projects. The text has been divided into the following main sections: 
Pre-amplifiers and Mixers, Power Amplifiers, Tone Controls and 
Matching. Miscellaneous Projects. 
All the projects are fairly simple to build and have been designed 
around inexpensive and readily available components Also, to 
assist the newcomer to the hobby, the author has included a number 
of board layouts and wiring diagrams 

18.50 
96 Pages 

COMPONENT SPECIFIC 

MODERN OP-AMP PROJECTS 
R. A. Penfold BP0106 
Includes a wide range of constructional projects which make use 
of the specialised operational amplifiers that are available today, 
Including low noise, low distortion, uffra-high input impedance. low 
slew rate and high output current types. Circuits using 
transconductance types are also included 
All of the projects are fairly easy to construct l-id a stripboard layout 
is provided for most of them so that even constructors of limited 
experience should be able to build any of the projects with the 
minimum of difficulty. 

$8.50 
112 pages 

MODEL RAILWAY PROJECTS 
R. A. Penfold BP0095 
The aim of this book is to provide a number of useful but reasonably 
simple projects for the model railway enthusiast to build, based on 
inexpensive and easily obtainable components. 
The projects covered include such things as controllers, signal and 
sound effects units, and to help simplify construction. stripboard 
layouts are provided for each protect. 

$8.50 
112 pages 

AERIALS 

AERIAL PROJECTS 
R. A. Penfold BP0105 
The subject of aerials is vast but in this book the author has 
considered practical aerial designs. inducing active, loop and ferrite 
aerials which give good performances and are rebirth/ley simple and 
inexpensive to build. The complex theory and mathematics of aerial 
design have been avoided. 
Also Included are constructional details of a number of aerial 
accessories including a pre-selector, attenuator. filters and tuning 
unit. 

$8.50 
SE Poem 

25 SIMPLE AMATEUR BAND AERIALS 
E. M. Noll EIP0125 
This concise book describes how to build 25 amateur band aerials 
that are simple and Inexpensive to construct and perform well. The 
designs start with the ample dipole and proceed to bream, triangle 
and even a mini-rhombic made from four TV masts and about 400 
feet of wire. 
You will find a complete set of dimension tables that will help you 
spot an aerial on a particular frequency Dimensions are given for 
various style aerials and other data needed for spacing and cutting 
phasing lengths. Also included are dimensions for the new WARC 
bands. 

18.50 
80 pages 

25 SIMPLE SHORTWAVE BROADCAST BAND AERIALS 
E. M. Noll BP0132 
Fortunately good aerials can be erected at low cost, and for a small 
fractional part of the cost of your receiving equipment. 
This book tells the stay. A series of 25 aerials of many different 
types are covered, ranging from a simple clods through helical 
designs to a multi-band umbrella 

$13.50 
80 pages 

25 SIMPLE INDOOR AND WINDOW AERIALS 
E. M. Noll BP01311 
Written for those people who true in flats or have no gardens or other 
space-limiting restrictions which prevent them from constructing a 
conventional aerial system. 
The 25 aerials included in this book have been especially designed, 
built and tested by Mr. Noil to be sure performers and give 
surprisingly good results considering their limited 
dimensions. 

$8.00 
64 pages 

25 SIMPLE TROPICAL AND MW BAND AERIALS 
E. M. Noll BP0145 
Shows you how to build 25 simple and inexpensive aerials for 
operation on the medium wave broadcast band and on 80, 75, 90 
and 120 metre tropical bands. Designs for the 49 metre band are 
included as well. 

se.00 
SS Pages 

FAULT-FINDING 

HOW TO GET YOUR ELECTRONIC PROJECTS WORKING 
R. A. Penfold BP0110 
The aim of this book Is to help the reader overcome problem by 
indicating how and where to start looking for many of the common 
faults that can occur when building up projects. 
Chapter 1 deals with mechanical faults such as tracing dry joints, 
short-circuits, broken P.C.B. tracks, etc. The construction and use 
of a tristate continuity tester, to help in the above, is also covered. 
Chapter 2 deals with linear analogue circuits and also covers the 
use and construction of a signal injectorffracer which can be used 
to locate and isolate the faulty areas in a project. 
Chapter 3 considers ways of testing the more comrnon components 
such as resistors, capacitors, op amps, diodes, transistors, SCRs, 
unijunctions, etc., with the aid of only a limited amount of test 
equipment 
Chapter 4 deals with both TTL and CMOS logic circuits and includes 
the use and construction of a pulse generator to help faultfinding. 

$8.50 
96 Pees 

AUDIO AMPLIFIER FAULT-FINDING CHART 
C. E. Miller BP0120 
This chart will help the reader to trace most common faults that 
might occur in audio amplifiers Across the top of the chart are two 
"starting" rectangles, vis Low/Distorted Sound Reproduction and 
No Sound Reproduction: after selecting the most appropriate one 
of these, the reader simply follows the arrows and carries out the 
suggested checks until the fault is located and rectified. 

$4.00 
Chan 

ELECTRONIC & COMPUTER MUSIC 

ELECTRONIC MUSIC PROJECTS 
R. A. Penfold BP0074 
Provides the constructor with a number of practical circuits for the 
less complex items of electronic music equipment, including such 
things as fuzz box, was-was pedal, sustain unit, reverberation and 
phaser units, tremelo geneator, etc 
The text is divided rito four chapters as follows: 

112 pages 

ELECTRONIC SYNT11ESISER CONSTRUCTION 
R. A. Penfold BP01115 
Should enable a relative beginner to bred, with the minimum of 
difficulty and at reasonably low coat a worthwhile monophonic 
synthesiser, and also learn a great deal about electronic music 
synthesis In the process. This is achieved by considering and 
building the various incividual parts of the circuit that comprise the 
whole Instrument as separate units, which can then be combined 
together to form the final synthesiser. Printed circuit designs are 
provided for these maln modules. Later chapters deal with 
sequencing and some effects units. 

$11.00 
112 pagas 

MIDI PROJECTS 
R. A. Penfold BP01112 
Provides practical details of how to interface many popular home 
computers with MIDI systems. Also covers interfacing MIDI 
equipment to analogue and percussion synthesisers. 

$11.00 
112 pages 

MORE ADVANCED ELECTRONIC MUSK PROJECTS 
R. A. Penfold BP0174 
Intended to complement the first book (BF74) by carrying on where 
it left off and providing a range of slightly more advanced and 
complex projects. Included are popular effects units such as Sanger, 
Maser, mini-chorus and ring-modulator units. Some useful 
percussion synthesisers are also described and together these 
provide a comprehensive range of effects including drum, cymbal 
and gong-type sounds 

$8.50 
96 pages 

COMPUTER MUSIC PROJECTS 
R. A. Penfold BP0173 
Shows some of the ways a home compiler cart be used to good 
effect in the production of electronic music. Topics covered include 
sequencing and control via analogue and MIDI Interfaces, 
computers as digital delay lines and sound generators for computer 
control 

$11.00 
112 pages 

MISCELLANEOUS 

COIL DESIGN ANO CONSTRUCTION MANUAL 
B. B. Roberti BP011{0 
A complete book for the horse constructor on "how to make" RF. 
IF. audio and power coils, chokes and transformers. Practically every 
possible type is discussed and calculations necessary are given 
and explained in deter All mathematical data is simplified for use 
by everyone 

$9.50 
96 pages 

AN INTRODUCTION TO Z80 MACHINE CODE 
R. A. ar J. W. Penfold BP0152 
Takes the reader through the basics of microprocessors and 
machine code programming with no previous knowledge of these 
being assumed. The microprocessor dealt with is the Z80 which 
is used in many popular horns computers and simple programming 
examples are given for ZOO-based machines including the Sinclair 
2X-81 and Spectrum, Memotech and the Ametrad CPC 464. Also 
applicable to the Amstrad CPC 884 and 8128. 

$10.00 
144 Pages 

A Z-80 WORKSHOP MANUAL 
E. A. Parr BP0112 
This book is intended for people who wish to progress beyond the 
stage of BASIC programming to topics such as machine code and 
assembly language programming, or need hardware details of a 
Z-80 based comput«. 

812.00 
192 pages 

GETTING THE MOST FROM YOUR PRINTER 
J. W. Penfold BP01111 
Details how to use all the features provided on most dot-matrix 
printers from programs and popular word processor packages like 
Wordwise. Visawrite and Quill. etc. Shows exactly what must be 
typed in to achieve a given effect. 

$11.00 
96 Met 

CIRCUITS 8. CONSTRUCTIONAL 
PROJECTS 

BEGINNERS GUIDE TO BUILDING ELECTRONIC PROJECTS 
R. A. Pentad BP0227 
Snows the complete beginner how To tackle the practical side of electronics. 
so that he or the can confidently build the electronic projects that are 
regularly featured in the popular magazines and books Also includes 
examples in the form of feirnpfe projects the you can build 

$8.50 
112 pages 



50 PROJECTS USING RELAYS, SCR• AND TRIACa 
F. G. Rayer BP0037 
This book gives tried end practical working crcuits which should present 
the minimum ol dificulty for the enthusiast e construct In most of the 

circuits there is a wide latitude in component values and types alloying 
easy modification of circuits or ready adapnon of them to individual needs 

18.50 

112 pages 

POPULAR ELECTRONIC PROJECTS 
R. A. Penicekl BP0049 

Provees a collection of the most popular typos of circuits and protects 
covering a very wee urge of interests. including Rade, Aude, Household 

and Test Equipment projects 
$9.50 

144 pages 

ELECTRONIC TEST EQUIPMENT CONSTRUCTION 
F. G. Rayer BP0075 

This book covers in detail, the constructer, of a wide range of test 
equipment for both the electronics hobbyist and radio amateur Included 
are protects ranging from a FET amplified vcerneter and resistance bodge 

to a field- strength indicator and heterodyne frequency meter. 
Not only can the home Ccnstructor enjoy building the equipment but the 
finished product can also be userluay idolised in the !inherence of he hobby 

$11.00 

96 Pefles 

REMOTE CONTROL PROJECTS 
O. Bishop BP0073 
Aimed primarily at the electronics enthusiast who wishes to experiment 

with remote control as many of the designs are suitable for adaptation 

to the control 01 other scads published elsewhere Full explanations have 
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STATE-OF-THE-ART IN 
OSCILLOSCOPES 

Designed for advanced research and engineering applications, 
Philips' PM 3295 350 MHz oscilloscope features practical 

sized tubes with practical voltages as well as 
processor-controlled switch buffering. Not surprisingly, it's 

making waves at the top end of the market. 

