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Eight Advanced Features Make 
Metrix ASYC K Series Safest 

Check these 8 important safety features only found in the Metrix 

ASYC Series 

• Advanced housing design has screw-free assembly and is waterproof 

through a patented low-pressure, double seal design. 

• Housing is moulded in VO-grade self-extinguishing material 

• VDE/GS certificated to international standards 

• Safe flexible test leads with shrouded plugs and large cross section 

conductors to reduce heating during high current measurements 

• Battery and fuse compartment are fully sealed, both internally and 

externally using a patented double seal design 

• Access to battery and fuse is only possible after removing test leads 

• SECUR'X lead locking device prevents leads from being disconnected 

accidentally 

• Safety alarm gives an audible warning if measured signal exceeds 

specified range (10A ac or dc, 750 Vac, 1000Vdc) 

A multimeter doesn't just get used in the laboratory. It is a tool 
that is relied on to work accurately in difficult conditions — without 
endangering the user. 

ITT Instruments have analyzed the crucial elements in a 
multimeter and developed technical solutions for each of them. 

The result is ASYC®, Advanced Safety Concept, a synonym for 
safety and performance. It is your guarantee of safety and 
technological perfection. 

In eh,- ASYC 1[11 
Advanced Safety Concept 
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3. Live Trend mode digital display shows stored value, bargraph shows absolute value lie 
simultaneous display of current and stored values) 
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Kodak's new hi-res 
Photo CD system 

Although the cost of Kodak's new 
Photo CD system may slow its pene-
tration of the consumer market, pro-
fessional graphic arts people are 
very enthusiastic about the high res-
olution electronic images it delivers. 
See our story starting on page 10. 

Launceston's new college 
for air traffic controllers 

On a visit to Australia's new college 
for ATC's in Launceston, Tom Moffat 
was very impressed with their com-
puter simulation system. He also dis-
covered an interesting new 
occupation: driving a radar 'blip'. 
Tom's story begins on page 26... 

On the cover 

It turned out to be surprisingly hard 
to capture the light output of our new 
low cost helium-neon laser (see page 
60) on film, so we asked Federal edi-
tor Carmel Gatt to augment it with 
the glow of her smile. The result is 
pretty impressive, wouldn't you say? 
(Picture by Peter Beattie) 
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LETTERS TO 
THE EDITOR 
Technical education 
Your editorial in the May issue of EA 

really struck a nerve. Being German 
myself, got my education back home, 
and at the same time having been here 
since 1973 (naturalised in 1980), I have 
a good perception of what should be, 
and what should not. 
You are correct in pointing out the 

problems as you see them, and you are 
even more correct questioning the 
scientific and technical eduction in 
this country. 
But it's not just this area of education 

which one needs to question; the whole 
system of education is not geared to 
make us the clever country. 
We have good teachers everywhere, 

and they are neglected, underpaid and 
frustrated. There is a distinct lack of 
equipment in many areas. I have been 
round young people leaving school, or 
having finished their apprenticeship 
and TAFE, not able to assess the basic 
problems they may be confronted with. 

It's not just a question of the system 
either, the real problem is the attitude 
fostered in our society with little regard 
for the country. It's an attitude lacking 
in values necessary to bring Australia 
to the foreground of technology. 
As long as we have inept politicians 

without a vision and only looking from 
one election to the next, as long as we 
have companies with inadequate 
management and not able to recognise 
their most valuable resource, their staff, 
as long as we have a society burdened 
with inefficient and overweight public 
services, as well as some unions still 
living in the last century, as long as 
Australia will knock itself and lack self 
esteem and confidence, we will not be 
able to turn around and make this 
country what it should be. 
People need to realise that the next 

five years will most likely determine 
our future for the next 25 years, a 
whole generation of the population. 
Maybe it's the lack of certain tradi-

tions, which have not been allowed to 
establish themselves, but whatever it is, 
we must recognise in the first instance 
our problems, and the extent of them. 
Solving the problems is not as hard 

as it may seem, it only requires deter-
mination and hard work. The catch is, 

we must also be able to look in the 
mirror and be honest with ourselves. If 
we can't do that, we've lost it already. 
And yes Jim, you are correct, 

anyone in Germany not having a Uni 
degree will have some sort of other for-
mal training. 
Take myself. HSC, Toolmaker by 

trade, studied mechanical engineering, 
accountancy and economics, educated 
myself in electronics. And guess what, 
I can't even get a job. Too old at 45, 
and know too much. 
Keep up the good work. 
Bernd Kalup, 
Landsborough QLD 

Radio Australia replies 
I have some comments on several 

points Tom Moffat made in his column 
'Moffatt's Madhouse' in the May edi-
tion, concerning Radio Australia' role 
in the Middle East War. 

First, was Radio Australia right or 
wrong to broadcast a program by a 
woman claiming that the entire Middle 
East was run by eight ruling families, 
all propped by up the United States for 
its own financial benefit? 
The answer is yes, we do think it is 

right, providing the item is clearly in-
troduced as an independent opinion, 
and that we balance this with comment 
giving other perspectives on the oc-
cupation of Kuwait and the War. 
Radio Australia reflects Australia to 

the world, including all opinions in the 
country as well as some out of it. 
Second, yes Radio Australia has al-

ways tried to remain independent of the 
Australian Government, and has 
developed a worldwide reputation for 
impartiality. We are particularly jealous 
of preserving this impartiality in our 
news and current affairs programs. 
Third, whilst Navy compiled per-

sonal messages for the crews on Navy 
ships in the Gulf, Radio Australia 
produced and presented the programs. 
In a sense, this was a continuation of 
the programs we had run so suc-
cessfully for civil hostages held by 
Saddam Hussein, and the Navy, 
together with special news and current 
affairs about Australia prior to the out-
break of hostilities. 
Finally, Radio Australia does of 
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course operate, as all other divisions of 
the ABC, basically on Australian 
taxpayers' money. It provides for 
Australia a most effective means of 
projecting our image to the Asia/Pacific 
region. Shortwave itself is probably 
technologically of limited widespread 
use. It is a 1930's technology that may 
be around for a while yet, but which 
will inevitably be supplanted. 
We at Radio Australia, are actively 

exploring other means of communicat-
ing our programs abroad, including by 
satellite, television and on-line ser-
vices. By the turn of the century, I 
predict Radio Australia's services will 
be radically different, but we will still 
have the central responsibility of being 
Australia's principle means of project-
ing our image abroad. 

Incidentally, I like best the thought at 
the end of Tom Moffat's column: it is 
much more likely that Australians with 
intellectual curiosity will get a better 
idea of a wide international variety of 
any complex international issue if they 
listen with an open mind to 
shortwave radio. 
Richard Broinowski, 
General Manager, 
Radio Australia, 
Melbourne, VIC. 

Plug packs —bah! 
In my article 'Power Supply to 

Replace Plug Packs' (June 1991), I ac-
cused EA of being guilty of specify-
ing plug packs in projects that had 
plenty of room for an internal supply. 
In that same issue there was a per-
fect example! 

In the DI box project, on page 66, the 
caption even admits that the case ap-
pears to be too big. So why not include 
the power supply, instead of replying 
on unstable plug packs and flimsy DC 
panel sockets? 
As I wrote in my article, there's a 

conspiracy to sell more plug packs. 
Down with 'em, I say. 
Jim Lawler, 
Geilston Bay, TAS. 

Comment: You mightn't like them, Jim, 
but they do have some advantages. 
For the DI Box project, using a plug 
pack minimised the chances of hum in-
jection from stray magnetic or electric 
fields, from the power transformer or 
mains wiring— an important considera-
tion for audio circuits working at low 
signal levels. 

A plug pack also makes a safe power 
supply for beginners' projects, as it 
keeps dangerous mains voltages well 
away from the rest of the circuitry. • 

EDITORIAL 
VIEWPOINT 

Correcting a few furphies about 
those compact fluorescent lamps 

I think you might find the subject of this month's Forum column rather 
interesting and topical. It's about the new compact fluorescent lamps, and 
whether they save as much power and are as environmentally friendly as is 
claimed. 
What prompted me to tackle the subject was the somewhat garbled stories 

I've been reading about these lamps, in various magazines and newspapers. 
Even one of the well-known and respected scientific magazines carried a 
story containing some obvious technical blunders, showing that the subject 
really needed some urgent clarification. That's exactly what I've tried to do, 
after arming myself with as much accurate technical information as possible 
— both from Philips, the main developer of the new lamps, and from some 
experiments of my own. 
Hopefully this column will clear up at least some of the confusion, and 

you'll find it helpful in making your own decision about using the new 
lamps. 
Having now looked into them fairly thoroughly, I do believe that on the 

whole, they're a very significant step forward in terms of saving energy. But 
they're probably not the ' ultimate' lamp; as you'll read in the column, they 
share a problem with many other modern electronic appliances — a problem 
that needs to be solved. They also take a good minute or so to reach full 
brightness, and like ordinary fluoro's they don't like being switched on and 
off frequently. So they're not really suitable for applications that involve 
turning a lamp on for only a short time... 
But make no mistake. They do save energy as claimed, and by a significant 

factor of around five times compared with a standard incandescent. 
Hopefully after you've read the column, you might be in a position to 

clarify the true pro's and con's of the new lamps for your friends. There's still 
a lot of confusion out there, among non-technical people — only the other 
night, I was relaxing with the family, watching the popular TV programme 
Burke's Backyard. After a short segment introducing the lamps and explain-
ing their energy saving feature, presenter Don Burke virtually demolished 
their image in viewers' minds by adding a comment along the lines that " But 
we've just been advised that tests have shown these lamps to use about four 
times their rated power". 
Needless to say yours truly was then heard to proclaim a terse and rather 

crude expression, likening Don's comment to bovine excreta — much to the 
surprise of the family! If I hadn't already written this month's Forum, it 
would certainly have spurred me into writing it... 

Jim Rowe 
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What's New in 

VIDEO and AUDIO 
Professional CD player 
The new Barco EMT 981 Professional 

CD player is designed for professional 
broadcast and post production applica-
tions, offering flexible control and 
monitoring facilities which make it 
suitable for integration into automated 
programming systems. 
The CD player features an ergonomic 

layout of controls and displays with 
large illuminated push buttons, rotary 
controls and large, high contrast dis-
plays. Operating functions include: 
switchable edit/online modes, cue mode 
for exact cueing with repeated segments, 
auto cue, auto stop, +/- 10% varispe,ed, 
and comprehensive time display modes. 
A LED display indicates disc or track 
time, elapsed or remaining time, total 
time, and time to end of modulation. 
The EMT981 provides access to any 

location on disc by tracks, index or time. 
Rapid track selection is made possible 
with a stepped selector dial which per-
mits next/previous track and index 
selection. The `take memory' function 
permits storage of four takes, enabling 
single step or sequential playback of 

takes, go to and loop functions. A jog 
wheel is provided for time positioning, 
fast forward and cue, while a 'pre-listen' 
feature enables automatic return to the 
starting position or to the last seven 
seconds of a track. Comprehensive 
remote control facilities are included in 
the Barco EMT981 to enable remote 
fader start, connection of dedicated 
remote control units and external dis-
plays, and computer remote control via 
an RS232 interface. Electronically 
balanced analog line outputs with 16 bit 
four times oversampling are provided 

for left, right and optionally mono sig-
nals, adjustable from -10 to +21dBu. An 
AES digital output is also provided with 
word clock output and digital sync input. 
An independent monitoring section with 
a built-in stereo headphone amplifier is 
included, together with a monitor 
loudspeaker with integral, switchable 
compressor. 
For further information, circle 181 on 

the reader service coupon or contact 
Amber Technology, 5 Skyline Place, 
Frenchs Forest 2086; phone (02) 975 
1211. 

Acoustimass 3 now 
available in white 
Bose Corporation's Acoustimass 3 

speaker system is now available in white 
as well as the original black. Claimed to 
be the world's smallest three-piece 
loudspeaker system, it now includes two 
white speaker enclosures — small 
enough to fit into the palm of one's hand 
— and a white bass module the size of a 
shoebox. 
Through the innovative Bose Acous-

timass technology, this virtually 
'invisible' speaker system produces 
lifelike and spacious stereo sound with 
the bass, power handling and dynamic 
range of a much larger system. 
These small enclosures, measuring 

110 x 110 x 90mm and weighing 500 
grams each, produce the high and mid 
range frequencies. Operating in a range 
above 200Hz, each speaker contains a 
single long-throw 60mm wide-range 
transducer specially designed by Bose. 

Each driver is magnetically shielded for 
audio/visual applications. Measuring 
200 x 200 x 360mm and weighing 7kg, 
the Acoustimass 3 bass module provides 
the low frequency energy for the system. 
It can be hidden almost anywhere in a 

room, including under furniture. Sound 
waves of an Acoustimass system are 
launched into the room by two acoustic 
air masses. 
The white Acoustimass 3 system 

retails for $829. 
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'Sequel Il' speakers 
from Martin Logan 
The Martin Logan Sequel II 

loudspeaker system is claimed to repre-
sent the culmination of a research pro-
gram that aimed to produce a world 
class monitor, using leading edge tech-
nology. 
The Sequel II is a hybrid electros-

tatic/woofer design that is constructed 
and trim finished in selected hardwoods. 
The cabinet is constructed from special 
high density hardwood powderboard 
and finished in nextel suede paint. The 
curvilinear electrostatic panel is claimed 
to be one of the most durable and reli-
able electrostatic transducers available 
today. The electrostatic membrane is 
only 12.7um in thickness and uses a 

proprietary nylon/delrin polymer 
membrane coated panel which can be 
driven by amplifiers with outputs of up 
to 200W continuous. The electrostatic 
panel extends from 100Hz to beyond 
24kHz (+ or -2db) and the woofer sec-
tion extends to below 28Hz. Sensitivity 
is claimed to be 89dB/1m, making it 
well suited for amplifiers from the 80 to 
200 watts/channel. Impedance is stated 
at 8 ohms, with a minimum drop to 2. 
The Sequel Ils stand 6' x 14" wide and 
weigh 1101b each. They are covered by a 
three year optional limited warranty and 
have a recommended retail price of 
$8295. For retail enquiries, contact The 
Audio Connection on (02) 708 4388. 

New CD players 
offer improved sound 
Yamaha has introduced the first three 

models in a new line of compact disc 
players which feature ` S-Bit Plus' tech-
nology and are claimed to provide more 
natural music reproduction, better 
dynamic range and signal-to-noise 
figures than previous single bit models. 
The new models are designated CDX-

1050, CDX-750, and CDX-550 and 
range in price from the flagship $999 to 
$499. S-Bit Plus is the name Yamaha has 
given to a group of enhancements to the 
company's `S-Bit', single-bit, digital-to-
analog conversion. S-bit first appeared 
on the company's CD players in 1990. 
The core of S-Bit Plus is a proprietary 

digital-to-analog converter developed by 
the company's engineers. 
The 'Independent Pulse Density 

Modulation' DAC is said to produce 
pulse waveforms more precisely than 
previously available converters, by inde-
pendently using two pulses as amplitude 
rather than attempting to reproduce the 
double-width pulse. In addition to the 
improved fidelity achieved by the 
proprietary new I-PDM DACs, S-Bit 
Plus also incorporates second order 
noise shaping and an eight times over-
sampling 20-bit digital filter. 

In addition to S-Bit Plus, Yamaha's 
flagship player, the CDX-1050, incor-
porates 'Twin Balanced Processing', 
which uses two DACs per channel — 
one normal and one reverse phase. 

Clock radio 
with a difference 

Philips has found a way around the 
not-always-reliable method of leaving 
reminder notes on the fridge. 
The firm's new AJ3800 is an AM/FM 

clock radio with a difference — it has an 
inbuilt cassette recorder/player. 
You can choose to wake up to your 

favourite radio program, to a persistent 
buzzer, to your favourite musicassette, 
or a recording to remind yourself of the 

tasks you've set down for this day. 
Philips has also given the AJ3800 a new 
fold-away LED time display, which can 
be angled for a perfect pillow viewing. 
Naturally, there is a power back-up to 
keep track of time if the clock is discon-
nected or electricity fails. The wake-up 
mode is selected with a sliding switch 
and you can reset the alarm to catch an 
extra nine minutes snooze. 
The AJ3800 retails at around $99.95 

and is just one of the dozen clock radios 
in the current Philips range. 
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VIDEO & AUDIO 
Fairlight ESP shipping 
digital audio systems 
Sydney-based digital audio/video 

specialist Fairlight ESP has begun ship-
ping its new MFX digital audio produc-
tion system to dealer worldwide. 
The Fairlight MFX is a digital multi-

track disk recording and editing system, 
designed for audio post production. The 
system was previewed at NAB, Atlanta 
1990, and shown at AES Los Angeles 
last October and at the NAB at Las 
Vegas in April. 

Fairlight pioneered the digital audio 
workstation, introducing sound sam-
pling, waveform editing and real-time 
music sequencing. According to 
Fairlight's David Hudson, "MFX is the 
next logical step in the gradual change-
over to the all-digital production facility. 
MFX takes advantage of existing analog 
facilities, whilst capitalising on areas 
where digital technology has the un-
disputed ege — sound design, archiving, 
editing, and synchronising to picture." 
The Fairlight MFX provides 24 tracks 

of digital recording and editing and fea-
tures an intuitive user interface with the 
familiar feel of a multitrack during 
recording operations. The MFX console 

uses push buttons and a jogger control 
for all functions, eliminating the need 
for 'mouse-and-screen' editing, with a 
friendly menu system for all commands. 
A large, easy-to-read colour screen and 
LCD panel display 24 tracks of audio, as 
well as system options and status. 
Two AES/EBU digital inputs and out-

puts are provided with the MFX system, 

together with two 64 times oversampled 
analog inputs and 24 analog track out-
puts. MFX offers 16 tracks of simul-
taneous playback and supports up to six 
disk drives, each providing 215 minutes 
of track time at 44.1kHz, for a maximum 
of 21 hours storage. Back up is provided 
by an Exabyte 2.2 gigabyte, 8mm drive, 
storage both audio and edit data. • 

We'll show you everything from 
notebook computers to mid range 
solutions at the BIGGEST 
COMPUTER EVENT IN 
QUEENSLAND'S HISTORY. 

2 BIG EVENTS ON AT THE ONE TIME - RNA SHOWGROUNDS, BRISBANE. 
011111111. THE PC SHOW 

MUM 

mm. 
MCI= * e 
QUEENSLAND . 

COMPUTER  • 

EXPO 1991 • 

PCs and laptops 
Software 
Printers and plotters 
Communications 
CAD/CAM products 
Ergonomic furniture 
Computer books and publications 
Consumables 

• Computer training 

CAM111111 

MUM 
CirIMB 
lama] 
QUEENSLAND  

DATA  

PROFESSIONALS 

EXPO 1991 

THE CORPORATE SOLUTIONS SHOW 

• Mid range systems 
• Unix workstations and new generation 386 
and 486 PCs 

• Multi-user and Networking systems 
• Data communications 
• Unix and Pick software solutions 

• Vertical market products 
• Storage systems 
• Graphics 

THE Q(JE.EWSLAATEI 
CC)ile.FPUTER EVENT 

77-11E YEA/ 

2nd - 5th October. Open lOarn each day. 
RNA SHOW-GROUNDS, BRISBANE. 
Admission $5 - INCLUDES BOTH SHOWS. (Data Professionals Expo open only to business 
people over the age of 18.) Organised by: Queensland Exhibition Services. Phone (07) 345 8800. 
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Unclear whether to buy VHS,VHS-C or 8mm? 
This free book gives you simple direction. 

IThe clear guide to buying a video camera. 

HITACHI 

If you can't tell one end of a video camera from the 

other (let alone which one is good for what) send for 

Hitachi's free book instantly. It focuses on everything you 

need to know about video cameras. 

The difference between formats VHS, VHS-C, 8mm and 

why. What to look for in the store. And the sort of 

questions you should be asking. 

And we're not biased towards any one format because 

we're the first in Australia to offer all three. 

Call us now, toll free, on (008) 032 689 or mail the coupon. 

r Please send your free video camera book. 

Name   IAddress   
  P/Code  

To: Hitachi Sales Australia Pty Ltd 
PO Box 213, Moorabbin, Victoria 3189 

HITACHI 
VC 

VIctona (03) 555 8722 New South Wales (02) 666 3088 Queensland (07) 260 1344 South Aust. (08) 347 1234 Western Aust. (09) 277 9855 Tasmana (002) 72 5651 
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KODAK'S NEW 
PHOTO CD SYSTEM 
At a photographic exhibition in Sydney earlier this year, Kodak demonstrated a technology that 
could, on the face of it, change the entire process of traditional photo taking, processing and viewing. 
But, for Kodak, the 'golden prize' would seem to be not only the family snapshooter's business, but 
that of the desktop publishing and presentation companies. 

by BARRIE SMITH 
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For the consumer, this is the way that 
Kodak's new Photo CD system works: 
You begin by shooting your roll of 
colour film (negative or transparency), 
with any 35mm camera. 
Then, you amble down to the nearest 

mini lab for a little developing and 
processing. While there, a request can 
be made, not only for the usual album 
prints, but to have the entire roll 
transferred to video compact disk — a 
Photo CD. 
The photofinisher, having outlaid 

$100,000 for his CD work station, will 
then 'read' the roll of processed negs or 
slides. The frames of film are ' written' 
as digitised pictures onto a Photo CD. 
The customer then collects his Photo 
CD — and his prints. 
Once home, the customer turns on 

the domestic Photo CD player, inserts 
the disk and plays the family snapshots 
on the TV. 
Should the customer need to shoot 

and have processed more rolls of film 
he goes through the same process, but 
without the immediate need to acquire 
additional Photo CD disks. Each disk 
can store up to 100 full colour 35mm 
images, and can be `topped up' with 
additional ones at any time. 
And the cost? Aside from the mini 

lab's not inconsiderable investment, it's 
predicted that the first roll of 24 ex-
posures could be imprinted onto a 
Photo CD for about A$30. For this you 
get the disk — and enough room for 76 
more images. Subsequent additions of 
more pictures should be around $10 per 
roll. The Photo CD player itself should 
cost around $800. 
When will we be enjoying all these 

wonders? 
It's expected that Photo CD will be 

launched in the US around June of 
1992. Soon after, depending on retail 
acceptance and completion of installa-
tions, we should see it in Australia. 
Obviously for the retail consumer 

market, the success of the scheme will 
depend on the willingness of lab 
operators to spend the hundred grand, 
and for the consumer to outlay 
nearly a thousand dollars to relish the 
pleasure of seeing his home made im-
ages on the lounge room TV — pic-
tures he now views simply by opening 
the family album. 
But Kodak can see far past the retail 

consumer market. The demand for 
colour business desktop publishing 
(DTP) systems is exploding: 99% of 
Fortune 1000 companies have installed 
DTP systems with colour monitors; in 
1990 more than 30% of these pur-
chased colour printers; and colour 

copiers alone are expected to generate 
nearly a billion dollars in sales in 1992. 
Software applications in DTP are 

now being joined by sophisticated 
programs for Desktop Video — not 
only for preparation of the actual 
page/screen or document, but for 
precise manipulation of the colour im-
ages contained within them; and the 
cost of this software and its accom-
panying high level hardware is falling. 
Until now the usual method of incor-
porating colour images into DTP or 
DTV has been via the scanner — even 
in its most elegant form, an inadequate 
answer to the task. 
Another path has been to install a 

video frame capture board or 'grabber', 
and take images from a video source — 
with the inherent quality limitations of 
the broadcast line structure. 
A digitised colour photograph can 

call for a file size of 18MB of computer 
storage — but most computers have 
hard disks of less than 100Mb; addi-
tionally, scanners capable of inputting 
this file size can cost up to 10 times as 
much as a typical personal computer. 
Another problem in DTP and DTV is 

the lack of colour consistency across 

input and output devices. The colours 
created or selected via the phosphors of 
a computer monitor are rarely similar 
to those produced by printing inks or 
photographic dyes. 

Kodak's strategy 
With probably more experience in 

imaging systems than any other com-
pany, Kodak has developed core tech-
nologies which span two areas: Photo 
CD as both an acquisition and storage 
system. This uses a low cost storage 
medium — write-once CD disks, com-
patible with CD-ROM XA drives and 
CDI players. 
Using optical storage overcomes the 

storage limitations of magnetic media, 
as well as addressing cost and consis-
tency factors. 
Communication and control of 

colour will be conformed by means of 
PhotoYCC, a device- independent 
colour interchange specification which 
organises colour consistency from 
device to device. 

Currently, there is no industry stand-
ard for defining colour — put simply, 
one system (computer, scanner, printer) 
may not know what another system 

With the Photo CD system, customers taking an exposed film Into the 
photo-finisher can receive a CD with electronic images of their shots on it, in 
addition to the normal transparencies or negatives and prints. 
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Kodak's Photo CDs 
defines as red, or blue or green. 
PhotoYCC would allow image files, 
programs, displays, printers, proofing 
systems and — most importantly — 
printing presses to retain a consistent 
colour record. What you saw, would be 
truly what you would get. 
Kodak has been hard at work 

promoting its own range of PhotoYCC 
range of scanners, colour printers and 
other digital devices. By making Photo 

CD the carrier, programs and devices 
will benefit from support of 
PhotoYCC. The standard, incidentally, 
is being offered to industry as a no-
cost, public domain product. 

The system 
The key components of the Photo CD 

system are these: 
• A photofinishing work station, based 

on a film scanner, developed and 
manufactured by Kodak — plus a 
computer produced by Sun 

Here's a sample of the print quality which can be produced from a Photo CD image 
file, reproduced directly from a thermal print (same size). Resolution is excellent, 
and few people would recognise that they are viewing an 'electronic' image. 

Microsystems, and a Philips Photo 
CDdiscwriter. 

• The scanner reads both 35mm slides 
and negs — later options may in-
clude other film sizes. The scanner 
has three parallel linear CCD arrays. 
Reading across a frame, each array 
captures 2048 pixels at high speed; 
this yields 18 megabytes of informa-
tion per frame. 

• The scanned information is then 
passed onto a Sun SPARCstation for 
compression, and for colour and 
density corrections: 18MB slims to 
6MB, allowing 100 full colour im-
ages to be stored on a 600MB Photo 
CD disk. The 3:1 compression chore 
takes about 6 seconds. 

• (By contrast, current DTP image ac-
quisition devices only capture 
0.5MB to 4.5MB per frame.) 

• Each disk is packaged like current 
audio CDs — in a plastic `jewel 
case'. The liner of the case, how-
ever, shows a thermally produced 
thumbnail picture index of the disk's 
contents. 

• A new Photo CD player, made by 
Philips, and able to play not only 
audio CDs, but also the new photo 
CDs. The players will be fully com-
patible with PAL, NTSC and 
SECAM — and any future HDTV 
formats. 

• Blank, recordable Photo CDs, made 
by Kodak. Each is capable of hold-
ing 100 full colour images. 

• New, higher quality thermal printers 
and paper made by Kodak. 
The system has been in development 

for 18 months, and is only one of many 
Kodak initiatives to link silver and 
electronic imaging technologies. 
Features include: 
• The ability to create disc `albums' 

from any 35mm original: colour or 
monochrome negs and slides. 

• Users can obtain high quality prints 
from the Photo CD itself, using it as 
an electronic picture file. 

• Access to high quality TV images 
derived from a 35mm camera is pos-
sible. 

• Photo CDs will be compatible with 
the soon to be released CDI (Com-
puter Disc Interactive system) 
developed by Sony and Philips. 

• Compatibility with CD ROM XA 
drives — meaning any PC linked to 
one can replay a Photo CD, and ac-
cess the digitised images. 

• The consumer can still have his 
`happy snap' prints made at the local 
mini lab, but the system provides 
him with a route to video and com-
puter imaging technologies. 
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Kodak's 'Create-A-Print' unit allows 
consumers to make their 
enlargements from a 35mm negative. 

At the demo 
At the Sydney demonstration, two 

Kodak executives from Rochester, New 
York steered the Photo CD player 
through a sample disk produced from 
images captured with a variety of still 
cameras — conventional 35mm SLRs, 
compacts, even a disposable 'Fling' 
were used to record shots of beach 
girls, young bike riders and tourist sites 
in the West Indies. 
The films used ranged from the high 

resolution Ektar 25 to ISO 125 and 400 
speeds. The colour in all of the pic-
tures, as observed on the video 
monitor, was more than acceptable. 
The disposable camera's image dis-
played lower definition than the others, 
as you'd expect. But one shot taken 
with Canon's Ion still-video model 
came in at an even lower level. 

In operation 
The disk is a familiar 120mm in 

diameter, and is coloured a rather 
glamorous gold — reputedly to en-
hance signal retrieval quality. 
Once it's loaded into the player, a 

remote controller is used to select the 
frame number you want to view. Within 
a second or two up comes the full 
colour image. 
To navigate your way around the 

Photo CD you consult the sleeve liner, 
which is imprinted with a mini grid of 
all the pictures on the disk. Each has an 
index number, showing each frame's 
position on the roll of film — and on 
the disk. 

Once displayed the image can be 
manipulated: re-framed, a detail 
zoomed up, or cropped or re-posi-
tioned. Leaving each frame, the 
player's memory stores the display 
settings for any subsequent replay. 

Vertical pictures incompatible with 
TV's 3x4 landscape format may be re-
framed and zoomed up to 16 times 
— or reduced so that the entire vertical 
image is shown against grey outer bor-
ders. Running the stills in forward se-
quence produces a slide show, as each 
frame progresses via a two second wipe 
to the next. 
Each frame has an index number on 

the disk, so you can instruct the player 
to delete or ' forget' any particular 
image. 
Perhaps you've taken some out of 

focus, or badly composed shots you're 
too embarrassed to show — a simple 
deletion of the image's address, and 
your status as an expert photographer is 
restored. If needed, this 'forgotten' 
frame can be restored to the full index 
list at a later time. 

Apart from having a gold coloured 
metallisation, Photo CD discs are 
virtually identical with audio CD's. 

Market prospects 
Kodak claims there are currently 250 

million 35mm cameras in use 
worldwide. These produce more than 
85% of the 50 billion photos taken each 

Another sample of Photo CD image quality, reproduced as before at 100% of 
actual size (but cropped), directly from a thermal print. 

ELECTRONICS Australia, September 1991 13 



Kodak's Photo CDs 
year. Today, in terms of computer 
image manipulation as a gateway to 
desktop publishing and video, there are 
a number of immensely capable, and 
far from expensive, photo retouching 
software applications available, both in 
IBM and Macintosh formats — Adobe 
Photo Shop being just one of them. 
Using Photo Shop, Rochester's Matt 

Freund demonstrated how a colour 
image, originally shot on 35mm colour 
negative and retrieved from the Photo 
CD, could be enhanced on a Mac II 
computer. 
The size was changed, to a degree 

not possible before with digitised im-
ages: at sizes from 300 to 600% no sign 
of definition or colour loss was evident; 
at 1200% colour and detail were as the 
original, but because of the degree of 
cropping available the format (vertical 
or horizontal) could be selected at will; 
only at a magnification of 24 times 
could evidence could be seen of the 
image starting to display its pixel struc-
ture — but the grain of the original sil-
ver image was already evident. 
An area of the image was traced, and 

its hue, saturation and contrast 
changed; blemishes and creative 
retouching were accomplished — 
simply and completely. 

I watched as a facial blemish was 
removed from the model's face, and a 
scratch on the original negative 
obscured. 
These chores took seconds. After 

manipulation, a printout was made, via 
Kodak's new thermal printer. The 
quality — a year before launch — is 
remarkable. 

Direct comparisons 
Matt Freund and his US associate 

Steve Kristy showed direct com-
parisons of images printed on conven-
tional Ektacolor photographic paper — 
and the new thermal paper. Three prints 
were shown — one printed direct from 
an original Kodacolor 100 colour neg 
of a girl, then via Photo CD and on to 
photographic paper. These two were 
virtually identical. 
Then a thermal print made from the 

same image was shown, and here a 
drop in definition was evident: the 
colours were not as faithful, being a 
little over-saturated. But these com-
ponents are adjustable. 
The resolution of the thermal prints 

was given as 200 pixels per inch; that 
of photographic paper, 500 pixels. Each 
pixel carries a mix of three colours, 
each of which is varied over a range of 
256 different levels. 
One artefact which gave away the 

Using Kodak's Photo CD workstation, the photo-finisher can transfer each image 
from a film transparency or negative onto a CD, cropping and enlarging as 
desired. Up to 100 images can be stored on a single disc. 

conventional print was a slight lack of 
edge sharpness — even the best enlarg-
ing lenses have aberrations. The ther-
mal print, however, was sharp edge to 
edge. Does this mean, that whilst silver 
imaging will enjoy a secure place in the 
future of image processing, the tech-
nology of glass lenses' days are num-
bered? 