T
he first time I saw the PM 3295 
350 MHz oscilloscope was over a 
year ago, shortly after it was first 

released in this country. It's taken this 
long to organize a review because, accord-
ing to the people from Philips, the oscillo-
scopes tend to get whisked off to purchas-
ers as soon as they arrive. 

I'm inclined to believe them. At about 
$14,000 each, Philips doesn't keep many 
hanging around the warehouse. To justify 
the price, Philips points to superb per-
formance; and superb it is. At 350 MHz 
for the half power points, there are only 
three other oscilloscopes available in Aus-
tralia with performances going beyond it, 
and they both use fancy display tech-

Jon Fairall 

niques, and even fancier prices, to get 
there. 
Not that the 3295 is a slouch when it 

comes to the technology stakes. There are 
perhaps two things that make this oscillo-
scope special, the tube, and the micro-
based architecture. 

The tube 
The problem in designing a high perform-
ance tube is that when things start to 
move really fast, the time it takes the elec-
trons to travel down the tube becomes a 
significant fraction of the time taken to 
write on the screen. 
There are ways around this problem. 

One can make the deflection area very 

short, so reducing the time it takes for 
electron transit. The problem then is that 
one needs extra power to achieve more 
deflection. One can increase the aspect 
ratio of the tube, ie make it long and nar-
row. Then less deflection will achieve a 
greater spread in the beam at the screen. 
But there are practical limits to that as 
well; the box becomes impossible to move 
around, and the acceleration voltage be-
comes overly large. 

In any event, with the best of modern 
techniques these methods run out of steam 
at about 200 MHz. To get more band-

66 
In any event, with the best of 
modern techniques these 

methods run out of steam at 
about 200 MHz. To get more 
bandwidth one has to be a 
little bit smarter. Philips has 

decided to use travelling wave 
deflection in the 3295. 

99 
width one has to get a little bit smarter. 
Philips has decided to use travelling wave 
deflection in the 3295. This allows practi-
cal sized tubes with practical voltages. 
The object of travelling wave deflection 

is to ensure that each electron sees a con-
stant deflection voltage as it flies through 
the deflection zone of the tube. Since the 
deflection voltage travels at the speed of 
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light and the electrons in the beam travel 
at only 10 per cent of this, there is a prob-
lem. 
This problem is solved in the 3295 with 

an extremely simple solution, the helical 
'slow wave' structure. All this means is 
that the wire is twisted up into a helix 
shape so that the effect of the voltage is 
propagated more slowly. 

Architecture 
The other really noteworthy technical fea-
ture of the 3295 is the processor-controlled 
switch buffering. By putting a micro be-
tween the user and the tube, a number of 
interesting facilities suddenly become 
rather simple to devise. 

First and foremost is the autoset facility. 
Push the button and the micro looks at 
the input signal and then sets the oscillo-
scope for you. It rarely gives you exactly 
what you want, but adjusting it then be-
comes a simple matter of fiddling with the 
timebase and vertical amplifier. The ex-
tensive knob twiddling that accompanies a 
conventional oscilloscope is eliminated. 

The micro also makes it rather easy to 
put a control bus on the 3295. I didn't 
have the facilities to play around with this 
feature, which is a pity, because computer 
control in repetitive test situations is prob-
ably a common application for an oscillo-
scope of this type. However, according to 
the manual, the IEEE 488 allows full con-
trol of all functions. 
This is possible because all the switches 

are mechanically decoupled from their 
electrical values. As a result, the display 
of the settings of the various knobs and 
switches becomes a major problem. This is 
solved in three ways. Firstly, each button 
has a light on it to indicate its status. Ini-
tially, this seems like a bit of a gimmick, 
but it quickly becomes something one 
learns to rely on. A quick scan of the 
panel is all that's necessary to indicate the 
status of the machine. 
The second facility is the display of 

timebase, delay and amplitude settings on 
the screen. On first acquaintance with the 
machine I found myself looking at the 
knobs for this information but it quickly 

becomes second nature to look at the 
screen. The intensity of these graphics can 
be set independently of the main display, 
so you can get rid of them completely if 
you wish. My only gripe about this is that 
it's not done well enough. When are we 
going to get an oscilloscope with a proper 
graphical display, all the axes, values and 
labels in the right place? 
The third form of display is the LCD 

windows. There are five of these, contain-
ing settings of the two vertical amplifiers, 
the timebase, and the delay line. Like all 
LCD displays, they can be hard to read at 
times. After a little experience with the 
machine they actually seem rather super-
fluous. I found myself watching the infor-
mation on the display, rather than the 
LCD windows, even when I was twiddling 
the knob. 

Using the oscilloscope 
For this review I hauled out an old TV we 
have hanging around in the lab, and 
poked around in the innards of it. A TV 
set hardly gets the PM 3295 up and run-
ning of course, but our lab doesn't run on 
hundreds of MHz! 

In practice, it's a delight to use. The 
screen is nice and bright, easy to read. 
The focusing wasn't all I could have 
wished, but the Philips people assured me 
this was only an adjustment problem on 
the model I was using. 
The front panel is laid out in a logical 

pattern. Vertical deflection is to the left, 
and horizontal to the right. Looking from 
the top down, triggering and deflection 
are at the top, the amplifier and delay set-
tings are in the middle and an extensive 
input Conditioning network is at the bot-
tom. Tube controls such as intensity, focus 
and scale illumination, are sited under the 
display. 
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PHILIPS PM 3295 

Operation of the front panel controls is 
fairly conventional for the most part. The 
delay and cursor facilities I rather liked. 
To set up a delay, part of the main time-
base can be intensified with the use of the 
MTB INTENS switch. The intensified part 
of the screen is moved over the trace until 
it's in the desired position by using the 
DELAY knob. Then the DEL'D TB knob 
can be used to set up its width. When the 
DTB button is activated the region is 
spread right across the screen, either with 
or without the original trace. The length 
of delay and the width of the timebase are 
both displayed. 
The cursors are also easy to use. Press-

ing either the (V) or (t) button will display 
time or amplitude cursors, together with a 
read out of the distance between them. 
This can be adjusted by the main CUR-
SOR knob which makes possible ex-
tremely accurate measurement of the arte-
facts on the trace. Another small quibble 
though: why not provide a setting to in-
vert the time information so that position-
ing the cursor over one period of a wave-
form would yield its frequency? 

VHF 
There are two other knobs on the 3295 
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SOURCE 1650 

1651.i 

HYBRID 
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2ns 3ns 

1650 

2ns 1650 

Flgure 3. Schematic of deflection system/driving circuit. 
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worth mentioning. One is labelled 
20 MHz, and is used to reduce the band-
width of the oscilloscope when its wide-
band response starts to get embarrassing. 
The other is labelled 50 ohms, and is used 
for changing the input impedance from its 
normal 1M, 9 pF setting to 50 ohms. 
This 50 ohm setting is necessary because 

the input impedance of the standard input 
begins to deviate from 1M at frequencies 
much above I MHz. Above 100 MHz it 
could easily be as low as 1k, according to 
the manual. To prevent loading the device 
under test, high frequency measurements 
have to be made at 50 ohms. 
Another aid to accurate high frequency 

measurement is a new probe. Philips pro-

vides a passive probe with 10 M, 10 pF 
input impedance at the probe tip, but for 
really fast work (above 50 MHz) it's ad-
visable to get hold of a FET probe, which 
allows really high impedance with ex-
tremely low capacitance. 
Armed with a fancy probe and the 3295, 

you have a genuine high frequency meas-
urement instrument. However, there are a 
lot of problems with getting meaningful 
figures at VHF speed. Many of these are 
covered in the comprehensive manual that 
Philips supplies with the 3295. The main 
one is that the test point on the device 
under test must have precisely 50 ohms 
output impedance if a valid measurement 
is to be made. • 
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CREATING WITH ELECTRONICS 3 

OSCILLATORS AND 
AMPLIFIERS Part 1 

The fundamental electronic system is the audio amplifier. Next 
in the hierachy comes audio amplifier test equipment. This 
article commences a three part presentation of the design and 
construction of a general purpose power module and a 
sine-square audio oscillator. We start with some overall 
concepts and background information that leads into the 
design of a highly useful piece of test equipment that will 
provide all the facilities needed to test audio components and 
amplifiers. 

Peter Phillips 

T
his series has two overall aims. The 
first is to provide readers with some 
technical background by using a mix 

of theory and hands-on approach to circuit 
design. The second, which supports the 
first, is to provide and analyze designs for 
a useful range of low cost test equipment 
that can form the basis of typical work-
shop. We have previously presented a sim-
ple regulated power supply and the related 
theory (see October, November '86). Now 
it's time for audio test equipment and am-
plifiers. 
The project will consist of an integrated 

audio power amplifier module and a sine-
square audio oscillator. This two-in-one 
device will provide most of the facilities 
needed to service and test audio equip-
ment. Because some possibly unfamiliar 
concepts are embodied in the project this 
article offers most of the background 
theory needed to understand the circuitry 
involved. 
The heart of analogue or linear elec-

tronics is the amplifier. Amplifiers may in-
corporate a range of devices, including 
transistors, FETs and op-amps, and like 
anything, they must have certain charac-
teristics that match them to the required 
task. Typical variables to consider include 
the amount of amplification, the frequen-
cies involved, the nature of the load and 
the type of signal source. This implies that 
all amplifiers are not the same, and that a 
range of techniques to design the required 
characteristics into an amplifier circuit 
must be explored. One avenue that is 
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commonly employed is the use of feed-
back. 
A basic amplifier is a fairly simple thing, 

but tailoring it by using feedback intro-
duces extra circuitry that can start to com-
plicate things a little. However, feedback 
is present in nearly all amplifiers to deter- s 
mine and stabilize their performance 
characteristics. As well, feedback of vari-
ous forms in conjunction with an amplifier 
is often used to produce a system that can 
perform various functions other than am-
plification. An oscillator is an example of 
an amplifier with feedback, and the feed-
back circuitry is often more complex than 
the amplifier. 

We'll start with amplifier characteristics, 
then proceed to describe feedback and its 
effects. 

Amplifier characteristics 
There are four fundamental considerations 
in amplifier design. The first is the type 
and amount of amplification or gain need-
ed. An amplifier may provide voltage, 
current or power gain, or perhaps a com-
bination of these. Gain is the ratio of the 
output signal to the input signal. If mea-
sued as volts out to volts in, a voltage gain 
is determined. Usually an amplifier must 
provide power to a load, and a power 
stage, often with unity voltage gain, is 
then added to the circuit. Knowlege of ac-
tual power gain, however, has limited ap-
plications, as it becomes difficult to deter-
mine how much power is present at the 
input terminals of the amplifier. Current 
gain is fairly restricted as a useful figure 
for the same reasons. So, for most pur-

SIGNAL 
SOURCE 

RESISTANCE 

SIGNAL 
SOURCE 

INPUT RESISTANCE OUTPUT RESISTANCE 
(Ro) 

Figure 1. Input and output resistance. 

vi„ AMPLIFIER 
GAIN x V,„ 

LOAD 
(RL) 



SIGNAL SOURCE AMPLIFIER 

Vs  1V 
lin = = — = 

Rs+R IN 2k 

Vin = I,, x Rin = 0.5 mA x 1k = 0.5 V 

Figure 2. The effects of input resistance. 

poses, voltage gain is the usual way of dis-
cussing the gain of an an alifier, and is 
determined using the following equation: 

As, (voltage gain) — voltage out 
voltage in 

To discuss the next two characteristics, 
referring to the block diagram of Figure 1 
is useful. This diagram shows the symbol 
of an amplifier, an input signal source and 
a load across the output. The amplifier 
symbol includes two resistors, labelled R,,, 
and R01. By reducing an amplifier to this 
form, the next two characteristics, viz, 
input resistance and output resistance can 
be introduced. 

Input resistance 

Input resistance of an amplifier is a mea-
sure of how much the amplifier will load 
the signal source. Trying to start a car 
using a torch battery is an example of ex-
cessive loading by the starter motor on the 
undersized battery. However, if the input 
resistance of the load is much higher, the 
battery can cope. In the same way, if the 
signal source, like the torch battery, has 
limited capacity, then the amplifier it is 
feeding must have a high enough input 
resistance to prevent all the available sig-
nal being dropped across the internal 
resistance of the signal source. All signal 
sources, eg, microphones, tape recorder 
heads, etc, have some value of internal 
resistance (called Rs in Figure 1) that de-
pends on the device. 

Ohm's law allows a mathematical ap-
praisal of the effects of an amplifier's 
input resistance. If it is assumed that the 
values of R, and Rin in Figure 1 are both 
equal at 1 k ohm, then the circuit of Figure 
2 can be used to see what is happening. 
Notice how the signal source has an inter-
nal voltage generator, in this case produc-
ing a value of 1 volt. The voltage value 
produced by the generator can be found in 
practice by disconnecting the signal source 
from any load, and measuring the now 

open-circuit voltage with either a high im-
pedance ac voltmeter or a CRO. 
When the signal source is connected to 

the amplifier, a current, I,,,, flows with a 
value that is determined by the next equa-
tion: 

n 
input current, I,„ = 

In this case the current will be 0.5 mA. 
The value of the input voltage to the am-
plifier, V,„, can be established in two 
ways. As V = IR, 3/4 ,, can now be found 
using this equation: 

input voltage to amplifier, 
Vin = 'in x Rin 

Alternatively, the voltage can be found by 
subtracting the amount dropped across Rs 
from the open-circuit voltage (Vs) of the 
signal source as follows: 

input voltage to amplfier, 
= Vs —(I,,, x Rs) 

Either way, we are left with 0.5 volts. Had 
the input resistance of the amplifier been 
higher, a greater percentage of the avail-
able signal voltage would have been pre-
sented to the input terminals of the ampli-
fier. The amplifier can only amplify the 
voltage at its input terminals, but if it 
causes losses across the internal resistance 
of the signal source, then extra gain is 
necessary to compensate. 
The most suitable value of input resist-

ance for an amplifier depends on the sig-
nal source. In general, a high input resist-
ance covers most cases, with some reser-
vations. Occasionally a specified value 
must be used to ensure correct perform-
ance with a specific input device. For ex-
ample, many phonograph pickups require 
an input resistance of 47k ohms for correct 
operation. Other times, particularly when 
the amplifier is some distance from the 
signal source, it is better to opt for a low 

input resistance for the amplifier and, 
naturally, also for the signal source. This 
prevents random noise pickup. It is possi-
ble to calculate input resistance for a given 
circuit, but we will deal with this when it 
arises. 

Output resistance 

When considering output resistance the 
amplifier can now be regarded as the sig-
nal source, this time connected to a load 
denoted as 12L. Again the load resistance 
must be compatible with the amplifier's 
source, (or output) resistance. It is point-
less connecting an 8 ohm loudspeaker to 
an amplifier with an output resistance of, 
say lk ohm, as all the signal developed by 
the amplifier (shown as an internal gener-
ator labelled As, x Vin in Figure 1) will be 
lost across the lk ohm resistance. Output 
resistance is a prime consideration for a 
power amplifier, as low resistance devices 
such as speakers must be driven. How-
ever, it is an important characteristic in 
most cases if best results are to be 
obtained. 

For power stages, the ideal output resi-
tance is zero. Where the output resistance 
is high, say greater than 10 ohms, maxi-
mum power is tranferred from the ampli-
fier to the load when the load resistance 
equals the output resistance. In this case, 
50 per cent of the power is lost across the 
output resistance, and 50 per cent remains 
for the load. However, if the output resist-
ance is zero, or much lower than the load 
resistance, the efficiency is much higher. 
When considering voltage, rather than 
power, the higher the resistance of the 
load compared to the output resistance the 
better. Power transfer is one thing, volt-
age transfer another, but in both instances 
the value of the load resistance should be 
compatible with the output resistance 
value. 

Frequency response 
The ability of an amplifier to equally am-
plify a range of frequencies is a measure 
of its frequency response. Audio ampli-
fiers should, as a minimum, be able to 
handle frequencies from around 20 Hz to 
20 kHz, as this is the approximate range 
of human hearing. Because hearing fol-
lows a logarithmic scale, it turns out that 
perceived loudness at a particular power 
output level is virtually the same as that 
heard when the power output is halved, or 
doubled. When power output falls to half 
its original value, the voltage across the 
load will have fallen to around 71 per cent 
of its previous value. 

It is standard practice to establish the 
'half power' points when conducting a fre-I> 

ETI February 1987 — 91 



CREATING WITH ELECTRONICS 3 

quency response test on an audio ampli-
fier. This is done by connecting an audio 
oscillator to the input of the amplifier, and 
establishing the two points at which the 
output voltage of the amplifier falls to 71 
per cent of its original value. These points 
are known as the lower cut-off point — f1 
and the upper cut-off point — f2. The 
range of frequencies between these two 
points is the bandwidth or frequency re-
sponse of the amplifier. 
When designing an amplifier, the values 

of the capacitors establish the bandwidth. 
A capacitor can pass high frequencies, but 
becomes an open circuit as the frequency 
approaches dc or 0 Hz. Figure 3 shows 
two diagrams that illustrate how the pres-
ence of a capacitor in conjunction with a 
resistor will affect the output voltage as 
the frequency of the input voltage is 
varied. When the capacitor is in series 
with the signal path as in Figure 3(a), the 
low frequency signals are affected. If the 
capacitor is in parallel with the signal path 
as in 3(b), the high frequencies are lost. 

It turns out that a fairly simple equation 
applies to determine the values of the two 
frequencies. The equation, for both cut-off 
points is: 

1  
f — Hz 

The difficulty is usually in establishing the 
value for the resistance R, as this value 

will be a combination of many other indi-
vidual values. However, knowing the basic 
ideas allows a great understanding of how 
to achieve the desired frequency response, 
and where to look when measurements 
show an inadequate response. 

Feedback 
Most systems, either mechanical or electri-
cal, employ feedback of some sort to en-
sure certain operating characteristics. The 
block diagram of Figure 4 shows the usual 
method of applying feedback around an 
amplifier. In principle, a sample of the 
output voltage is added to the input volt-
age using an arrangement to sum the two 
signals. The amount of feedback is deter-
mined by the network contained within 
the feedback block. The overall effect de-
pends on whether the feedback is 'posi-
tive' or 'negative'. 

Negative feedback is the usual type of 
feedback. This is achieved when the feed-
back voltage is of the opposite polarity to 
the input voltage. For ac signals this 
implies that the two voltages must be out 
of phase with each other by 180°. The re-
sultant voltage that the amplifier sees is 
therefore less than the actual input volt-
age. As a result, the overall gain of the 
circuit is lower than it was without feed-
back. While this may seem to be a prob-
lem, the benefits of negative feedback are 

many, and loss of overall gain is a small 
price to pay. 
The terms 'open-loop gain' and 'closed-

loop gain' are frequently encountered in 
the literature, and bear explanation. An 
amplifier is always just that: an amplifier 
with a certain amount of gain, called the 
open-loop gain. If feedback is applied, the 
amplifier is now part of a system which 
will then have an overall closed loop gain 
of a certain value. For negative feedback, 
the closed-loop gain is less than the ampli-
fier's open-loop gain. However, the actual 
amplifier, if it can be singled out, still has 
its original open-loop gain. Because the 
feedback may be integral with the ampli-
fier circuitry, the original open-loop gain 
figure becomes largely irrelevant. In ef-
fect, the amplifier is really amplifying a 
smaller signal, equal to the combination of 
the actual input voltage less the feedback 
voltage. 

Because gain is a ratio of output over 
input, the system gain, or closed-loop 
gain, is really the important figure, and is 
the measurable gain. Figure 5 illustrates 
this in block diagram form. Some figures 
are included by way of example to help 
show how open-loop gain is an amplifier 
characteristic, and closed-loop gain a sys-
tem characteristic. Often, of course, the 
system is only an amplifier anyway, and 
closed-loop gain is the final gain figure. 

(a) 

ATTENUATES LOW FREQUENCY 

(b) 

•  

ATTENUATES HIGH FREQUENCIES 

100% 

71% 

ti FREQUENCY 

LOWER CUT-OFF CUT-OFF FREQUENCY 

you, 
100% 

71% 

12 FREQUENCY 

UPPER CUT-OFF FREQUENCY 

Figure 3. The effects of frequency and the RC circuit. 
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NETWORK 

Figure 4. Feedback. 

V1 . -0.9 -10V 

V,, + o 0.1v 

'Vo= -10V 

CLOSED LOOP GAIN = Vo = (-)10 •10 

Vin 1 

AMPLIFIER OPEN LOOP GAIN = (-)10 =•100 

0.1 

NOTE (-) MEANS 180 OUT OF PHASE TO V„ 

(-) 10V 
(180 OUT OF 
PHASE TO V„) 

Figure 5. Open-and closed-loop gain. 

The foregoing has relevance where 
operational amplifiers are used, and will 
help explain circuits incorporating these 
devices. 