Access for developers 
Two Eastman Kodak software 

products will encourage the use of 
Photo CD images in computer applica-
tions — a development toolkit, and a 
Photo CD accessory. 
The toolkit will make it easy for 

developers to integrate Photo CD im-
ages into software applications, allow-
ing programmers to transfer images 
from a CD-ROM XA drive to a host 
computer, and select them by index 
number at any of, four resolutions be-
tween 128 x 192 pixel preview resolu-
tion and 2048 x 3072 pixel full 
photographic resolution. Full images, 
or any rectangular portion, can be dis-
played on the host monitor over its full 
screen area, or within windows. 
The toolkit is already available. 
The Photo CD accessory gives end 

users access to, and control of, the im-
ages in applications not originally 
designed with Photo CD capability. 
This permits the operator to: 
• Scan the contents of a Photo CD, 

either as an index or as a montage of 
images; 

• Select an image or sequence of im-
ages for display in a separate win-
dow; 

• Zoom, pan or scroll; 
• Copy a portion of an image to a clip-

board, then paste it into image-
capable software (e.g., MS Word, 
Adobe Photoshop or a DTP pack-
age); 

• Save a portion of an image in 
popular file formats — including 
TIFF and EPS. 

Support 
Photo CD technology has already 

received support from companies such 
as Adobe Systems, Aldus Corp, Apple 
Computer, Hewlett-Packard, Macro-
Mind, Olivetti, Oracle, Sun Systems, 
Truevision Inc and so on. 
John P. White, VP and GM of the 

Integration and Systems Products 
Division of Eastman Kodak is quoted 
as saying: "As leading vendors of 
desktop hardware and software 
embrace Photo CD technology, 
photographic imaging on the desktop 
will become commonplace". • 
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BWD604 MINI-LAB By IW Van Instruments u) 

Seven Instruments in One: 

13MHz Function Generator with AM 
and FM Modulation 

30 MHz Counter/Frequency Divider 

Power Operational Amplifier 

Bipolar Power Supply, lAmp, -±- 15V 

Dual Adjustable Power Supplies, 
lAmp, + 15V and - 15V 

Fixed 5Volt, 3Amp Power Supply 

31- Digit Volt, Ohm and Amp Meter 

with True RMS AC indication 

Excellent value and small bench 

footprint (328mm x 240mm) 

VIC/TAS: McVan Instruments, 58 Geddes St, Mulgrave 3170, Ph: (03) 561-2888 Fax: (03) 560-1164 
Nilsen Instruments, 200 Berkley St, Carlton 3053, Ph: (03) 347-9166 Fax (03) 348-1717 

QLD: L.E. Boughen, 33 Railway Tce, Milton 4064, Ph: (07) 369-1277 Fax: (07) 368-3193 
S.A.: Trio Electrix, 177 Gilbert St, Adelaide 5000, Ph: (08) 212-6235 Fax: (08) 231-1685 

W.A.: Warbuton Franki, 38 Hargreaves St, Belmont 6104, Ph: (09) 479-4766 Fax: (09) 479-4884 
N.S.W.: Kenelec, 99 Kenney St, Wollongong 2500, Ph: (042) 29-1455 Fax: (042) 28-5330 

Tech-Fast, 148 Maxwell St, Turramurra 2074, Ph: (02) 988-3865 Fax: (02) 988-3861 
Nilsen Instruments, 25-27 Paul St Nth, North Ryde 2113, Ph: (02) 888-8777 Fax: (02) 887-1283 
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eltEc n *91 
IREECON THE "SMART" CONVEN1-1ON 

INI-RODU CES THE "SMART BADGE" 

CALL US! 

EXHIBITION DATES — Tue., Sept. 17 to Fri., Sept. 20, 1991 
Under 15 years of age not admitted 

FREE Visitor Trade Passes 
AVAILABLE through 

The Institution of Radio and Electronics Engineers Australia 
Commercial Unit 3, Edgecliff Court, 2 New McLean Street 
(PO Box 79), Edgecliff NSW 2027 — Phone (02)327.4822 — Fax (02)362.3229 

SYDNEY 
CONVENTION AND EXHIBITION 

CENTRE 
DARLING HARBOUR 
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SHORTWAVE 
LISTENING by Arthur Cushen, MBE 

Broadcasters appreciate listeners' views 

International broadcasters have a problem in evaluating whether programme services provided are 
appreciated by listeners, as surveys are very expensive. It is only by mail from those tuned to the 
broadcasts that they can gauge the popularity of particular items carried in their transmissions. 

On the medium wave band, lis-
teners in Australia and New Zealand 
are aware that commercial stations 
carry out surveys from time to time. 
These are designed to prove to the 

advertiser that they are tuned to by 
more listeners in their target area, 
whether it be a geographical location 
or an age group. 
Based on these research figures, 

they are able to show advertisers the 
popularity of their programming. 
However, international shortwave is 
in a different category. 
The cost of initiating surveys is very 

high, the number of respondents who 
listen to shortwave is not a complete 
population, and generally most inter-
national stations combine to survey a 
country which they fund collectively. 

In recent years, there has been a 
pronounced request from broad-
casters asking for comment about 
programme content. Last month we 
loked at rating the strength of the sig-
nals from the stations, but listeners 
should also rate the content of the 
programmes they hear. 
Almost 80% of shortwave listeners 

are programme listeners, that is, they 
tune to the news from London, folk 
music from Moscow, entertaining 
programmes from the United States, 
gospel broadcasts from Ecuador, 
Pacific Island music from New 
Zealand or popular programmes from 
Radio Australia. The broadcasters 
therefore would appreciate listeners 
comments. 

News is the leader 
A well-tried programme format is 

gradually being adapted by interna-
tional stations. For instance, an 
English broadcast from an internation-
al station should be 30 minutes in 
length. Those of a lesser time fail to 

give adequate coverage of news and a 
specialised topic. 
Another concern of international 

broadcasters is presenting program-
mes on a monthly or fortnightly basis. 

Often the listener fails to remember 
which day of the month the 
programme is from the Red Cross, or 
the DX Session from Radio Sweden. 
This applies to all programmes which 
are not broadcast on a weekly basis. 
Radio New Zealand International, 

which recently introduced its Mailbox 
every second week, has overcome 
this problem by running an alternative 

programme on the other week. This 
way, the casual listener still can be 
advised of the next time his favourite 
programme is on shortwave. There 
are other essential features of the 
programme that th 'e broadcaster must 
not change. New broadcasts must al-
ways appear on the hour, because of 
all the information listeners are seek-
ing, worldwide news takes priority. 
There is interest also in other sta-

tions which feature regional news — 
you can hear such news from Latin 
America, North America, Asia and 
Europe. 

AROUND THE WORLD 

AUSTRIA: Vienna has retimed its English broadcast to Australia and is now heard 
at 1030-1100 on 15450 and 21490kHz. Two other transmissions received are 
0730-0800 on 6155 and 13730kHz; and 1130-1200 on 15430 and 21490kHz. 
Austrian Panorama, the weekly programme for shortwave listeners is now carried 
on Sundays at 1030 and 1130 on the frequencies listed above. 
GUAM: The latest English schedule for KT\A/R, which carries gospel programmes 
is 0800-0912 Friday, 0800-0927 Saturday-Thursday on 15200kHz; 0827-0957 on 
11805kHz; 1458-1636 Monday-Saturday and 1458-1701 Sunday on 11650kHz. 
NEDERLAND: Radio Nederland Hilversum has extended its English transmission 
to Australia and New Zealand from Bonaire. The transmissions are: 0730-0825 on 
9630, 9715kHz; 0830-0925 to 9630kHz: and 0930-1025 on 11895kHz. The 
former English transmission at 1030 on 11890kHz is now carrying the Dutch 
broadcast to Australia. 
NEW ZEALAND: Radio New Zealand International, with its transmission at 
1800-2200, is using 13785kHz, while the other broadcasts 2200-0700 is on 
17770kHz and 0700-1210 on 9700kHz. 'Mailbox' with Tony King is heard every 
two weeks — on Monday at 0430, Thursday, at 0830 and Friday at 1930. 
ZLXA, Print Disabled Radio Levin, has extended its service on shortwave and is 
heard on 3935kHz for six days a week. The schedule is Sunday 0600-0900 and 
Monday-Friday 0630-1000. 
SWEDEN: Stockholm has retimed its English broadcast to Australia and is heard 
at 1130-1200 on 11960, 17740 and 21570kHz, while a further broadcast at 
1300-1330 is on the same frequencies. During our afternoons, the North 
American Service also can be received at 0200-0230 and 0330-0400, with both 
transmissions on 9695 and 11705kHz. 
VATICAN: Vatican Radio, after many years of broadcasting in English at 2210 for 
Australia, has retimed this service to 2245-2315. There has also been a change of 
frequency, 9600kHz, being replaced by 15105kHz; while the other channel is 
11830kHz. 
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When you send off a reception 
report to a radio station, please give 
them some idea of the programmes 
that you enjoyed. After all, your mail 
is the only link they have with their 
listeners. Remember that when it 
comes to Government funding of an 
international station, they need proof 
of the popularity of their broadcasts to 
remain on the air. 

Radio Nederland uses SSB 
The future of international broad-

casting is very much under treat be-
cause of the over-crowding of the 
shortwave bands. To overcome this 
problem, the World Administration 
Radio Conference has decided to in-
troduce single sideband (SSB) broad-
casting, around the year 2015. 
This is forcing broadcasters to ex-

periment with this type of transmis-
sion. Already, Sweden and 
Switzerland have carried out tests on 
SSB, but some of these tests have not 
been using the full SSB mode of trans-
mission, so it is possible to receive the 
signals on a radio which does not 
have SSB facilities. 
Radio Nederland is now carrying 

out tests on ' compatible single 
sideband'. This transmission to North 
America occurs at 0030-0125UTC, on 
15560kHz. The broadcasts originate 
from Bonaire in the Caribbean, and 
the transmission will be on upper 
sideband. But it should also provide 
reasonable reception on any 
shortwave receiver not equipped with 
SSB facilities. With the lower 
sideband suppressed, listeners using 
an ordinary portable radio may find 
the signal a little distorted. These 
tests will continue until September, 
when a decision will be made con-
cerning future use of compatible 
single sideband. 
The Frequency Section of Radio 

Nederland, PO Box 222, Hilversum, 
Holland is keen to have reception 
reports on this test broadcast, and lis-
teners should compare the signal to 
those of others received on the same 

1 This item was contributed by 
Arthur Cushen, 212 Earn St. Inver-
cargill, New Zealand who would 
be pleased to supply additional in-
formation on medium and 
shortwave listening. All times are 
quoted in UTC (GMT) which is 10 
hours behind Australian Eastern 
Standard Time. 

band. These tests on SSB from several 
countries are in preparation for the 
World Administration Radio Con-
ference next year, when the decision 
will be reviewed concerning the suc-
cess or otherwise of trials on SSB 
operation. 

Radio Canada suffers 
budget cuts 
A budget cut from $20m to $ 12m, 

staff reduction from 195 to 93, the 
ending of all special programming in 
French and English, and the reduction 
of many other foreign languages - 
these are part of the re-structuring for 
Radio Canada International. The 
Canadian Government was forced to 
take over the operation of the 
shortwave service. 
The Canadian Broadcasting Cor-

poration has at last made its decision, 
which has caused concern at the 
Montreal studios. The cost is es-
timated at . 75e per Canadian to keep 
the full service in operation. How-
ever, the External Affairs Department 
is now funding the Montreal opera-
tions at almost half the previous 
budget. The reduction in languages 
means that no longer are there broad-
casts in Japanese, German, Czech, 
Slovak and Hungarian. Polish and 
Portugese have also been cancelled, 
while broadcasts in Russia have been 
reduced in output. 

Canada will still continue to broad-
cast in Ukranian, Arabic, Chinese, 
Spanish, English and French. The 
English and French broadcasts will be 
a relay of the CBC Domestic Service; 
no longer will Canada be providing a 
direct overseas programme for its lis-
teners. The resulting staff reductions 
have meant that many people in these 
language services have left Montreal. 
l'an McFarland, well known as the 
presenter of ' Listeners Corner' and 
'Shortwave Listeners Digest' has gone 
to Japan, where he has been broad-
casting in the English service of Radio 
Japan in Tokyo. 
Despite these reductions in 

programming, the actual schedule of 
Radio Canada International remains 
almost unchanged. Broadcasts in 
English which are best received in the 
South Pacific are at 0400-0430 on 
15275kHz; 0515-0600 Monday to 
Friday on 0605, 6150, 7295, 9750, 
11775 and 17804kHz; 2130-2200 on 
11880, 13670, 15150 and 17820kHz; 
from 2200 on 9755, 13670kHz; and 
through Radio Japan relay on 
11705kHz. 

KLI .M 

60,000,000 
aerials later. 

...Europes' Fracarro have perfected 

their television antenna designs to maximise 

gain, whilst keeping cost to a minimum. UHF 

Yagis from $ 19*, 4 element Phased Arrays at 

$29*, plus a huge range of quality diplexers, 

amplifiers, & filters. *plus sales tax. 

Request our introductory brochure today! 
Limited stockist opportunities available. 

Peter C. Lacey Services Pty. Ltd. ACNO08893438 
74 Fulton Rd. Mount Eliza 3930 Tel:03 787 2077 

READER INFO NO. 6 

UV MATERIALS 
3M Scotchcal Photosensitive 

8001 Red/Alum. 
8003 Black/Alum. 12mm 
8005 Black/Alum. 
8009 Blue/Alum. 
8130 Black/Gold 
8006 Red/Transp. 
8010 Green/Transp. 
8011 Red/White 
8012 Black/Transp. 
8013 Black/Yellow 
8014 Blue/Transp. 
8015 Black/White 
8016 Blue/White 
8018 Green/White 
8060 Black/Silver 

Pack Price 
250x 300mm 

86.00 
95.00 
86.00 
86.00 
109.00 
77.00 
77.00 
77.00 
77.00 
77.00 
77.00 
77.00 
77.00 
77.00 
77.00 

Pack Price 
300 x 600mm 

98.00 
106.00 
98.00 
98.00 
130.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 
88.00 

ACCESSORY FILMS: 
8007 Reversal Film 47.00 63.00 

RISTON 3400 PCB MATERIAL 
SIZE SINGLE DOUBLE 

INCHES SIDED SIDED 
36 x 24 $96.00 $124.00 
24x 18 $48.00 $ 62.00 
18 x 12 $24.00 $ 31.00 
12 x 12 $16.00 $ 20.80 
12 x 6 $ 8.00 $ 11.00 

KALEX UV LIGHT BOXman 
KALEX ETCH TANK visa 

All prices plus sales tax if applicable 

40 Wallis Ave LEI 
East Ivanhoe 3079 
(03) 497 3422 

497 3034 
Fax (03) 499 2381 

ELECTRONIC COMPONENTS & ACCESSORIES 
• SPECIALIST SCHOOL SUPPLIERS 

READER INFO NO. 7 



Video & Audio: The Challis Report 

YAMAHA NATURAL SOUND DIGITAL EIOUNO PIE. PROCE09INO AMPLIPŒR 055-01000 

YAMAHA'S DSP-A1000 
SOUND PROCESSING AMP 
This month, Louis Challis has been checking out the latest 'second generation' digital sound field 
processing amplifier, from Yamaha. It made such an impression, with its seven output channels 
and combination of enhanced DSP with Dolby Pro Logic Enhanced, that he was immediately 
reminded of an event of similar impact 50 years ago... 

The year was 1941, and a small boy 
named Louis sat in the Embassy cinema 
in the heart of Sydney, watching Walt 
Disney's Fantasia. The film was 
screened in brilliant Technicolor, back-
ed by a sound track which featured 
wonderful music — whose realism and 
lifelike qualities were unlike any film 
that little Louis had ever seen before. 
After his departure from the cinema 
clutching his mother's hand, one 
shouldn't really be surprised at his plea, 
which was to be given the opportunity 
to return to see Fantasia once more. 
Although he didn't know or under-

stand the real significance of what he 
seen and nobody explained it to him at 

the time, he had been watching the first 
evolutionary step in the development of 
spatially enhanced sound — which has 
long been a major element in the quest 
for superior realism in the cinema. 

It was only much later that little Louis 
(or should I say ' Big Louis', by then) dis-
covered that Fantasia's sound track was 
amplified in true stereo, with the added 
bonus of a centre channel. The 
dialogue was appropriately centred in 
its correct position, irrespective of 
where you sat in the cinema. 

It was approximately 40 years later 
that the basic principles Walt Disney 
adopted for Fantasia were picked up by 
Ray Dolby, for his ' Dolby Pro Logic' 

stereo surround system, and old tech-
nology was reborn once more. 
Over the last 50 years there have of 

course been many other interesting, 
novel or innovative approaches tried to 
enhance the realism of cinema sound 
systems. One of the more novel, if short 
lived innovations, were the ' 3D' 
movies, which used loudspeakers at 
both the front and back of house. Some 
of the more enduring, as well as finan-
cially successful later attempts to en-
hance the visual and aural qualities of 
the cinema were CinemaScope and 
70mm film, which introduced Wide 
Screen and an almost matching quality 
of Wide Sound. 
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In the early 70's, film director Stanley 
Kubrick's film A Clockwork Orange was 
notable not only as the first of a new 
generation of sickeningly violent 
movies, but more significantly for its 
pioneering adoption of Dolby A noise 
reduction, for the critical encoding 
phase of the sound track's recording. 
Ray Dolby has of course devoted a 

considerable amount of his research 
team's efforts to the development of su-
perior noise reduction systems for mo-
tion pictures. He also set himself and 
his team the unenviable task of 
developing a 360° sound field, which 
he believed could be encoded via a 
matrix system on the two channel 
sound track. 
He believed it was possible to 

achieve a new level of audio realism, 
so that the moviegoer could be 
transported from the old staid two-
dimensional domain through a three-
dimensional sound field, without 
resorting to 3D stereo images and 
bicoloured glasses, which some of you 
may still remember from your youth. 
As most of us now know, the first of 

the new generation of films to achieve 
some measure of real success using 
such technology was George Lucas' 
Star Wars. 
He rapidly improved his special ef-

fects, firstly with The Empire Strikes 
Back and even more assiduously in The 
Return of the Jedi, each of which 
dramatically improved on the previous 
films' spatial sound field qualities. 
Few people realise that by the time 

George Lucas had produced The Return 
of the Jedi, he had mastered the com-
plex technical problems and critical 
relationship between the four channels 
so well that the sound field in that film 
was truly three dimensional. It was al-
most completely free from the early in-
consistencies which had been obvious 
in his Star Wars production. 
Whilst Ray Dolby had aimed his ini-

tial R&D at the film industry, he soon 
realised that the consumer market was 
an equally if not more fertile field. So 
he went on to develop the Dolby B and 
C noise reduction systems, which were 
specifically aimed at the compact cas-
sette recorder market. In the course of 
time that of course led to the develop-
ment of Dolby SR, and to Dolby Pro 
Logic systems for professional users, 
each of which found special niches in 
the marketplace. 
Now while Ray Dolby and his re-

search staff worked frantically to 
develop their new products, a small 
band of researchers at the Yamaha 
Hamamatsu plant were quietly 
developing the first consumer orien-
tated digital sound processors with the 

A close up of the rear paneL As you can see there' even more connectors and 
terminals than you'll find at the rear of most other modern amps. 

acronym 'DSP', which soon found a 
professional market. As most of us now 
know, the DSP systems offered a series 
of exciting and at the time, almost un-
believable functional acoustical options 
— the likes of which had not been con-
templated by Ray Dolby, nor anybody 
else for that matter. 
The DSP processors made it readily 

feasible (and with an undreamed-of de-
gree of flexibility) to modify conven-
tional two-channel stereo material so 
that it could be digitally transformed to 

convert a room's acoustics (and almost 
any room for that matter) to exhibit the 
acoustical, spatial and reverberant 
characteristics of some other different 
room, or space. 

All that was needed to achieve this 
exciting change was a DSP signal 
processor and an additional two-chan-
nel amplifier to power the rear channel 
speakers. In one dramatic step, the high 
fidelity consumer market was changed 
by DSP, and for some not incon-
siderable time the Dolby Pro Logic con-

When you take the cover off the DSP-A1000 you discover why it weighs a good 
deal more than most other amps. There's a massive power transformer and two 
very large heatsink radiators to cool all of those output transistors. 
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Challis Report 
cept and the marketing of its equipment 
was threatened as a result. 
The time slot was late 1986 and sud-

denly the Home Video Theatre market 
assumed a new significance for the 
electronic industry, when it was 
realised what could now be achieved 
as a result of DSP. 
The demonstrations which Yamaha 

(and various other interested parties) 
quickly organised were exciting, but of 
course the amount of equipment that 
was required and the complexity of the 
task involved in aligning such a system 
was really daunting. University degrees 
or even 20 years of practical experience 
didn't necessarily solve the problems 
involved. 
During the ensuing period the en-

gineers and marketing personel at 
Yamaha have not sat on their hands. As 
we all know, the industry catch cry is 
now 'user friendly', and if it isn't, well 
you may have difficulty in selling it. 
Yamaha realised that they had to 

release amplifiers which combined DSP 
processors with all the other essential 
elements in a single package which 
provided the flexibility, performance 
and a degree of simplicity compatible 
with the technical incompetence of the 
consumer market, which is where they 
wished to sell the new product. 
So they developed the DSP-A1000, 

which is one of the most innovative and 
exciting pieces of audio-visual equip-
ment that I have recently had the 
pleasure of reviewing. 

DSP, seven channels 
The marketing personnel at Yamaha 

decided to combine seven channels of 
audio amplification, supplemented by 
an improved 'second generation' digital 
sound processor and all the other pre-
requisite audio and video preamplifier 
circuitry and switching controls re-
quired for a home video theatre, into 
one moderately large and sophisticated 
package. 
When I first saw the DSP-A1000 in 

America in early January, it already had 
many of the reviewers oohing and 
aahing. Even so, the first time I per-
ceived what this unit really had to offer 
was at a Yamaha's private trade show 
some two months later in Sydney. 
As I discovered, the DSP-A1000 in-

corporates 12 primary DSP sound field 
programs with 23 possible variations, to 
suit most possible tastes in residential 
acoustical environments. Yamaha has 
designed this system to combine the 
best features of second generation DSP 
units with special features of digital 
Dolby Pro Logic. With these features 

dB 1̀.! 

YAMAHA 
DSP-A1000 

FREQUENCY 
RESPONSE 
MAIN 
AMPLIFIER 

10dB POT 

OUTPUT 
LEVEL = 1.0W 1 

.3 

.1 

3 

Dated 23/6/91 

rrovsec 

.25 

YAMAHA 
DSP-A1000 

.15 
TONE CONTROLS 

MAXIMUM AND 
MINIMUM 
SETTINGS .5 

AUXILIARY 
INPUT 

-5 

15 

Dated 23/6/91 

.25 

YAMAHA 
DSP-A1000 . 15 

BASS 
EXTENSION 
CONTROL 

.5 
TONE 
CONTROLS OFF 

5 

15 

Dated 23/6/91 

10 20 Hz 50 100 200 500 1000 2000 5000 10000 20000 40000 0 A 6 C Li 

Recoodirig No • An= 1:1810: Peentiaerieler 

'et 

/40 

OP 143 

I 

Pal % net: dB 

50 100 200 500 000 2000 5000 10000 20 

Rea* Ce.f Fla Wr Speed iverdsdc. Papa Spree 

Zen, Level: 

f 

 —t 

- 
!  

IM• 

==EEZ 1M. 11M1.1..1•1•11111M 

= =E-. ------------ 
1.mm.1••• 

••••• •11111111•11M111,111 

11M••• •MIM•m• gm•min• 

U/IIMII•111M••••••11M1M. 

-- .=«•1•1 e . =====.1•• 

= OMM••••1•M.- ===•[: 

fflnMM» 
•••', 1•0VM 

•••1••••M 

20 Hz 50 100 200 500 1000 2000 5000 10000 20000 40000 0 A 6 C Lio 

t t 

Three of the primary response plots for the DSP-A1000. At top Is the frequency 
response of one of the main amplifier channels, then the tone control adjustment 
range and finally, the effect of the bass extension controL 

you can faithfully and realistically 
recreate a 70mm movie theatre in your 
living room — or any other room for 
that matter, to achieve results that you 
would never have dreamed possible! 

All the audio and video hardware 
that you require, with the exclusion of 
the video Laserdisc player, video re-
corder and of course the loudspeakers, 
have been adroitly combined in one 
neat ( if somewhat heavy) package. 
The unit takes the Dolby Pro Logic 

signals, and using its additional DSP 
capabilities, processes the audio signal 
to provide five or seven channels of 
audio output from the original four 
channels of surround sound. 
The system can of course provide just 

four channels, and if required can even 
cater for three channels, but unless one 
is prepared to use the full potential for 
which the system has been designed, 

then one must of course suffer some 
degradation in performance. 
The two main amplifiers and the 

centre channel amplifier have each 
been designed to provide 80 watts of 
power into 8-ohm speaker loads, whilst 
the four supplementary effects channels 
are each designed to produce 25 watts 
of DSP or Dolby Pro Logic processed 
surround sound into eight ohm 
speakers. On the rear panel of the unit 
there are 10 audio and five video in-
puts, supplemented by S-video and 
composite video jacks. There is also a 
separate pair of S-video terminals on 
the front panel, so that you can quickly 
and conveniently view the output of 
your new camcorder without having to 
turn the amplifier around to make the 
connections. 
To simplify what might otherwise 

have proven to be a daunting task to 

20 ELECTRONICS Australia, September 1991 



dB de Lama Lj.. Paw • ••:::) Re w.. Paper Spepeak_3--Ponia«. 

60 

YAMAHA 
DSP-A1000 70 

ONE THIRD 
OCTAVE BAND 
ANALYSIS 
(RE 1 WATT 80 
IN 8 OHMS) 

TUNER 
INPUT 

-90 

-100 

Dated 23/6/91 

e 
50 

YAMAHA 
DSP-A1000 

-60 
HUM s NOISE 
ONE THIRD 
OCTAVE BAND 
ANALYSIS -70 
(RE 10 WATT 
IN 8 OHMS) 

PHONO 
INPUT -80 

-90 

Dated 23/6/91 

e 
-20 

YAMAHA 
DSP-A1000 30 

CROSSTALK 

ONE THIRD 40 
OCTAVE BAND 
ANALYSIS 
TUNER INPUT 
(SHORT 
CIRCUITED) 

-50 

60 

Dated 23/6/91 

e 

He 50 100 200 500 1000 2000 woo laxo »coo '—excert) A et i. 

44'  

Nw -a.  

1 1' 

't ttt 

O 2b M W MO 200 

I 

1,1  j  

1  

it 

oil 
 st 

40000 0 

Three further plots: the noise analysis for tuner and phono inputs and the 
crosstalk between channels at the tuner input. 

align each of the individual channels, a 
digital test tone generator has been in-
corporated. 
This is provided for both the DSP and 

Dolby Pro Logic circuits, and is specifi-
cally required for the five-band centre 
channel equalisation. This also works 
equally well for the three-channel 
centre mode and for the three-channel 
Pro Logic modes. 
The instructions and essential infor-

mation are displayed on the front LCD 
panel of the unit, and this information 
can also be displayed on the TV 
monitor screen provided it is connected 
to the DSP-Al 000's rear panel monitor 
jack. 

Additional features included are a 
sub-woofer output connector (which I 
found to be invaluable), and the 
capability to mute the main and ef-
fects channels, as required. 

Now first appearances can sometimes 
be somewhat deceptive, and this is 
especially true when one first views 
the front panel of the DSP-Al 000. All 
you really notice is a power switch and 
a central LCD display on which the 
program's parameters, selected settings, 
adjustments and activation of control 
logic, are displayed. 
To the right of this is a somewhat 

smaller TAPE-2 monitor switch, 
alongside which is a motorised rotary 
input selector for nine inputs. At the ex-
treme right of the panel is a very large 
rotary volume control, which is 
calibrated from 0 to -80dB. 
The input selector allows you to lo-

cally or remotely switch from PHONO 
(moving coil or moving magnet), CD 
PLAYER, TUNER, DAT/TAPE RE-
CORDER, LASER DISC PLAYER, TV (or 
VIDEO TUNER), VCR 1, VCR 2, or 

AUXILIARY INPUT. Boy — that's 
simple, you think! 
Then you look a little more closely, 

and discover that there is one of those 
neat drop-down panels. 
Here it extends the full width of the 

unit and behind which are a few more 
controls, but far less than you would 
really expect for the amount of 
electronics that you know is inside. 
These few controls include the 

INPUT TRIM control, which allows you 
to adjust the levels of each of the input 
sources and also to adjust various other 
level gain settings that are sellected 
with the small SET MENU SWITCH — 
which is close beside. That switch in 
turn allows you to nominate five dif-
ferent parameters for adjustment which 
are respectively, PRO LOGIC MODE, 
CENTRE MODE, CENTRE GRAPHIC 
EQUALISER, SUB WOOFER LEVEL, 
AND COLOUR — which controls the 
background on the TV screen in the ab-
sence of any TV program input. A 
separate PROGRAM TOGGLE switch 
sequentially selects the sound field 
processing programs, while the ad-
jacent EFFECTS SWITCH allows you to 
turn the effects speaker channels either 
ON or OFF. A further switch is provided 
for BASS EXTENSION, which in turn is 
supplemented by a pair of BASS and 
TREBLE rotary controls; a BALANCE 
control; and a RECORD OUT rotary 
selector, through which you may switch 
from CD to DAT TAPE, SOURCE to 
VCR1, or LASER DISC PLAYER ,TV, 
VCR2 or AUXILIARY. Last but not least, 
on the right hand side of the recessed 
panel is a socket for your S-Video re-
corder and three gold-plated RCA sock-
ets for VIDEO INPUT and AUDIO LEFT 
and RIGHT channels. 

By this stage you are most probably 
firmly convinced that this is the 
simplest piece of audio/video equip-
ment ever invented. Were it not for the 
Yamaha remote control transmitter Type 
RCX which has been lurking in the bot-
tom of the carton, you would be almost 
correct. 
The engineers at Yamaha have of 

course deliberately simplified the con-
trols on the DSP-A1000 — through the 
simple stratagem of placing all of the 
more complex control functions on the 
remote control, so you can sit back in 
the middle of the room and be the vir-
tual master of all that you survey. 

Using this neat and powerful control, 
and in conjunction with the convenient 
display on your IV monitor, quite apart 
from duplicating all the control func-
tions found on the front panel of the 
amplifier, you can also adjust the rear 
and centre channels relative to the 
main channel level. You can also exer-
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cise control over the other input 
devices, such as the Laserdisc player, 
CD player, tape deck or tuner — 
provided they are either manufactured 
by Yamaha, or by another manufacturer 
who provides remote controls for these 
items of equipment. 

It matters not that they don't automat-
ically use the same digital signals, be-
cause Yamaha ( like many other 
manufacturers), has provided a 
RELEARN FUNCTIONS facility. 
Using this your remote control can 

emulate the control functions of the 
other manufacturer's remote control, 
simply by putting the transmitters 
literally 'eyeball to eyeball' and activat-
ing them in accordance with the 
printed instructions. 

In the ubiquitous manner that most of 
the other electronic equipment 
manufacturers has now adopted, each 
of the keys can learn two different func-
tions, so that by switching the upper-
most switch from Memoryl to 
Memory2 you can encode a whole new 
set of programming instructions into the 
remote control. 

By using blank templates, which have 
been provided for that purpose, and on 
which you can print, glue or type the 
abbreviated coding or acronyms for 
each instruction, you can permanently 
record each of these new control func-
tions. 

Even the remote control looks simple 
when compared with the back of the 
amplifier. As you soon discover, this has 
a plethora of input sockets, 16 
loudspeaker terminals and additional 
sockets to feed front and rear effect 
speakers, mono central amplifier 
speakers and outputs for a subwoofer. 
A switch is also provided for front mix 

ON or OFF, and a very small volume 
control for trimming the main amplifier 
channel output level. 
A peek through the perforated 

slotted cover, or better still the removal 
of that cover, convinces you that 
Yamaha engineers have applied consid-
erable ingenuity in the development 
and perfection of this particular 
amplifier system. 
Much of its sophistication and clearly 

its compact dimensions are the result of 
their development of superior large 
scale digital integrated circuits, which 
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Distortion versus output level for the Yamaha DSP-A1000, plotted using the IEC 
high frequency total difference method. 

result in minuscule dimensions for 
many of the more critical sections of 
this unit. 

Objective testing 

In many respects the objective testing 
of the unit proved to be a little dif-
ferent from what we would have ex-
pected. The amplifier's main left and 
right channel outputs and also that of 
the centre channel are closely limited 
to the claimed 80 watts output into 
eight ohms. 
The frequency response of these three 

channels surprisingly is not as flat as I 
would have expected, and all are typi-
cally down by ldB at 7Hz and by 1dB 
at 17kHz — not unlike the frequency 
response of many of the related and 
larger amplifiers used in large cinemas. 

Irrespective of which input channel 
the signal comes through, the frequen-
cy response is essentially the same. 
The application of 'bass extension' to 

these channels results in a somewhat 
unexpected boost of the signal in the 
50-150Hz region, with a peak of ap-
proximately 8dB at 70Hz. 
The signal to noise ratio relative to 

the 1W level is at least 83dB(A), with 
one third octave band mid-band com-
ponents being at least 100dB down 
relative to that 1W level. The crosstalk 
on the main amplifier channels is only 
65dB down at mid-band frequencies, 
and only -35dB at 40Hz — which is 
lower than I would have anticipated. 
The IEC high frequency total dif-

ference frequency distortion figures are 
somewhat higher than I would have ex-
pected, even though they still below 
0.15% right across their effective 
operating range. 
Although I attempted to evaluate the 

characteristics of the rear and surround 
sound channel amplifiers, I soon found 
to my chagrin that the frequency 
response characteristics of these chan-
nels is significantly modified by the 
DSP processors. 
Consequently in the end and after 

protracted attempts, I finally admitted 
defeat and moved onto more rewarding 
pastimes. I was however, able to con-
firm that each of those channels does in 
fact have a full 25W output potential 
into eight ohms, with all channels 
driven simultaneously. 