Effects of negative feedback 
Negative feedback is a complex issue, but 
in general is used to establish the charac-
teristics discussed previously. As already 
explained, the gain is reduced, often con-
siderably. If the open-loop gain of the am-
plifier is very high, reducing it with feed-
back is essential. Most op-amps have 
open-loop gain figures approaching 
100,000, which is too high for normal use. 
The amount of feedback needed to estab-
lish a gain of, say, 10 is substantial. In 
many cases it is the feedback that deter-
mines the characteristics of the overall sys-
tem, and the amplifier is only a minor 
consideration. This means that the feed-
back network is all that has to be exam-
ined when calculating gain. This is particu-
larly true of the op-amp, but discrete com-
ponent amplifiers can also fall into this 
category. 
Negative feedback will also modify the 

original input and output resistance 
values, as well as the frequency response, 
distortion and noise figures. Depending on 
how the feedback is applied, input resist-
ance can be increased and output resist-
ance reduced by a ratio equal to the 
amount of feedback applied. Frequency 
response is increased, distortion and noise 
reduced when negative feedback is ap-
plied, the extent again depending on the 
amount of feedback. So, it's all good news 
with negative feedback. 
However, one cannot go on adding 

negative feedback indefinitely to try to get 
super performance. Firstly, the gain will 
finally be too low to be useful; the second 
reason concerns overall stability. Negative 
feedback is fine while it's negative. If the 
feedback voltage shifts in phase so that it 

starts to become in phase with the input 
voltage, the resultant voltage applied to 
the amplifier will increase. This can occur 
at particular frequencies, and manifests it-
self as a loss of stability. The feedback is 
now positive, with all the problems that 
are inherent with this type of feedback. 

Positive feedback 
The classic example of positive feedback 

within a system is the effect created when 
a microphone is too close to the speaker 
reproducing the original input. The sound 
output of the speaker reinforces the origi-
nal sound, and the amplifier boosts the 
reinforced output of the microphone. A 
closed loop dedicated to making the sound 
as loud as possible culminates in eventual 
loss of control. A characteristic of positive 
feedback is oscillation. A PA system will 
tend to oscillate at a particular frequency 
when positive acoustic feedback is present. 
The frequency is determined by the sys-
tem as a whole, including the environ-
ment, type of speakers, microphone etc, 
and can be altered by changing any of 
these constants. 
An oscillator, such as that to be de-

scribed in following sections is really only 
an amplifier with positive and negative 
feedback around an amplifier. The nega-
tive feedback stabilizes the amplifier, the 
positive feedback makes it oscillate. The 
type of network in the positive feedback 
section has to be designed to cause oscilla-
tion at a specified frequency, and the 
negative feedback must then control the 
output level. The system oscillates only 
when the two feedback loops cancel, giv-
ing an overall loop gain of unity. 

The dc requirements 
As already discussed, the amplifier is the 
basic building block of the pruject. To en-
sure variety, FETs, transistors and opera-
tional amplifiers are all used in the design. 

The ac conditions have now been dis-
cussed; it remains to generalize on the dc 
conditions essential for proper functioning 
of the active devices. 
The term 'biasing' is frequently used, 

and in an electrical sense means the pres-
ence of a dc voltage that the ac signal may 
appear in conjunction with. The dc supply 
is therefore used for two purposes. The 
first is to supply the necessary power to 
the device, the second is for biasing. The 
polarity and method of applying a bias 
voltage varies with the requirements of the 
circuit and the device. 
Most FETs require a reverse bias, which 

implies that no current flows in the re-
verse biased pn junction. Transistors need 
forward bias to supply a dc voltage that 
causes a current to flow in the biased 
junction. The signal voltage is superim-
posed on the bias voltage to cause the de-
vice to amplify the signal. FETs are volt-
age-operated, transistors current-operated, 
meaning the input voltage is varied for 
FETs, the input current for transistors. All 
voltage-operated devices offer a high input 
resistance to the signal source, and FETs 
find their greatest use for this reason. 
Transistors are essentially low resistance 
devices, and special circuit configurations 
are needed if high input resistance is re-
quired. 

Operational amplifiers are different in 
concept. Their internal circuitry can con-
tain FETs or transistors, but their high 
gain property allows feedback to be used 
to establish the required operating charac-
teristics. The op-amp is really a complete 
amplifier on a chip, and is not really a de-
vice but a collection of devices. Usually an 
op-amp needs a dual polarity power sup-
ply, but by use of suitable biasing, single 
supply operation can be achieved. 

Biasing is generally provided by a resis-
tive network associated with the active de-
vice. Only rarely are special biasing power 
supplies used, as it is more economical to 
utilize the main power supply. However, 
special precautions are needed as the pos-
sibility of unintended positive feedback 
through the power supply becomes real. 
The need for extra filter capacitors, called 
decoupling capacitors, is essential to pre-
vent this problem. 

In conclusion 
The foregoing has presented an overview 
of the concepts that are contained within 
the projects to follow. As the series de-
velops, the practical implications of the 
contents of this article will be explained 
along with their implementation. Ideally, 
readers should then be able to not only 
successfully commission the projects, but 
be in a position to modify them to suit 
particular requirements. • 
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INSIDE YOUR COMPUTER 7 

SCREEN AND SPEAKER 
The two most-used personal computer output devices are the 
computer's screen and loudspeaker. This month we look at 
how the PC talks to you. 

Phil Cohen 

T
here was a time when the only input 
and output from a computer was via 
a printer and keyboard. Personal 

computers went through a phase of being 
sold as glorified electronic games (I be-
lieve that phase is now over), and as a re-
sult their ability to produce complicated 
sounds (other than just beeps) and sophis-
ticated graphics (pictures on the screen) 
was significantly enhanced. 
Consequently, the architypal business 

personal computer, the IBM PC, is capa-
ble of producing some quite pretty colour 
pictures on its screen. And other machines 
claiming to be aimed at the business mar-
ket, such as the Commodore Amiga, have 
stereo sound synthesis built in. 

Text on screen 
Most computers have two or more modes 
of displaying information. One is generally 
called 'graphics mode' and the other 'text 
mode'. For the purposes of this discussion 
we will look only at 'memory-mapped' 
screen systems, in which the contents of a 
particular block of RAM determines what 
appears on the screen. There are other 
systems, but they are outside the scope of 
this article. 
A particular range of RAM addresses is 

set aside for use by the graphics part of 
the computer. This range is called 'VDU 
RAM' ('VDU' stands for the archaic term 
'visual display unit'), and it is usually a 
few K long. The ASCII value in a particu-
lar address in this part of RAM corre-
sponds to the character that is to be dis-
played on the screen at that point, so that 
each character position on the screen cor-
responds to a particular address. 
For example, address 1000 may corre-

spond to the top left-hand corner of the 
screen (row 1 column 1), address 1001 to 
the next position along (row I. column 2), 
and so on up to address 2919, which cor-
responds to the bottom right-hand corner 
(row 24, column 80 on most machines). 
By altering the contents of a particular 

address, the computer can make the 
screen display change. Normally this is 
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handled by a special chip (called a 'VDU 
controller') which does things like keep 
track of the position of the cursor. Each 
time the processor tells the VDU control-
ler to 'put a character onto the screen', 
the controller will work out what the next 
position is, change the relevant address in 
VDU RAM to the ASCII value of the 
character, and that will be that. 
Another part of the computer is mean-

66 
Just to make things more 

complicated, some computers 
have an area of RAM called 
'programmable character 
generator RAM', or 'PCG 
RAM'. This has the same 
function as the character 
generator ROM, except of 
course that the shapes of 

individual characters can be 
altered at will by the 

software, which is useful if 
you want your machine to 
display Chinese or Russian! 

99 
while working away at taking the values 
stored in VDU RAM and converting them 
into a video signal suitable for a monitor 
or TV set. 

Pixels 
The video output (ignoring colour systems 
for the moment) is made up of a large 
number of individual dots or 'pixels' (pic-
ture elements), each of which can be ei-
ther on or off. To form a letter on the 

screen, the pixels in the area where the 
letter is to appear must be set to a particu-
lar pattern that corresponds to that letter. 
An area of ROM called the 'character 

generator ROM' holds the pixel patterns 
for each of the possible characters the 
computer is capable of displaying. The 
machine forms the picture by continually 
looking up each character in the VDU 
RAM, finding its pixel pattern from the 
character generator ROM, and converting 
that to a stream of pixels for the video 
output. Of course, the whole screen has to 
be output at video frame speed, so this is 
no mean feat. 

Just to make things more complicated, 
some computers have an area of RAM 
called 'programmable character generator 
RAM', or TCG RAM'. This has the same 
function as the character generator ROM, 
except of course that the shapes of indi-
vidual characters can be altered at will by 
the software, which is useful if you want 
your machine to display Chinese or Rus-
sian! 
For special attributes, like flashing 

characters, underlined characters, charac-
ters in reverse video (black on white), or 
characters in colour, another area of 
RAM, called 'screen attribute RAM' is set 
aside. Again, each address corresponds to 
a particular character position on the 
screen, but the value stored at each ad-
dress holds information about which of the 
possible attributes (flashing, reverse, etc) 
is on or off for that particular character 
position. 
When it comes to graphics, there are 

two possible approaches. For 'block 
graphics', of the sort which might be 
needed to display a form on the screen 
with borders around particular parts of the 
screen area, most machines have a special 
part of their 'character set' (the set of 
characters that they can display) set aside 
for this purpose. One block graphic 
character might be a vertical line, another 
a corner, and so on. A lot of graphics can 
be achieved by mixing these with normal 
text. 



CAD 
Of course, this is not nearly good enough 
for applications such as CAD (computer-
aided design or the use of a computer for 
drawing diagrams). For this, a special 
graphics mode has to be used. 

This uses a larger amount of VDU 
RAM, and holds the particular value of 
each set of eight pixels in one RAM ad-
dress. In some complex systems, each 
pixel is represented by a whole address, 
which holds details of the colour, intensi-
ty, and so on for that one pixel. That 
takes a lot of memory. 
By changing the values of particular pix-

els, the computer can draw lines on the 
screen which are one pixel wide, and even 
get enough resolution to produce a believ-
able colour photographic likeness. 

Graphics applications take a lot of com-
puter power, but there are two new ways 
to speed things up. The first is the use of 
a special graphics processor (such as the 
one in the Amiga) which deals with all of 
the graphics while the main processor gets 
on with something else. The other ap-
proach is to build a special 'reduced in-
struction set computer' (RISC), such as 
IBM's new RT, which has a processor spe-
cially designed to work with graphics, and 
as a consequence is a bit slower at some 
other things. 

Sound 
Back in the dim and distant past, comput-
ers went 'beep'. That was the only sound 
you could get out of them, and it got 
pretty boring after a while, especially 

when you found you couldn't change the 
pitch or the volume! It was standard prac-
tice with one of the older home computers 
to tape a piece of cardboard over the 
speaker to keep it a little quieter. 
The beep was produced in one of two 

ways. The first was to use a special beep 
circuit which took a dc output from part 
of the machine as a signal to go beep. 
The second was to use a 'bit-bashed 

tone', which is to say that an output more 
or less direct from the processor was am-
plified and fed to the speaker. By turning 
that output on and off a few hundred 
times a second, the computer could 
produce a square wave sound from the 
speaker. 
The second method was generally con-

sidered to be better, because the computer I> 
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could vary the length between transitions 
under software control, and so change the 
pitch of the beep. In fact, things got a bit 
further than that, even to the extent of 
basic speech synthesis by altering the pitch 
and other characteristics of the tone. 
Nowadays, specialist chips have been 

developed which take instructions directly 
from the processor and generate sounds 
according to those instructions. Most of 
these 'music chips' are capable of produc-
ing three or more tones simultaneously 
(which means they can play musical 
chords or harmonies), and once instructed 
by the processor, need no further atten-
tion from it until the next note is to be 
played. 
One of the problems with the bit-bashed 

tone approach was that while the pro-
cessor was producing the tone it couldn't 
do much else. 
Music chips also allow you to alter the 

'envelope' of the note (see Figure 2), and 
add white noise and other fancy effects. 
The Amiga's music chip is particularly 

sophisticated, and could almost rate as a 
music synthesiser in its own right. 
Glossary 
Attack: the rising part of an envelope. 
Attribute: information about how a partic-

ular character or pixel is to be dis-
played, such as whether it is to flash, 
what colours are to be used, etc. 

Bit-bashed tone: tone generated by a pro-
cessor turning an output on and off a 
few hundred times a second. 

Block graphics: the use of special charac-
ters to form lines, boxes, etc, on the 
screen. 

CAD: computer aided design. 
Character: a letter, number or symbol. 
Character generator ROM: ROM used to 

store the actual shape that each charac-
ter will take on the screen. 

Character set: the set of all possible 
characters that a particular computer 
can display. 

Column: position across the screen — col-
umn 1 is at the left. 

Computer aided design: the use of a com-
puter for drawing diagrams. 

Decay: the initial falling part of an en-
velope. 

Envelope: the way in which the volume of 
a note changes with time, split into at-
tack, decay, sustain and release. 

Graphics: the use of a computer to display 
things other than text. 

Graphics mode: a display mode in which 
each pixel on the screen is represented 
by a particular part of memory — see 
also 'Text mode'. 

Memory-mapped: used to describe systems 
in which a particular area of RAM is 
set aside for holding what is to be dis-
played on the screen. 
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PROCESSOR 

1 PUT AN ' A' 
ON THE 
SCREEN 

VDU 
CONTROLLER 

FOR ' A' = 65 

2 ASCII VALUE 

VDU RAM 

RAM 

3 POSITION 65 
HOLDS PATTERN 
FOR A' 

CHARACTER 
GENERATOR 

ROM 

ROM 

5 

Figure 1. Block diagram showing how a character gets onto the screen. 

VOLUME 

DECAY FAST 
FOR DRUMS, 
SLOW FOR CYMBOLS 

ATTACK FAST 
FOR PIANOS, 
SLOW FOR VIOLINS 

KEY RELEASED KEY PRESSED 

VIDEO 
CIRCUITRY 

4 VIDEO 
SIGNAL 

MONITOR 

SUSTAIN HIGH 
FOR ORGANS, 
ZERO FOR DRUMS 

,à--- RELEASE FAST 
FOR PIANO, 
SLOW FOR VIOLINS 

TIME 

Figure 2. A sound envelope' — the volume of a note at various times after it has been played. Each 
of the parameters (attack, decay, sustain and release) can be under software control. 

Music chip: a specialized integrated circuit 
for producing sounds according to in-
structions from the processor. 

PCG RAM: see 'Programmable character 
generator RAM'. 

Pixel: picture element — a point on the 
screen which can be set on or off by 
the computer. 

Programmable character generator: a sys-
tem in which an area of RAM is set 
aside to perform as a character genera-
tor ROM. 

RISC: reduced instruction set computer — 
built around a special processor which 
is particularly suited to graphics. 

Release: the second falling part of an en-
velope. 

Row: the distance down the screen — row 
1 is the top row. 

Sound chip: same as music chip. 
Sustain: the constant pat of an envelope, 

between decay and release. 
Text mode: in which each address of the 
VDU RAM defines what appears in a 
particular row and column on the 
screen — the pixels in that row and 
column are defined by the character 
generator ROM. 

VDU: visual display unit — old terni for a 
monitor and associated circuitry. 

VDU RAM: RAM set aside to hold what 
is to he displayed on the screen. 

VDU controller: special-purpose chip for 
administering the VDU RAM. • 



NEW PRODUCTS 

Horse-powered micro launch 
The power of microprocessor 
technology has hit the world 
of multiuser applications ena-
bling a 100 user system to be 
achieved. 
Computer Micrographic 

Services (CMS) recently 
launched the American-
made IBC Ensign 2 on to the 
Australian market. 
The Ensign 2 is aimed for 

multiuser establishments and 
businesses at a lower cost 
than the minicomputer, ac-
cording to the director of 
CMS, John McIntosh. 
There are three basic sys-

tems in the Ensign 2 series 
ranging from a single Moto-

rola 68010 processor through 
to a 32-bit 68020 processor 
using the 68010 as a slave. 
The basic eight-user system 

can be expanded to a 100-
user system by simple up-
grading of the existing design 
to customer requirements. The 
S-6810 will support up to eight 
serial I/O ports; the D-6810 will 
support 16, 32 or 44 serial 
ports; and the top of the range 
T-6820 will support up to 100 
serial I/0 ports. The storage 
options can also be config-
ured to suit different applica-
tions. 
The system can accommo-

date one floppy disk drive 

that is capable of running 1 M 
and 1.6 M of high capacity for-
mats, a 60 M tape streamer 
and up to three 5.25" hard disk 
drives. 
The Unix System Five Ensign 

2 has the operating system 
Uniplus+ from Unisoft. A wide 
range of high-level lan-
guages are available for pro-
gram development as well as 
application software, devel-
opment tools and utilities. Full 
maintenance, hardware and 
software support is available. 

For further details contact 
the distributor CMS, 232 St 
Pauls Tce, Fortitude Valley, Old 
4006. (07) 52-99666. 

New ATE from Marconi 

Marconi Instruments is showing its recently-launched Checkmate 
bench-top ATE tester. The device offers high-speed digital testing, 
analogue functional and in-circuit capability with a GPIB Interface 
and fully Interactive programming. 

Checkmate is the first 
bench-top tester to be an-
nounced by one of the ' big 
five' ATE companies. It is a 
functional and in-circuit tester 
— a stand-alone system, in-
cluding a high-resolution co-
lour monitor, and twin 31/2" 
floppy disks and is no larger 
than many office photoco-
piers. 
The tester is modular and 

designed to accept up to 21 
measurement/function cards 
in its maximum configuration. 

Each of the 13 different card 
types incorporates a Z80 pro-
cessor with its own firmware to 
increase test speed and sim-
plify calibration. Functions in-
clude function generator, 
counter/timer, digital multime-
ter, oscilloscope, discrete 
Fourier transform waveform 
analyzer and sampling oscil-
loscope. As an analogue test-
er, Checkmate uses these 
cards in conjunction with ei-
ther dry reed or mercury-wet-
ted relay switching cards for 

signal routing to and from the 
test fixture. 

For digital ATE use, Check-
mate can be fitted with two 
complementary groups of 
cards. One provides up to 320 
digital test points plus 20 node 
force points. The other forms a 
logic analyzer with up to 64 
channels at a sampling rate 
of 100 MHz. Checkmate can 
be fitted with two or more in-
dependent groups of digital 
function cards. This gives the 
ability to perform multiple 
digital tests on a unit or board 
asynchronously. 
The integrated logic ana-

lyzer cards offer debugging, 
diagnostic and design evalu-
ation facilities and eliminate 
the need for a more expen-
sive stand-alone logic ana-
lyzer. 
According to Marconi; 

checkmate tests digital cir-
cuits faster than any other 
bench-top tester. In the signa-
ture analysis mode, sample 
rates of up to 20 MHz can be 
supported. For stimulus-re-
sponse-compare tests, files 
can be loaded from a logic 
simulator and propagation 
dislays of logic functions can 
be determined down to 25 ns 
with a resolution of 5 ns. 

For in-circuits use, up to 1000 
test points are provided for 
continuity checks and up to 
900 test points for testing resis-
tors, inductors, capacitors, 
complex impedances and 
semiconductor functions. Six-
wire guarded measurements 

allow component values to 
be measured accurately in 
the presence of others, provid-
ing fault diagnosis down to 
single component level. 
The operating principles of 

Checkmate's software are de-
rived from Climate, the lan-
guage developed by Mar-
coni Instruments for its range 
of functional testers. Check-
mate's software uses an inter-
active editor which allows the 
user to try out program sec-
tions live, without compiling. 
GPIB profiles for extemal in-
struments can be produced 
easily using standard routines, 
allowing full integration with 
Checkmate's internal facili-
ties. 
By connecting the test fix-

ture straight into the function 
cards, wiring between the ATE 
and fixture is eliminated thus 
ensuring maximum test per-
formance. Two main styles of 
fixtures are available; bed-of-
nails with vacuum actuation 
for in-circuit use, and a platen 
for functional tests. 
These low-cost fixtures over-

come many of the expense 
problems previously encoun-
tered with other low-cost test-
ers. 
An expansion slot in the sys-

tem controller will allow for 
the addition of extra memory 
or additional system facilities 
in the future. 