Listening tests 

After completing the instrument 
evaluation of the DSP-A1000, I was for-
tunate enough to be able to take it 
home, where I placed it in my living 
room and connected it up to my exist-
ing audio monitoring system — which 
uses a Yamaha M-80 power amplifier, 
and a pair of B&W 801M speakers. 
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I used the latter for the two main 
front channels and supplemented 
them by four Yamaha YST-SE10 
speakers for the surround speakers, 
with a further Yamaha NS-C90 
speaker in the middle for the centre 
channel. 

For the critical subjective evalua-
tion of home video audible enhance-
ment, I used a Yamaha CDV-1 700 
Laserdisc player and a Sony 27" Profeel 
monitor (which as I discovered will 
willingly accept an NTSC signal, a criti-
cal requirement for the subjective as-
sessment if the software you are using is 
recorded in NTSC). 
Yamaha Australia was kind 

enough to provide me with some 
pre-recorded Laserdiscs, on which 
the digital sound tracks have been 
pre-encoded with Dolby Pro Logic 
four channel sound. 
The evaluation material provided 

was The Search For Red October, 
Dick Tracy and Madonna's 1990 
Tokyo Concert, all of which contain 
appropriate Dolby Pro Logic 
soundtracks (and two of which also 
happen to contain revealing scenes 
with Madonna). 
With each of the system's channels 

correctly aligned and all seven audio 
channels set to the appropriate level, 
my family and I were almost as-
tounded at the difference between 
conventional two channel stereo and 
seven channel DSP-enhanced Dolby 
Pro Logic sound. 
Given the choice of high quality 

stereo sound and lower quality DSP-
enhanced Pro Logic sound, I have 
no doubt that I would opt for the lat-
ter almost every time. The most ex-
citing aspect of this system is its 
pervading sense of realism, and the 
degree to which you become totally 
immersed in the video. 
The DSP-A1000 is moderately ex-

pensive, requires space, three good 
frontal speakers and at least four 
modest surround speakers to 
achieve optimum results. 
Whilst the quality of the NTSC 

material which I used was good, I know 
that the quality of the PAL video discs 
that are about to be released are sig-
nificantly better. When that material be-
comes freely available, then the 
purchase of a DSP-A1000 becomes 
worthwhile. 
The Yamaha DSP-Al 000 measures 

435 x 170 x 470mm, and weighs 
20kg. It has a recommended retail 
price of $1999.00. 
Further information is available 

from Yamaha Music Australia, 17-33 
Market Street, South Melbourne 
3205; phone (03) 699 2388. • 

RMIT SCHOOL OF ELECTROTECHNOLOGY-N 
Short courses available in 1991 

DIGITAL AUDIO AND COMPACT DISC PRINCIPLES 
Digital audio techniques, principles of operation, 
installation and adjustment of compact disc players. 
Duration: 2 Days Cost: $440 
Course Dates: 1st - 2nd October, 26th-27th November 

CELLULAR MOBILE TELEPHONES INSTALLATION & 
SERVICING 
Cellular mobile telephone installation, maintenance and 
testing techniques. 
Duration: 2 Days Cost: $440 
Course Dates: 3rd-4th October, 28th-29th November 

MICROCONTROLLERS IN RADIO COMMUNICATIONS 
EQUIPMENT 
A programme to provide knowledge and skills to diagnose 
faults in digital microcontrollers and associated peripheral 
circuits and transducers in radio communication 
equipment. 
Duration: 1 Day Cost: $220 
Course Dates: 18th October, 13th December 

MICROCONTROLLERS IN CONSUMER ELECTRONICS 
EQUIPMENT 
Theory and practical skills to diagnose faults in digital 
microcontrollers and associated peripheral circuits and 
transducers in TV, Video and Audio equipment. 
Duration: 1 Day Cost: $220 
Course Dates: 11th October, 6th December 

AUSTEL TELECOMMUNICATIONS CABLING LICENCE  
A programme to prepare electrical/electronics trades 
personnel actually engaged in telecommunications and 
data cabling for the AUSTEL General Premises Cabling 
Licence. 
Duration: 1 Day Cost: $135 
Course Dates: A number of sessions available in 1991 

COLOUR TV RECEIVER SERVICING 
An introduction to Colour TV receiver theory and servicing 
techniques. 
Duration: 5 Days Cost: $339 
Course Dates: 30th September - 4th October 

68000 MICROPROCESSOR APPLICATIONS 
An introduction to advanced techniques used in 68000 
microprocessor systems. 
Duration: 5 Days Cost: $339 
Course Dates: 2nd - 6th December 

ENROLMENT ENQUIRIES:  
Les Cardilini 
RMIT School of Electrotechnology 
GPO Box 2476V Melbourne 3001 
Tel: (03) 660 4440 Fax (03) 662 2525  J 

READER INFO NO. 8 
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NEW BOOKS 
.01115111111.i. 

1111 

BiCMOS and VLSI 
HIGH-PERFORMANCE BiCMOS 
TECHNOLOGY AND ITS APPLICA-
TION TO VLSIs, by Ikuro Masuda 
and Hideo Maejima. Published by 
Gordon and Breach Science Publish-
ers, 1990. Soft cover, 215 x 140mm, 85 
pages. ISBN 2-88124-456-4. Recom-
mended retail price $US58. 
This book is Volume 12 of the series 

entitled 'Japanese Technology Reviews'. 
The aim of the series is to inform people 
outside Japan of the results of academic 
research in that country and to give an 
insight into Japanese technology. The 
authors of the titles are outstanding sci-
entists or engineers actively engaged in 
relevant research or development. 
The book describes high-performance 

BiCMOS (Hi-BiCMOS) technology and 
its applications to VLSIs. Hi-BiCMOS 
technology is an advanced form of 
BiCMOS technology that combines bi-
polar transistors and CMOS FETs. This 
advanced technology has made it possi-
ble to achieve speed performances com-
petitive with bipolar LSI and integration 
densities close to CMOS LSI. 
The first three chapters of the book 

review basic information of device struc-
tures and circuit configurations based on 
the concepts of Hi-BiCMOS technology. 
Chapters four to six look at applications 
of Hi-BiCMOS: Ch.4 shows typical ex-
amples of the combined bipolar and 
CMOS circuits, comparing their perfor-
mance with CMOS ones; Ch.5 describes 
applications to static and dynamic RAM; 
and Ch.6 deals with logic VLSI, includ-
ing microprocessors. 
The book is obviously a technical one, 

aimed at those with a good background 
in transistor technology and an under-
standing of current devices like bipolars, 
CMOS and MOSFETs. Each develop-
ment and application is well explained 
with plenty of circuit schematics, graphs, 
tables and photos. The explanations are 
clearly written and easy to follow. 
I found the book overwhelming be-

cause of the huge amount of information 
presented — but for someone familiar 
with the background this probably 
wouldn't be such a problem. It is the 
amount of information presented that de-

terred me, not any particular explana-
tion. The success of the Hi-BiCMOS 
technology was very well illustrated for 
me by a photomicrograph of a 70MHz, 
32-bit microprocessor with 529,000 tran-
sistors (98.5% of which are MOS type 
and only 1.5% bi-polar), fabricated with 
a 1.0um process. 

All-in-all, a very useful book for any-
one seeking detailed knowledge on the 
current status, applications and prospects 
of Hi-BiCMOS technology. 
The review copy came from Gordon 

and Breach in New York, but the book 
lists their Australian address as Private 
Bag 8, Camberwell Vic 3124. (P.M.) 

Cellular phones 
USERS GUIDE TO CELLULAR 
TELEPHONES, ASIA — PACIFIC, 
by Neil J. Boucher. Published by DNA 
Communications, 1991. Soft cover, 
215 x 140mm, 110 pages. Recom-
mended retail price $9.95. 
'The Cellular Radio Handbook', by 

the same author, was reviewed in EA in 
November 1991. This very thorough, 
technical volume was written for the in-
dustry and cost $260! So this latest 
'Users Guide' fits into a completely dif-
ferent category. As Neil Boucher states, 
it is written for the cellular phone user, 
and provides a clear and extensive cover-
age at that level. 
The Advanced Mobile Phone System 

(AMPS) used in Australia and New Zea-
land is extensively used throughout Asia 
— hence the ' Asia — Pacific' title. The 
AMPS system is used by roughly half of 
the world's cellular phones. 
The early chapters of the book de-

scribe the various, and of course in-
compatible, systems currently in use 
throughout the world. Even the ap-
proaching introduction of digital cellular 
phones, which is necessary to expand the 
number of phones on the system, comes 
in two main competing systems. (What a 
shame that one universal system can't be 
decided on!) 
Then there are practical tips to help 

you choose between the various types of 
mobile phones, antennas and batteries 
available. What extra features can you 
have? For example, do you want an auto-

matic transfer of incoming calls if your 
phone is busy, or doesn't answer; or do 
you want to send a fax from your mobile 
phone? Another chapter lists the most 
common faults and their probable causes 
— very useful for troubleshooting. 
The very important aspect of privacy is 

discussed, and we are told that there re-
ally isn't any, unless very expensive 
scramblers are also installed. But this po-
sition could improve with the coming 
introduction of the digital system. 
The final nine chapters are devoted to 

individual countries: the type of system 
used in each, whether or not phones from 
other countries can be used (effectively 
and legally), the operating charges and 
the degree of government regulation of 
the system. 

If you want to understand the basic 
workings of the cellular phone system, 
then this book will help you do just that. 
It is very easy to read and understand, 
and its logical progression takes you 
through each stage of the system: what is 
it, how does it work, where is it heading 
in the future. For its low cost, the book 
represents an excellent introduction to 
the topic of mobile, cellular phones. 
The review copy came from DNA 

Communications, 10 Welch Street, 
Southport 4215. It is available by mail 
(postage included) at the quoted $9.95 
price. (P.M.) 

24 ELECTRONICS Australia, September 1991 



You'll like the feeling of our new 
digital troubleshooting scope. 

Now there's a 100 MHz 
digital scope that handles 
just like analog. 

Digital oscilloscopes have 
certain advantages that are 
hard to overlook. But for 
troubleshooting, many 
engineers still prefer analog 
scopes. Simply because they 
like the way they handle. 

The HP 54600 changes that. It 
looks like a 100 MHz analog 
scope. All primary functions 
are controlled directly with 
dedicated knobs. And itfeels 
like one. The display responds 

instantly to the slightest control 
change. 

But when it comes to trouble-
shooting, the HP 54600's digital 
performance leaves analog and 
hybrid scopes far behind. At 
millisecond sweep speeds, the 
display doesn't even flicker. 
Low-rep-rate signals are easy to 
see without a hood. 

It has all the advantages that 
only a true digital scope can 
provide. Like storage, high 
accuracy, pretrigger viewing, 
hard copy output, and 
programming. And since it's one 

of HP'S basic instruments the HP 
54600 gives you all this perform-
ance at a very affordable price. 

So if you like the feel of analog 
control, you'll like the way our 
new digital scope handles 
troubleshooting. To find out 
more call the Customer Inform-
ation Centre on 008 033 821 or 
Melbourne 272 2555. 

HEWLETT 
PACKARD 

A Better Way. 

JWT HIM 125/A 



Impressive computer simulation at 

Australia's New College 
for Air Traffic Controllers 
How do you train air traffic controllers so they're fully experienced by the time they start controlling 
real planes filled with live passengers? In much the same way as you train pilots to fly those planes, 
of course: with an accurate computer simulation of a modern control tower. A new ATO training 
college has just opened in Launceston, boasting a very impressive simulation system of this type. 

by TOM MOFFAT 

Air traffic controllers, as well as 
pilots, carry the lives of the world's air-
line passengers in their hands. Being an 
ATC must be one of the most demanding 
and stressful jobs in the world. The job 
pays well — but by golly, you really 
earn your money! 
An air traffic controller must be per-

fect. There is absolutely no room for a 
slip-up or a lapse of concentration. Drift-
ing away into dreamland for a few 
seconds could mean sending an airliner 
full of passengers smashing head-on into 
another aircraft. Not knowing where 
every aircraft in your area is — 'losing 
the picture' — can spell disaster. When 

you begin a job as an air traffic control-
ler, you don't learn as you go. You must 
be an expert from day one. 

That's what Launceston's new Central 
Training College for ATC's is all about: 
producing air traffic controllers who are 
fully qualified and experienced, from the 
first day they sit down at a console at 
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one of Australia's air traffic control 
centres. 
The college is part of the Tasmanian 

State Institute of Technology, which it-
self has become part of a new 
statewide University of Tasmania. 
ATC students graduate with a three 
year diploma, which is compressed into 
two years — so it's a hard slog. As well, 
they have to pass a government ATC 
rating exam at the end. But by the time 
they come out, they will have spent 
some 200 hours `being an air traffic con-
troller', possibly without ever working 
with a real live aircraft. 
The Central Training College has its 

own large building, containing offices 
and classrooms. But its main feature is a 
gigantic room containing a complete air 
traffic control centre, just like the ones 
in Melbourne and Sydney. There are 
banks of consoles down both sides of the 
room, and peripheral devices such as 
computer printers in the middle. 
Operators wearing headsets sit in front 
of large radar screens and display 
panels; supervisors stand behind them. 
The operators are talking to aircraft, 

and watching their progress on the 
radars. Others are tracking more distant 
aircraft, via what's known as the 'proce-
dural' method. 
But in reality the whole thing is a big 

fake; the signals aren't leaving the 
building. They're only going to the next 
room, via a large Ferranti mainframe 
computer. Most of the building, then, is 
an Air Traffic Control Simulator. 

Air traffic control 
Perhaps at this stage we should look at 

what an air traffic controller does — the 
job that the students go to the college to 
learn. There are actually two types of air 
traffic operators. Air traffic controllers 
work only within controlled airspace. 
Their main job is to prevent two aircraft 
being in the same airspace at the same 
time, so they direct pilots to maintain a 
certain altitude and heading. 

Flight service officers, on the other 
hand, work with aircraft outside control-
led airspace, away from the big cities. 
Flight service officers provide informa-
tion to pilots on things like weather and 
other aircraft in the area, But they don't 
actually order pilots to fly in any par-
ticular way. 
Like so many things in today's 

government service, the whole ATC 
scene is being 'rationalized'; the jobs of 
air traffic controller and flight service 
officer are being merged. So students at 
the Launceston centre are being trained 
in both disciplines. 
There are two flavours of air traffic 

This is the procedural control console. The pilot submits a flight plan in advance 
and then flies this path, notifying 'reporting points' along the way. 

control: 'radar' and 'procedural'. Radars 
in general use in Australia are limited in 
range to 160 nautical miles (this is an 
aviation story, so by international con-
vention we're talking in miles and feet). 
So radar can only provide a picture of 
activity within 160 nautical miles of the 
major capital cities; beyond that, it's 
radio only. 
With the procedural system, the pilot 

submits a flight plan to advise ATC in 
advance of his intentions. Then as he 
flies along, he notifies ATC as he passes 
known 'reporting points' along the way. 
These points are usually nothing more 
than known intersections of latitude and 
longitude, particularly over the ocean. 
The reporting points always seem to 

have really weird names, possibly so 
they can't be confused with other words 
when spoken over the radio. A couple 
that come to mind over Tasmania are 
`Synnot', which appears to signify ab-
solutely nothing, and ' Ironstone'. 

Ironstone is actually above an area of the 
Central Highlands which is rich in 
ironstone. It drives compasses wild — 
perhaps not so much in aircraft, but 
bushwalkers in the area who religiously 
follow their compasses find themselves 
sent badly off course. 
Bushwalking can also illustrate the 

'procedural' method. On trips such as 
Tasmania's Overland Track, parties ad-
vise their intentions to the ranger before 
they set out (the flight plan). 
Then in each hut along the way 

(reporting point) they sign the log book 
to indicate that they got that far. So if 
they go missing, a search party can 
check the log books to see how far they 
got before they disappeared. 
At the end of the journey bushwalldng 

parties are expected to notify the rangers 
of its successful completion (close the 
flight plan). Failure to do so can result 
in an unnecessary and expensive search, 
both in bushwalking and aviation. 
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Air traffic controllers 

Left: These trainees are learning to operate the touch screens used by 'blip drivers'. At right is shown the blip driver's 
overall situation display. Each console can handle 20 aircraft at once, but its normally six or seven aircraft. 

`I'm a blip driver' 
Within the ` simulated' Air Traffic 

Control Centre, trainee controllers 
operate their radar or procedural con-
soles, relaying instructions to pilots over 
the radio and getting position reports 
back from them. What pilots? Well, 
they're big fakes too — just people sit-
ting at other consoles in the next room. 

With a little help from the big Ferranti 
computer, their actions are translated 
into blips representing aircraft on the 
controllers' radar screens. These 'simu-
lated pilots' are called 'blip drivers'. 
Blip drivers are occasionally real 

pilots, but more commonly they are or-
dinary people in a most unusual occupa-

tion. Blip drivers work part time, 24 
hours a week. The one and only time the 
jobs were advertised openly, there were 
nearly 500 applications for 40 jobs. 
Nowadays any replacement blip 

drivers are rounded up through the Com-
monwealth Employment Service in 
Launceston ("I've got just the job for 
you, Mr. X. How would you like to be a 
blip driver?"). 
Each blip driver's console has a head-

set and a computer touch-screen. The 
trainee controller might key his radio 
and say something like "Tango Alpha 
Bravo, turn right heading three-four-
five and maintain flight level two-
seven-zero". 

\ weippr 440  

This is the simulated air traffic control centre (just like the ones in Melbourne and 
Sydney) where students learn to operate the computers and terminals down both 
sides of the room. Supervisors stand behind the student ready to assist if needed. 

The blip driver who is pretending to 
be the aircraft with registration number 
VH-TAB acknowledges the radio call, 
and then presses a few spots on the 
touch screen. This tells the computer 
that the pilot of VH-TAB is turning to a 
course of 345°, and will maintain an al-
titude of 27,000 feet. Back in the air traf-
fic control centre next door, the trainee 
controller sees the blip on his radar 
screen begin travelling around to the 
new heading. 
Each blip driver console can accom-

modate 20 aircraft at once, but it's un-
usual for a blip driver to handle more 
than six or seven. That's still a pretty big 
work load, pretending to pilot all of 
them at once. 
As well as pilots, blip drivers are 

sometimes called on to impersonate 
other air traffic controllers working 
with the trainee, or even people like out-
back policemen during search and res-
cue operations. 

The simulator 
The ATC simulator's ` world' is a 

square of 2048 x 2048 nautical miles, 
big enough to cover half of Australia. It 
isn't a flat square, though — it's part of 
the sphere that represents Planet Earth. 
So all calculations done by the computer 
would involve spherical geometry. 

Launceston's ATC simulator is 
centred on an imaginary area based 
loosely on Esperance in Western 
Australia, so it contains lots of sea area 
and lots of outback land. 
Somewhere within the 2048 x 2048 

grid, the computer can place a 768 x 768 
nautical mile radar coverage area. The 
main grid can accommodate up to 300 
aircraft at any one time. Those also 
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within the radar grid are subject to 
radar control, and the rest are under 
procedural control. The system allows 
six independent exercises to take 
place at the same time, with up to 200 
aircraft involved in any one exercise. 
Up to 10,000 flight plans can be held on 
file, for flights that may take place at 
other times. 
As for the aircraft themselves, the 

system can handle 64 different types, 
ranging from a hot-air balloon to an 
F-18. Their speeds can range from 
zero to 999 knots, with altitudes up 
to 100,000 feet. 

It would be interesting to try to pro-
gram a hot-air balloon to do 900 knots or 
so, to see what the simulator (or trainee 
controller) would do with it! 
A separate computer is provided to 

handle voice communication between 
the trainee controllers and the blip 
drivers. VHF frequencies are pretty 
straightforward, but HF frequencies can 
be dosed with simulated noise and inter-
ference, so controllers can get used to 
working distant aircraft under lousy 
radio conditions. 
But the real simulator trickery is in the 

radar area. In real life, two types of radar 
are used, and the simulator imitates them 
perfectly. Primary radar is the big one 
you see at airports with an antenna scan-
ning around and around; the one in the 
simulator scans between five and 15 
times a minute. 
Primary radar relies on echoes 

from the metal skin of the aircraft to 
determine how far away it is, and 
what its bearing is from the station. 
Primary radar provides no informa-
tion about altitude. 
Secondary radar depends-on a gadget 

within the aircraft called a 
'transponder', which receives an inter-
rogation signal from the ground and 
responds with a four-digit identification 
code which the pilot enters with some 
thumbwheel switches prior to takeoff. 
Air traffic controllers know this as the 
aircraft's ' squawk code'. The 
transponder also transmits the 
aircraft's altimeter reading, providing 
the extra dimension missing from the 
primary radar. 
Information from secondary radar 

transponders is mixed with information 
from the primary radar to provide the 
final radar display of all the aircraft in 
the area. The blips thus generated carry 
altitude information so they are firmly 
fixed in space, and they also carry a 
'squawk code' so the controller knows 
which blip belongs to which aircraft. 
As a side benefit, if any pilot has an 

emergency situation he need only dial in 

The Ferranti ARGUS 700GZ computer. Not very impressive you might say, but 
sneak a look at the price tag for the Launceston system. You just don't pay $12 
million for a big grey cabinet. 

the code '7700' on his transponder and 
the ATC radar screen will highlight him 
while setting off lots of alarm bells. 
The Ferranti system is able to simulate 

the two radar systems at once, for 300 
aircraft at once, all at different locations 
and different altitudes and moving in 
different directions. 

That's quite a feat, but the computer 
itself doesn't look all that impressive. 
It's just a big gray cabinet that looks 
like, well, a computer. But inside is a 
Ferranti ARGUS 700GZ main processor, 
several 700GL supplementary proces-

sors, a Winchester disk system and 
heaps of semiconductor memory. 
The Launceston system is the biggest 

Ferranti has ever put together, and it cost 
something like $12 million. There's a 
similar facility in Melbourne, but it's 
only about one third the size of Launces-
ton system, which is the daddy of them 
all. Too bad it's only temporary, but... 

The future 
Within 10 years, we are likely to see 

the whole ATC scheme as we know it 
replaced by a satellite-based 'global 

Trainee air traffic controllers are shown here working at radar consoles 
controlled by the Ferranti ARGUS 700GZ. There are two types of radar: primary 
radar — the one you see at airports, and secondary—emitted from a transponder 
on board the aircraft 
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Without 
a shadow 
of a doubt 

Sonics is the 
magazine for you 

For subscription details, 
call (02) 693-6666 

Sonics, the magazine 
for musicians, recording 
engineers, sound and 
lighting people (and 
every other type 
of musical fanatic!). 

Traffic controllers 

aviation system'. A group called the Fu-
ture Air Navigation Systems Committee 
(FANS) is working toward a system 
which will allow fewer ATC centres to 
cater for more aircraft. 
One feature of the system is direct 

communication between an ATC and a 
satellite, and between the satellite and 
aircraft. This would eliminate the need 
for the sometimes noisy and unreliable 
HF radio channels in use today. 
The satellite circuits would also cater 

for data transmission, making it possible 
for the aircraft to pass information 
directly to and from an ATC computer 
without the need for the pilot to use the 
radio at all. Around busy airports, nor-
mal VHF communications and secon-
dary radar (transponders) would 
continue to be used. 
FANS also sees a global navigation 

satellite that would replace every 
navigation system in use today, such as 
Omega, Loran, Satnav — the works. It's 
expected such a system will be imple-
mented by 1995, using the American 
GPS satellites, and one from the USSR 
called GLONASS (sounds like Glasnost, 
doesn't it?). 
The current VHF instrument landing 

systems would be replaced by a high-
precision microwave ILS. Could hands-
free landings become a reality? 

It is also expected that aircraft will be 
fitted with a system that will automat-
ically transmit position information, so 
ATC's can keep track of their 
whereabouts continuously. Let's hope 
they don't come up with a similar sys-
tem for people! 
The output of all this will be a com-

puter-generated display of a simple map 
showing all the airways in a region, and 
where every aircraft is along each air-
way. This would not be a rotating, scan-
ning, circular radar display, but just a 
simple colour monitor with a map on it 
and en-route aircraft creeping along the 
lines. It's obvious that when the global 
aviation system becomes a reality, there 
will have to be some big changes at 
Launceston. But until then, the system 
has a good 10-year future training new 
generations of air traffic controllers. 

How to learn more 
In these days of home computers and 

classy short-wave radios, it's easy to ex-
perience for yourself what an air traffic 
controller does. 

If you have a good HF receiver, 
tune it to 8867kHz, upper sideband, 
and wait. You will soon hear control-

lers in places like Sydney, Nadi, 
and Auckland, working aircraft from 
many nations. 
You'll hear pilots giving positions 

from reporting points with funny names. 
You'll hear air traffic controllers re-
questing the aircraft to change altitude. 
Sometimes the pilots radio back weather 
observations, which become part of the 
next day's weather forecast. Reception 
on 8867kHz is usually excellent. 

If you live near a big city, you can 
listen for air traffic control activity on 
VHF, using AM between 118 and 
136MHz or so. I was going to list exact 
frequencies, but the pilots' Enroute Sup-
plement Australia shows heaps of them 
for the big cities, with different frequen-
cies being used for aircraft flying to and 
from different directions. If you tune 
around or use your scanner, you'll find 
the ones for your area soon enough. 
There are a few computer programs 

about that let you get a taste of being an 
air traffic controller. Look around on the 
bulletin boards for a thing called Dulles. 
This is a simulation of air traffic control 
operation around the John Foster Dulles 
airport in Washington DC. The action 
mostly involves the control tower and 
arriving and departing aircraft, but it 
gives an idea of the complexity of the 
job faced by real air traffic controllers. 
Closer to home, if you have a 

Microbee, keep a lookout for a thing 
called Sydney Approach. This one is a 
lot simpler than Dulles, but it still gives 
the feeling of trying to handle a whole 
swag of aircraft at once. In your early 
attempts you will become frazzled very 
quickly and you will 'lose the picture' 
many times. 

If you want to get the feel of it from 
the pilot's point of view, have a look at 
Microsoft's Flight Simulator as fea-
tured in the November 1990 issue of 
EA. You can set it up to receive control 
tower messages and display them on 
your screen, and the aircraft has a 
proper transponder for use with secon-
dary radar. 

If you'd like to get your hands on the 
big Ferranti simulator, you might want 
to consider a career for yourself as an air 
traffic controller. Places in the Launces-
ton Central Training College are some-
times advertised in the newspapers, or 
perhaps you could write to the Univer-
sity of Tasmania — Launceston, at PO 
Box 1214, Launceston 7250. 
As for me, I'm probably a bit old 

for such a thing. But if I lived in that part 
of Tasmania, I'd be right in there 
trying for one of those part-time blip 
driver jobs. I reckon that would be 
fascinating. 
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WORLDWIDE 
. . . the choice is crystal clear when you 

want custom made quartz crystals FAST! 

"THE AUSTRALIAN COMPANY" — the choice is eysstal ckar 

Hy-QInternational 
Be it a Jumbo Jet or a local courier Hy-0 appreciate that 
stand down time represents lost revenue — so we have 
tailored our operation fôr efficient, fast service as a world 
leader in crystal technology with oar bases on four 
continents in Australia, Singapore, Great Britain, USA 
... we have the resources and technology to 
unequivocally guarantee our quality and service. 
Hy-0 also manufacture and stock Crystal Filters, Dil 
Oscillators, MPU Crystals, Clock Crystals. SPX() and 
TCXO Oscillators etc. 

I ROSELLA STREET, FRANKSTON, 
VICTORIA 3199 
(P.O. BOX 256, FRANKSTON) 
TELEPH6NE: (03)783 9611 
FAX: (03) 783 9703 
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Circuit Protection Li 

è 

• 
. Mounting of circuit breakers on 
printed circuit boards no only 
protects vital circuits fron1 
overload and short cIrcui but' 
provides visual indication as to 
whether any boards in a system 
contain a fault. 

Heinemann's new PC board 
mounting socket allows WI 
circuit breakers in ratings from 

20mA to 30A to be plugged 
into or removed from PC boards 
in seconds! 

For more information on how to 
achieve precise plug-in P.C. 
board protection call or write. 

Heinemann Electric 1,%/. Ltd. 
P.O. Box 241,Springvale Vic. 3171 
Phone: ( 03) 560 3522 
Fax: (03) 562 0172 

'What vow: leftectatiewet eke the (bee 

HeilMEMANN® 
ELECTRIC PTY. LTD. ill in 

PCBreeze II 
"PCBreeze really is a breeze."7 

Herman Nacinovich, ETI review " It's a Breeze" Jan. 1990. 

The First Truly Affordable Software 
for Printed Circuit Board Artwork 

Easy to Use and Learn 

Pop up Menus and Mouse support 

50 mil ( 1.27 mm) Grid 

Variety of Pad and Line sizes 

Interactive and Netlist Autorouting 

Text and Component Overlay 

Hardware Supported 

448K IBM PC/XT/AT/PS2 or compatible 
CGA,EGA,VGA & Hercules graphics 
HP-GL, DM-PL, PostScript devices 
Epson FX/LQ type dot matrix printers 
Microsoft Mouse or compatible device 

KEPIC Pty Ltd 

VISA 

4 Steinbeck Place 

Spearwood 6163 

Western Australia 

Phone/Fax: (09) 418 5512 

Free shipping within Australasia 

Available direct from above address 

READER INFO NO. 13 



Moffat's 
Madhouse... by TOM MOFFAT 

Things that work when they're not supposed to... 

Do you live by the rules? Well, society 
says we're supposed to, but sometimes 
rules are there to be broken. Not rules 
that say we shouldn't go around murder-
ing people; but as for some of the rules 
that don't harm anybody, we can break 
them with impunity. 
We may succeed smashingly, in which 

case the rule breaker is declared a 
genius. Or we may fail, to end up with 
egg all over our faces. 
But it doesn't hurt to defy established 

convention from time to time — as they 
say, no guts, no glory — and the results 
may be both satisfying and useful. Who 
knows, a new rule might even be named 
after you. What follows then, I shall 
egotistically call 'Moffat's Laws of Dud 
Antennas'. 
The idea for this column came after a 

letter from a reader concerning my vari-
able balun project, published in May's 
EA. The article sang the praises of paral-
lel feedline for antennas, as a means of 
cancelling the effects of nearby electri-
cal noise. I mentioned various types of 
balanced feedline, and then suggested 
the use of good old parallel 'speaker 
wire' if nothing better could be found. 

'Speaker wire' in this context means 
the stuff that looks like miniature figure-
of-eight flex. I use 'speaker wire' for just 
about everything around my place; I've 
bought several hundred-metre rolls from 
Dick Smith Electronics, and run it all 
around the house to do things like con-
nect a receiver in my workshop to a 
computer in my office (for Listening 
Post II use). We have an intercom sys-
tem running through speaker wire, and 
when the kids were little I used speaker 
wire to rig up play telephones for them. I 
even made a giant set of twinkly lights 
from a big pile of 6.3 volt globes, to 
string as Christmas lights on a big pine 
tree in front of the house. 
Speaker wire is useful stuff, but 

there's one thing I won't use if for: 
speakers. For that purpose, hooking up 
the stereo, I use the larger mains-size 
figure-of-eight flex. I wouldn't want to 
open the Monster Cable debate again, 
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but I've been feeding a pair of 20 year 
old Leak speakers, with the same crumb-
ly old runs of flex, and they still work 
fine to this very day. Dare I say, better 
than a lot of the modem stuff? 
But speaker wire as antenna feed line? 

The reader brought up the point that 
speaker wire has a capacitance of 470pF 
per 10 metres, and should therefore be 
useless on the higher HF frequencies 
around 28MHz. He's right to a certain 
extent, 470pF would certainly place a 
big shunt load across 28MHz energy, 
especially if the impedance was very 
high. But with a dipole of some indeter-
minate length, the impedance can be 
anything. In any case, it's pretty likely 
the speaker wire will act more like a 
transmission line than a shunt capacitor. 
Coaxial cable has a lot of capacity too, 
and it works all right. 

I've used speaker wire for antenna 
feeder many times over the years, par-
ticularly where the antenna has to be 
rolled up and carried around as in a port-
able situation. In fact I think I' learned 
the speaker wire trick as a Boy Scout (a 
short career, terminated when I got 
caught smoking). Scouts back then were 
very radio-orientated; we all learned 
Morse code on scout-issue key/buzzer 
sets, and many of us went on to become 
hams. And consumers of speaker wire... 
Another comment from the same 

reader pointed out that there are few 
private homes in Australia with big 
enough gardens to take a half-wave 
dipole. True enough, but that was the 
real point of the variable balun project: 
to let you break the rules, and use an 
antenna that is too large, or more impor-
tantly, too small for the frequency in 
question. To quote directly from the 
balun article, ' It won't be perfect, but it 
does make a definite improvement in 
reception, particularly at frequencies 
below the antenna's half-wave figure'. 
What this boils down to is that many 

people have built the variable balun 
project (I'm kicking myself now for not 
putting it out as a kit), and I've got lots 
of reports back from people saying it's 

made a remarkable improvement to 
reception, particularly in inner city areas 
— even when using speaker wire. In 
short, it works! 
Here are some more examples of 

things that shouldn't work, but do. At 
one stage I lived in Reno, Nevada in the 
USA, a city renowned for gambling and 
divorces. But in reality it's a lovely 
place, surrounded by mountains and 
lakes and filled with the friendliest 
people you'd hope to meet. And a major 
industry, bigger than gambling, is rail-
roads. Railway lines are everywhere, 
bisecting the city and in some cases al-
most running through back yards. 
One back yard belonged to a ham 

radio acquaintance. Every night he put 
up with the noise of freight trains trun-
dling along just outside his bedroom 
window. The guy's main interest was 
160-metre operation, frequencies which 
require truly giant antennas for efficient 
operation. He got to thinking: that rail-
way line in the back yard, all that 
metal... 
In the dead of night, out came the 

wires from his bedroom window, across 
the yard, and at first onto the wire fence 
the railways had erected to keep kids 
and dogs off the line. Two parallel wires 
fanned out, intersecting the fence at two 
places about 20 metres apart in sort of a 
'beta-match' arrangement. 
This setup was promising — a definite 

improvement on the loaded vertical he'd 
been using. Could it be improved upon? 
The next step, of course, was the rail-

way line itself. He hopped the fence and 
connected one feeder to each end of one 
section of rail. 
This worked much better than the 

fence on 160 metres, pulling in stations 
he couldn't even hear on his vertical. 
And when he transmitted, reports from 
the other end said his signal was many 
times stronger. 
Now if this guy had been a rule-fol-

lower, he never even would have con-
sidered the railway line as an antenna. 
To be effective, an antenna must be very 
high, requiring a large, expensive, and 



council-baiting tower. Yet the railway 
line had an antenna height of zero. A 
simple 160-metre halfwave dipole 
should be something like 80 meters 
long; the railway line stretched from 
California to Chicago. And who knows 
what the joins between the individual 
rail sections were like? This was not an 
electric railway, so there was no guaran-
tee of conductivity anywhere. Yet it 
worked! 

Australian readers take careful note: 
you must NOT try this here. Just about 
every railway within city areas is 
electrified, and even though the rail is 
supposed to be the 'ground' side, you 
never know when something could go 
wrong, releasing the ground and letting 
the train conduct several hundred volts 
from the overhead power line into the 
rail and your receiver or transceiver. 
(Editor: There would also be a risk of 
RF from a transmitter upsetting the sig-
nalling and causing an accident.) 
Anyhow, electrical noise would be in-
tolerable. 
Later I moved 50km south of Reno to 

Carson City, and a block of flats. The 
landlord was interested in radio, and had 
no objection when I asked if I could put 
my ham antenna on the roof. 
This worked great; a multi-band verti-

cal with wire radials, attached to the 
stink-pipe above the second story. A 
classic, by-the-book installation; a love-
ly sight to amateur radio eyes, but a vile 
nuisance to the neighbours. One par-
ticularly snarky fellow next door said it 
got into his stereo (it did!) and 
demanded that the offending antenna be 
removed. The landlord bowed to the 
pressure, and the vertical had to go. 
But the lack of a 'proper' antenna 

never stops a keen amateur, and after 
some improvisation I was soon back on 
the air. Because of the neighbour prob-
lem the prime requirement for the new 
antenna was invisibility. My flat was on 
the ground floor, well buried within the 
building. There was a little fenced court-
yard at the front, and beyond that, rows 
of parked cars. 
The only way I could see to get back 

on air again was to somehow make use 
of that fence, and a bit of wire. The total 
length of the fence was around eight 
metres, slightly more than the length 
needed for a halfwave dipole on the 15-
metre amateur band. This would be fine, 
since 15 metres was my favorite band in 
those days. 
I tacked the right length of wire 

around the fence, hiding it under the 4x2 
timber that formed the frame for the 
fence. A coaxial feedline came down 
from the centre of the antenna and onto 

the ground, buried under a layer of pine 
chips that served as the floor of the 
courtyard. Totally invisible! 
That night I gave the new antenna the 

smoke test. At that stage I was about to 
move to Australia, so I had been con-
centrating on Australian stations. And 
would you believe, reports were BET-
TER, night after night! 
That silly little chunk of wire was out-

performing an expensive, properly in-
stalled, commercial antenna. The 
neighbor, of course, still got inter-
ference, but it couldn't have been me. I 
didn't have an antenna, as far as he 
knew. He eventually gave up and moved 
away. Mission accomplished. 
Talk about breaking the rules! Here 

we had an antenna operating on 21MHz 
— not 10 or 15 metres high, more like 
one meter high. Not a dipole, but more 
of a three-sided loop. Surrounded by a 
big solid building on one side, and a 
mass of cars on the other. Why was it 
better? Wouldn't have a clue. But it went 
like a rocket. So much for conventional 
wisdom. 
And in the same block of flats... Reno 

only had two TV stations, Carson City 
had none. But both cities were serviced 
by a cable television system that picked 
up several San Francisco stations from 
the top of a 10,000 foot mountain and 
microwaved them down to the city, 
where they rode coaxial cables 
everywhere. One branch of the cable 
went right along the front of the flats, 
and if you paid five dollars a month or 
so, the company would provide a tap 
from the cable into your flat. 

In Carson City one Reno VHF station 
was good, the other was useless. But the 
bad one eventually installed a UHF 
translator for Carson City, on channel 
80, way up around 800MHz. I built a 
snazzy little 11-element beam, all of 
about a metre long, and installed it on 
the second floor railing where it could 
see over the cars to the translator. 

It worked great, producing better pic-
tures than I'd ever got in Reno itself. But 
when tuning to VHF with the little beam 
still connected, there were the San Fran-
cisco stations — weak, but watchable. 
Amazing? No. The coax to the little 

beam ran alongside the cable TV coax 
for a short distance, and there was 
leakage. A leakage that I felt was there to 
be exploited. 

After a bit of fiddling around and yet 
another coax run, I discovered that all I 
had to do was wind about five turns of 
wire around the cable company's coax 
and — Bingo! San Francisco TV, just as 
good as the paying customers in the flats 
got it. 

This could obviously be construed by 
some people as slightly illegal, so I took 
special pains to make sure my little coil 
did not touch or interfere with the cable 
company's cable in any way. It was 
wound around it, but not touching. If the 
cable company's cable radiated so much, 
that was their problem. 
The day of reckoning came when the 

cable company's technician paid a little 
visit. "Is that your coil?". 

"Yes". 
"What's it for?" 
"So I can pick up your TV without 

paying for it." 
"But you're interfering with our 

cable!" 
"No I'm not, I'm not even touching 

it." 
Then I suggested his company could 

save a lot of money with connections if 
they just Wound little coils around their 
cable, instead of using those expensive 
fittings that puncture the cable to reach 
the inner conductor. 

"Yeah..." And off he went, thinking. 
Never again was there a complaint 

about my little coil. 
Broke the rules again, if not the law. 

The outer sheath of that co-ax is sup-
posed to act as a shield. No way! Even in 
that high-quality stuff used for main-line 
distribution, the outer sheath radiates 
like crazy. 

Is there a useful principle here, some-
where? • 
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Tuned FM demodulators 
The ratio detector and the Foster-Seeley discriminator dominated the field of high quality FM 
demodulators for nearly four decades, before the later advent of cheap integrated circuits made 
other even older methods economically feasible. 

by BRYAN MAHER 

Continuing on from the last chapter, 
we will now describe two types of 
tuned FM demodulators. 
The four main points you may wish 

to recall from the previous chapter on 
vector diagrams are: 
1. A voltage or current amplitude can 

be represented on paper as the 
length of a straight line we call a 
vector. 

2. The difference in timing or phase 
angle between two AC voltages or 
currents can be indicated on paper 
by the angle between the vectors. 

3. The addition or subtraction of out of 
phase AC voltages can be indicated 
by geometric vector addition or 
subtraction. 

4. In inductive circuits voltage leads 
current by 90° (or if you like, cur-
rent lags voltage; same thing, isn't 
it?) In capacitive circuits the op-
posite happens. 

Tuned FM demodulators 

Of all the tuned FM demodulators in-
vented, two types give excellent 
results. The first we will describe is the 
ratio detector, shown in Fig.l. 
Q1 is the final intermediate frequen-

cy amplifier of a radio or sound section 
of a TV receiver. Frequency modulated 
IF signals from QI are coupled to the 
demodulator via a transformer, com-
posed of primary winding Li and 
secondary L2. 
L2 is centre-tapped at H, forming the 

two equal halves L2A and L2B. The 
whole of L2 is tuned by C2 to the un-
modulated IF centre frequency fo. In-
ductance L4 is a high impedance 
'choke' suitable for high frequencies 
and D1, D2 are matched fast diodes, 
1N914 or similar. 
The ratio detector circuit is actually 

distinguished by the diodes being con-

nected in series, as shown in Fig. 1. The 
very large tantalum or electrolytic 
capacitor C6 is charged by the rectified 
IF signal. Because of loading resistors 
RA + RB, the charge on C6 resides at 
the average peak IF voltage, positive at 
the top as shown. RA and RB are 
matched and equal. 
Capacitors Cl, C4, C5, C7, C21 are 

all chosen large enough to be very low 
impedance at IF frequencies, but the 
matched pair C4, C5 (as well as C7) are 
small enough to exhibit impedance at 
audio frequencies. 
The DC charge on C6 is sufficient to 

cut off the diodes at most times, except 
on positive signal peaks. 

Two signal feeds 

As well as signal being coupled by 
the transformer action of Ll/L2, the 
modulated IF carrier V1 is also coupled 

Fig.1: The Ratio Detector FM demodulator, whose operation is explained in the text. Note that RA=RB; C4=C5; L2A=L2B 
and D1=D2. C6 is a large tantalum or electrolytic, while C7 and C21 are IF bypass capacitors and C1 is the IF coupling 
capacitor. 
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Basics of Radio 
by capacitor Cl to the secondary 
centre tap H. With C7 acting as an IF 
bypass, the whole IF signal V1 must 
therefore appear across inductance L4. 
When the signal is unmodulated 

(e.g., when that vociferous disk jockey 
eventually stops talking), the IF signal 
is at centre frequency fo. In such a 
case, as the resonant tank L2C2 is 
tuned to fo, the circulating current i2 
flowing around the tank is in phase 
with the secondary voltage Vs. As that 
last point is vital, we repeat for em-
phasis: 
At f=fo, i2 is in phase with Vs. 
We show this in the vector diagram 

of Fig.2(a). By transformer action, the 
secondary voltage Vs is at 180° to the 
primary voltage Vi. 

In flowing through the coil L2A, the 
current i2 produces a voltage drop 
from H to K. Because L2A is induc-
tive, voltage V2 must lead the current 
i2 by 90°, as we show in Fig.2(a). Be-
cause this voltage drop is in direction 
H to K (ie away from the centre tap) 
and not K to H, we draw the vector V2 
the other way around as shown. 

In like manner, current i2, flowing in 
L2B, produces a 90° leading voltage 
drop V3 from N to H. 
Note that both V2 and V3 are always 

at right angles to i2. 

Vector sums 
Looking again at the circuit of Fig.1, 

we see that the voltage V4 is com-
posed of two voltages, V1 and V2. As 
these arc AC voltages out of phase, we 
must add them vectorially as in 
Fig.2(a). Similarly V5 is the vector 
sum of V1 and V3. 
By the symmetry of the circuit and 

because of the earthed mid point F, any 
audio output must arise from the dif-
ference between V4 and V5. (The next 
statement is essential to the explana-
tion). 
We regard V4 and V5 as vectors at 

IF frequencies, and take account of 
their phase angles. But the diodes 
rectify V4 and V5, producing in C4 
and C5 average voltage values over 
many cycles. 
Also the point W is bypassed to 

ground at high frequencies (but not for 
lower audio frequencies) by C7. 

Average values 
Therefore the voltage between W 

and ground can only be the difference 
between the average values of V4 and 
V5. But average values, taken over 

Fig.2(a): At resonance, Le., when f=fo, 
current i2 is in phase with Vs, so the 
absolute values of V4 and V5 are equal: 
thus there is no audio output. 

Fig.2(b): When the received signal is in 
downward modulation (f<fo), i2 leads 
Vs but V2 and V3 must be always at 90 
degrees to 12. Thus resultants V4 and 
V5 have different absolute values, the 
voltage on C4 is smaller than that on 
C5, and their difference gives positive 
audio output. 

Fig.2(c): When the received signal Is In 
upward modulation (f>fo), i2 lags V2 
but (as always) V2 and V3 must be at 
90 degrees to 12. Thus the absolute 
value of V4 Is larger than that of V5, so 
the voltage on C4 exceeds that on C5, 
and their difference gives negative 
audio output. 

many IF cycles, have lost all sense of 
phase and timing. 
So the voltage at W is the difference 

between the absolute, or peak values 
of V4 and V5. The absolute values of 
vectors in Fig.2(a) means just the 
length of the line, representing the 
voltage without any regard to its direc-
tion. (Recall that vector direction indi-
cates phase angle or timing.) 

Fig.2(a) shows that, in the unmodu-
lated case when f=fo, both V4 and V5 
have the same length. So their absolute 
values are equal, meaning that they 
have zero difference. 
The voltage at W, being the result of 

rectified and averaged carrier, is the 
audio modulation signal. We have thus 
shown that in the unmodulated case 
(when f=fo) the audio output is zero. 
Which of course is what we wanted! 
Acutely alert readers are no doubt by 

now silently mumbling, wanting to 
know what happens when that disk 
jockey puts a record on. I.e., when we 
have some modulation. 

Downward modulation 
On one half of the audio cycle, the 

FM station's transmitted signal is 
reduced in frequency by the modula-
tion. That is, f<fo. 
Each time this occurs the tank L2C2 

is no longer in resonance; the tuned 
circuit appears as a capacitive load. 
Therefore current i2 leads the voltage 
which causes it, Vs. We show this 
diagramatically in Fig.2(b). 
Despite this, the voltage drops V2 

and V3 must always be at 90° to i2, 
due to the inductive property of the 
coil L2A and L2B. 
Notice the new shape this gives to 

our vector diagram, shown in Fig.2(b). 
The angle between VI and V2 is now 
larger than the angle between V1 and 
V3. Therefore as Fig.2(b) shows, V4, 
the vector sum of V1 and V2 is smaller 
than before. At the same time V5, the 
vector sum V1 + V3 has increased. 
Thus the difference in the absolute 

values of V4 and V5 is no longer zero. 
The rectified carrier voltage drop 
across C5 is greater than that across 
C4. But the sum of voltages across C5 
and C4 is constant — i.e., V6, the DC 
charge held by C6. Therefore the 
potential at W has moved in a positive 
direction, towards X. Thus is formed 
the positive half of the audio signal, 
the modulation, which is taken from W 
to the following audio amplifier's 
volume control, etc. 
Notice that only audio frequencies 

can exist at W; the high frequency 
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remnants of the rectified IF signal are 
all bypassed by Cl. 

Upward modulation 
On the other half of each audio 

cycle, the FM station's transmitted sig-
nal is increased in frequency by the 
modulation. That is, f>fo. 
Now the tank circuit will be on the 

other side of resonance, and will look 
like an inductive load, so i2 lags VS as 
shown in Fig.2(c). Again V2 and V3 
must be at right angles (90°) to i2, 
which gives yet another different vec-
tor diagram. 
The vector sum V4 now exceeds V5, 

so the rectified average IF signal volt-
age across C4 is larger than that across 
C5. As the voltage V6 across XY is 
still constant, this means W has shifted 
downwards in potential — i.e., W has 
gone negative. 
Thus is formed the negative half of 

the audio output signal from the 
modulation. 

Noise rejection 
Consider a moment when that ver-

bose disk jockey eventually runs out of 
breath. Silence reigns; if only briefly! 
Will you hear atmospheric noise and 
RFI in the audio output of the ratio 
detector? 

If everything is ideal you will not! 
The ratio detector has a fundamental 
noise-rejecting property. Let's see 
how. 
Any RFI or noise adulterating the 

received FM signal will simply change 
the amplitude of the carrier. But it will 
not change its frequency. 
Consider what happens when V1, 

and hence Vs, increase in amplitude 
but remain at centre frequency fo. 
Naturally V2, V3, V4 and V5 would 
all increase by the same percentage. So 
V4 would still equal V5 and their dif-
ference would still be zero. Thus no 
noise output appears in the audio at W. 
Good point! 
Now if a crash of RFI (e.g., lightn-

ing) occurs while music is playing 
will this noise be heard? Ideally, again 
no! 
With modulation, V4 and V5 are un-

equal, and the RFI will attempt to 
momentarily increase both. At first 
glance you might expect this to cause a 
bigger difference in the voltages across 
C4 and C5, resulting in noise output. 
But large capacitor C6 and the hefty 

charge V6 upon it now comes to the 
rescue. Any transient increase in signal 
strength cannot enlarge V6 quickly, 
due to the time constant formed by the 

capacitor and the impedance of the 
charging circuit. 
So the ephemeral lightning signal 

will be lost in a brief increase in volt-
age drop in L2 and the diodes. It will 
not be heard in the audio output. 
But of course if we tune to a much 

stronger FM transmitter, the signal 
received will be continually of higher 
voltage, (neglecting AGC action). In 
this case V6 will increase, but slowly, 
until it again matches the IF peak 
value. 

Imperfections 
The above description is idealised. 

In real life, tank circuits do not have 
infinite Q; inductances also possess 
some resistance and even some self 
capacitance. 
And all circuits are plagued by 

cross-coupling, due to stray capacitan-
ces and the high-frequency impedance 
of connecting wires. Resistance in L2 
spoils our lovely phase angles some-
what. 
Then also there will inevitably be 

small unbalances in components which 
are supposed to be matched, and tank 
tuning curves are not quite linear. 
These imperfections lead to both small 
nonlinearities in performance, and 
some noise in the audio output in the 
presence of RFI. 
Imperfections are often due more to 

imbalance in the two diodes than to 
any other cause. Indeed this was a 
stumbling block for the ratio detector 
at the time when twin diode vacuum 
tubes like the 6H6 and 6AL5 were first 
replaced by solid state diodes. 

Applications 
Due largely to its noise rejection 

properties and component economy, 
/he ratio detector was the most used 
FM sound demodulator in Australian 
TV receivers for over 20 years. This is 
because any TV receiver is chock-full 
of RFI sources; high slope large volt-
age line and frame signals and ENT 
generators up to 20kV. 
The ratio detector also gives us a 

free bonus in the automatic provision 
of a negative AGC signal, proportional 
to station carrier level. Any variation 
can be corrected by the changed AGC 
DC voltage, applied as bias to earlier 
IF amplifiers. 

Foster-Seeley 
phase discriminator 
An alternative tuned FM 

demodulator is the Foster-Seeley 
phase discriminator. Well known from 

1940, this circuit preceded the ratio 
detector by about five years. 
The Foster-Seeley circuit is similar 

to the ratio detector, at least in the left 
hand side. 
The tuned circuit section and vector 

diagrams are identical, but the five es-
sential differences are: 
1. The Foster-Seeley reverses diode 

D2. 
2. Capacitor C6 is not used. 
3. The point Y is grounded (rather than 

F). 
4. Audio output is taken from X (rather 

than W). 
5. Audio output is derived from the 

sum of V4 and V5 (rather than their 
difference). 
The immediate effect brought about 

by taking audio from (C4+C5), rather 
than their difference, is a considerably 
greater audio output for a given IF 
input. 
This fact allows the IF signal to 

work on a shorter, more linear section 
of the tank tuning curve and still 
produce sufficient audio. Improved 
linearity (compared to the ratio detec-
tor) immediately results. 
However because in the Foster-

Seeley discriminator the audio derives 
from (V4+V5), and any RF noise or 
interference causes increases in V4 
and V5, so noise is produced in the 
audio output. Therefore this circuit 
must be preceded by one or two class-
C limiter circuits, as previously dis-
cussed. 
A further disadvantage appears when 

receiving very weak FM signals. 
Under this condition the associated 
limiters are not fully driven into class 
C, as the drive is too small. In other 
words the limiters exhibit a threshold 
effect, and do not limit until a suffi-
ciently large signal is encountered. 
Thus the Foster-Seeley FM 

demodulator was a bad choice for long 
distance reception. 
Also because in the Foster-Seeley 

discriminator the point Y is grounded 
and no C6 exists, this circuit cannot 
produce any AGC control voltage. So 
additional circuitry needs to be used. 

Next time 
In our next chapter we look into an 

even older FM demodulator circuit, 
known since 1932. It's called the 
phase-locked loop or I'LL', and is the 
current favourite in today's solid state 
world. 
See, just when you thought it was 

safe to go back to sleep, hoary old cir-
cuit ideas stubbornly refuse to die, and 
keep on reappearing! 
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Throwing a little light on 
compact fluoro's, power factor, PC's and TV's 

Rather than simply continue with some of our previous topics again this month, I've decided we 
need a change. Let's look instead at the debate that seems to have arisen over the new compact 
fluorescent lamps, and whether or not they offer as much of an energy saving as their promoters 
would have us believe. It's an interesting topic, because the complicating factors that apply with 
compact fluoro's also tend to apply with quite a few other modern appliances... 

I imagine that most EA readers will be 
at least aware of the so-called 'compact 
fluorescent' lamps, even though they 
may not have put them to much use as 
yet — perhaps because of their fairly 
high price tags. 
Typically they're only a little larger 

than standard 240V incandescent lamps 
in physical size; samples of the latest 
`electronic ballast' type are shown in the 
photograph. This type is easily distin-
guished because the characteristic 'dou-
ble folded' discharge tube is naked and 
clearly visible, while with the earlier 
'electromagnetic ballast' type the tube 
was less tightly folded and hidden inside 
an outer envelope. 

The big advantages claimed for these 
lamps, especially the electronic type, is 
not just that they're a lot more compact 
than conventional 'long tube' fluoro's; 
it's that they offer almost the same order 
of improved efficiency and longevity as 
conventional fluoro's, but in a much 
more compact and flexible form. In 
short, that they offer the high efficiency 
and long life of fluoro's, combined with 
the handy size and convenience of incan-
descents. 
There are also other advantages 

claimed as well, including a broader and 
less 'peaky' light output, for more satis-
fying colour rendition than conventional 
fluoro's; and in the case of the electronic 
ballast types, much less ' flicker' and 
`strobing' than with conventional fluo-
rescent lamps. 
Getting down to brass tacks, it's 

claimed that they're roughly five times 
more efficient than conventional incan-
descent lamps, so that one-fifth of the 
power consumption is required for es-

Two sample 15W compact fluorescent 
lamps, from Philips (L) and Tally. 

sentially the same light output. At the 
same time it's claimed that their lifetime 
is roughly eight time. that of standard 
incandescent lamps. So there's a double 
saving, not just in power consumption 
but also in lamp replacement cost and 
hassle as well. 
There are four basic sizes of compact 

fluoro currently available in Australia, 
with rated power figures of 9W, 11W, 
15W and 20W. These have rated outputs 
of 400, 600, 900 and 1200 lumens re-
spectively, making them roughly equiva-
lent to standard incandescent lamps of 
40W, 60W, 75W and 100W. In Europe 
there's also a 23W model, with an output 
of 1500 lumens. Overall lengths vary 
from around 127mm for the 9W models, 
to around 190mm for the 20W models. 
This is all very impressive, of course, 

and not the least because superficially, 
the new lamps seem to be little more than 
a conventional fluorescent tube — 
shrunken in size and 'double folded' to 
become even more compact. But they're 
still essentially the same technology as a 
standard fluoro, with the glass tube filled 
with mercury vapour, a discharge plasma 
in the tube producing ultra-violet (UV) 
radiation, and a phosphor powder coat-
ing on the inside of the tube to convert 
the UV into visible light. 
How have the manufacturers been able 

to achieve such a dramatic reduction in 
size, without sacrificing efficiency or 
longevity, and with an accompanying 
improvement in colour rendition? Curi-
ous, I asked this question of the Philips 
Lighting people, because Philips seems 
to be one of, if not the leading developer 
of the new lamps. 
The answer seems to be double bar-

relled. Apparently the major break-
through was the development of 
improved phosphor powders, which are 
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much more efficient than previous phos-
phors in converting UV into visible light. 
The new phosphors are also more able to 
cope with higher UV intensity, allowing 
them to cope with the conditions apply-
ing in a 'compressed' tube. 
Along with this improvement in phos-

phors, I gather there have also been im-
provements in the techniques of 
stabilising the mercury vapour pressure 
in the tubes, allowing greater confine-
ment of the discharge. For the electro-
magnetic ballast types (which Philips 
calls the 'SL' type) this involved devel-
opment of a new bismuth/indium/mer-
cury amalgam, while for the electronic 
ballast types (which Philips calls the 
'PL-C' type), it involved the develop-
ment of a technique using 'dead end cool 
spots' at the end of each straight section 
of folded tube, to control the vapour 
pressure. 

Fairly obviously, the big appeal of the 
new lamps is that they offer the potential 
to save as much energy in domestic and 
'fashion' lighting, as conventional 'long 
tube' fluoro's have saved in commercial 
and industrial lighting applications. And 
this is an important point, in this era of 
growing concern regarding energy con-
servation and better management of the 
world's fossil fuel reserves. 

The lamps' appeal is not just on global 
ecology grounds, either. Manufacturers 
like Philips are making quite a point of 
the fact that since they consume only 
one-fifth of the power as a conventional 
incandescent lamp, and last about eight 
times as long, they also offer a consider-
able potential cost saving to the con-
sumer themselves. 
For example Philips note that to pro-

vide around 900 lumens of light for 8000 
hours with a standard 75W incandescent 
lamp would cost $61.32, assuming a cost 
of 10.22 cents per kilowatt-hour (kWh) 
which was the average domestic rate 
charged in 1990 by the Sydney County 
Council. In comparison, the same 
amount of light could be provided for the 
same period with a 15W 'PLC-E' com-
pact fluorescent lamp for only $ 12.26 — 
a saving of 80%, in terms of power cost 
per se. 
Of course this doesn't take into ac-

count the costs of the lamps themselves, 
which is necessary for a fair overall com-
parison. And when you do this the saving 
is rather less dramatic, because the aver-
age cost of a compact fluorescent is 
around $25 each (all sizes), compared 
with incandescents at around $1 each. 

Still, if we take the average life of an 
incandescent at around 1000 hours, and 

the compact fluorescent at 8000 hours, 
you still end up with a substantial saving. 
Adding eight lamps at $1 to the incan-
descent bill gives $69.32 for 8000 hours, 
whereas adding $25 for a single lamp to 
the compact fluoro bill gives $37.26 for 
the same period. This gives a saving of 
around $32, or 46% — not as impressive 
as the power saving alone, but still very 
worthwhile. 
Mind you, 8000 hours is a fairly long 

time when you consider that many do-
mestic lamps would only be on for about 
5 hours maximum a day, and at this rate 
8000 hours corresponds to over four 
years. So you could typically expect to 
save only around $8 per year, for each 
75W domestic lamp replaced by a 15W 
compact fluoro. It's not likely to add up 
to big bickies, unless you have lots of 
patio and hall lights that you keep on all 
night... 

It's also true that the overall cost sav-
ing varies with the amount of light you 
want, because the price of compact 
fluoro lamps is constant regardless of 
output The 9W size costs just as much as 
the 20W size, so that although replacing 
a 100W incandescent with a 20W com-
pact fluoro will save about $48 or 54% 
overall, for 8000 hours, replacing a 40W 
incandescent with a 9W compact fluoro 
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will only save about $8 or 20%, for the 
same period. 
Not only that, but like ordinary 

fluoro's, the compact types give their 
longest life when they're left on for rela-
tively long periods. Turning them on and 
off frequently will apparently shorten 
their working life quite significantly, and 
will thus eat into the cost savings even 
further. 

Still, every little bit helps, and there's 
also the fact that swinging over to these 
lamps will make a contribution towards 
saving energy, conserving fossil fuels 
and reducing the amount of carbon diox-
ide added to the earth's atmosphere. 

Doubts expressed 
So far, then, the new lamps sound like 

a pretty good idea — if not quite as you-
beaut as the makers would perhaps like 
us to believe. 
But in the last few months, there have 

been suggestions in the scientific press 
that they have a 'hidden problem' — one 
that supposedly makes their high effi-
ciency more apparent than real, and can-
cels out their environmental advantages. 
The supposedly hidden problem is one 

of poor power factor. According to the 
critics, some compact fluoro's have such 
a poor power factor that their 'real' 
power consumption is little or no better 
than the incandescent lamps they're de-
signed to replace, despite the lower 
'apparent' power registered by a domes-
tic kWh meter. 
To be honest, many of these criticisms 

seem to be rather confused in a technical 
sense, talking about things like poor 
power factor effectively increasing the 
power drawn by the lamps, or somehow 
'fooling' your power meter into reading 
less than the real power the lamps are 
drawing. There's even been a suggestion 
that the lamps really don't save any 
power at all, and are thus some kind of 
'con trick'. All of which is technical non-
sense, of course. 
But the basic point they seem to be 

making is that because of the lamps' poor 
power factor, they ultimately achieve 
much less saving of energy than is 
claimed. In short, that they're not nearly 
as environmentally preferable or 'green' 
as they seem... 
Well, is it true? Let's look into it and 

see. First of all, we'd better have a bit of 
revision, for those who may have forgot-
ten their AC theory. What exactly is 
power factor? 
With DC, you may recall, things are 

pretty simple. If you connect a voltage to 

A 'demo' version of the Philips 9W 
PLC-E compact fluoro, with its 
'electronic ballast' components visible 
inside the transparent base. 

a load, a current will flow in a manner 
inversely proportional to the resistance 
of the load, as pointed out by Mr Ohm 
many moons ago. And the power drawn 
by the load can be found simply by mul-
tiplying the voltage and the current 
drawn: volts times amps equals watts. 
So far, so good. But with AC, life gets 

rather more complicated. Here there's 
another property of your load which can 
influence the current it will draw, apart 
from its resistance. That other property is 
reactance, and as you're probably aware 
this comes in two different kinds: capac-
itive reactance and inductive reactance. 
As the names suggest the former is dis-
played by capacitors, and the latter by 
inductors or 'coils'. 

If your load happens to be largely re-
sistive, like a radiator element, a jug ele-
ment, a toaster element or an 
incandescent lamp, then things will be 
much the same for AC as with our simple 
DC case. The current that flows will be 
essentially in phase with the applied AC 
voltage, and the power that our load con-
sumes will again correspond to the sim-

ple product of volts and amps. But if our 
load happens to have a significant reac-
tance, along with the resistance, then 
complications arise. Without going into 
the theory, the effect of this reactance is 
to draw an additional component of cur-
rent that instead of being in phase with 
the applied voltage, is shifted 90° out of 
phase. If the reactance is inductive, the 
current it draws will lag or be 90° behind 
the voltage, while if it is capacitive it will 
lead or be 90° ahead. 
Note that reactive current itself is al-

ways 90°, or one quarter of an AC cycle, 
out of phase with the applied AC voltage. 
So that when the voltage is at a maxi-
mum, the reactive current will be passing 
through a zero, and vice-versa. This is 
because reactance as such does not con-
sume energy, it merely stores it during 
one part of the cycle and returns it again 
during another part. 
As a result, the current drawn by the 

reactive part of the load does not actually 
contribute to the 'real' power consumed. 
It is only the in-phase current, drawn by 
the resistive part of the load, which cor-
responds to consumed power. 
So if we have a load like an electric 

motor, or a large electromagnet, which 
has significant reactance (in this case in-
ductive) in addition to resistance, the 
total current drawn will consist of two 
distinct components. One will be the in-
phase current, drawn by the resistive part 
of the load and corresponding to the 
power it consumes, and the other part 
will be the current drawn by the load's 
reactance. Although the latter is quite 
`real' in the sense that it contributes to 
the current reading you get if you mea-
sure load current with an ammeter, it 
'doesn't count' in terms of the load's 
power consumption — because it corre-
sponds to energy stored and returned, 
rather than consumed. It doesn't show up 
in the energy consumption registered by 
a standard kilowatt-hour power meter, 
for example. 
With AC, then, we can have an ' extra' 

component of load current, which while 
it's ' unreal' when it comes to the power 
consumed by the load itself, is neverthe-
less still flowing in the wires. And this 
being the case, the extra current certainly 
contributes to the power that is inevita-
bly dissipated in the wires and trans-
formers of the power distribution 
system, due to wire resistance and other 
losses. One way and another, this reac-
tive current tends to cause additional 
power consumption — not in the reac-
tive load itself, but in the power reticula-
tion system. 
Needless to say, power supply utilities 

aren't at all happy about people drawing 
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much reactive current, because although 
it causes increased losses in the power 
system, this extra power isn't paid for by 
the customer whose loads draw the reac-
tive current. In any case, reactive cur-
rents make it necessary to use fatter and 
more expensive cables, and larger and 
more expensive transformers — all of 
which adds to power distribution costs 
and consumption of resources. 
So drawing significant reactive current 

is frowned upon, and rightly so. But how 
much is significant? Here's where power 
factor comes in, because this is the indi-
cator of reactive current level as a pro-
portion of total current. 