For further information con-
tact Marconi Instruments, 2 Gift-
nook Ave, North Ryde, NSW 
2113. (02) 887-6117. 
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Australian-designed music software for NEC's APC-III 
A new Australian-designed 
music software package for 
NEC's APC-III microcomputer 
will cut some studio operating 
costs by up to 90 per cent ac-
cording to Mr Lionel Murray, 
managing director of Wind-
wood Studios and co-de-
signer of the software. 
Called 'Music Master', the 

software is aimed especially 
at music studios, bands, music 
publishers and professional 
musicians, and requires little 
or no knowledge of comput-
ers. 
"We've designed the pack-

age especialy for NEC's APC-
Ill because of its high speed 
and high-resolution colour 
graphics," Murray said. 
The package uses the MIDI 

interface that links digital syn-
thesisers to microcomputers 
and is composed of three 
components — Multi Track Re-
corder, Song Librarian and 
Song Conductor. 
The NEC-driven software of-

fers two powerful features not 
currently available in other 
music software packages 
sold in Australia. The first is that 
up to 16 MIDI- linked instru-

ments can be recorded simul-
taneously onto 16 separate 
tracks, the second feature is 
the revolutionary Song Con-
ductor component which al-
lows screen painting of a 
predefined song structure 
using standard musical nota-
tion, such as first and second 
time bars, repeats, codas, fine 
and others. Using the musical 
structure as painted on the 
screen, the computer will 
drop in and out as required 
while recording. 
The computer also executes 

the necessary actions 

saving you $551  

\-1\1 
By lowering your termination costs 

E.S. Rubin imports and distributes terminal strips direct. Therefore we can 
offer you very competitive prices. 

In our extensive range, we have available, screw terminal, quick 
.0\ connect, plug and socket and printed circuit types. All screw 

terminals are fitted with wire protectors and 12 way strips which 
can be cut to lengths without losing position. 

Let E.S. Rubin save your money. Call us today for prices 
and availability. 
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denoted by the structural sym-
bols, in order to provide a 
completed musical work dur-
ing playback mode. 
The Song Conductor com-

ponent provides an auto-
matic transposing facility that 
can change a song by up to 
127 semi tones in either direc-
tion. This allows material to be 
recorded in the easy key of F, 
for instance, and transposed 
automatically into the more 
awkward key of F sharp. 
The Multi-track recorder 

component includes a quan-
tization on-record facility 
which automatically corrects 
notes played in incorrect 
time. This facility allows inde-
pendent setting of different 
quantization factors for each 
track during the same record-
ing session, thus providing far 
greater recording flexibility. 
Before each recording ses-

sion, up to eight pairs of 
punch in/out points ( editing 
points) per track can be 
preset wherever desired, thus 
eliminating the need for 
recording engineers in this 
area. Similarly, up to eight 
pairs of mute points per track 
can be preset before mix-
down sessions. 
According to Lionel Murray 

NEC gives reliable back-up 
support to its systems. "Also we 
can custom design features 
into the software upon re-
quest, unlike the suppliers of 
other music software pack-
ages that come mostly from 
overseas." 
An enhanced version of the 

NEC-driven music package 
will become available within 
the first half of 1987. It will con-
tain such features as dynamic 
channel editing, sequencer 
mode (including chaining, 
etc), full score display and 
printing in standard musical 
notation, SMPTE interface, full 
musical analysis and chord 
chart, remote control unit and 
user help tutorials. 

For more information con-
tact Lionel Murray on (047) 59-
1244 after 5 pm. 
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Opto-electronic 
switch has memory 
Exciting possibilities are 
being opened up through re-
search by Professor John Sim-
mons and Dr Roger Green at 
the School of Electrical and 
Electronic Engineering at 
Bradford University, in northern 
England. Their work involves 
incorporating opto-electronic 
switching within a semicon-
ductor device, in particular 
the metal polysilicon semi-
conductor switch (MPSS). 
The basic structure of an 

MPSS device takes the form of 
a substrate that has been 
heavily doped with acceptor 
impurity atoms ( p*). One sur-
face of the substrate is a thin 
metal conductive layer. This 
usually forms the ground ter-
minal of the device. On the 
other surface is an n-type epi-
layer several micrometres 
thick. 

This, in turn, is surmounted by 
a semi-insulating layer of be-
tween 100 and 500 nm thick-
ness, topped by a very thin 
metal layer that forms a trans-
parent conducting electrode. 
Electrical bias potential is ap-
plied between the two outer 
layers of the device which 

then operates as a two-termi-
nal switch. 
Major operating parame-

ters of the device can be alt-
ered simply by varying the 
operating temperature or the 
intensity of the incident light 
falling on the transparent 
layer. However, the switching 
action can also be initiated 
by the introduction of a third 
control terminal which can be 
combined with the optical 
operation. 

It is this property of the de-
vice that is attracting so much 
attention at Bradford, particu-
larly when It was discovered 
that the three-terminal device 
exhibited a memory effect. 
The research team at Brad-

ford has recently completed 
an optimization program, 
mainly directed at the imple-
mentation of an area array of 
three-terminal devices that 
can be used as an optical 
sensing system. 
Some of the many potential 

applications foreseen for the 
new device are optical logic 
interfaces, robotic sensors 
and optical memories. 

Winner second time around! 
Bob Martindale is a senior engineer with Telecom. 

Winner of the Scope idea of the month for the second 
time, Mr Martindale is shown being presented with his 
prize of a Scope soldering iron by Barry McIntosh, sales 
manager of Scope Laboratory. 

The Australian-made 60 W cordless is now exported to 
New Zealand and the United Kingdom with initial orders just 
being secured for the North American market. 

Version 3.0 Protel PCB 
HST Technology Hobart has 
announced the release of 
Version 3.0 of Protel PCB 
printed circuit board design 
software, for use with IBM or 
compatible PC/XT and AT 
computers. 

HST manager John Powell, 
says that feedback from the 
Australian and widespread 
international distributor net-
work, plus the experience of 
HST and Protel Systems with 
the software, has led to some 
very significant features being 
added to their software pack-
age. 
Powell congratulates Nick 

Martin for developing the net 
list features of Version 3.0 in 
such a way that the user has a 
choice of either manual or 
semi automatic operation. A 
low rather than high level of 
automation has been deliber-
ately included in the software, 
to reduce the complexity and 
learning time for users. He 

claims 30 individual improve-
ments to the program. 
Standard or enhanced 

graphics (EGA adaptor) are 
now selectable providing up 
to 16 colours on a 640 x 350 
pixel display. An extra level of 
zoom is available when using 
the EGA adaptor. 

It is now possible to load a 
net list from a schematic 
package and print out a 
subsequent connection list. 
Additional features also in-
clude the ability to display 
total connection length. 

By user demand the pro-
gram output supports Epson 
printers for a check plot while 
still maintaining the plotter 
output for final artwork or 
rapid check plots in colour. 
The plot routine now in-

cludes a board sort to reduce 
plot time by optimizing the 
plot sequence. 
Powell emphasizes that the 

program is still a simple com-

mand driven, yet functionally 
packed software, developed 
by people who design 
printed circuit boards as part 
of their business. 

Protel PCB now incorporates 
some features only found on 
more expensive software. The 
Inclusion of power and 
ground planes with thermal 
relief is an added bonus, as is 
segment dragging, layer/ 
track swapping, smaller text, 
text in components, block 
copy and rotation, block read 
with component intact, track 
stack and area fill com-
mands, etc. 
The software will design 

printed circuit boards as 
large as 32 x 19 inches. Ex-
panding or contracting of the 
layout by zooming allows 
precise component place-
ment and track laying. Six 
zoom levels are available 
from 1.6 x 0.95 inches expand-
able to the full 32 x 19 inch 

work space. 
On screen, users can select 

from nine grid sizes 1, 5, 10, 25, 
100, 125 and 200 mils (1 mil = 
0.001 inches) for the precise 
placement of component 
shapes such as DB25 connec-
tors and edge connectors 
with odd spacing. 
Version 3.0 of the software 

still supports the Microsoft 
mouse but the program 
places more emphasis on the 
mouse function keys to rotate 
and manipulate components 
and blocks on the layout. 

Early this year HST will be 
releasing, a schematic pro-
gram which will be compat-
ible with Protel PCB Version 
3.0. 
Licensed Version 2.0 owners 

of the PCB package will be of-
fered the opportunity to pur-
chase Version 3.0 at a re-
duced price. 
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KIKUSUI 
KIKUSUI oscilloscopes — from the 
new 2 channel 20 MHz COS-5020TM to 
the precision 5 channel 150MHz 

$ COS-6150, and the intelligent 4 
ri channel 200MHz COM-7200. Also 
: KIKUSUI have a full range of digital 
storage 'scopes with GP-IB. up to 
100MHz. All KIKUSUI ' scopes include 
quality probes and a 2 YEAR 

e V warranty. 
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THE WORLD WIDE HOBBY! 

AMATEUR RADIO 
ARE YOU A MEMBER OF THE WIA? 

Why not become a radio amateur by 
joining the Wireless Institute of Australia? 
The Institute can assist and advise you in 
how to obtain a Department of 
Communications licence, which will allow 
you to communicate with others having 
similar interests in Australia and 
throughout the world. 

Wirelee institute of Australia is a 
non-profit society founded in 1910. Since 
its inception it has nurtured the interests 
of all Australian arnateurs by liaison at all 

1 vels. 
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SUPPORT YOUR HOBBY become a member! 
For further information, including a sample magazine, write to: 

WIRELESS INSTITUTE OF AUSTRALIA 
PO BOX 300 

CAULFIELD SOUTH, VIC. 3162 
Registered Address: 3/105 Hawthorn Road. Caulfield North. Vic. BKP—A0870128 
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PRINTED CIRCUIT BOARDS: 
MULTI LAYERED, 

MULTIWIRED OR. 
W

ell, that is today's standard, by 
'tomorrow' ( the 1990s), it is 
probably going to be a lot nar-

rower. With the world market for printed 
circuit boards ( pcbs) estimated to reach 
approximately $US25 billion in the early 
1990s and the total electronics market ex-
pected to reach $US1000 billion at the 
same time, it is worth taking a moment to 
look at where pcb technology is today, 
where it is going and how some Australian 
manufacturers are placed to capitalize on 
the future trends. 

Printed circuit boards started with solder 
tracks on one side of a board for intercon-
necting various components which were 
subsequently attached to the board. Need-
less to say, none of the solder tracks could 
cross the path of another or else there 
would be a short-circuit. 
The next step was to drill holes through 

the boards, plate the holes all the way 
through and use the underside of the 
board to lay more circuit tracks. That was 
a double-sided board and it could carry 
more components and was more complex 
in design than a single-sided board. 
With the advent of pcb technology, the 

electronics industry has intensified its 
search for the Golden Fleece — the one 
that allowed the maximum number of 
components to be packed into the smallest 
volume, at the lowest cost, for the greatest 
profit. 