Essentially power factor is the ratio of 
'real' power, in watts, to `apparent 
power', in volt-amps. In other words, the 
ratio between the true power consumed, 
equal to the product of volts and in-phase 
amps, to the apparent power — equal to 
the product of volts and total amps (PF = 
watts/volt-amps). 
For loads that are near enough to 

purely resistive at 50Hz, like a toaster or 
an incandescent lamp, the power factor 
will obviously be very close to the ideal 
figure of 1.00, or `unity'. But if there's 
any significant reactive current flowing, 
the power factor will fall from this fig-
ure, because the total volt- amps will rise 
relative to the power. For example a 
power factor of 0.5 means that the volt-
amps has become twice as large as the 
power in watts, so that there is TWICE as 
much current flowing in the wires as is 
really needed to convey the load's actual 
power consumption. 
What can power utilities do to con-

sumers whose loads have a poor power 
factor? In most cases, they apply pres-
sure to get the consumers to improve the 
situation, by 'correcting' the power fac-
tor of their load. This is done by adding 
the opposite kind of reactance, to 'buck' 
the existing reactive current right at the 
load by drawing current of opposite 
phase, and hence bring the nett volt-
amps down much closer to the true 
power. So to correct an inductive load 
like a motor you use a carefully chosen 
capacitor, while for a load that is already 
capacitive you use an inductor. 

Power factor and lamps 
What has all this got to do with lamps, 
I hear you ask. Clearly it has very little to 
do with conventional incandescent 
lamps, because these are essentially re-
sistive. But it has quite a lot to do with 
fluoro's, because these are essentially a 
gas discharge device and need a series 
impedance or `ballast' to stabilise their 
operation. The familiar `long tube' type 
of fluoro uses a series inductor to provide 

this ballast, in a simple and low-loss 
form. And this turns the overall lamp into 
an inductive load, with an intrinsically 
poor power factor. 
Even though the reactive current 

drawn by a single fluoro lamp and ballast 
combination may be quite small, com-
pared with say that drawn by a large 
motor, there are huge numbers of such 
lamps in use and the reactive currents 
would all add up — to reach frightening 
levels, if nothing were done. To correct 
for this problem, most power supply au-
thorities require that standard fluorescent 
lamp fittings are fitted with a suitable 
power factor correction capacitor. 
So much for conventional fluoro 

lamps; but what about the new compact 
fluoro's? Well, the older type use a series 
inductor or `electromagnetic' ballast, just 
like a conventional fluoro. So they too 
tend to have a rather poor `lagging' 
power factor. 
Although this could presumably be 

corrected with the use of a capacitor, at 
present this doesn't seem to be done. 
One reason might be that there's proba-
bly very little room inside the base of the 
lamp, to fit such an additional compo-
nent. Another might be that the capacitor 
would add further to the cost of the 
lamps, which is already fairly high. Still 
another reason is perhaps that, as yet, the 
power authorities haven't insisted that it 
be done. 
The situation is rather more compli-

cated, though, when it comes to the 
newer type of compact fluoro with an 
electronic ballast. Here the tube is actu-
ally fed via what is essentially a switch-
mode power converter/inverter: the 
mains AC is first rectified into high volt-
age DC, and then fed to a DC/AC in-
verter running at around 451cHz to so. As 
well as raising the efficiency of the lamp 

and virtually eliminating flicker, this also 
allows the use of a much smaller ballast 
inductor. 
But the catch is that here the inductor 

is connected on the lamp side of the in-
verter, not on the mains side. And at the 
input side of the inverter there's essen-
tially a rectifier bridge connected right 
across the mains, and directly feeding a 
reservoir capacitor. 

If you remember your rectifier theory, 
you'll realise that this kind of setup has 
one important characteristic: current is 
drawn essentially in the form of small 
pulses, at the peak of each half-cycle of 
the applied voltage, to replace the energy 
drawn from the capacitor during the rest 
of each half-cycle. 
So with the `electronic' kind of com-

pact fluoro, we don't have a simple con-
ventional power factor problem. The 
current is pretty well in phase with the 
applied voltage; the only trouble is that 
it's in the form of short pulses. Fig.1 
shows a typical current waveform, which 
I found with a Philips PLC-E 15W lamp. 
Why does this 'short pulses' kind of 

current cause a problem? Basically, be-
cause it corresponds to a current with 
severe waveform distortion — or a very 
high proportion of components which 
are not at the fundamental frequency of 
50Hz, but at various odd harmonics: 
three times the frequency, five times, 
seven times and so on. And these high-
frequency current components again 
make virtually no contribution to the real 
power consumed by the lamp, but 
merely add to the overall current it 
draws. The overall effect is therefore 
much the same as for a normal reactive 
load: higher current flow, and hence an 
effectively lowered power factor. 

Typically, the power factor of an 
`electronic' compact fluoro is some-
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Fig.1: The current waveform I observed for a 15W 'electronic ballast' compact 
fluoro. Note the high harmonic content. Each major horizontal division is 5ms. 
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where between 0.5 and 0.6. I measured 
that of a Philips 15W PLC-E lamp at 
0.57, meaning that it drew 110mA RMS 
instead of the 62.5mA RMS that would 
correspond to 15W real power consump-
tion. As you can see from Fig.1, its peak 
current was considerably higher, at 
around 465mA. 

Interestingly, this high harmonic con-
tent of the 'electronic ballast' compact 
fluoro can't be easily corrected. To do so 
would require fairly radical changes to 
the converter/inverter circuitry, and 
would probably either degrade the effi-
ciency or make the lamps even more ex-
pensive. So at present, it seems to be in 
the ' too hard' basket. 
But is it a major problem, and one that 

cancels out any advantage of these lamps 
in terms of power saving and resource 
conservation? Probably not, I suspect. 
Why so? Well, let's look at the sums, 

when we compare a 15W 'electronic' 
compact fluoro with the 75W incandes-
cent lamp it's meant to replace. The in-
candescent draws a steady current of 
312mA RMS, once it's at normal operat-
ing temperature and assuming a 240V 
supply. In comparison, the compact 
fluoro draws an RMS current of say 
110mA, of which 62.5mA is the resistive 
fundamental component and the rest is 
effectively harmonics. This means that 
the power consumed has indeed dropped 
to a fifth of that consumed by the incan-
descent — or a saving of 80%. There's 
no doubt about this saving; your power 
meter will only register one fifth of the 
power consumption, because that's all 
that is consumed. 
Although the total current is higher at 

110mA than we'd like, in an ideal world, 
the point is that it's still well down on. 
that drawn by the incandescent. In fact 
the total current has fallen by over 
200mA, or 65%, so despite the harmon-
ics we're still drawing only a little more 
than one-third of the current drawn by 
the incandescent. 

In other words, changing to a compact 
fluoro results in a power saving of 80%, 
and a current saving of 65%. So we're 
still saving quite a lot of current, even if 
it's not as large a saving as with power. 
More importantly, the losses in our 

power distribution system will fall by an 
even larger factor, because they vary 
with the SQUARE of the current level. 
In fact our 65% reduction in total current 
level will result in an 87% reduction in 
distribution system losses, to only a little 
over 12% of the value they'd have with 
an incandescent producing the same 
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Fig.2: High harmonic currents are not confined to compact fluorescent lamps, 
though. Here's the waveform of an 'AT-compatible' personal computer system. 

light output. A very significant reduction 
indeed, wouldn't you say? 

In other words, then, changing from a 
75W incandescent to a 15W 'electronic' 
compact fluoro lowers the power con-
sumed by a factor of five times, the cur-
rent drawn by a factor of about three, and 
the distribution system losses by over 
eight times. And by the look of it, you'd 
get pretty well the same improvement 
with all of the other lamp sizes, as well. 
Which makes the idea of using these 
lamps still sound like pretty good sense, 
to me. 

Those harmonics 
But what about those harmonics — 

shouldn't we try to get rid of them? Cer-
tainly it would be nice if we could, be-
cause then the reduction in current levels 
would match that for power levels, and 
the power distribution losses would go 
down even further, to around 1/25th or 
4% of the level for incandescent lamps. 
Quite apart from reducing current lev-

els and distribution losses, getting rid of 
the harmonics would be a good idea any-
way, because they tend to radiate a lot 
more than 50Hz, and cause greater elec-
tromagnetic interference with audio, 
radio and other signals. The whole power 
mains system would be much 'cleaner'. 
I have no doubt that Philips and the 

other firms who manufacture the new 
lamps are looking for ways to reduce the 
'peaky' nature of their current drain, to 
make them even more attractive from an 
energy conservation and environmental 
'cleanliness' point of view. And that will 
be great, as long as it doesn't make them 
even more expensive... 
But don't get the idea, from all this, 

that peaky current drain, high harmonic 
content and poor power factor are purely 
a problem associated with the new corn-

pact fluoro's. Far from it. In reality 
they're a much more widespread and 
rapidly growing problem. 
The fact is that all of these things are 

characteristic of many electronic power 
supplies, and in particular the switch-
mode power supplies that have prolifer-
ated in many different kinds of today's 
electronic appliances. Look inside most 
modern TV sets, and you'll find one; the 
same applies to virtually all personal 
computers and laser printers, and quite a 
few of the latest test instruments. 
Switch-mode power supplies are low 

in cost, light in weight, very tolerant of 
mains voltage variations and also very 
efficient, making them well suited for 
many applications. But like the humble 
compact fluoro, they all have a power 
supply input circuit where a bridge recti-
fier is connected directly between the 
mains and a large reservoir capacitor. As 
a result, they all draw their current in 
brief pulses, at the peak of the applied 
AC voltage — giving poor power factor 
and lots of harmonics. 
Don't believe me? Look at Fig.2, 

which is a fairly accurate reproduction of 
the current waveform I measured from a 
typical IBM AT-compatible PC with 
1MB of RAM, a 20MB hard disc drive 
and a 'VGA' type video monitor. The 
RMS current drain measured 573mA, 
corresponding to about 137VA (volt-
amps), while the peak current was actu-
ally around 1.33 amps. I don't have a 
true power meter to measure its actual 
power consumption, but I suspect it 
would be no more than 90W at most. You 
can see from the waveform that the cur-
rent is again very 'rich' in harmonics. 

I've looked at a couple of other ma-
chines, with different kinds of monitors, 
hard disk drives and amounts of memory. 

(Continued on page 111) 
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All Hard Disk capacities are formatted. IDE/FDD drives are already 
low level formatted so you only have to "F DISK" to high level 

format them. Please note you need DOS 4.01 to format these to 
their maximum capacity as drive "C" or otherwise you will have t 

partition as " C", "DE:", etc. if you have an earlier 

version of DOS 

DOS 5.0 NOW AVAILABLE. ONLY $135.00 

tt 1 21' VI IOU j("N I Tel Olb  
CITY: 48 A'BECKETT ST, MELBOURNE 
NORTHCOTE: 425 HIGH ST, NORTHCOTE 
SYDNEY: 74 PARRAMATTA RD, STANMORE 
MAIL ORDER: 56 RENVER RD, CLAYTON 

1-9 10+ 50+ 100+ 500+ 

5 1/4"DS/DD $4.95 $4.90 $4.70 $4.65 $4.60 
5 1/4"DS/HD $10.50 $10.25 $10.00 $9.50 $8.90 
3 1/2"DS/DD $9.75 $9.50 $9.25 $9.00 $8.50 
3 1/2"DS/HD $ 19.50 $18.95 $18.50 $18.00 $17.50 

RAINBOW DISKS 
DIFFERENT COLOURS 

OR 1 SINGLE COLOUR! 
10 DS/DD 
COMES WITH A FREE 
PLASTIC DISK BOXI 

ONLY $8.95 
'.7.•5 

VA RAPHI S 

CARD (9 to 1 MEG) 
"hie new VGA Graphics Adapter works 
ailth your IBM PC ST, PC AT or compatible 

system and high-resolution colour monitor to bring you sharp resolution, splendid colour 
.ind functions and features far beyond the VGA standard. Nothing surpasses the VGA 

3raphics Adapter when it cornea to high resolution graphics' This card has the ability to 
produce 256 colours out of 256K in both 640 • 400 and 1024 • 768 re•olutiona. 
!Other features of this card include: • DIP Switches • DB-15 connector. For analog 

,nonitors • DB-s connector. For TTL monitors • Video BIOS: Basic Input Output System 
•• TVGA 8900Chip, VGA Graphics Chip • Edge connector: For IBMPC XT, PC AT and 

•:ompatibles • Video DRAM: up to 1MB • Weer, 44256-80 chips 
Feature connector For special applications 
(18072 VGA CARD 16 BIT NO RAM ( EXP TO 1M   
(18073 VGA CARD 16 BIT 250K ( EXP TO 1M)  
(18074 VGA CARD 16 BIT 512K ( EXP TO 1M)  

(18076 VGA CARD 16 BIT (I MEG)  

GENISCAN GS-4500 
The best solution for desktop 
publishing with OCR software. 
The GS-4500 is a hand held scanner that can 
t angler graphic images such as photographs, 
crawings, text, and clip art directly to your 
computer screen. It is capable of scanning up to 105mm in 2 different 
nodes. Letter or photo. It also has a resolution control switch to select the 

2- mount of brightness to be used, and can also control the amount of colour 
shade. The scan width and contrast are software adjustable. The letter 
node scans in black and white. This mode can be used for artwork and 
scanning text to a text file. The file can then be converted to word and text 
rocessor readable form through the use of the OCR System's ReadRight 

Optical Character Recognition software. The Photo mode is used to scan 
ç rap h ic material in 4 different shades of grey. 

X19935  

3 2 

• 5 -4" Mounting bracket 
• Pc wer supply adapter 

• Coble adapter • 

• Hippy disk controller card which controls 1.44/720160 drives 

Ccimplete instructions to install a 3.5" in your existing computer. Enjoy the higher 

dersity & easy handling of 35 - floppy diskettes! C11915 $295 

All sales tax exempt orders and 
wholesale inquiries to 
RITRONICS WHOLESALE 
56 Renver Road Clayton 
Phone (031543 2166 13 
Fax (031543 2648 

Errors and omissions excepted 
Prices and specifications subtect to 
change 

• • , 4, • •,•.•••3 &erne ts no 
.••••••• 4•0••••• aaoar s a 

•pf 'we ,, «lama. 'D•met ,a4as,aaea 
• •••pec 1••• own., 
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0
0
8
 3
3
5
7
5
7
 H
O
T
L
I
N
E
 

MONITOR MOVER ARM 

Position your monitor 
AK exactly where you want 

• Maximise desk space! 
• Solid steel structure 
• Span 33cm 

• Tray 30cm ( tilting 15) 
• Desk clamp range 3cm -7.5cm 
• Maximum load 50 kg 

C21079 $199 

1-9 10+ 

C20092 $9.95 $9.50 

Size: 210 11.5 x 30m  

C20094 $9.95 $9.50 

Size: 210 x 25.4 x 50m  

C20096 $19.95 $17.95 

Size: 210 x 25.4 x 100m  

C20098 $9.95 $9.50 

Size: 216 x 25.4 x 30m  

C20100 $11.95 $11.50 

Size: 216 x 24.4 x50m  

C28102 $9.95 $9.50 

RIBBONS 

PRINTER RIBBONS 
TO SUIT: 

• CP80, 9)00, DP80, BX100, 
13X100, MB100, 

1-9 10. 
C22036 $19.95 $17.95 
• MX80,FX80, RX80, FX800, 
MX70, MX80, LX800. 
C22031 $16.95 $15.25 
• MX100, FX100, RX100, L01000 
C22002 $19.95 $1 7 95 
• LX80 

C22003 $1 2.95 $11 95 
• CITOH 8510 - 1550 

C22051 $13.95 $1 2.50 

NATIONAL PANASONIC 
KXIA110 PRINTER RIBBON 

C22034 $19.95 

IBM PRINTER 

LEADS 

• SUITS IBM' PC XT, 
COMPATIBLES 
• 25 PIN " D" PLUG (COMPUTER 
END ) TO CENTRONICS 36 PIN 
PLUG. 
• 1.8 meters 
P19029 $14.95 
:»3 metres 
P19030 $19.95 
• 10 metres 
P19034 $39.95 

ROD'S 
COMPUTER TIPS 

Saving your CMOS 
Do you lose your CMOS setup - 
in other words does your 
battery go flat. There are a 
couple of probable reasons for 
this. Firstly most new type 
motherboards now have NiCad 
cells installed instead of the 
older lithium types. This means 
that they have to be charged for 
at least 24 hours initially or else 
the "CMOS SETUP" will be lost. 
All gut computers are run for • 
minimum of 24 hours prior to 
delivery so this should not 
occur. However if you don't use 
your computer regularly this 
setup will be lost The 
computer should be put " on 
charge** for at least 8 hours per 
week. 
The reason for the change in 
batteries is that lithium types 
only lasted for about 12 months 
then had to be replaced by a 
technician, thus the chang• is a 
great ideal If the worst happens 
and you do lose your CMOS 
setup, don't despair; oui' 
service department can easily 
walk you through this 
procedure over the phone. 
Regards 
Rod Irving. 

SE 
CARTRIDGES 

Why waste your precious time 
& money trying to get a quality 
print oui from a "recharged" 
cartridge when,you can buy • 
brand new Canon laser cartridge 
from Rod Irving for only $ 199.001 

EP CARTRIDGE FOR SIDE 

LOADING PRINTERS 
C21107   $179 

EP-L CARTRIDGE FOR FRONT 
LOADING PRINTERS 
C21109 $179  

EP-S CARTRIDGE FOR 

TOP LOADING PRINTERS 

C21108  $179 

COMPUTER 

CASES L---ge-
, 
'ASE! 
Give your 
compiler tha 
professional 
100k. 

X11105   $199 

Power supply to suit ( 220W) 

X11102 $225 

1, MINI TOWER 

CASE 

I 200 x 415 

x 330-nm 

with ;/ 00w 

powe• supply 

X11100  $325 

RITRON EXECUTIIVE CASE 

X11089 $119 

PS to suit X11089 $149 

'OP OF THE RANGE AT 

EXECUTIVE CASE 
For 386 & 486 systems 

Includes power supply 

XiiiCi $320 

IVA * 1t11 

POWER SUPPLY FOR 
IBM', PC/XT', & 

COMPATIBLES 
DC OUTPUT: +5/13A -50.5A 
.12V /4.5 -12 V 0.5A 
X11096 $139 
200W SWITCH MODE 

POWER SUPPLY FOR IBM', 

AT' & COMPATIBLES 
DC OUTPUT : +5/16A -50.5A 
.12V/4.5 -12V / 5A -12/0.5A 

X11097 9149 

UV EPROM ERASER 
It will erase up to 9 x 

24 pin devices in complete 
safety, in about 40 minutes ( less 
time for less chips) 
Chip drawer has conductive 
loam pad 
• Mains powered 
• High JV intensity at chip 
surf ac ensures EPROMs are 
thoro Jghly erased 

Without timer 

X14950 $99 
With built-in timer 

X14955 $169 

LX-400 
LO-400 
LX-8 50 
LO-850 
LO- 1050 
LO-550 
L0-1010 
OKI 172 
OKI 380 
200-OX' 9 pin 
GSX 140' 24 pin 

head No.of col. Draft Speed No.1 Fonts 1,2,18.9.  . • _, 

24 pin 80 180cpa 3 7,- 9 
9 pin 80 180cpa 3 $ 

24 pin 80 264cp4 3 $950 

$489 ---__ ffflt.:_ 1: . 72: . ,,\ 

9 pin 80 180cps 3 $395 .... =- 

24 pin 80 264cpat 6 $1050 LASER  PRINTERS 
24 pin 80 150cps 3 $625 OL400 LASER PRINTER 
24 pin 13E 180cps 4 $ 4 PAGES / MIN 25 FONTS $1499 
9 pin 80 180cpe 3 $277955 OL800 LASER PRINTER 
24 pin 80 180cpe 3 $650 8 PAGES! MIN 36 FONTS $2,495 

80 213cpa 5 colour $479 OL840 POSTCRIPT LASER PRINTER 
80 192cpe 6 colour $779 8 PAGES / MIN 35 FONTS $4,295 

KEYBOARDS 

IBM XT', TYPE 

84 KEY KEYBOARD 
X12020 $109 

IBM COMPATIBLE 

EXTENDED KEYBOARD 

1101 KEYS) 
X12022 ,$99 

skiweisign*i 

' 01 KEY TRACKBAL L 

KEYBOARD 
Keyboard & mouse In one 
X1 203 0 / ..$1 99 95 

KEYBOARD STORAGE 

DRAWER 
$84.95 

MINI VACUUM CLEANER 
C21087.. 
• , 

KEYBOARD COVERS 
C21089 84 KEY $4.50 

C21088 101 KEY $5.95 

DISK BOXES 

, 

100 x 5 1/4" ECLIPSE 

C16042 $11.95 

40 x 3 1/2" ECLIPSE  

C16040  9.99 

120 x 3 1/2" LOCKABLE 

C16039  

100 x 5 1,4" LOCKABLE 21  

C16020 $13.95 

5055 1/4" LOCKABLE 

C16025  

120 x 5 1/4" LOCKABLE.11.95 C16028 $19.95 

PRINTER SWITCHES 

 ' 
RS232-2 WAY  $39 

RS232-4 WAY $69 

RS232-X OVER $69 

RS232-2 WAY AUTO $69 

CENTRONICS 2 WAY $49 

CENTRONICS X OVER $69 

CENTRONICS 2way auto $79 
CENTRONICS 4 WAY $69 

PRINTER STANDS 

ENCLOSED PRINTER 

STAND 
C21055  .$39.00 

DELUX PRINTER STAND 

C21058 $89.00 

WIRE PRINTER STAND 

WITTY MOUSE 

EVER POPULAR, 

LOW BUDGET' 
FREE MOUSE 
DRIVER & POP 
UP MENU 
SOFTWARE! 
X19950 $49.95 

,-)1.1ICK MOUSE 

Microsoft 

Compatible 

FREE mouse 
house & mouse 
mat Plus FREE 
pop up menu software 
X19955 $69.95 

SUPER BUS MOUSE 2 
DESIGNED TO 
FIT THE PALM 
OF YOUR HAND' 
GREAT FOR 
SAVING A 
SERIAL PORT! 
2 FREE TELEPAINT DISKS, 
X19951 $119 

TOUCH MOUSE 
"A Stationary 

Breakthrough" 

Use your "90, \ 
instaed of your *b\ 
mouse Great for 

saving space. ‘41A 
Ideal for laptops 

X19960 • SAVE $60 -$69 
MICROSOFT MOUSE 
The top of the range! 

Supports 
hunderda of 
applications. 
FREE ' 
MICROSOFT SAVE $9u 
PAINTBRUSH 
SOFTWARE 
BRINGS YOUR 
COMPUTER TO LIFE. 
X19958 $159 

!tor CARDS 

XT HD CONTROLLER .... 5129 
AT HD CONTROLLER ....$ 149 
RS232/SERIAL 
CLOCK $49 
MONO COLOUR CARD $76 
MULTI  $99 
VOICE MAIL   $139 
PRINTER CARD $29 
EGA CARD $149 
DIAGNOSTIC $795 
TTL'PR1NTER $89 
RAM 2M AT EXT/EXP $225 
8M AT EXT,EXP $325 
FAX CARD $595 
4 PORT SERIAL  $129 
2 WAY FDD CONT ( 360K). $39 
RS232 SERIAL CARD $39 
GAMES CARD 529 

AT S PG 2 S/PIG $49 
4 WAY FDD CONT. 
(360-1 44M) $129 
2 WAY FDD CONT. 
(360-1 44M) $80 
CLOCK CARD  $39 
SMART DRIVE 
ADAPTER IDE,FDC  $49 
SMART DRIVE 
ODAPTER IDE IO FDC  $89 
VGA CARD 16 BIT NO RAM 

 $199 
VGA CARD 16 BIT 250K 

 $229 
VGA CARD 16 BIT 512K 

 $269 
VGA CARD 16 BIT 
11 MEG) $299 
VGA CARD 8 BIT 256K $139 



ROD IRVING ELECTRONIC 
DO YOU NEED TO SPEED UP YOUR COMPUTER? 

RITRON AT 
286-1 6 (20MhZ Landmark 
rAletilelgrory su. it410,3e48 CPU 

ton board! 
114 and DIP men' 51-  RAM Configurattons 5K I ire42255sag. 7..e14112255842,i) 
lM 2M IP/1Mex2) 
4M IP/1MBx4) 

IP/258L/Gt4) 

Real Time Clock 
Calendar 
Battery Back-up 
Baby AT Size 
Expansion Slot. 
Special Futures 

Six 16 bit and One 8 bit 
Keyboard Typernafic Rate adlustrnenl in BIOS 
Power ON Password 
Hard Disk Boot Sector VIRUS Protection 

This board is extremely versatile and internally very intelligent 
it watches for viruses. slogs unauthorised Persons USlng Your sYstent 
and can be optimised for OS/2. 
The speed switchino can be done be hardware ¡ physical switch) or by 
software (keyboard). 
Support of EMS d fully LIM 4 0 for tne full memory maximum 0116 Moyle 
e inxiitéesesamht Installed by the careful electronics hobbist in under 1 Hour 

TRY TO BEAT THIS PRICE! 

• %-

THE CHEAPEST XT TURBO $ 95 
MOTHERBOARD ON EARTH! 
This mighty little XT motherboard has eight 
expansion slots end us« five low costing 1MB RAM 
chips to provide a full 640K memory. The ASIC chip, 
well known for it's rellabillyis also used. The CPU Is 
state of the art technology. NEC V20 running at 
4.7 ,10 MHz (swichable) with zero wait states. 
Size in juit 208 x 161mm. 
"GOOD THINGS COME IN SMALL PACKAGES" 

MEMORY SIZE DRAM 

128K bytes 424256 x 1 
256K bytes 424256 x 2 
384K bytes 424256 x 3 
512K bytes 424256x4 or 4210000 4 
640K bytes 424256 x 5 or 42100004 r 424256 x 1 

X18037...On Special at only $95.00 

only 

$549 

Tube:-

Signds:-

Seperale 

SONICA SUPER VGA MONITOR 

RITRON NEATSX 
386SX-20 

Wakileftge  
Cnipset CS8281 

Real Time Clock 
Calendar 

g; '.111g Bleecrni'our 
Archltecture 

FAleer:?,:os.kr 

RAM Configurations 

I 011owing 

20-Mb (Intel) 

î ,,à,gre,,,,,,...re:vjalaane,girS controller /9a Iaon roller 
82  

12A06 integrated peripherals controller(IPC) 
jiif C§PU'eslait) 

eps`'sectljoionet.44Megeefieral 8 Mbytes) 
FiI A ve 16.bil ISA slots and three 13.1ad ISA slot 
AT keyboard port eza: 22 5cm -by 33cm 
°stoned with 4 layer board to minimise RF noise 
°war require° 5V at 4A nt. 

Banks 0 and 1 are normally IP 
Banks 2 and 3 are normally SIP but can be pamper 
optioned for Banks 0 and I. 
.i1 sKsta61,1,1oraubiltay2Igs,e,,mombinations of the 

i 4/1256 DIP 4 bd 0 256K widei 
41000 DIP 1 0,10 1Meg wide) 

11g8 e 1 0: •,' 256K wide) 
This baby brother/sister to the 386-33 s still a very powerful board 
II offers full 386 compalability at a Hi- Tech 286 price 
Again il is very easy to install and can be done by anyone with a bd of 
electronics knowledge in less that, ItHsgEtifuR 

286 12MHz 0 WAI F HALF SIZE A 

MOTHERBOARD 
• 6.25/12.5 MHz system dock speed 
• I2MFtz version 80287 - 10 CPU 
• Sockets for 80287 Coprocessor 
• Optional Independent clock for 80287 
• Systema speed hardware and software selectable 
• Supports up to I MB DIP (8 4.4256 • 4 x 41256) 
or 4MB SIMM RAM Capacity 
• 2 XT and 4 AT Compatible Expansion slots 
• Real time clock / c•lander with rechiargeble battery 
backup. 
• Ouadtel Legal BIOS 
• Sloe: 8.75 08,75 inches 

X18350....on special at only $195 

14 INCH, .28mm. 90 degree. non-glossy 

RGB analog 0.7Vpp/75 ohm unlimited colors 

Sync TTL 3,5t/pp/400 ohm 
Horizontal Positive and Negative Sync 

29Khz - 38i0-iz Auto Scanning 

Vertical Positive and Negative Sync 

50Hz - 90Hz Auto Sing 
Resolution:- 640x350, 600x400, 640x480, 800x600, 1024x766 

Bandwidth:- 45Mhz 
Power:- 90-270Voc 50/60Hz Auto Voltage 

Consumption 60W 

Ensure you get the technical specifications right the first time when 
shopping for a Super VGA Monitor because only those that guarantee 

1024x768 non-Interlaced are truely Super VGA. 

Monitors with Haizontal sync frequencies above 35Khz and Video bondwith 

of 42Mhz cm claim to be in the Super VGA class. 

X14532 

5 1 2KB SUPI 12 

VGA CARD 

• Supports VGA monitors 
• Uses Trident TVGA 3800C chip 
• High Resolution : 1,2240706 
• Supports 256 colours 
• Supports Interlaced and 
non-interlaced monitors 
• Support PCrXTiAT bus with auto 
switching between 8i16 bit bus 
• SPEED ENHANCMENT The TVGA Chip, TVGA 8900C, 
incorporates an intelligent sequencer with built in 32 bit 
cache delivers extreamly high speed performance in bus 
interface and memory update. 

X18074  

RITRON EXECATIVE 
386DX-33 WITH 128K CACi., $ 
Processor 33.Mhz 80386 (Inle, 
Coprocespor 80387 optional) 
Ram-sIos  
Chipset AMI 

Kbytes) 
memory contrarier 1 8 320 bus Controller 

8 330 data buffer 

8:ellity"pik-up 72-pin SIMM socket with 25nS SRAM 
System memory VAN sockets for up to 16 Mbytes 
Architecture ISA 
Expansion Slots tx 16-bit ISA slots arid one 8-bit ISA slot 
miscellaneous sTà",12cerd. en33.„, iqprreeeer rucnulass ' requirements 

î :1,,Arbytyti 411 by 4 1 bank) SIMM 412 by 8 2 banks) SIMM 
410 by 4 1 bank) SIMM 
41000 by 8 2 BANKS) SIMM 

RAM Configurations 1 byte 

12 uMboytee 41000 by 12 (3 banks) SIMM 
6 yi 41000  by 16 (4 banks) SIMM 

This Dom is extremely versatile uses any vergion o MS-DOS above 3 O. 
OS/2, XENIX/UNIX and is as Hi-Tech as any compu er buff really needs to go 
It is as easy to install as a basic stereo system 
loor follow a few basic rules such for static precautions and component affignmem 
set up the menu driven CMOS RAM as directed m the user manual and you mil 
have a professional upgrade in less than 1 HOUR. 

Cit. 018115 

Rein Time Clock 
Calendar 

EXPANDED DYNAMIC 

RAM RANGE 

Speed ( ns) 
4164-10 100 

4464-10 100 

4464-08 

41256-10 

41256-08 

44256-10 

44256-08 

44256-07 
1M-10 

1M-08 

256K x 9 

1M x 9 

1M x 9 

80 

100 

80 

100 

80 
70 

100 

80 

No. of pins 
(64K x 1) 
(4 x 64K) 

(4 x 64K) 

(256K x 1) 

(256K o 1) 
(256K o 4) 

(256K x 4) 
(256K x 4) 

(1M x 1) 

(1M x 1) 

1-9 

$4.95 
$5.95 

$6.95 

$4.50 

$4.95 
613.95 
$14.95 

$15.95 

$13.95 
614.95 

Speed ( no) SIMMS 

80 

80 

70 

10+ 

$4.50 
$5.50 

$5 95 

$4.00 

$4.50 
$12.95 

$13.95 

$14.95 

$12.95 
$13.95 

1-9 

639.00 

6129.00 
$139.00 

Speed ( no) SIPPS 1-9 

256 x 9 80   $39.50 
1M x 9 ao Luslisiusi $12940 
im x 9 70 mmeneognoteeno $139.00 

84 

RICE'S 

WORKS IN 
XT'S & ATS 

8 BIT VGA 
ADAPTOR CARD 
The Smart VGA Adaptor 
isa VGA interface employing 
Realtek Semi-Conductor's 

chips and software. It is a high 
performance and inexpensive 
interface medium for IBM PCAT 
rAT or compatible system. 
The Smart VGA Adaptor 
performs far beyond the 
normal VGA standard. 

X18071  

100. 

$3.90 
$4 90 

$5.50 

63.75 

$4.25 
$11 95 

612.95 
$13.95 

$11.95 

$12.95 

10. 
X37.50 

$125.00 
$135.00 

10. 