Is high density so desirable, apart from 
the obvious profit, size and weight fac-
tors? Yes. Where fast logic circuits are in-
volved, short path lengths reduce electro-
magnetic interference, they have less pulse 
ringing problems and less voltage induc-
tion (noise). 
Conventional multilayer pcb technology 

now has the capacity to routinely produce 
18 layers of circuitry packed into boards 
not much thicker than the original single-
sided boards. The circuit design within the 
layers is extremely complex, especially as 
no track is allowed to cross another. 

In the laboratory it has been possible to 
produce pcbs with up to 54 layers — but 
they are horrendously expensive and by 
no means practical for routine production. 
They serve to explore the limits of pcb 
technology and to satisfy the obviously 
masochistic tendencies of the people who 
designed them. In terms of what is practi-
cal in the commercial world, 18 layers 
seems to be about the limit. However, no-

one has issued a design and contract for 
anything more complex, so the 'limit' is 
probably relative rather than absolute. 
Two ways of circumventing the 'limit' 

are new methods of attaching devices to 
boards and new ways of laying the circuits 
within the layers. These approaches are 
changing the physical features of multi-
layer boards but retaining the multilayer 
concepts. For example, by allowing insu-
lated tracks to cross one another, the rou-
tine production of pcbs with the equiva-
lent of 40 to 60 conventional layers be-
comes a practical possibility. Given the 
current trends, the designer in 1990 or so, 
will have to decide whether his application 
will be better suited to a multilayer board, 
worth the design effort of going to a VLSI 
chip or if he should use some features of 
both. The deciding factor will be the 
quantity to be produced. 

It is easier to understand multilayer if 
one talks about 'interconnection technolo-
gy', that is, the methods of connecting 
components together. There are two 
methods for interconnection: the print and 
etch process that is used in conventional 
multilayer boards and the physical wiring 
of the components in Electrowire multi-
layer boards. Perhaps the major differenti-
ating factor between the two processes is 
that conventional multilayer technology is 
more economical where large production 
batches of 'medium density' boards are 
concerned. 
Both processes are influenced by 

changes in the methods by which chips 
and other devices are mounted on the sur-
face of the boards. 

Conventional multilayer boards 
The most common multilayer board is the 
4-layer kind found in computers, for ex-
ample. Four-layer boards are character-
ized by being double-sided boards with 
power and earth planes making up the two 
internal layers. 
As the requirement for higher density 

increases, one approach is to reduce the 
thickness of the tracks so that three tracks 
can be run between the 'pads' of the de-
vice holes. Such boards are called 'fine 
wire' boards and they can double the den-
sity of a 'standard' board. With further in-
creases in density, the overall surface area 
of the board is reduced by mapping more 
and more of the connection paths onto in-
ternal layers. For example, 10-layer ' pad-

• • 

ded' boards — boards with no external 
solder masks other than the solder pads 
for devices — are becoming more com-
monplace. 
But as the number of internal layers in-

crease, two new problems arise — physical 
manufacturing limitations and the physical 
size of the devices to be attached to the 
board. 

Increasing the number of layers in a 
board increases the design problems. 
Remember, no individual track is allowed 
to cross the path of another track. With-
out CAD techniques, Multilayer designs 
would be uneconomical, if not impossible, 
to produce. The design component is a 
major factor in making 18-layer hoards at 
least 10 times more expensive per unit 
area than 2-layer boards. 
Another manufacturing problem is how 

to accurately align 16, 17 and 18 pieces of 
film so that every track is in its correct 
position. This is where the margin for 
error is reduced to about one-thousandth 
of an inch. Basically, the alignment is 
achieved through the physical placement 
of film with respect to 'pin' holes. The 
main cause of misalignment is small di-
mensional changes in the film itself due to 
environmental fluctuations in temperature 
and humidity. To go beyond 20 layers re-
quires the use of glass masters rather than 
film as phototooling for the etching pro-
cess. The design is produced directly onto 
glass from the CAD photo-plot. Glass is 
not affected by micro-changes in the tem-
perature and humidity and so the accuracy 
of the etch is increased considerably — 
but so is the cost. 

Relative to the size of the components 
attached to the board, there is still plenty 
of room between the tracks of a multilayer 
board. The next step in reducing board 
size is to reduce the component size. The 
chip that is housed in a standard EPROM, 
for example, is significantly smaller than 
the support housing around it which 
mainly serves to provide the pins or legs 
for attaching the chip to the board. Why 
not take away the housing and attach the 
chip directly to the board? That is exactly 
what is done with surface mounted devices 
or SMDs. The surface of the board has a 
'footprint' to match the pinouts on the 
chip itself. By substituting an increasing 
number of SMDs for conventional hous-
ings, the size of the board can be reduced. 
Reducing the empty space in the layers> 
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MULTILAYER BOARDS 

any further only increases the design com-
plexity and reduces the margin for error to 
less than one-thousandth of an inch. The 
trade-off is that boards can be made 
smaller by using SMDs without signifi-
cantly increasing the manufacturing prob-
lems by trying to pack the lines in the 
layers any tighter. 

Two Australian companies, Printronics 
and Morris Productions dominate the local 
scene which has a total of approximately 
25 pcb manufacturers. Both companies 
have been very successful in exporting 
their technology against stiff worldwide 
competition. Printronics was selected 
ahead of companies from Canada, Britain 
and Japan, to provide a series of complete 
turnkey electronics factories to China (that 
includes planning, specifying, construction, 
commissioning, staff training, transport 
and material supply). It also beat the in-
ternational competition a second time 
when it was invited to participate in a 
major joint venture activity to build and 
run a pcb plant in Shanghai. Within Aus-
tralia, Printronics has been the pioneer of 
the SMDs. 

Morris Productions is one of only four 
companies in the world that has been ap-
proved by Hughes Aircraft as a supplier of 

multilayer pcbs for the Australian FA- 18 
fighters. The boards are 14 layers deep 
and they are used in the on-board radar 
system. Started in the early 70s, Morris 
Productions has developed all its own 
technology. It does not pay royalties or 
fees to anyone. Since 1973 it has success-
fully competed in the highly exacting fields 
of defence and aerospace electronics. Dur-
ing the mid-70s Morris Productions sup-
plied state-of-the-art 6-layer boards for the 
Jindalee, the Australian over-the-horizon 
radar, 8-layer boards for Mulloka, the 
Australian Navy sonar system and boards 
for AFDAS, the Aircraft Fatigue Data 
Analysis System. 
Both companies are heavily export ori-

ented and both are, without doubt, 
producing some of the best and the most 
sophisticated pcbs in the world today. 
They are also becoming increasingly in-
volved in the emerging domestic market 
for 'conventional' 4- to 8-layer boards. 
This means they are successfully displacing 
imported boards on the grounds of quality 
and price. Mind you, they have almost al-
ways been able to produce good quality, 
competitively priced boards — it is the 
Australian users of such boards that are fi-
nally discovering the advantages of local 
supply. 

e 
P.C.B. FILMWORK 

1 

Photoplotting, Photo Mask Generation. 
Quest or Gerber output from 

your C.A.D. system. 
Large range of images available. 

Accept data on many floppy disk formats 
1/2 -inch mag tape or paper tape. 

Photographic reductions, duplication, 
colour separation, pad 

pattern duplication and solder mask 
expansion. Ground plane 
reversal and insertion. 

LARGEST INDEPENDENT PHOTOTOOL 
SOURCE IN AUSTRALIA 

s. 

PRECISION GRAPHICS PTY. LTD. 
Unit 15, 31 Waterloo Road, 

North Ryde 2113 
Telephone (02) 887-2648 

! 
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Electrowire technology 
Western Australian company, Circuit 
Technology Australia, uses a different in-
terconnection technology. Electrowire is 
its own enhancement of an American pro-
cess called Multiwire: Electrowire is elec-
troplated Multiwire. Circuit Technology 
uses actual wires to make the connections 
between the components. It sounds retro-
gressive, until you find out what the CT 
people can do. For starters, the wire they 
currently use is 0.160 mm (0.0063") in 
diameter and it is insulated. This means 
that the previous prohibition on tracks 
crossing one another no longer applies. 
Still don't see the significance? Try this — 
a 2-layer Electrowire board can be equiva-
lent to approximately 10 or 12 conven-
tional multilayers! 

Circuit Technology is also in the process 
of producing 0.100 mm (0.0040") wire; it 
will allow production of the equivalent of 
30-layer boards. A new product, Micro-
wire, 0.063 mm (0.0025") wire, will enable 
the production of the equivalent of 60-
layer boards which will be 10 times 
smaller than the Electrowire boards. And 
the surprises to do not stop there. You want 
a whole board wired to a specific imped-
ance? Just call, Circuit Technology can do 
it. Its process improves the electrical 
characteristics of the board by eliminating 
many, if not all, of the unnecessary holes 
('vias') in the multilayer configuration that 
are used solely for interlayer connections. 
It 'simply' runs the wire from point to 
point. 

Circuit Technology is also heavily export 
orientated: 70 per cent of its business. 
One of its major customers is the Harris 
Corporation in America and it supplies 
boards to McDonnell Douglas for incorpo-
ration in the ground systems of the FA-18 
fighters. It is also hopeful of concluding 
contracts this year to supply boards for 
two US mainframe computer manufactur-
ers. 

What next? 

Circuit Technology will soon release a new 
method of attaching chips to the pcbs 
which extends the SMD idea even further. 
A VLSI chip can have anything from 50 to 
500 pinouts. By bonding the VLSI chip to 
a ceramic base called Ceraclad and using 
chemically deposited copper paths on the 
surface of the ceramic, a whole new order 
of miniaturization is achieved — about 60 
to 100 times smaller than an Electrowire 
board. In Western Australia, 'tomorrow' 
has just about arrived. So much so, that 
Circuit Technology has gone public to fi-
nance expansion of its production capacity 
so that it can handle an order run rate of 
$A1 million a month, starting `tomorrow'.• 



MORRIS IS KEEPING COMPANY 
WITH SOME VERY HIGH FLYERS. 

'11 

orris Productions have 
been producing high 
quality circuit boards for 
over 20 years and setting 
new standards in this 

demanding, high technology industry. 
Australia's leading professional, 
commercial and defence manufacturers 
have specified Morris Printed Circuit 
Boards for quality and performance. 
This reflects the ability to accommodate 
complex and varied designs from single 
sided, double sided and multi-layered 
configurations. 
Morris supplies a wide range of finishes 
to meet any requirement. These 
include: I.R. Fused Tin/Lead, Through 
Hole Plated, Hot Air Levelled, Flux 
Coated, Nickle Gold, Close Reeistration 
Solder Mask & Component Designations. 
Morris has 
earned an 
international 
reputation 
for 
producing 
highly 
complex 
multi-
layered 
circuit 
boards, up 
to an 
incredible 
18 layers. 