$37.50 
$125.00 

$135.00 

ROD IRVING ELECTRONICS est. 1977 
FOR THE SERIOUS COMPUTER USER 

ACN. 005 428 437 

MELBOURNE: 48 A'Beckett St. Ph: (03) 663 6151. Computer sates: Ph 639 1640 

NORTHCOTE : 425 High St. Ph: ( 03) 489 8866 

SYDNEY: 74 Paramatta Rd. Stanmore. N.S.W. Ph: (02) 519 3134 

MAIL ORDER: 56 Renver Rd, Clayton Vic, 3168. Ph:Local 543 7877 

Mail Order Hotline: Ph: 008 33 5757 
MELBOURNE DEALER 

BLUESTAR COMPUTERS: 271 Nlaroondeh Hwy, 

Ringwood. Ph: (03) 870 1800 

Thaw postage rates are 

bo•lc pootago only up to 

5Ng Rood fooled, bulky 

& trip% Iturruery111 b. 

ch•rpod at dItIoront r•loo 

Po•l•po Isle. 

SI - 0990 5300 
510- 124 99 S1513 
$25 - S4999 SA 50 

550 - $99 99 56.00 
S100- $ 199 5700 

$200 - 5500 FREE 

$500 PLUS FREE 



008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS! LOCAL ORDERS & INQUIRIES CALL (03) 543 7877 
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CPF 
CONTINUOUS POWER 

FILTER SPIKE ARRESTOR 
The Fortron CPF Filtered Electronrc 
Spoke Protector provides a protective 
electronic borne, for microcomputers 
printers telephone systems and 
modems electronic typewnters 
audio and stereo systems and other 
sensitive electronic equipment 

The CPF provides protection from 
dangerous electrical spikes mar can 
cause anytNng horn obveous damage 
dike immediate equipment failure) lo 
less obveous harm that candraslically 
shorten a system s life 

CPF s superior circuitry design and 
seine conductor technology responds 
instantly to any potentially damaging 
overevoltage, ensuring sate trouble 
free operation 

Additonally CPF s tillenng capabday 
helps eliminate troublesome and 
annoying interlerence, general hash 
created by small motors fluorescent 
lamps. and the like that threaten the 
performance and shorten equipment 
lile of unprotected electronic 
components 

SPECIFICATIONS: 
Eloctriul rating: 220-260 volts 
t AC) 50Hz 10 Amp 

Spike/RFI Protection: 4 500 amps 
lor 20m/second pulses 

Maximum Menu:dog voltage: 275V 
differential mode 

Cat X10088 ..... $69.95 

SURGE/SPIKE 
SAFETY PLUG 
Stand alone 
3 pin plug 

Plugs Into socket adjacent to 
the equipment that you want 
to protect. All outlets on a 
power board can be 
protected by inserting the 
Triangle Surge/Spike Plug 
Into any of the free outlets. 
Green safety neon glows 
when power is on. 
Approval No. V88029 
Total energy rating: 225 
Joules ( 10/1000us) 
Protection level: 275V 
Nominal, 475V Peak. 
Responie Time: Better than 
10 nanoseconds. Automatic 
reset 

X10060 $25.00 

SURGESPIKE 
SAFETY CORD 
SET 3 pin MAINS 

plug to 

3 pin IEC plug 
Plugs directly into your 
equipment and replaces 
your existing cord-set. Clear 
moulded pitig• at both end* 
with green safety neons that 
glow when power is on. 
Approval Numbers: V68029, 
V900297, V65006. 
Total Energy Rating: 225 
Joule* ( 10/1000us) 
Protection level: 275V 
Nominal, 475V Peak. 
Response Time:  Bollar than 
10 nanoseconds. Automatic 
reset 

X10080 $39.50 

RS232 BREAK OUT BOX 
A simple way of mondonng RS232 
interface lead activity Interlace 
powered. pocket size for circuit 
testing. monrtoring and patching 
10 signal powered LED's and 
2 spares 24 ssvetches enables you 
lo break out circuits or reconfigure 
and patch any or all the 24 active 
positions 

SPECIFICATIONS: 
Connector.: 0825 plug on 8Ornm 
ribbon cable and DB25 socket 
Indicators: Tricolour LED s for TO 

RD. RIS. CTS. DSR. CO. TC. 
RC DTR. ( E)TC 

Jumper Wires: 20 tinned end pieces 
Power: Interface Pew., 
Enclosure) Black high impact 

plastic 
Dimensions: 85 if 95 et 30mm 

X15700   $90.95 

gia  

DISK Nttif 111 14 

(inserts S 1/4' single sided 

floppy disks to double seded.hs 

placing an appropriate non h 

in the floppy disk jar. her 

C21070  $7.95 

THE BUTTON 
SPIKE PROTECTOR 

Surges and spikes are caused not 
only by lightning strikes and load 
Switching but Ws° by other equipment 
being switched on and oh such as 
fluorescent lights electric motors 
fridge beezeis air conditioners etc 

For effective protection such spikes 
must be stopped before they reach 
your equipment Simply pica; The 
Button ono an outlet and it will protect 
all equipment plugged into adjacent 
outlets on the same branch circuit 
free Button employs unique metal 
(wide earester technology and wilt 
dissipate ISO joules ot electrical 
energy nearly twice that 0, 
comparable surge arrester, 

SPECIFICATIONS: 
Voltage 2400 Nominal 
total Energy Rating 
Response Time Ifin, 
Petite/two 1 egel lbOV peas 

$42.95 

MAGIC STAGE 
A working bench tor your Mouse 

.High gustily ABS plastic and 

•nti-stelic rubberised iop 

•Stationary holder 

•Includes pull-out shelf or 

Mouse 

•Ownensions 280 a 260 x 25mm 

• Fits over keyboard 

C21080 On special 

was $24.95 

Now $14.95 

SURGE BUSTER 

6 PROTECTED POWER OUTLETS 

Ideal or protecting personal 

computers. video equipment. 

colour TVs amplifiers. tuners. 
grephic equelisers. CD players etc 

SPECIFICATIONS: 

• Electrical railing: 2400 AC. 50Hx, 
10A 

• 3 x Metal Oxide ‘oristomik4OVi 
• Maximum clamping voltage: 
each MOO: 710 volts al 50 amps 

• Response done: Less than 25 
Nanoseconds. 

X10086 $69.95 

OuickShot 
Joysticks 

Oulck Shot offers the 
most complete selection 
of video game controllers 
In the market Model. are 
available to suit all the 
most popular video game 
machines and just about 
eny playing style. 

0S-123 WARRIOR 5 

IBM COMPATIBLE ( 15 PIN 

C14208 $59.95 
APPLE E. IBM 
COMPATIBLE 
(9 it 15 PIN 

CONNECTORS) 

C14211 $62.95 

0S113PC IBM PACK 
INCLUDING JOYSTICK 

ADAPTOR CARD (15 PIN) 

C14216 $59.95 

0S-123 PC IBM PACK 
INCLUDING JOYSTICK 

ADAPTOR CARD (15 PIN) 

C14217 $74.95 

0S-129FVF SPACEAGE 
CONTROL NINTENDO & 
MULTISYSTEM 
COMPATIBLE (7 OR 9 

PIN) 

C14214 $39.95 

OS-130NiF DELUX 
DIGITAL 
NINTENDO & 
MULTISYSTEM 

COMPATIBLE (7 69 PIN) 

C14209 $39.95 

0S-131 NEW BASIC 
ATARI / COMMODORE -9 
PIN 

C14218 $19.95 

HS-3000 
HANDY SCANNER 
INCLUDES FREE 

SOFTWARE! PC PAINT 

BRUSH & IMAGE TOOL 
• Wide 4.1r ( 105mm) Scan 
width 
• 100E200/300/400 
switchable DPI resolution 
• Four encoded modes: 
B/W and three half tone 
patterns. 
• Thrity-two shades of grey. 
• Built in scanner view 
window for accurate 
scanner placement. 

X19945 $269 

GENI SCAN 
COLOUR SCANNER 
The GS-C1OS Colour 

scanner scans any colour 
or black 8. white Image Into 
your IBM PC AT, PS-2 or 
compatible system without 
loss of hue. 
FREE SOFTWARE! 
Draw shapes, modify 
objects alter colours II edit 
a palette of 256 colours 
using the commands on 
your pop-up menus. You 
can even design your own 
font type size. 
• 105mm scan width, multi 
scan up to 300mm 
• 64 shade levels 

X19930 $895 

• >M .% 

DUST COVER 
Keep your computer and 

accessories free ol dust and 

grime while nol in use 

XT. Cover Set 
C21066 $14.95 

AT Cover Set 
C21068 $16.95 

Intl/ ( Il 1\1 k 1)1110, 
Il , rmili taks-sartrit,oli-.,ttc,srtt 

eel dust dirt or magneto °side 

palette lies on sour time heads to 

Câlins prohlems• errors. 

downtime or JII ex proses i) 

self, si-tall Regular Mt ot 

head s leaner will keep sour 

abuse free ol trriishlciairsimig 

dirt and hielp keep s our ss slum 

up and running. I hese desk 

c leaner, are *ample to 11.-. and 

Inc lode lea  ' g solider., and 

Instntinons 

• 11/2 
C12560  $4.95 
• 1,4 
Cl2S ii  $4.95 

HAVE THE CUTEST 
MOUSE IN THE 

HOUSE 
WITH THESE 
GREAT NEW 

PRODUCTS! 

MOUSE COVER 
Be the first In your office to 
have a mouse that every one 
will want use. This cute little 
mouse cover puts a bit of fun 
and colour onto your desk 
while keeping your mouse 

free of dust! 

C21069.... ....$7.95 

MOUSE 

CLEANING KIT 
Keep dust and dirt from 
damaging your mouse with 
this handy mouse cleaning 
kit. This special rounded tool 
will find its way into all the 
hard to gel at places. The kit 
also comes with cleaning 
fluid and 5 soft cloths to keep 

your mouse spotless! 

C21071 $9.95 

MOUSE KIT 
Everything you need to keep 
your mouse happyl You get a 
mouse pad, a mouse holder, a 
cleaning kit ( previously 
described) and a cute little 

Muse MOM 

C21072 $16.95 

MOUSE GIFT SET 
Here It is! The ultimate mouse 
kit. You get the cute little 
mouse cover to protect it 
from dust, the mouse 
cleaning kit with the rounded 
tool E. 5 cloths, the mouse 
house and mouse pad all in a 

handy black case. 

C21074 $19.95 

COMPUTER 
CLEANING KIT 

To gain optimum performance 
and prevent damage to 
valuable disks, this cleaning 
kit has all you need to keep 
your computer in top notch 
performance. Anti- static 
cleaning pads, cleaning 
swabs, cleaning solution, 5 
1/4" & 3 vz• cleaning 

diskettes. 

C21077 $19.95 

VIDEO 

ACCESSORIES 

VHS VIDEO HEAD 
CLEANERS 

New "wet , dry, met system 

cleans and dries all parts 

which come into contact 

with the magnetic tape. 

Fluid is applied directly 

on to cloth cleaning tape 

prior to use. It uses clean 

tape for each cleaning 

operation. Low drag for 

use in sensitive 

mechanisirns. 

A11456  616.95 

VIDEO AUDIO 
TRANSMITTER 

A small compact unit 
that allows transmission 

of video 8, audio signals ' 
(RF) to any TV set or 

VCR within range of 30 

metres. Ideal for 

watching videos in the 
bedroom or kitchen 

without having to move 

the entire VCR or having 
long extention leads 

running through the 

house. Can also be used 
as a transmitter for a 

video camera. With 

power on/off switch 

audio and video leads 

and supplied with an AC 

adaptor. 

A16150 Normally..$95.95 

NOW ONLY $84.95 

AUDIO 

ACCESSORIES 

CRYSTAL LOCKED 
WIRELESS MICROPHONE 
AND REClEVER 
MICROPHONE SPECIFICATIONS. 
Transmitting Frequency • 37 f MHz 
Transmitting System efry Rai 

oscillafion 
Microphone: Electret condenser 
Power Supply: 9V war, 
Range: 300 feet in apee fietd 
Dimensions: 185 g 27 38rnrn 
Weight: 160 grams 

RELIEVER SPECIFICATIONS: 
Recieving Freq: 37 l MHz 
Output Level. 30mV Intaaimumt 
Recieving System: Super 
heterodyne crystal oscillation 

Power Supply: 9V Battery or 91/ DC 
power adapter 

Volume conVol 
Tuning LED 
Olmen•lone 115 a 32 a eerier, 
Weight. 220 grams 

Car A10452 RAP. 8113 

Our price, $99 

\1eZ 
ge, 

COMPACT DISC CASES 

Packet of 3 standard 
replacement compact 
disk cases. 

A10030 $6.99 

e 

288-12/18   8241 

288-18/21   827! 

38565-20,27   669! 

008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS! LOCAL ORDERS & INQUIRIES CALL (03) 543 7877 



ROD IRVING ELECTRONICS - No.1 FOR IC'S 84 TRANSISTORS 
SCR's TMAG 

UJT 

SC14ID $1.95 
SC14IE $1.95 
SC142E or 'Decor 
$40081. Trlec52.26 
SC1460 12.65 
SCI $2.95 
C103B or 
MCRIC0-6 $0.60 
C106D Equiv. Tad 
X0403DE $ 1.50 
C12212  12.50 
CI22E  $1.95 
292646..  . 11.55 
296027 11.20 

2N SERIES 

Nictitation 
29918 $1.00 
292219 10.90 
292369 $1.00 
292646 $1.95 
292904 ......  $ 1.10 
283019 11.90 
293055 $2.00 
293563 $0.36 
293564 $0.30 
293566 $0.30 
293569 .. $0.30 
293638 $0.30 
293641 $0.30 
2N3642 $0.30 
2N3643 $0.30 
293644 $0.30 
293645 10.30 
293/71 $6.96 
2N3772 ..... $5.70 
293773 $7.96 
293815 $1.50 
2N3666 $2.95 
293904 ,... $ 1.00 
293906  $1.00 
294033  $2.20 
2144254......... $0.40 
294356......... 10.50 
294360 $1.50 
294342 $1.00 
294401 $0.30 
294427 $3.90 
29 5484 $1.50 
295086. ..... $ 1.00 
295089 $1.00 
295401  $0.35 
295455....  $0.90 
296459 $1.00 
295496 .....  $ 1.16 
2N5486 $1.30 
296027 11.20 
296125 $1.90 
250350 $6.95 
2SJ49 ... $9.56 
25J56  $14.50 
291(134 19.95 
2SK176 $14.60 

BRIDGES 

11A/SE 
Descnption . S 
WO2 200V 10.90 
WO4 400V $0.90 

LAM 
KOPC604 400V 
 $2.50 
KBPC607 
1000V.....  12.76 

aAM 
KBPC1004 

KBPCI007 
1000V.....  $4.50 

ZIAME 
KBPC2504 
400V .......  $6.50 
KBPC2510 
1000V 17.35 

2.1-AME 
103PC3604 
400V $6.50 
KBPC3506 
600V $6.75 
KBPC3510 
1000V $6.40 

TRANSISTORS 

AC126 12.55 
BC107 $0.80 
BC106 ....  $0.50 
BC109 $0.80 
BC212 $0.30 
6C311 $0.30 
BC327 . $0.30 
13C321 $0.30 
BC337 $0.40 
BC336 ......  $0.40 
BC648....  $0.30 
BC547.. ..... _90.16 

 $0.16 

BC649 $0.16 199624 11V..$0.25 
BC550 $0.30 19759A 12V..$0.25 
BUN $0.30 199644 13V..$0.26 
13C567......  10.16 1996513 15V..$0.25 
EIC566 $0.16 1996613 16V .$0.25 

1996713 18V .$0.28 
1996613 20V $0.28 
19969E1 22V .10.25 
199706 24V .50.26 
19971E1 27V .10.25 
1997213 30V $0.26 
1997313 33V .10.26 
19974E1 38V $0.25 

BC639....  $0.10 
BC640 $0.60 
BD139 ......  10.90 
130140 $0.93 
BD237 $0.60 
BD231 $0.90 
50650... .....  $ 1.96 
130649 $1.66 
01547 $1.80 

60561... .....  $2.00 
1306112 12.62 
BF116 $1.00 
BF1110  11.20 
BF199 $0.60 
BF2464. $1.96 
8E469 $1.20 
BF470  $1.20 
BEY60 $1.50 
BEY50. 93.00 
0 U20114  $4.90 
BU3264  14.56 
BUX110  $6.06 

 $7.96 
MFE13I $2.90 
LIFE3001  $9.90 
MJ10012.. 15.95 

MJ16003. 19.50 
MJ15004 $9.70 
MJI5024 $9.60 
MJ2965...  12.55 
MJ4502 $8.50 
MJE340 $2.00 
MJE350 $2.50 
NJE2965 $4.90 
MJE3055,. $3.90 
MJE13007 $4.96 
MJEI3009 $9.96 
MPF131  -82.90 
MPS406 $1.00 
MPS413...  $0.50 
MPS442 $0.53 
MPS443...  $0.50 
MPS493...  $0.50 
MPF102 80.90 
MPF109 10.50 
MPSUM1 ...  11.75 
P916)... ... $0.25 
PN2C0 $0.25 
T1P3111.....  $ 1.00 
TIP31C..  $1.20 
TIP 328  $1.00 
TIP32C $1.20 
11P414 $1.90 
TIPOIC 12.00 
TIP424....  $1.90 
TIP42C $2.63 
TIP49 $1.90 
TIPS° $2.20 
TIP53  12.50 
TIP112..... -12.50 
TIP116..   $2.50 
TIP117 ......  $2.50 
TIP120  12.90 
TIP122 . $1.95 
TIP125 $2.90 
TIP 127  $1.95 
TIPI47 ...... 
TIP2956  $2.25 
TIP3056 .11.95 

DIODES 

_LAM 
Descoption  
194002 200V.50.10 
1 94004 40(8.10.10 
1 940071 way . $0.20 

Oescripion . 
195401 50V..$0.40 
195404 400V 10.40 
1954 0131000V$0.65 
GERMANIUM DIODE 

Descnration 
0447  11.50 
0490 $0.40 
0491  $0.75 
0495 $0.75 

400mW 

2ENERDIODES 

197464 3V3 90.25 
197474 3V6 50.25 
197484 3V9 .10.26 
197494 4V3 .$0.25 
197504 ev7 .5426 
197514 5V1 90.25 
19752A 15V6 .$0.25 
197534 6V2 90.26 
197544 (We 50.26 
197564 7V5 .10.25 
197664 111/2 90.26 
19767A 9V1 90.26 
197554 10V 90.25 

1W ZENER 
DIODES 

' _ W ZENER DIODE 
Description ........$ 
194728 3V3.50.36 
194729 3%16.90.36 
194730 3V9.50.36 
194731 4V3.10.35 
194732 4V7. $0.38 
194733 5111.50.35 
194734 6V8..$0.36 
184736 6V2.50.36 
194736 61/13.10.36 
194737 7V5.50.36 
194736 6V2.50.35 
194739 9V1.50.35 
194740 10V..50.36 
194741 11V.50.35 
194742 12V..$0.36 
194733 13V..$0.35 
194744 15V..$0.36 
1947454 16V$0.315 
194746 16V-$0.36 
194747 20V..$0.35 
194746 22V..$0.35 
194749 24V..$0.36 
194750 27V . 50.35 
194751 30V..$0.36 
194752 33V..$0.35 
194763 36V-10.35 
194761 7611.50.110 

SW ZENER 
DIODES 

5W ZENER 
DIODE 

DoecrIptIon $ 
1953395 6V6$1 60 
19534213 $0651 60 
195349B 12V$1 50 
195366 151151 50 
196361 27V 11 50 
195359 24V 11 60 
196363 30V 11 60 
195372 62V 11 50 

CRYSTALS 
Dersctiption. 
154Hz ............$6.00 
1.64321.116....$7.50 

2.4576 MHz...$2.00 
3MHz..... ........ 14.50 
3.579541A Hz.53.00 
4.00 MHz.......$3.00 
4.15430MHz..53.00 
4.433614MHz$2.00 
4.44 MHz $2.00 
4.9562 MHz 13.00 
5MHz ......  $2.00 
6 MHz_  $2.00 
6.144 IAFtz $3.00 
8.00 MHz $3.00 

8.66723MHz-53.00 
10 MHz $2.00 
11 MHz 13.00 
12.00 MHz $3.00 
14.318 MHz .52.00 
15 MHz 52.00 
16.00 MHz 13.00 
20.00 MHz $2.00 
24 MHz $3.00 
48MHz.. .  $2.00 

32.766KHz $2.00 

IC's - H, HC 

Description S 
74HCOO ..... ....$0.75 
74H022.........$0.75 
74HC04.........$0.75 
74U026.........$0.70 
74HCIO..10.75 
74HC11 $0.75 
74HC14 $1.60 
74HC30 $0.60 
74HC32 ..... 
74HC42 $0.90 
74HC74...  11.10 

748036 11.10 
74/4C123 $140 
74HC132.  $ 1.26 
7414C138 II AO 
74FIC157 11.25 
74HC161.  $2.25 
74HC154 $2.25 

74HC174 $1.40 
74HC244 $2.00 
741(C245 12.60 Doscntition $ 
74HC273.......12.76 74504 $1.20 
74HC367.. $1.66 24505 $1.50 
74HC373 11.80 74530 $1.00 
7414C393 $2.76 74532 $1.00 
7411C4040 11.65 745162..$3.50 
74HC.4060 $3.96 745133..........$1.20 
74HC4066 61.70 745138.- ...... 12.60 

74S139..........$3.30 
745174 $3.60 

74S SERIES 

SERIES 4000 

.Deoctiption ........$ 
4063 $0.75 
4001 60.46 
4002  $0.66 
4006 $1.66 
4007 $0.45 
4066 $1.70 

4009 1090 
4010 $0.90 
4011  $0.45 
4012 50.45 
4013 $0.70 
4014  $140 
4016 $0.90 
4016 $0.70 
4017 $1.36 

4018 $0.50 Descnplion......5 

4019 W .8°.„. 741500 .........$0.20 
4020 $1."" 741.501 .........$0.60 
4021  $ 1.5° 741502 ...... $0.60 
4022 .........  51.16 741.503 10.60 

4023'$°.$6 741504 $0.75 
.............. $1 .90 ... 741506 $0.75 

4026 . se." 741908  $0.60 
4026 . 10 741910  10.30 
4027 $0 .$6 741511 $0.75 

..... ...$ 1.15 741513 $0.90 

4029 .- ........ •-$1.5$ 741.514  50.76 
741915  $0.60 

4033 $2.76 741520 .........$0.62 
4033 12.25 741.521  10.90 
1010 •••••• ..... -SVC 741.527 10.90 
4042 11.60 741530 .........$0.30 
4043 $1.2$ 741.532 ......... 10.50 

741.3379 .......$0.70 
4045 $4.9° 741538 $0.80 
4044 $1.00 741542 11.20 
4047 ......... 741947  $ 1.80 
4049... ...... .....$0.60 741546  $ 1.60 
4050.. . $0.60 741574  $0.40 
4061  11.20 741575 .........$ 1.20 
4052 $1.211 741976 ...... - 61.03 
4053.. . ....  $ 1.20 741565 ......... 10.66 
4060 $2.50 741.966 .........$ 0.60 
4068 $0.80 741590 $1.20 

4066 $0.50 741.592 11.20 
741593  $ 1.60 

4070 $0.50 741595 .........$ 1.20 
4071 ........  50.50 741.5107 $0.90 
4073 $0.50 7415109 ..... $0.90 
4075  50.60 7415112........10.70 
4076 $1.90 7415123 ......51.30 

7415126 $1.00 
4076 $0.50 7415126 $ 1.03 
4081 $0.50 7415132 

4062 .........  $0.60 7415135 .......$0.60 
4093 ......  $0.80 741.5139  $0.00 
4096 ..... $150 7415145  11.50 
45104 $7.25 7415147 .......$2.60 
4503 $1.30 
4510 . ........  $ 1.40 7415153 

4511. $1.45 7415155 $0.50 
4512 $1.40 7415156 .......$ 1.50 
4314 $2.60 7415157 .......$ 1.20 
4515 11.90 7415156 11.00 
4516 ........ ...... $1.60 7415160 11.50 
4516... ......... . 51.60 7415161  $ 1.00 
4520 $1.00 7415162 ...... . 50.60 
4522 .........  $ 1.90 741.5163 $ 1.10 
4526 ..............$1.00 7415164 $ 1.40 

7415165  $1.20 
7415166  11.25 
7415166  52.10 
7415174  $ 1.20 
741.5175  $0.70 
741.5181  $4.00 
7415191  $1.20 
7419153  51.20 
7415195  $0.50 
7415196  $ 1.2C 
7415221 
7415240 
741.5241  $0.95 
741.5243  $1.10 

74C04 ...........$1.00 7415244 $2.25 
74C06 ...... 61.63 7415245 $2.95 
74C14 $1.76 7415267 $1.2C 
74C74 ..... $1.00 7415256 51.20 
74C116  $1,50 741.5259 .......$2.26 
74090 $2.50 7419266 .......$0.70 
74C192 $3.50 741.5273  $1.00 
740221 13.96 741.5323 $6.50 
74C244 $3.96 7415352 12.20 
740273 ... 7415365  $1.00 
740906 $2.90 7415386 $1.00 
740922 $14.96 7415387 $1.00 
740526 113.06 7415373 $2.00 
740048 $24.50 741.9374 12.62 

7419375 $l.co 

74F SERIES 

Desciption  

7415393 $1.00 .1.11393 $0.60 
741.5629 .......15.95 .16394CH..  17.95 
7415640 $ 1.00 

Descopton 
7400 10.60 
7402 11.00 
7403..  11 00 
7404.. ........  $0.30 
7406 10.40 
7407.....   10.50 
7408 $1.00 
7409 11,00 
7410..  $1.20 
7414.. ........  $ 1.50 

74E04 $0.25 7416 $0.50 
74F32 $0.25 7430 ........ ......11.00 
74E74 $0.25 7432 $1.00 
74F109.........50.60 7436 10.60 
74F136.91.00 7442 $1.50 
74E161.-- $ 1.20 7445  11.90 
74F163..........$1.20 7446.....   $1.20 
74E157.... ...... $ 1.20 7441 $1.75 
74FI54 1291 7473 ........ ......11.20 
74E244 13;r2 7474 $0.40 

7475 $1.20 
7476 $1.50 
7463 ,......  $ 1.10 
7400 $1.20 
7493.... .......  11 25 
74121  11.65 
74123 $0.50 
74125 $1.00 
74126 $1.00 
74150  $1.80 
74154  52.50 
74157 81.30 
74161  11.20 
74164  $1.20 
74177 ..... _ 51.95 
74193 $1.60 
74196 $1.00 
74117 11.20 
74283 $2.46 
74290 $0.90 

74LS SERIES 

4532. $2.65 
4536 16.50 
4538 11.20 
4543 $2.50 
4556 $1.25 
4584  $1.00 
40014 $1.50 
40176 $2.00 

74C 
SERIES 

Description 

IC - 0/A, AID 

Descoption  
DAC01300  $4.95 
DAC0608 $4.50 
A DC0800C9 .52595 
ADC0403 ......$ 13.60 
A DC0604  $7.95 
ADC0608 $13.00 
ADC08201.C9527.95 
DAC0832 $7.95 
DACI 020 $16.28 
11C90  $16.50 
DAC1220. - 522.56 
DAC1406.........$1.00 
.40590J $12.95 

1143951(.......... 17.96 
LM396K........$16.50 
16399H 17.50 
16711 $1.20 
L6725 $7.50 
1.51733 $1.50 
16741  $0.60 
1.11747  $ 1.50 
167413.... ...... $ 1.10 
LM759. .....  $3.90 
L6833  $2.10 
161830 $4.90 
LM187IN...  17.50 
LM18729 18.60 
1.111656 $elo 
162907-14 $3.50 
11.1290741.  55.10 
L142517-14. . $2.50 
1112917-8 $4.80 
1.83900  $0.60. 
1639012.. ..... .12.50 
L1A3911  $3.95 
LM3914 $2.90 
.1.143915....   $ 2.90 
.1.639992.   15.96 
.1.6 4260...  .$2 46. 
.1.1111C9 14.95 
L613600 ..... $2.70 
LMC655 $1.25 
MA X232/1=232 
HMC232.  511.95 
0M350 821.00 
MC14081.8 $7.50 
MCI456 ...... $ 1.20 
MC1488  $0.60 
MCI449 $0.60 
MCI496 12.60 
MC3334P 1695 
MC340113P  $8.95 
6003021 51.95 
9E655.. .....  $0.50 
9E656  $0.96 
9E558 56.50 
.NE564. ........ ....17.00 
NE566 ....... ......$ 2.90 
9E567  52.00 
9E570 18.96 
NE571.. .....  $8.55 
NE672 ....... ....$ 11.20 
.19962509 ..,516.10 
.747205P...  $2.95 
TDA1024 $3.90 
TE41002......517.50 

...... $2.10 
T1071/ 1E351.11.20 
TL072J LF353. 11.60 
71.0741 LF347. $ 1.40 
T1081_ .......  $ 1.90 

........ $2.20 
T1064 11.50 
U4710C9 $1.00 
U4739....  52.75 
UPD11266 $16.50 

escopoon XR2206... .....  $9.95 

AY-3-1015  111.95 XR2209...........$6.90 
.AV-3-8910 819.96 XR2211....... $7.96 
AY-5-8116 114.60 XR2216. ....... ..• 86.50 
CA3026.....   1393 XR2240...........$6.55 
CA3086  $1.20 XR2243 ...... .....$5.96 
CA3130E..   $2.90 261.530  $2.00. 
c,33130. $3.33 261531  $2.00 

CA3140E ..... ....11.30 
CA3140T.... 12.95 
CTS2564...... 845.60 
062502........ $ 13.60 
LF347  $1.40 
LF3519....  $1.20 
1E353... .... $1 60 
LF3569 11.50 
1E357  $2.95 
1E398 $0.00 
LM301H   $1.50 
163019 $0.50 

LM30511....  .$ 1.50. 
1630704 $1.50 
LM304 .. $0.50 
LM309K  $2.65 
163109 $4.05. 
111311  $1.00. 
16324 $1.20 
111331 $6.00. 
16339  $0.60. 
114346   $1.00 
111349 .. 62.95 
1111356 .....  11.40 
LIA361 $4.95 
163809-14 $1.95 
163609-11..   $1.60 
L6361._  54.95 
111382... .....  53.50 
LM353....  .$4.95 
1.14364 13.50 
LM3116-1 51.40 
LM3(17 12.76 

1.14392.............$1.60 

553449 13.96 
6155 58.66 
8156 $8.50 
611595 $1.00 
611596 $2.75 
6216  $3.00 

6255 $6.90 
6279 .......  $8.50 
8630  86.55 
95890 ..........$ 10.50 
9667 . ........ 10.90 
9666 $2.56 

MEMORY 

Descnpeon S 
2114 $5.20 
2715..............$12.50 
2732200 $8.25 
2764-250 18,56 
27126 $8.00 
27256-250 $9.50 
27512-250 $14.56 
27-1MEG $29.50   
27C64-20095. 18.95 
27C126 112.50 
270256/ 
25099 ... $15.50 
27C512 ...... $22.92 
27C 1MEG $34.50 
4116 16K... ..... $3.95 
4164-10 . $4.95 
4464-10.......... $5.50 

..... 16.90 
41266-10 $4.96 
41256.08 $5.50 
44256-10 $ 13.95 
44256-08 $14.96 
44256-07 $15.95 
8116  16.50 
42641P-10 $19.95 
622561P-10 139.95 
1M-10 $13.95 
1M-08 $14.56 

SIPPS 

I/Decoration. 
256 x 5-60 $49.00 
IM 5410... $ 120.00 
1M x 9-70... $ 128.00 

SIMMS 

Description 
256K 8 560.549.00 
1M * 5-60....$125.00 
16 5 9-70_5129.00 

I C-COMPUTER 

• scnption .. .. .....$ 
6502A $16.96 
6522A .. $ 15.95 
6802 . s7.00 
6409.........  $ 17.00 
6621 $5.50 
6645 $9.95 
6660 ..........  $3.50 
7910 . $29.95 
50359-6 16.93 
9339 19.10 
8080 $6.06 
80654   $ 16.50 
8086  $12.50 
1CL7106 $15.96 
ICM721611. $59.50 
1E13741  $0.60 
9516450 ..... $26.95 
53530 ..........$24.56 
SP0256  121.06 
TR1863 $6.90 
V204  $35.95 
V20 $20.96 
W02123..   $29.96 
XF113038........... $7.50 
Z604 CTC...... 18.50 
280B CPU  $13.60 
2804 CPU.......$6.76 
2604 PIO $4.50 
Z804 510  114.60 

8087 

8067-3   $ 189.63 
0067-2  1279.00 
6047-1  $378.00 
60267-6  $249.00 
80267-8  $379.00 
50267-10  $459.00 
60367-16 -.5696.50 
60397-20 $796.00 
60387-26... $896.00 
60387-39 $995.00 

VOLT 
REGULATORS 

Oescopton S 

LM317KC........$5.50 
16320K12......$1.40 
16320K-05.....$3.00 
LM320T-6  $1.40 

LIA 326 $6.50 
1.63290Z.-- $0.90 
1.6334Z $1.10 
LM335Z.. $2.60 
16336Z-2.5V $2.95 
1.6336Z5.0V $2.95 
1113371  12.90 
1.6337KC $12.60 
LM 338K  $9.46 
16340T-5.. $0.90 
151340KC-5 $2.95 
16340T-5  $0.50 

12.95 
16340T-12 $0.90 
16340T-16  $2.63 
LIA340T-16  $0.9) 
LM340KC-12  $4.95 
L1A350T  $8.40 
LM350K 511.93 
111378 $eSs 
T1.494 .....  $4.90 
1.11723CH $1.50 
1.14723C9..  10.55 
76HGK .....  $9.50 
76P06GC $ 14.50 
7806.........   $0 75 
781.12 $0 75 
781.15 $0.75 
79105 ...... ....,  $ 1.20 
79112. .......  $ 1.20 
79115. ........  $ 1.20 
163961( ......  $ 16.50 

SPECIAL 
FUNCTION 

Dreetipbon S 
76449 $12 50 
1017660 ...... $6.90 
1/91184F $0.95 
1166369 14.55 

LEDS 

Description. $ 
3 mm LEDS 

Red $0.20 
Green .  $0.30 
Yellow .......  $0.53 
Orange $0.30 

5mm LEDS 
Red $0.20 
Green.  $0.30 
Yellow 10.30 
Orange $0.30 

lOrnm 
JUMBO LEADS 
Red $1.50 
Green $1.50 
Orange  $1.50 
SUPER BRIGHT 

LEDS 
Red.. ...........  11.63 
Ore« $1.00 
Yellow  $160 
Cimm FLASHING 

LEDS 

RECTANGLE LEDS 
Red $0.25 
Green.- ..... s0.30 
Yellow ....... 63.30 
Oren98 10.313 
6mm RED/GREEN 
DUAL LED $1.06 

r Prices are 1-9. 