Stringent development work 
and impeccable quality control, governed 
by Morris's own fully approved National 
Association Testing Authority laboratory, 
has made Morris a most highly respected 
supplier of multi-layer PCB's. This level of 
quality is evident, with the contract to 
supply U.S. Military Standard circuit 
boards for the Radar Systems fitted to the 
RAAF's new F/A 18 Hornet. 
A contract that places Morris PCB's in 
some very high flying company. 
Phone (02) 789 6200 
Morris Productions Pty Ltd 
2-12 Harp Street, Campsie 
Telex 26229 FAX 787 2529 

M(c): GUM 
HI MOR 207 
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NOW! 
SCREWDRIVER SET 
"CHARADE" from "DAIHATSU" 

111.11111111MMINKImmullimismineálemea  

FREE SCREWDRIVER SET 
with all new or renewed subscriptions 

* Chrome plated and 
presented in plastic storage 
case. 
* Free running top on each 
driver gives operator ease of 
1.1Se. 

* Consists of 4 blade drivers 
from 1.4 mm to 2.9 mm and 
2 Phillips screwdrivers, 
No. 0 and No. 1. 

LIMITED OFFER, OFFER, SO POST SUBSCRIPTION CARD TODAY!! 
(It card missing, please phone (02)693-6666 and ask for the Subscriptions Department). 

lee 

"DaMatsu. 
That's who!' 

DAIHATSU 

ta, 

DAIHATSU 

SUBSCRIPTION COUPON 
You'll get 12 issues of Electronics Today (Offer applies to new and renewal subscribers reneved 

between 1/11/86 and last mail on 27/2/87. 
International 
PLUS a FREE PRECISION SCREWDRIVER Card No. Expiry Date.  
SET. Plus YOUR CHANCE TO WIN A ill 1711J 
FABULOUS DAIHATSU CHARADE!!! 
Please send me this special offer of D 12 
issues or 024 issues of Electronics Today Signature .  
International magazine (one each month), (Unsigned credit cards cannot be accepted 

together with my PRECISION 
SCREWDRIVER SET. Name.  
D I enclose my cheque/money order 

Address:   (with this coupon in an envelope 
for [;:l $.35.40 or D $64.00. 
(NZ 1 year D  $41.00)   Postcode  

OR charge my Freepost No. 4, P.O. Box 227, Waterloo 2017  
D Bankcard D Visa D Amex D Mastercard ETI FEB17 

• 

• 
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DREGS 

Once again, the Dregs Hack, your collec-
tor of all that is marvellous and slightly 
bloody silly from the world of electronics 
and science brings you a potpouri of items 
from around the work]. For instance, we 
pass on, without comment, a Pioneer 
press release that came our way: 

Sensual sound 
"The Pioneer Bodysonic 800 is a stylish, 
reclinable chair wired for sound and body 
vibration. The three bass drivers posi-
tioned in the back, seat and footstool de-
liver spine tingling, muscle massaging 
music throughout your body. Wing speak-
ers positioned at ear level ensure hi-fil 
sound even at low volume. 
"With the Bodysonic plugged into your 

audio and video equipment you now not 
only hear and see but also feel the action. 
This is a sensual experience. 
"The Bodysonic is just the thing to relax 

at the end of a tiring stressful day. Just 
put on a little classical disc music, or 
videotape, sit back, put your feet up and 
. . . aahh . . . 000h! 
"Your body may never be the same." 

Dumb faith 
And we note from New Scientist magazine 
that American students are having a hard 
time sorting out where they came from. 
"A poll of 1000 university students in 

California, Texas and Connecticut has re-
vealed that more than half of them are 
creationists. 
"The students believe that God created 

Adam and Eve and that Noah's Ark exist-
ed. About one third said that they also be-
lieved in aliens, ghosts, Big Foot — a 
hairy man-like creature reputed to live in 
the mountains of northwest America — 
and the lost city of Atlantis. 
"The survey showed that those who be-

lieved in creationism were more politically 
conservative, less likely to read books, 
and did less well in university examina-
tions than those who held a contrary view, 
such as Darwinism. 
"For a leading scientific nation, this is 

not a good sign of the effectiveness of our 
science education, Francis Harrold, a pro-
fessor of archaeology at the University of 
Texas at Arlington, said. Harrold, who 
helped conduct the survey, said that sci-
ence in high school should be strength-
ened to combat the trend. 
"The students, aged between 18 and 22 

filled out a questionnaire on their beliefs. 
Most them were white students studying 
humanities. One surprising finding was 
that although belief in pseudo-science was 
widespread, only 15 per cent had any faith 
in astrology." 

The bodysonlc chair: Now you know why she's smiling. 

Don't snigger at this. The yanks don't 
have it all to themselves. The Queensland 
minister for education Lin Powell, was re-
cently spotted by the hack in the letter 
pages of the journal Nature trying to say 
that the Queensland government both was 
and was not teaching creationism and he 
personally both did and did not believe in 
it, and anyhow you southerners . . . blah, 
blah, blah. Oh dear. 

Rambo madness 
We also received this in the Dregs office: 

DoD withdraws ADA support 

In a surprise move, the Department of 
Defence today abandoned its push toward 
the ADA programming language stand-
ard. Shell-shocked defence related compa-
nies are scrambling to respond to this 
unexpected manoeuver. 
According to the DoD, ADA was re-

garded as being "too wimpy" for the 
American computers to use, and so the 
department was withdrawing its support 
for the language. 

Instead, a new computer language 
(tentatively named 'RAMBO-TRAN') will 
be required for all future DoD contracts. 
RAMBO-TRAN is reportedly a column-

dependent, unstructured computer lan-
guage which relies heavily on GOTO 
statements, denial returns, and arithmetic 
I Fs . 

All statements MUST start in column 1, 
eliminating the possibility of indenting 
source code. Although character strings 
are supported, they are limited to a maxi-
mum of 4-letter words. 
Perhaps the most controversial feature 

of the new computer language is that 
RAMBO-TRAN does not support com-
ments. (As Casper Ghostberger puts it: 
"Comments make it easy for commie spies 
to steal and decipher American soft-
ware.") 
Asked if the lack of comments wouldn't 

make software maintenance considerably 
more difficult, Ghostberger replied that 
"Real" programmers don't like to com-
ment anyway. ( In a related move, there 
are apparently efforts being made on 
Capitol Hill to link the words 'Comment' 
and 'Commie'.) 

Unlike most of the current programming 
languages which offer extensive error-
checking capabilities, RAMBO-TRAN 
makes NO provision for errors. (" Real 
programmers don't make errors," asserts 
Secretary Ghostberger.) Instead, the pro-
grammer initially targets a 'mission' for his 
task; then if an unexpected error arises, 
the program begins performing immediate 
GOTO operations, all designed to bring 
the program closer to that 'Ultimate 
Goal'. 

If the program is nevertheless thwarted 
from performing its mission, it self-
destructs (taking as many other programs 
with it as possible). 

In a related move, the Ghoulish Com-
puter Company announced that it had al-
ready met 80 per cent of the RAMBO-
TRAN standards, particularly those in-
volving self-destruction. The company is 
reportedly gearing up for an expected in-
crease in DoD-supported business. 
— With thanks to Trevor Long of Telecom 
Research Labs who sourced it off Unix 
World. We always wondered what you 
guys did for fun! 
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0° 3 
IN SIX SECONDS 

SUPERSCOPE HAS THE JOB DONE 
WHILE CONVENTIONAL IRONS 

ARE JUST STARTING TO WARM UP 
SUPERSCOPE - designed for impatient people 
Impatience is a virtue - when time costs money; and 
good service technicians are certainly impatient when 
asked to stand around for several minutes waiting for a 
conventional iron to heat up. Superscope panders to 
anyone's impatience - in about 6 seconds. 

SUPERSCOPE - heats 30 times faster 
Unlike production line soldering, a service technician 
can't predict when a hot iron is wanted. Superscope 
reaches soldering temperature in the 5 or 6 seconds it 
takes to pick up the slender handpiece and cools almost 
as fast when put down - a nice safety feature. 

Other SUPERSCOPE virtues — 

Finger Tip Temperature control — The on/off switch 
contoured into the handle, gives you finger tip control over 
tip temperature and power output from 200C to 5000C. 

From 20w - 100w — Lets you solder a very wide range of 
terminations. A touch of the thumb switch for a light joint - 
or a sustained pulse of heat for the heavy power diode 
conductor or solid earth wire. 

Low voltage - high safety — 4 volts at around 35 Amps gives 
you high soldering capacity but low risk to the user. The 
auto switch off control on the handle adds further safety. 

Easy field maintenance avoids frustration — It's hard to 
think of another iron that lets hundreds of thousands of 
Australian users change tips and renew the heating element 
anywhere in the field without special skills. 

WANT MORE INFORMATION THEN 611101 fAbi 
VICTORIA: (03) 338 1566 NEW SOUTH WALES: (02) 546 6144 
QUEENSLAND: BRISBANE: (07) 52 5231 TOWNSVILLE: (077) 79 3855 
SOUTH AUSTRALIA: (08) 352 1166 WESTERN AUSTRALIA: (09) 362 5011 
TASMANIA: LAUNCESTON: (003) 31 5545 HOBART: (002) 34 2811 

FOR A FREE CATALOGUE 
SEND YOUR 
NAME AND ADDRESS TO 
FREEPOST No 2 
SCOPE LABORATORIES 
P 0 BOX 63. NIDDRIE, 
VICTORIA. 3042 
AUSTRALIA 

No Stamp Required 

MIS 

t4 
SCOPE 
(03) 338 1566 
TLX : 38318 

JMS215 DESIGNED AND MADE IN AUSTRALIA 
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They come with 
a longer warranty 
than a Rolls Royce. 

And they're quieter. 
Interestingly enough, the warranty 

on a new Rolls Royce is only 3 years. 
The warranty on our 6 new compact 

disc players is 5 years. And we don't have 
to worry about the ticking of the clock. 

In fact, the only sound you'll ever 
hear from our new generation 
C.D.'s is the faithful, pin-sharp accuracy 
of the music. 

If you're wondering why 
we compare ourselves to the technical 
excellence of the world's leading 
car, the answer is simple. 

We couldn't find a competitive C.D. 
player that could do the job. 

I II , 
;i 5 YEAR WARRANTY.  

Saatchi YAM 010 