10-99 
less 10%. 

100+ 
less 20%. 
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When I Think Back... 
by Neville Williams 

Vintage Radio Receiver Design 4 
How the superhet was ire-discovered' 

In the early 1930s, superheterodyne receiver design was rationalised and simplified to such an 
extent that it rendered the TRF principle virtually obsolete, for both domestic and professional 
applications. The progressive developments which brought this about will be examined in this and 
following articles. 

In the Newnes-Butterworths Book 
Radio, TV & Audio Technical Reference 
Book compiled by S.W. Amos and pub-
lished in 1977, there is apt reference to 
the 're-discovery' of the superhet in the 
early 1930s, and a subsequent period of 
progressive 'consolidation' that led up to 
the war years, which saw intensive 
development of a quite different kind. 
Amos does not explain who or what 

led to the so-called re-discovery around 
1930, beyond a brief reference to an un-
named company catering for the home 
construction market and 'massive' con-
centration on the subject of receiver 
design by the technical press. 

I, personally, cannot recall ever having 
seen an article on the subject, but it ap-
peals to me as one holding considerable 
potential interest as a paper or thesis for 
anyone having a mind to carry out the 
appropriate research of patent files and 
other literature. 

In the meantime, I lean to the view 
that the radio industry worldwide 
desperately needed a configuration that 
offered a way around the inherent limita-
tions of the TRF approach in the way of 
gain and selectivity; that, whatever the 
'trigger', sheer competitive commercial 
pressure maintained the on-going 
momentum that was evident in the con-
sequent research and development. 
In Australia, the motto of the radio in-

dustry was 'a set in every home', with 
individual manufacturers doing their 
level best to ensure that as many of the 
sets as possible bore their particular 
trademark. 
However, without getting involved in 

the exact how, when, where or why, it is 
possible to nominate various develop-

ments which transformed a seemingly 
involved design concept into receivers 
that were relatively easy to mass-
produce and eminently suitable for use 
by non-technical listeners. 

If Australian manufacturers tended to 
incorporate similar technology in their 
respective models, it was because they 
had to evaluate each new development, 
irrespective of its source, as soon as it 
was publicised in trade literature or tech-
nical journals. 
They simply had to keep abreast of 

their competitors, or be perceived as 'be-
hind the times'. 

Improvements essential 
Back in 1925, despite their commen-

dable gain and selectivity, early superhet 
receivers had peculiarities which, to say 
the least, were discouraging to potential 
non-technical buyers. 
• As explained in the June article, they 
exhibited double-spot tuning effects, 
image reception and spurious radiation 
from the inbuilt oscillator. A few 
manufacturers persisted with them, but 
most passed them by. 
While the release of mains type 

screened-grid valves — sharp cutoff and 
variable-mu — significantly upgraded 
the design of TRF receivers (see last 
issue) they were no less a key element in 
the re-development of the post- 1930 su-
perheterodyne. For example, the 
provision of an RF amplifier stage ahead 
of the frequency changer became a 
routine option, isolating the local oscil-
lator from the antenna and providing 
readily controllable gain, plus up-front 
selectivity to help deal with image and 
double-spot tuning effects. 

In the frequency changing stage, a 
single sharp cutoff RF tetrode or pentode 
could fill a dual role as both mixer and 
local oscillator. (The so-called 
`autodyne' frequency changer is ex-
plained later, in connection with Fig.4). 
Again, in the IF (intermediate fre-

quency) amplifier section, a single vari-
able-mu tetrode or pentode could 
provide adequate and controllable gain, 
feeding into the detector and audio sys-
tem. For such an approach, only one 
extra valve would be involved to 
achieve an order of gain and selectivity 
that would be unattainable from a com-
parably priced TRF. But the story does 
not end there. 

Complete Remler coil kit for a 
19205-style superhet, as advertised in 
'Wireless Weekly' (July 29, 1927) by 
Wiles Wonderful Wireless of 
Goulburn St, Sydney. The IF 
transformers carry terminals similar to 
those of audio transformers. 
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Higher IF 
The tuning and radiation problems of 

the early superhets were compounded by 
the comparatively low W (intermediate 
frequency) then being used — common-
ly in the region of 50-60kHz. As a 
manageable supersonic frequency, it was 
accepted as a natural choice in the quest 
for high selectivity. 
A further consideration was that the 

early designs had to rely on triode val-
ves, and the intrinsic grid/plate 
capacitance of these posed less of a 
problem in the supersonic frequency 
range, thereby making it easier to 
secure high, stable gain from a multi-
stage IF channel. 
Not surprisingly, perhaps, IF coupling 

transformers of the period were routine-
ly styled like interstage audio trans-
formers, with connecting terminals for P, 
B+, G and C- (Fig.1). The prime dif-
ference was that, instead of being 
responsive over the audio range, they 
were so wound as to be self-resonant at a 
supersonic frequency — hopefully one 
that was suitable. 
Curiously, advertisements of the 

period make little or no reference to the 
actual resonant frequency of particular 
transformers, or to alignment precau-
tions, if any. They simply suggested that 
constructors be careful to use only a 
complete matched set of IF transformers 
designed for the particular receiver. 
With the release of screened grid 

(tetrode and/or pentode) valves, stability 
and gain ceased to be a problem in the 
RF and W channels alike. As a result, 
engineers had the option of designing 
superheterodyne receivers around a 
much higher intermediate frequency, 
thereby making the image and double-
spot tuning problems more manageable. 
The first figure to emerge by industry 

consensus as a new IF standard was 
170kHz — subsequently amended to 
175kHz — and seen at the time as a 
radical departure from 50-60kHz. It 
meant that the oscillator frequency 
would differ from the signal by 175kHz 
and that potential tuning ` images' or 
`second spots' would be displaced by 2 x 
175 or 350kHz. Compared with the pre-
vious 2 x 601cHz or 120kHz, the ability 
of the signal input tuning circuits to 
reject the unwanted images would be 
considerably enhanced. 
Reasons for agreeing upon a new in-

ternational industry standard IF included 
the following: 
• The characteristic preference of en-

gineers for an orderly, rather than a 
random design approach, particularly 
with an increasing international ex-

Fig.2: The construction of an early 
1930s-style IF transformer. Two lugs 
on each of the alignment trimmer 
capacitors at the top provide rigid 
anchor points for the fine wires from 
the coils and for the heavier outgoing 
insulated leads. 

change of technical ideas and infor-
mation. 

• To facilitate the production of com-
patible coil kits and IF transformers 
by independent and/or international 
component suppliers. 

• To avoid unnecessary confusion in 
the radio service industry, with a mul-
tiplicity of intermediate frequencies 
to which different receivers might 
need to be aligned. 

Practical IF transformers 
If the early 50-601cHz (supersonic) IF 

coupling transformers were patterned on 
their audio frequency counterparts, their 
175kHz equivalents were unmistakeably 
envisaged as ` 12F' (radio frequency) 
components, housed in a light-gauge 
aluminium shield can. 

In a few early examples, the primary 

Fig.3: A simple 'solenoid' style coil 
wound on an Australian made Lekmek 
tubular former. The leads were 
anchored to metal clips fitted into 
holes around the lower end of the 
tube. 

and secondary windings were simply 
jumble wound between balcelite cheeks 
on a common spacer, each being 
resonated by a separate compression 
type trimmer capacitor, accessable from 
outside the can. The two windings 
would be separated by just the right 
amount to ensure an appropriate order of 
signal transfer and selectivity. 
More commonly, the coils were 

honeycomb-wound towards either end 
of a composition or bakelised cardboard 
former, and subsequently stabilised by 
immersion in a low-loss wax or varnish. 
Mounted inside a common shield can, 
they were likewise resonated by com-
pression trimmers, with leads running 
out through the top and/or down through 
the bottom of the can to the associated 
circuitry (Fig.2). 
With all coils resonated deliberately 

and precisely to the one frequency — 
nominally 175kHz — after connection 
into circuit, the chances are that the 
selectivity curve would compare 
favourably with the 1920s-style IF chan-
nels, despite the greater complexity and 
lower frequency of the latter. This was 
because of the more casual approach to 
system resonance that was characteristic 
of the earlier designs. 

Certainly, 175kHz superhets earned a 
reputation in the 1930s for high selec-
tivity — too high, in fact for many lis-
teners, who lamented the loss of upper 
treble by reason of sideband cutting. 
The procedure for aligning the `new 

look' superhet receivers, including the 
IF channel, will be detailed in a future 
article. In the meantime, one innovation 
led to another. 

Single-dial tuning 
A side-effect of selecting a higher IF 

was that it increased the discrepancy be-
tween the tuning range of the signal fre-
quency and local oscillator circuits. For 
a broadcast band tuning range of 
550kHz to 1600kHz, the frequency ratio 
was/is 1:2.9. For an IF of 175kHz, the 
required oscillator tuning range becomes 
725 to 17751cHz, with a ratio of only 
1:2.45. 
To provide single-dial tuning — a pre-

requisite for family receivers in the 
1930s — the designer of a superhet 
needed to arrange that, for a given rota-
tion of the tuning mechanism, the oscil-
lator would always be 175kHz above the 
selected incoming signal frequency. In 
other words, the respective circuits had 
to ' track' each other, right across the 
dial. The most obvious approach was to 
provide a ganged capacitor in which the 
oscillator tuning section used fewer 
and/or somewhat smaller plates, so 
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shaped that the oscillator followed the 
required frequency law. This approach 
was, in fact, employed fairly commonly 
overseas, where the cost of designing 
and producing a customised ganged 
capacitor could often be absorbed in 
high-volume production budgets. 
Fortunately for smaller production 

runs, a simpler alternative was devised. 
This involved the use of a conventional 
ganged capacitor with identical sections, 
and a specially selected ` padder' 
capacitor connected in series with the 
oscillator tuning section. 
The oscillator coil would be designed 

with deliberately fewer turns such that, 
at the high frequency end of the band, it 
could be resonated 1751cHz above the 
signal frequency using the normal align-
ment trimmer. At the low frequencies, 
the series 'padder' would reduce the ef-
fective maximum value of the tuning 
capacitor and, by making the padder ad-
justable in the manner of a compression 
trimmer, the oscillator frequency could 
be kept substantially in step with the 
signal tuning circuit(s) across the en-
tire band. 
That the series padder approach was 

vital in the design of domestic superhets 
is evidenced by the fact that some 25 
engineering papers on this subject were 
published here and overseas, in the 
period 1931-41. These explored the 
principle, the mathematics and the 
potential accuracy of circuit tracking 

Fig.4: A circuit typical of five-valve mains powered 175kHz superhets from the early 1930s. Features like special-purpose 
frequency changing valves, automatic gain control and audio negative feedback had yet to appear. 

based on the use of a padder capacitor. It 
was certainly important in Australia 
where, for the minor cost of a compres-
sion type padder, local manufacturers 
could use perfectly standard two, three 
or four-gang capacitors, as might other-
wise be used for a TRF. 
The tuning dial would be calibrated to 

suit the brand of gang — Airzone, AWA, 
Stromberg, or whatever — and adjusted 
for the correct indication of frequency 
and/or station call as part of the align-
ment procedure, to be discussed in a fu-
ture article. 

Tuning coils 
In regard to the associated tuning 

coils, the aerial input coil could well be 
identical for either TRF or superhet. 
With a somewhat higher inductance 
primary winding, RF coils could also 
serve in either type of receiver. Whereas, 
however, a family size TRF might typi-
cally use two RF coils, a 1751cliz super-
het would more commonly use only one, 
along with a special oscillator coil, as 
already mentioned. 

In the early 1930s, tuning coils were 
mostly solenoids: wound with 
enamelled solid wire, single layer on 
0.75 to 1.25" diameter cardboard or 
moulded formers (19-32mm). Depend-
ing on the inclination of the designer, 
primary windings would be wound ad-
jacent to the earthy end of the tuned 
winding, or overlaying it with woven 
'cambric' insulation between. 
Normally, the coils would be separate-

ly shielded by aluminium cans, of at 

least double the coil diameter and with 
similar clearance top and bottom. If 
the cans were too small this would 
reduce the inductance and efficiency of 
the coils; if they were too large they 
would be unnecessarily cumbersome 
and costly. 
At my first job in Reliance Radio, we 

used coils wound on Lelcrnek moulded 
formers, about 35mm in diameter, with 
three integral moulded legs supporting 
the coil above a moulded base mounting 
ring. The inductance was finely trimmed 
during manufacture by manually spac-
ing a few turns at the top, after which the 
winding would be stabilised with wax or 
varnish (Fig.3). 
Lekinek style coils worked well, but 

they had one unfortunate weakness: they 
didn't like being bolted down to any-
thing but a dead flat surface. Bolt them 
too firmly to a chassis with residual cur-
vature and the base ring would crack, 
leaving the assembler with the option of 
confessing their aberration or saying 
nothing and hoping that the fine crack 
would pass unnoticed. 
I/we were much relieved when 

Reliance went over to coils wound on 
waxed cardboard formers with metal-lug 
supports, which were much more 
tolerant of abuse! 
As we shall see later, coils and IF 

transformers underwent a cycle of chan-
ges during the following years, aimed 
variously at making them more compact, 
more efficient, more economical to 
produce and, in some cases more 
amenable to advertising hype! 
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Fig.5: Commonly used in 1930s-style receivers, voltage dividers were prone to 
troubles due to loose clips. Treat them gently, to avoid fracturing the fine 
resistance wire with which they are wound. 

Typical circuit 
To gather together much of the forego-

ing discussion, Fig.4 suggests a typical 
circuit for a 5-valve mains powered 
175kHz superhet receiver from the early 
1930s. It is not a reprint but, rather, one 
cobbled together from circuit practices 
of the period, with the front-end con-
figuration very like that of the much 
publicised Wireless Weekly 'Champion'. 
Checking through the circuit from the 

front end, the aerial coil would normally 
have been of conventional solenoid 
design, as already mentioned, with a low 
impedance (e.g., 20-turn) primary ad-
jacent to or overlaying the earthy end of 
the secondary. As such, it would have 
been appropriate for direct connection to 
a conventional outdoor antenna. 

In the earliest examples of such a re-
ceiver, the RF amplifier valve would 
have been a type 35 five pin variable-mu 
tetrode. This was subsequently super-
seded by the type 58 six pin variable-
mu pentode, with its suppressor grid 
(G3) tied externally, as shown, to the 
cathode. The cathode and screen feed 
will be discussed soon. 
The RF coil coupling the RF amplifier 

to the frequency changer would have 
had a secondary identical to that of the 
aerial coil, plus a primary winding 
having at least twice as many turns as 
the aerial primary to be more compatible 
with the high anode impedance of the 
RF valve. Consistent with earlier 
remarks, the second valve is shown as an 
`autodyne' frequency changer — or self-
oscillating mixer. In keeping with this 
dual role, it called for an overbiased, 
sharp cut-off valve such as the original 
five pin 24 or 24A, or the later six pin 
57. Autodyne circuits could be con-
figured in a number of ways, and a col-
lector of vintage receivers has to be 
prepared for such variations. The arran-
gement shown was probably the one 
preferred by many designers, because 

the oscillator tuned circuit operated at 
cathode rather than anode potential. 

Autodyne & IF channel 
In this kind of stage the RF input sig-

nal is applied to the grid in the normal 
manner, with the cathode substantially 
inert at the signal frequency by reason of 
the cathode bypass and a low imped-
ance tapping on the oscillator coil, 
which is resonant at an entirely dif-
ferent frequency. At the same time, the 
valve is operating as a cathode coupled 
oscillator, at a frequency determined 
by the oscillator tuned circuit — this 
time with the grid inert by reason of its 
own differentially tuned signal circuit. 
By very nature, the circuit depicted 
does not provide an inbuilt path for the 
oscillator signal back towards the an-
tenna. 
However, signal and oscillator energy 

are both present in the actual electron 
stream and, in consequence, because of 
the non-linear mixing or intermodula-
tion that takes place, multiple frequen-
cies appear as components in the anode 
current. These include the oscillator fre-
quency (Fo), the incoming signal fre-
quency (Fs), along with the sum and 
difference products (Fo+Fs) and (Fo-
Fs). In addition, natural harmonics 2Fo, 
3Fo etc., and 2Fs, 3Fs and so on are also 
present, plus their sundry sum and dif-
ference components. 

Fortunately, the sharply tuned circuits 
in IFT1 tend to reject all such com-
ponents except the difference frequen-
cy (Fo-Fs) which, by front-end design, 
is 175kHz. This wanted signal is passed 
on to the IF amplifier — another 35 or 
58 — and thence to th- anode bend det-
ector. The screen grid pins of the first 
three valves are wired together, by-
passed to earth by a single 0.1uF capa-
citor and fed from a 100V tapping on a 
15k ohm, so-called ' voltage divider' 
resistor. 

Voltage dividers 
Connected across the HT supply, a 

voltage divider typically drew about 
20mA and dissipated about 5 watts. 
Years before high wattage vitreous 
enamel resistors became commonplace, 
voltage dividers were mostly wound on 
cardboard formers with lightly insulated 
resistance wire, slightly turn-spaced, and 
lacquered to hold the wire in position. 
However, a narrow strip was masked off 
during lacquering to expose the wire 
along the former, the wire thereafter 
being lightly abraded so that adjustable 
clips could tap off intermediate voltages 
between 0 and (say) 270V — see Fig.5. 

Voltage dividers served also to place a 
fixed load on the HT supply, thereby 
limiting the peak voltage from the 
directly heated rectifier at switch-on, 
before the remaining indirectly valves 
had time to warm up. 
Unfortunately, voltage dividers also 

created their share of service calls — by 
reason of the generated heat shrinking 
the cardboard former and cracking the 
lacquer, causing intermittent contact be-
tween the clips and the wire. But in all 
fairness, fixed resistors in those days 
did not in themselves offer a very at-
tractive alternative. 

If replacement of a voltage divider is 
necessary in a vintage receiver, the 
most obvious course nowadays is to 
substitute a series string of 3W or 5W 
ceramic resistors, mounted on a 
tagstrip. Appropriate values, totalling 
about 15k, can be estimated from the 
position of the tappings along the 
original resistance element. 

In Fig.4 the low potential end of the 
voltage divider returns to earth via the 
2.5k gain (or volume) control. Depend-
ing on the setting of the control, the con-
sequent cathode bias voltage for the RF 
and IF amplifier valves varies from the 
requisite minimum of 3V (maximum 
gain) to about 40V, where the gain of 
the variable-mu valves would be ex-
tremely low. 
Furthermore, as the earthed contact in 

the potentiometer approaches the end 
remote from the voltage divider, it 
simultaneously shunts the aerial connec-
tion to earth in the manner of a local-dis-
tant switch. By specifying a 2.5k 
potentiometer, the shunting effect on the 
aerial circuit is less abrupt than it would 
be with a higher value control. 

The audio system 
The anode-bend detector calls for a 

second sharp cutoff tetrode or pentode 
— a 24A or 57 — with a modest screen 
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voltage and a deliberately high bias, en-
sured by the 10k cathode resistor. 
Operating close to the cut-off bend in 

the anode current current characteristic, 
the instantaneous current can rise with 
positive-going half-cycles of the RF sig-
nal but it cannot react to the same degree 
to negative half cycles. As a result, rec-
tification takes place, with the valve 
responding principally to positive- going 
contours of the amplitude modulated 
carrier envelope. 

In effect, an amplitude peak at the grid 
produces an upward surge of plate cur-
rent and a downward surge of plate volt-
age. The 500pF bypass and RF choke in 
the plate circuit together suppress the RF 
or carrier component, such that the plate 
current excursions become a pure audio 
signal suitable for transfer to the output 
valve. Hence the term `anode-bend' 
detector. Note that the lower end of the 
IFT2 secondary winding returns to earth 
via two pickup terminals, normally 
mounted on the rear of the chassis and 
bridged by a scrap of tinned copper wire. 
Although not taken all that seriously at 
the time, it was a facility costing next to 
nothing that provided a feed point for 
the rather primitive magnetic gramo-
phone pickups of the day. 

In older receivers, the output valve 
would most likely have been a 47, with a 
directly heated or filament type cathode. 
In the absence of a cathode, as such, the 
bias would have been provided by 
returning the centre-tap of winding 'Y' 
to earth through the 450 ohm resistor 
and 10uF bypass, instead of direct. 
Type 47 output valves had the ad-

vantage of drawing normal current al-
most from switch-on, but they were 
prone to grid current problems — result-
ing, in many cases, in gross distortion 
and a limited service life. 
Type 59 valves were much better in 

this respect, but were less rugged than 
they should have been, suffering more 
than their fair share of internal shorts. 
By far and away the best of the three 
types shown on the circuit was the 2A5, 
which became the prototype of the 
popular 6.3V equivalents the 42 and 
6F6-G. 

Power supply 
The power supply shown conforms to 

a basic configuration which was more or 
less standard throughout the 1930s and, 
as such, warrants comment beyond the 
mere addition of likely component 
ratings. The power transformer provides 
the requisite filament/heater windings, 

Fig.6: A traditional can-type 
electrolytic capacitor and its more 
recent, smaller gel-type tubular 
equivalent. If not earthed to the 
chassis, can types had to be insulated 
with large fibre washers. 

plus a centre-tapped high-tension secon-
dary to feed a full-wave valve type rec-
tifier. The pulsed DC output was/is 
delivered typically to an 8uF liquid or 
gel-filled can-type electrolytic capacitor 
and thence to the field coil of an 
electrodynamic loudspeaker, doubling 
as a filter choke. This is followed by a 
second 8uF electrolytic, which provides 
the final filtering, as well as maintaining 
the DC supply line at virtual earth poten-
tial in respect to audio frequencies. We 
shall have more to say later about 
loudspeaker field coils. 

In the early 1930s, power transformers 
were commonly supplied by specialist 
component manufacturers, who pro,oted 
selected 'catalog' lines, available from 
stock at the best price. Receiver 
manufacturers used them, wholesalers 
carried them on their shelves, and they 
were routinely specified in technical 
journals for home-built equipment. 
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Fig.7: Pre-selector tuning offers 
similar selectivity to that of an RF 
stage, but without the gain or the gain 
control facility offered by a 
variable-mu valve. 

For reasons which I can now only sur-
mise, most stock power transformers 
carried a centre-tapped high tension 
secondary winding rated at 385-0-385V 
RMS and variously designed to cope 
with DC loads of 60, 80, 100 or 125mA, 
according to the nature of the receiver. 

Voltage/current levels 
Contemporary valve curves show that, 

under no-load (warm-up) conditions, a 
type 80 rectifier, fed with 385V RMS 
input, would deliver peak pulses of 
around 525V to the filter input capacitor. 
Since 525 also happened to be the 

peak voltage (PV) rating of then-practi-
cal can-type electrolytic capacitors 
(Fig.6), it is reasonable to assume that 
385 RMS represented the highest secon-
dary voltage which could be counten-
need with a capacitor-input filter system. 
While can-type electrolytics were said 

to be tolerant of high peak voltages, the 
525PV rating would obviously been ex-
ceeded with an over-voltage mains supp-
ly. It was certainly not uncommon for 
liquid-filled electrolytics to 'sizzle' at 
switch-on, and one might even explode, 
on occasion, by reason of internal pres-
sure. Perhaps that is why special 600PV 
types were in high demand for the filter 
input, when limited supplies ultimately 
appeared on the market. 

In the case of Fig.4, the drain of the 
voltage divider would lower the peak 
voltage across the input electrolytic to 
about 505, leaving a small safety margin. 
With a directly-heated 47 output valve, 
also having a similar warm-up time to 
that of the rectifier, the peak voltage 
across the first electro would be un-like-
ly to exceed 425V — a very comfortable 
margin. 
Depending on the ultimate DC supply 

voltage, the valve complement and the 
setting of the gain control, the DC load 
current of the receiver illustrated would 
be around 90mA, suggesting the choice 
of a power transformer rated at 100mA. 
At 90mA, the measured voltage across 
the input filter capacitor would be about 
410. By subtracting from this figure the 
required 270V HT 'rail' voltage (250V + 
20V cathode bias) we arrive at a 
desirable voltage drop across the field 
coil of 135V. Based on a current drain of 
90mA, this works out at about 1500 
ohms resistance for the field coil and a 
field wattage dissipation of just over 
12W, which would be appropriate for an 
everyday 8" (200mm) diameter 
electrodynamic loudspeaker. These 
figures have been shown on the circuit 
as preferred values. 
While loudspeakers with 1500-ohm 

field coils could be obtained from sup-
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pliers, they were less common than 2000 
ohm or 2500-ohm fields. If, for a vintage 
receiver as in Fig.4, a collector needs to 
replace the original electro-dynamic 
loudspeaker, they may well have to 
make do with a higher resistance field. 

Either of the abovementioned values 
should work out well enough. For sure, 
the voltage drop across the field would 
be increased, but not in direct proportion 
because, with a reduced supply voltage, 
the valves will draw significantly less 
anode and screen current. Based largely 
on `guesstimation', I would expect the 
subsitution of a 2000-ohm field to result 
in a filtered HT voltage of around 255V 
at a current level of about 85mA. The 
field wattage would be something over 
13. Repeating the exercise for a 2500-
ohm field coil suggests a HT voltage of 
just under 250V at around 75mA, with a 
field wattage of just over 14. In short, 
increasing the field resistance as indi-
cated would reduce the filtered HT supp-
ly and, with it, the available output power 
— but not to the point where it would 
seriously prejudice the subjective behav-
iour of the set. 

Cutting costs 
While the performance of a receiver 

along the lines of Fig.4 was outstanding, 
relative to its cost, it raised the question 
as to whether there might be scope for 
an economy version with an adequate 
performance for non-critical areas. Ac-
cepting that it could be housed in a 
cheaper cabinet and powered from an 
80mA transformer by cutting back on 
the HT current, could such a set also get 
by without the RF stage? 

Superficially the answer was 'no', be-
cause reduced front-end selectivity 
could allow stations across the lower 
frequency end of the band to be affected 
by images from stations further up the 
band by twice 175kHz, or 3501(1-1z. 
As a compromise, RCS Radio and 

other coil manufacturers came up with a 
preselector coil which, in conjunction 
with the normal aerial coil, offered ade-
quate up-front selectivity (Fig.7). It still 
called for a three-gang tuning capacitor, 
but eliminated the RF valve and the 
heater/anode load it imposed on the 
power transformer. 
While preselector tuning was a well-

known option at the time, receiver 
manufacturers came up with a preferred 
alternative which obviated the need for a 
special coil and a third section on the 
tuning capacitor: namely a still further 
increase in the intermediate frequency. 
How the new configuration evolved will 
form the subject of a future article. 

(To be continued) 

For the servicing of Electronic 
Equipment with 
SPECIALISED SCREWS. 

Insert Bits 
available for:-

Torx ® 
Torx Tamperproof ® 
Spanner 
Phillips Security 
(Pin in head) 
Socket Security 
(Pin in head) 
Tri-Wing 

Write for catalogue to:-

ENDEAVOUR TOOLS PTY. LTD. 
31 Cleeland Rd., 

ENDEAVOUR South Oaldeigh, Vic 3167 
Ph: (03) 562 8266 Fax: (03) 562 8363 

READER INFO NO. 15 

DAVID HALL ELECTRONICS 
Computer Disks 

Pkt 10 
5.25" DSO° ... $5.95 
5.25" DSHD .. $10.95 
3.5" MF200 ... $9.80 
3.5" MF2HD .. $19.95 

Video Belts 
Cassette Belts 
Turntable Belts 

NOW STOCKED: 
Full Range of 
K and W Heat sinks o Security Devices 3.40 

FM Bug Kits 
D Voyager & PC board 9.20 
D PC board only 1.50 
A surface-mounted bug that fits on top of a 9v 
battery 

13 Ultimo & PC board 812.50 
D PC board only 2.50 
See issue 15 or Security Devices Our 1km bug 
Requires LED Power Meter for peeking 

• Telemite MI& PC board  7.45 
CI PC board only 1.50 
See More FM Bugs1 This model is attached to 
the phone lres Has good audio pick-up 

O Amoeba & PC 9.40 
CI PC board only 1.40 
See More FM Bugs A 400m room bug with 
tank circuit output A very good performer 

D The ANT & PC 8.50 
O PC board only 1.15 
See FM Elug book 1 Astable 200m room bug 
that fits etc a Tic Tac box 

D Beetle MkIl& PC 13.45 
13 PC board only 1.30 
See More FM bugs An upgraded guitar 
transmitter with adjustable input sensitivity. 

CI Field Strength Meter & PC .8.70 
CI PC board only 2.50 
Used to measure the output power of our bugs 

FULL RANGE OF ALTRONIC AND TALKING 
ELECTRONICS KITS INCLUDING FM BUGS 

MAIL ORDERS 
For goods value up to Add postage 
$10-$24 $4.00 
$25-$49 $5.00 
$50 $99 $6.50 
$100-over $8.00 

DAVID HALL 
ELECTRONICS 

3/376 KINGSTON RD, 
SLACKS CREEK 4127 

Ph (07) 808 2777 
Fax (07) 209 2623 

READER INFO NO. 16 

ELECTRONICS Australia, September 1991 53 



THE SERVICEMAN 
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Frustration and deja vu, when 
resurrecting old colour TV's 

This month I have two interesting stories, both of which come from Queensland. Both tell of the 
resurrection of old but still serviceable colour TV sets based on Philips chassis (one KL9A, the other 
K9), and the first gave me a strong whiff of that familiar perfume Veja yd. 

Unfortunately, neither of these sets 
might have survived if it had come down 
to a strictly commercial repair. Both 
took much longer than they should have 
done, for different reasons. 
The first story, from S.McB. of 

Townsville, tells of a sequence of 
troubles with a Kriesler colour TV. The 
set turned out to have an obscure fault 
that caused expensive damage. 
One can speculate that it may not have 

been quite so expensive if S.McB. had 
been a bit more experienced. Yet at the 
same time, I wonder if I would have 
found the fault any sooner than he did. 
S.McB. tells the story thus: 
I've never had any formal training 

with TV/video repairs, but have essen-
tially taught myself from textbooks and 
several years experience working with 
closed circuit TV systems, at the heavy 
industrial chemical processing plant 
where I worked for seven years. 
Most repairs were on the video 

cameras as these were generally in-
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stalled in very hostile environments. On 
the other hand, the monitors were usual-
ly in clean, air conditioned control 
rooms. 
(As a little aside here, readers may 

recall my own story of the CCD camera 
that kept flipping the picture upside 
down. That camera spent its days staring 
into a furnace, and was fitted with a ter-
restrial lens that could be detached by an 
operator and used as a telescope to ex-
amine the interior walls of the firebox.) 
So although most of my experience 

was on cameras, I occasionally had to 
repair the monitors and anyone who dis-
counts the danger of EHT supply voltage 
from colour CRT's has never had 
hold of the ultor lead from the high 
brightness, high resolution display 
tubes used in industrial process control 
systems. I've still got the scar of a 1.5cm 
burn, sustained eight years ago from just 
such equipment. 
But now to my story. 
My parents have a 1981 vintage Kries-

ler 66cm CTV, which recently decided to 
take an unplanned retirement. The set 
was a model 66-124 fitted with a 59-09 
chassis, and had given nine years of 
troublefree service. Right up to its recent 
demise it had presented a picture which 
outclassed many modern sets. Thus, 
when my mother said she was going to 
call for service, yours truly volunteered 
to do the job. After all, was I not a 
qualified electronics technician with 
some experience, albeit limited, with 
colour TVs? 
So off came the back of the set — to 

reveal a Philips 30AX CRT and a 
Philips KL9A chassis. I had no informa-
tion on this model, so I contacted 
Philips with the idea of purchasing a full 
service manual. I was told that they 
had KL9A manuals available, but had 
never heard of a Kriesler set fitted with 
this chassis. They suggested that I re-
check the labelling on the rear panel, 

but all this proved was that I was right 
all along. 
The people at Philips insisted that 

there was no such beast, so I politely 
offered to bring it in to show them. (I had 
the feeling that I would have to drop it 
on their toes before they would believe 
me, but I resisted the temptation.) They 
remained doubtful about my probity, but 
promised to double check with their su-
periors in Sydney. In any case, they were 
sure that I would only need the KL9A 
manual, if the Kriesler was indeed fitted 
with that chassis. So I obtained a copy 
and set to work. 
Problem number one appeared as 

soon as I settled down behind the set. 
The manual showed the KL9A as being a 
live chassis model. Yet the Kriesler had a 
large mains transformer fitted inside its 
commodious cabinet. I traced the wiring 
from the transformer to the U450 mains 
PCB, then suddenly realised that this too 
was different to the KL9A. 
But while I was sitting there mumbling 

profanities, the Philips people rang to 
apologise for any inconvenience, as 
their Sydney office had confirmed that 
the Kriesler model really did exist. Even 
better, they were faxing up details of the 
dfferences between the Kriesler 66-124 
chassis and the standard KL9A chassis. 
These details were soon in my hands 

and I was glad to find that the major 
difference was in the U450 mains 
board, as I had already found. So back 
to the set, and I was in a much better 
frame of mind now that the Philips 
people and I were all smiles again. But 
Murphy saw to it that the smiles 
wouldn't last too long. 
The problem with the set was that it 

wouldn't keep running. It would start up, 
but two seconds later would shut down 
— only to repeat the process indefinitely. 
My first thought was 'hiccupping', 

and the second thought was a faulty 
tripler. This could be easily tested by 
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removing the connection between the 
line output transformer overwind and 
the input to the tripler. This done, the set 
came good with full sound, all channel 
indicators working, but of course, no 
picture. A spark gap test showed that the 
transformer could deliver a decent arc, 
so everything pointed to a faulty tripler. 
After a visit to the local parts supplier, 
a new tripler was fitted and the Kriesler 
fired up with a perfect picture. (Well, 
programme content excepted!) 
So a few moments later, after I had 

refitted the cabinet back and rolled the 
set back on its (convenient) castors, I 
stood back to admire my handiwork and 
reflect on the ease of the job. After only 
two minutes I came to earth with a thud 
when the set began to hiccup again, just 
as before. I was not amused, and as-
sumed that the new tripler was a dud. 
The parts shop manager was 

surprised to see me back again so quick-
ly, and was even more surprised to learn 
why I had returned. He confirmed that 
the tripler was the correct replacement 
and declared that he had never before 
had complaints about the brand. Never-
theless, he agreed that the law of 
averages would dictate that sooner or 
later he would get a dud. He accepted 
the return of the first tripler and 
replaced it with another of the same type 
and brand. 
There are no prizes for guessing what 

happened next. The set ran with the new 
tripler for three minutes and then began 
hiccupping again, just as before. And 
similarly, disconnecting the tripler res-
tored sanity to the protesting power 
supply. 
I could not convince myself that I had 

got two dud triplers in a row, so it had to 
be something else. The 2SD350A line 

output transistor was a possibility, and 
although it checked out perfectly on my 
transistor checker, I replaced it just the 
same. But the Kriesler still hiccupped 
just as before. 

Flyback transformer? 
So, I reasoned, if it wasn't the tripler 

and it wasn't the line output transistor, 
what about the line output transformer? 
However, this still managed to supply 
quite a healthy arc without any distress, 
so it didn't look as though it was faulty 
in any way that mattered. Which took me 
right back to the tripler(s). 
I contacted a friend who is the local 

TV technician, to see if he had a 
secondhand tripler that I might try. As it 
happens, he had an old Rank Arena set 
that had been junked because of a dud 
tube, so we removed the tripler from the 
carcase. After fitting it to the Kriesler, I 
crossed my fingers and switched on. 
The set sprang into life and soon dis-

played a first class image. But for how 
long? 
Ten minutes later everything was still 

going along smoothly, and I was fast 
coming to the conclusion that the two 
new tripiers I had tried must have both 
come from a faulty batch. 
Now satisfied that all was well, I 

reached for the power switch, 
preparatory to securing the PC boards 
and replacing the cabinet back. But the 
set wouldn't wait to be switched off It 
turned itself off just as my finger reached 
the switch! 
Now I was really hopping mad. Again, 

disconnecting the tripler restored all the 
other functions. I went through all the 
checks of parts that might cause the 
problem, even to heating and freezing 
them in turn, but I found no abnor-

malities. So it had to be the line trans-
former, even though it could still deliver 
a decent arc. 
My friend offered me a salvaged trans-

former, which I duly installed in the 
Kriesler along with another secondhand 
tripler. As was now becoming normal, 
the set rose from the dead once again 
and I settled down to wait upon further 
developments. 
While I was awaiting what was now 

becoming the inevitable, I studied the 
original line transformer — but it ap-
peared OK, at least on the outside. If it 
was faulty, it could only be shorted turns 
or something like that inside the wind-
ings. Anyway, the set had been running 
for 10 minutes or so when I had a sud-
den recollection. Some months ago EA's 
Serviceman had related a story about a 
faulty transformer in a KL9A, which 
showed a tiny black dot on the overwind. 
So with the set still running happily, I 

moved closer to the window and re-ex-
amined the overwind more carefully. 
Sure enough, there was a tiny black 
blob, about the size of a pinhead, on the 
underside of the overwind. No wonder I 
couldn't see it when the transformer was 
fitted in the chassis. 
A sigh of relief appeared due, now that 
I realised that I had copped the same 
fault that had worried The Serviceman. 
Although I considered the coincidence a 
bit rude, I was happy that it was all over. 
But what is it they say about Pride and 
its relationship to a Fall? 
I checked the EHT and found it a bit 

low, at 22.8kV rather than the specified 
24.5kV. Then while I was thinking about 
the difference probably being due to a 
different tripler to that specified, my 
nose told me that all was not well. Some-
thing was burning. 

Here is the relevant section of the schematic for the Kriesler 66-124 CTV, which used a modified Philips KL9A chassis. The 
EHT transformer overwind and tripler are at lower right, while 0422 the contrast control transistor is at upper left. 
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Oh, no — smoke! 
I frantically searched for the source of 

the smell, only to find a very fine stream 
of smoke coming from the line output 
transformer. Almost on cue, the now 
familiar sound of hiccupping took over 
from the programme sound. My mental 
state now defied description, and the 
fact that the set was on castors made the 
idea of rolling it off the nearest balcony 
very tempting. I removed the line output 
transformer (again!) to enable a closer 
inspection. I half expected to find a 
repeat of the first failure but instead 
found something quite unexpected. As I 
lifted the transformer off the PCB, I hap-
pened to glance at the area of board that 
had been concealed by the tranny. I 
noticed a very faint crack in the coating 
on capacitor C564, one of two 47nF 
caps between the bottom of the overwind 
and the earthy end of the tripler. A closer 
look told me that its partner, C563 was 
in even worse condition, being covered 
in a mass of hairline cracks. A gentle 
prod on C563 caused it to literally fall 
apart, in little pieces. And C564 didn't 
take much persuasion to follow suit. 
Both capacitors were the old style 
'candy bar' polyester types. They were 
replaced with newer polypropylene 
types of similar values. Although the IM 
resistors R563 and R564 both looked to 
be OK, I replaced them just in case. A 
new line transformer was fitted (my 
parts supplier was becoming a rich 
man!), and the set once more returned to 
the land of the living. A check of supply 
voltages showed that all were spot on, 
and the set continued to run perfectly for 
30 minutes or more without smoke or 
any other signs of trouble. At last! 
Before closing up the back, I decided 

to work backwards, to see which of the 
many parts I had replaced were in fact 
still serviceable. The final score was two 
all: two dud transformers, two dud 
tripiers and two dud capacitors. The 
first tripler, the one I returned to the sup-
plier, was probably good, and he sub-
sequently told me that this was just so. 
The original line output transistor was 
also a good one. 
The question still remaining is — in 

what order did the breakdowns occur? I 
suspect the capacitors went first, thus 
taking out the tripler and then the trans-
former. Of course, the capacitors were 
last to be replaced, so they were able to 
kill a second triplerltransformer com-
bination before they were finally ar-
rested, tried and condemned to the 
rubbish bin. 

Fig.2: The actual schematic for the inside of the voltage tripler, as discussed in 
the Serviceman's explanation following this month's first story. 

Well, Mr McB. Now you know how I 
felt, the day I found two faulty trans-
formers in a row. Admittedly, mine were 
in different sets, so the problem was not 
so economically frustrating as yours. 
Working out what happened in this 

set requires a bit of circuit analysis, and 
it is helpful to know just how the 
tripler is arranged internally. Although it 
is not shown on the diagram, there is 
actually an internal diode connected be-
tween points V and D, with cathode to 
point V (Fig.2). In this configuration it is 
possible to develop a voltage at point D 
which is proportional to the EHT current 
(that is, the beam current) and to use 
this as the control voltage for the beam 
current limiter. 
The chain of capacitors C563, C564, 

C565 and C566 form a low impedance 
path to ground, for the high frequency 
AC pulses from pin 10 on the line out-
put transformer. However conditions are 
quite different for DC voltages. Here, 
the earth return is not at the tripler as in 
so many other sets, but via lead A35 to 
the base of Q422, the contrast control 
transistor. Thus, the contrast (and there-
fore beam current) can be varied auto-
matically by the load on the EHT 
generator. The control voltage is 
developed across the internal diode in 
the tripler and is used in several other 
parts of the circuit, via leads A33, A34 
and A37. 

In S.McB's case, what almost certain-
ly happened was that the faulty 
capacitors C563 and C564 went short 
circuit. This would remove the 2M of 
series resistance from the internal 
diode/EHT overwind circuit and would 
allow massive currents, both AC and DC 
to flow around the circuit. 
The reason why the set appeared to 

come good when the tripler was 
removed from the overwind was simply 
that the excess current was removed. 
Similarly, without the excess current, the 
spark test would indicate that there was 
nothing wrong with the transformer. 

(Incidentally, the spark test imposes 

on the transformer conditions very much 
like those in the fault condition. If con-
tinued for more than a fraction of a 
second or so, it could cause failure of an 
otherwise good transformer! It is not a 
practice to be recommended.) 

In the fault condition, the beam cur-
rent limiter would not be working, 
which would account for the bright, 
clear picture reported by S.McB. I've 
commented before that the beam current 
limiter would be better described as a 
contrast limiter, and this is a good ex-
ample of how it works. 

Happier tale 
Now for our second contributor this 

month. He is K.D., from Taringa in 
Queensland, and he tells another one of 
those heartening tales of worthy old TVs 
rescued from the junk-heap. This is the 
story, in his own words: 
I am very much an amateur ser-

viceman, but my friends still expect me 
to be able to fix everything from toaster 
ovens to televisions. 
I have read 'The Serviceman' for 10 

years, and have noted the plethora of 
problems seen in the Philips K9 chassis. 
Secretly, I hoped that I would never have 
to service one. Then a friend acquired a 
non-working K9 for $10 at a garage 
sale... Nothing was known of the history 
of the set, outside the fact that it had 
once belonged to a major hire company. 
My friend was going to keep the K9 as 
a source of spares for his parents' K9, 
but I volunteered to have a look at the 
set as there was no colour TV at the 
place where I was living. The possibility 
of replacing a monochrome portable 
with a 26" colour set was just too attrac-
tive to pass up. 
The first fault was obvious: the power 

supply was disconnected and laying 
loose in the bottom of the cabinet. A pre-
vious repair attempt had left the power 
supply board in a sorry state. Too much 
heat had been applied to many of the 
solder joints, with the result that the 
tracks had Med off the board and there 

56 ELECTRONICS Australia, September 1991 



Fault of the Month 
Pye T-29 CTV chassis 
SYMPTOM: (1) Bright flashes across 
screen, particularly when the set is 
touched or bumped. (2) Bright white 
screen with retrace lines, leading to 
power supply overload and shutdown. 
CURE: (1) C816 (47uF 25V electro) 
dry jointed. (2) C816 (same cap) open 
circuit. This capacitor feeds luminance 
information from the luminance in-
verter 082 to the buffer 088. Although 
it is AC coupled, the lack of luminance 
upsets the bias on 088 and leads to 
the bright screen. The excess beam 
current in this condition results in 
power supply shutdown. 
This information is supplied by cour-
tesy of the Tasmanian Branch of The 
Electronic Technicians' Institute of 
Australia (TETIA). Contributions 
should be sent to J. Lawler, 16 Ad/na 
Street, Geilston Bay, Tasmania 7015. 

was flux everywhere. I managed to clean 
the board up and connected it back into 
circuit, ready for the big test. 
The set produced a picture — com-

plete with retrace lines, poor colour, bad 
convergence and intermittent sound. To 
top it all off, it also shut down after 
about 10 minutes. So it appeared that I 
had a set with multiple faults; although 
even at this stage I had the impression 
that the picture tube was still in good 
condition and that this particular K9 
might be worth repairing. 
The set was one of the dustiest that I 

have ever come across, so I cleaned it 
off with a soft paint brush and the 
vacuum cleaner. After that, a close 
visual inspection showed no less than 
nine resistors which had been cooked to 
the point where the paint had been burnt 

completely off and the carbon film ex-
posed. The set also made use of many 
`liquorice-allsorts' capacitors. Twelve of 
these were badly cracked; in some cases 
the connecting leads fell off when I un-
soldered the capacitor. Despite their 
physical state, all of these components 
were still functional, as replacing them 
did nothing for the operation of the set. 
Of course, by now I was hooked — 
there was definitely no way this set was 
being consigned to the shed as a source 
of spares. With the dust gone, one fault 
was easy to spot. The HT was arcing 
about merrily because the ultor cap had 
gone hard with age and pulled away 
from the tube. I didn't have any of the 
special silicone grease normally used 
for this sort of job, but a thin bead of 
neutral curing silicone sealant solved 
the problem. A check of the electrolytic 
capacitors in the vertical circuits 
revealed the cause of the retrace lines. 
C265, a 22uF unit was open circuit — or 
more to the point, it just wasn't there! All 
that was left on the hoard were two rusty 
leads. I subsequently found the 
capacitor amongst the dust inside the 
vacuum cleaner. 
I tackled the intermittent sound next, 

so I could at least use the set while I 
solved the other problems. (My flatmates 
didn't like an unusable, half stripped TV 
set in the loungeroom.) The fault only 
took a few seconds to locate — the 
volume control itself (R110) was faulty. 
When I removed the board carrying 

the slider controls, I could see why. The 
whole thing was a sticky mess, as if soft 
drink or something similar had been 
spilt into it. It took me a couple of hours, 

but I managed to clean it and restore the 
controls to normal operation. I watched 
a movie on the set, but I found the pic-
ture very hard on the eyes. It took me 
quite a while to realise that the whole 
picture was filtering up and down by two 
millimetres, at a rate of about 3Hz. 
For the want of a better place to start, 

I tried the vertical hold control. On the 
K9 this is R24, a 47k preset in the frame 
control module U33. In this set the con-
trol had been wound back to zero resis-
tance. At any other setting the picture 
would roll continually. I cleared the 
electrolytic capacitors in the module, 
but on the basis of the condition of 
capacitors in the rest of the set, I re-
placed three suspect 'liquorice-allsorts 
capacitors (2 x 39nF and 1 x 390nF). 

Continued on page 99 

FIX VCR's 
Over 75% of VCR failures are due to mechanical problems. 
If you fix or maintain VCR's, TENTEL offers fast, universal, easy to use gauges 
for diagnosing mechanical tape transport problems. Powerful tools for measuring 
torque, tape tension, spindle height, tape guide height, 
head protrusion, drum eccentricity and more! You 
can't afford to just guess when your customers 
and your future depends on professional service, 
done right the first time. 

Tentel® (008) 773 644 
MUSICLAB PTY. LTD. 
288 Abbotsford Road, Albion Old 4010 
Phone: (07) 862 1633 Fax: (07) 862 1578 
Postal Address: P.O. Box 379, Albion OLD 4010 

USA 
MANUFACTURED 

Contact us now for a CATALOGUE 
Video Repairer's Training Tape 

also available for $30.00 inc. p & p 
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At Last! The Missing Link 
In Audio Service 

The Audio Interface links all your test 
equipment with the units being serviced 
— from Walkmans to whopper amps. 
Power measurement (3 inputs) 800 watts 
per ch. Inputs/outputs duplicated on rear 
panel. 
No more temporary hook-ups. 
Just one lead in, one lead out. 
Flick a switch, turn a knob, it's there! 
Saves frustration, time, and money. 
An investment in productivity at $ 1495 

Kingsley Electronics (03) 583 4020. 
17 Blackburn Drive, Cheltenham, 3192. 

READER INFO NO. 19 

f PCB ARTWORK A PROBLEM? \ 
DO YOU HAVE SCHEMATICS THAT 
NEED TO BE DRAWN OR UPDATED? 

IF SO CONTACT 

CIRCUIT WORKS 
* ALL TYPES OF ANALOGUE & DIGITAL 
BOARDS 

* GENERAL ELECTRONIC DRAFTING 

* WE CATER FOR THE HOME HOBBYISTS & 
PROFESSIONAL WORK CENTRES 

* CIRCUIT BOARD PRODUCTION IF 
REQUIRED 

* PROMPT SERVICE 

PHONE: (07) 359 1285 
65 EVANS STREET, KEDRON, OLD.  

READER INFO NO. 20 
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DATA & REFERENCE 

M  BOOK SHOP 
DIGITAL IC EQUIVALENTS AND PIN 
CONNECTIONS 
BP140 $18.00 
Shows u a popular 
user- and 
Japan earls of packaging, 
famili , s, manufacturer and country of origin. 

LINEAR IC EQUIVALENTS AND PIN 
CONNECTIONS 

BP141 
Shows equivalents and pin 
user-orien 
Japan 
manu 

PO 
BP235 
CoversÉgeert Triacs, 
FET's 

ELEC C HOBBYISTS HANDBOOK 
BP233 $16.00 
Mr RA. Penfold has used his vast knowledge of hobby 
electronics to provide a useful collection of data for the 
amateur electronics enthusiast, in a single source where it 
can be quickly and easik located. 

RADIO AND ELECTRONIC COLOUR CODES 
AND DATA CHART 
BP7 $4.00 
Covers many colour codes in use throughout the world, for 
most radio and electronic components. includes resistors, 
capacitors, transformers, field coils, fuses and battery leads, 
speakers etc. 

CHART OF RADIO, ELECTRONIC, 
SEMICONDUCTOR AND LOGIC SYMBOLS 
BP27 $4.00 
Illustrates the common, and many of the not so common, 
radio and electronic, semiconductor and logic symbols that 
are used in books, magazines and instruction manuals etc., 
in most countries throughout the world. 

LECTOR GUIDE 

$18.00 
popular 

ican and 
function, 

$16.00 

CIRCUITS & CONSTRUCTIONAL 
PROJECTS 

IC PROJECTS FOR BEGINNERS 
BP97 $8.50 
Offers a range of simple projects based around a number of 
popular and inexpensive linear and digital integrated circuits. 
With most projects, complete layout and/or point to point 
wiring diagrams are included to help simplify construction. 

30 SOLDERLESS BREADBOARD 
PROJECTS - BOOK 1 
BP107 $11.00 
Each project, which is designed to be built on a Nerobloc“ 
breadboard, is presented in similar fashion with a brief circuit 
description, circuit diagram, component layout diagram, 
components list and notes on construction and use where 
necessary. Wherever possible the components used are 
common to several projects. 

30 SOLDERLESS BREADBOARD 
PROJECTS - BOOK 2 
BP113 $6.50 
This book describes a variety of projects that can be built on 
plug - in breadboards using CMOS logic IC's. Each project 
contains a schematic, parts list and operational notes. 

POPULAR ELECTRONIC PROJECTS 
BP49 $9.50 
Provides a collection of the most popular types of circuits 

and projects covering a very wide range of interests, 
including Radio, Audio, Household and Test Equipment 
projects. 

HOW TO USE OP-AMPS 
BP88 $11.00 
This book has been written as a designer's guide covering 
many operational amplifiers, serving both as a source book 
of circuits and a reference book for design calculations. The 
approach has been made as non-mathematical as possiole 
and it is hoped, easily understandable by most readers, be 
they engineers or hobbyists. 

IC 555 PROJECTS 
BP44 $9.50 
Every so often a device appears that is so useful that one 
wonders how life went on without it. The 555 timer is such a 
device. Included in this book are basic and general circuits, 
motorcar and model railway circuits, alarms and 
noise-makers as well as a section on the 556, 558 and 559 
timers. 

50 SIMPLE LED CIRCUITS 
BP42 $6.00 
Contains 50 interesting and useful circuits and applications, 
covering many different branches of electronics, using one 
of the most inexpensive and freely available components - 
the light-emitting diode (LED). Also includes circuits for the 
707 common anode display. 

50 SIMPLE LED CIRCUITS - BOOK 2 
BP87 $6.00 
A further range of uses for the simple LED which 
complements those shown In book number BP42. 

50 PROJECTS USING RELAYS, SCRs 
AND TRIACs 
BP37 $8.50 
Relays, silicon controlled rectifiers (SCR's) and 
bi-directional triodes (TRIAC's) have a wide range of 
applications in electronics. This book gives tried and 
practical working circuits which should present the minimum 
of difficulty for the enthusiast to construct. 

MINI-MATRIX BOARD PROJECTS 
BP99 $6.50 
This book provides a selection of 20 useful and interesting 
circuits, all of which can be built on a mini-matrix board just 
24 holes by 10 copper strips in size. 

REMOTE CONTROL HANDBOOK 
BP240 $13.00 
Replaces our original book DP73 and is aimed at the 
electronics enthusiast who wishes to experiment with 
remote control in its many aspects and forms. 

MODEL RAILWAY PROJECTS 
BP95 $8.50 
Provides a number of useful but reasonably simple projects 
for the model railway enthusiast to build. The projects 
covered include such things as controllers, signal and 
sound effects units, and to help simplify construction, 
stripboard layouts are provided for each project. 

ELECTRONIC PROJECTS FOR CARS 
AND BOATS 
BP94 $9.50 
Describes fifteen fairly simple projects for use with a car 
and/or boat. Each project has an explanation of how the 
circuit works as well as constructional details including a 
stripboard layout. 

POWER SUPPLY PROJECTS 
BP 76 $7.50 
Mains power supplies are an essential part of many 
electronic projects. This book gives a number of power 
supply designs, including simple unstabilised types, fixed 
voltage regulated types, and variable-voltage stabilised 
designs, the latter being primarily intended for use as bench 

supplies for the electronics workshop. The designs provided 
are all low-voltage types for semiconductor circuits. 

ELECTRONIC SECURITY DEVICES 
BP56 $9.50 
This book, besides including both simple and more 
sophisticated burglar alarm circuits using light, infra-red and 
ultra-sonics, also includes many other types of circuit as 
well, such as gas and smoke detectors, flood alarms, 
doorphone and baby alarms, etc. 

PRACTICAL ELECTRONIC BUILDING 
BLOCKS-Book 1 
BP117 $8.50 
PRACTICAL ELECTRONIC BUILDING 
BLOCKS-Book 2 
BP118 $8.50 
These books are designed to aid electronic enthusiasts who 
like to experiment with circuits and produce their own 
projects. The circuits for a number of building blocks are 
included in each book, and component values and type 
numbers are provided in each case. Where relevant, details 
of how to change the parameters of each circuit (voltage 
gain of amplifiers, cut- oft frequencies of filters, etc.) are 
given so that they can be easily modified to suit individual 
requirements. No difficult mathematics is invoked. 

HOW TO DESIGN ELECTRONIC PROJECTS 
BP127 $9.00 
The aim of this book is to he the reader to put together 
projects from standard building blocks with a minimum of 
trial and error, but without resorting to any advanced 
mathematics. Hints on designing circuit blocks to meet your 
special requirements where no `stock' design is available 
are also provided. 

HOW TO DESIGN AND MAKE YOUR OWN 
PCBs 
BP121 $6.50 
Chapter 1 deals with the simple methods of copying printed 
circuit board designs from magazines and books and 
covers all aspects of simple PCB construction as 
comprehensively as possible. 
Chapter 2 covers photographic methods of producing 
PCB's and Chapter 3 deals with most aspects of designing 
your own printed circuit board layouts. 

S.W., AMATEUR RADIO 
& COMMUNICATIONS 

COMMUNICATION (Elements of 
Electronics-Book 5) 
BP89 $11.00 
A look at the electronic fundamentals over the whole of the 
communication scene. This book aims to teach the 
important elements of each branch of the subject in a style 
as interesting and practical as possible. 

AN INTRODUCTION TO AMATEUR RADIO 
BP257 $11.00 
Gets you started with the fascinating hobby that enthrals so 
many people the world over. 

INTERNATIONAL RADIO STATIONS GUIDE 
BP255 $16.00 
Totally revised and rewritten to replace the previous edition 
(BP155), this book contains considerably more information 
which is now divided into thirteen sections including: 
Listening to SW Radio, ITU Country Codes, Worldwide SW 
Stations, European, Middle East & N. African LW Stations, 
European, Near East & N. African MW Stations, Canadian 
MW Stations, USA MW Stations, Broadcasts in English, 
Programmes for DXer's & SW Listener, UK FM Station, 
Time Differences from GMT, Abbreviations, 
Wavelength/Frequency Conversion 



AERIALS 

AERIAL PROJECTS 
BP105 $8.50 
The subject of aerials s vast but in this book the author has 
considered practical aerial designs, including active, loop 
and ferrite aerials which give good performance and are 
relatively simple and inexpensive to build. 

25 SIMPLE SHORTWAVE BROADCAST 
BAND AERIALS 
BP132 $6.50 
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 story. A series of 25 aerials of many 
different types are covered, ranging from a simple dipole 
through helical designs to the multi-band umbrella. 

25 SIMPLE INDOOR AND WINDOW AERIALS 
BP136 $6.00 
Written for those people who live in flats or have no gardens 
or other space-knifing 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. Noll to be sure performers 
and give surprisingly good results considering their limited 
dimensions. 

25 SIMPLE TROPICAL AND 
MW BAND AERIALS 
BP145 $6.00 
Shows you how to build 25 simple and inexpensive aerials 
for operation on the medium wave broadcast band and on 
the 60, 75, 90 and 120 metre tropical bands. Designs for the 
49 metre band are included as well. 

AUDIO & HI-Fl 
DIGITAL AUDIO PROJECTS 
BP245 $11.00 
Contains practical details of how to construct a number of 
projects which fall into the "Digital Audio" category. They 
should be of interest to most audio and electronic music 
enthusiasts. 

AN INTRODUCTION TO LOUDSPEAKERS 
AND ENCLOSURE DESIGN 
BP256 $11.00 
All you need to know about the theory and operation of 
loudspeakers and the various types of boxes they may be 
fitted into. 
Also includes the complete design and constructional details 
of how to make an inexpensive but high quality enclosure 
called the "Kapellmeister. 

AUDIO PROJECTS 
BP90 $8.50 
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 designed to 
assist the newcomer to the hobby. 

AUDIO (Elements of Electronics-Book 6) 
BP111 $13.00 
Analysis of the sound wave and an explanation of 
acoustical quantities prepare the way. These are followed 
by a study of the mechanism of hearing and examination of 
the various sounds we hear. A look at room acoustics with a 
subsequent chapter on microphones and loudspeakers then 
sets the scene for the main chapter on audio systems, 
amplifiers, oscillators, disc and magnetic recording and 
electronic music. 

AUDIO AMPLIFIER CONSTRUCTION 
BP122 $9.00 
The following practical designs are featured and include 
circuit diagram and description, Veroboard or PCB layout 
and any necessary constructional or setting-up notes. 
Chapter 1 - Preamplifiers: versatile microphone type based 
on the NE5534; tape type using the LM3802; RIM pre 
amp; simple guitar pre amp; ceramic or crystal pick-up type; 
active tone controls using a LF351; general purpose pre 

amp. 
Chapter 2 - Power amplifiers: simple low power battery type 
using a 2283 IC; 2 watt using the TBA820; 8 watt using the 
TDA2030; 16 watt 12 volt P.A. amplifiers; 20 watt using a 
MOSFET output stage; 100 watt DC coupled amplifier using 
four MOSFETs in the output stage. 

CHOOSING AND USING YOUR HI-FI 
BP68 $6.00 
Provides the fundamental information necessary to make a 
satisfactory choice from the extensive range of hi-fi 
equipment now on the market. 
Help is given to the reader in understanding the technical 
specifications of the equipment he is interested in buying. 

THEORY & CALCULATIONS 

FROM ATOMS TO AMPERES 
BP254 $12.00 
Explains in crystal clear terms the absolute fundamentals 
behind the whole of Electricity and Electronics. Really helps 
you to understand the basis of the subject, perhaps for the 
first time. 

FURTHER PRACTICAL ELECTRONICS 
CALCULATIONS AND FORMULAE 
BP144 $16.00 
Written in the same style as the first book (BP53) and with 
the same objectives in mind, this book is divided into the 
following fourteen sections: Electricity, Electrostatics, 
Electromagnetism, Complex numbers, Amplifiers, Signal 
Generation and Processing, Communication, Statistics, 
Reliability, Audio, Radio, Transmission Lines, Digital Logic 
and Power Supplies. 
THE SIMPLE ELECTRONIC CIRCUIT 
AND COMPONENTS 
BP62 $12.00 
ALTERNATING CURRENT THEORY 
BP63 $12.00 
SEMICONDUCTOR TECHNOLOGY 
BP64 $12.00 
The aim of this series of books is to provide an inexpensive 
introduction to modern electronics so that the reader will 
start on the right road by thoroughly understanding the 
fundamental principles involved. 
BOOK 1: This book contains all the fundamental theory 
necessary to lead to a full understanding of the simple 
electronic circuit and its main components. 
BOOK 2: This book continues with alternating current theory 
without which there can be no comprehension of speech, 
music, radio, television or even the electricity mains. 
BOOK 3: Follows on semiconductor technology, leading up 
to transistors and integrated circuits. 

• ELECT. & COMPUTER MUSIC 

ELECTRONIC MUSIC PROJECTS 
BP74 $9.50 
Provides the constructor with a number of practical circuits 
for the less complex items of electronic music equipment, 
including such things as fuzz box, waa-waa pedal, sustain 
unit, reverberation and phaser units, tremelo generator, etc. 

MUSICAL APPLICATIONS OF THE ATARI ST's 
BP246 $12.95 
The Atari ST's are fast becoming the first choice in 
computers for the electronic music enthusiast due to their 
relatively low cost and MIDI interface. The Penfolds show 
you how to make the most of these machines musically, 
with simple add-on circuits and program routines. 

COMPUTER MUS 
BP17 11.00 
Shows n used to 

good effec 
cover 
MIDI ' 
gener omputer control. 

MORE ADVANCED MIDI PROJECTS 
BP247 $11.00 
Carries on where book BP182 left off by providing 
constructional details of some more advanced and 
sophisticated projects such as a mixer, merge unit and 
harmoniser etc. 

ELECTRONIC SYTHESISER CONSTRUCTION 
BP185 $11.00 
This book will enable a relative beginner to build, with the 
minimum of difficulty and at reasonably low cost a 
worthwhile mono-phonic synthesiser, and also learn a great 
deal about electronic music synthesis in the process. 

TV, VIDEO & SATELLITES 

AN INTRODUCTION TO SATELLITE TV. 
BP195 $12.95 
As a definitive introduction to the subject this book is 
presented on two levels. For the absolute beginner with no 
previous knowledge, the story is told as simply as it can be 
in the main text. 
For the professional engineer, electronics enthusiast, 
student or others with technical backgrounds, there are 
numerous appendices backing up the main text with 
additional technical and scientific details, formulae, 
calculations and tables etc. 

FAULT-FINDING 

HOW TO GET YOUR ELECTRONIC PROJECTS 
WORKING 
BP110 $8.50 
We have all built circuits from magazines and books only to 
find that they did not work correctly, or at all, when first 
switched on. The aim of this book le to he the reader 
overcome just these problems by indicating how and where 
to start looking for many of the common faults that can occur 
when building up projects. 

AUDIO AMPLIFIER FAULT-FINDING CHART 
BP120 $4.00 
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 in located and rectified. 

GETTING THE MOST FROM YOUR 
MULTIMETER 
BP239 $11.00 
h is amazing just what you can check and test with a simple 
multimeter if you know what you are doing. This book tells 
the story, covering the basics and relative merits of 
analogue and digital instruments,component checking and 
dealing with circuit testing. 

MORE ADV. USES OF THE MULTIMETER 
BP265 $12.00 
A sequel to book BP239 showing the reader some more 
advanced and unusual applications of that humble test 
instrument - the simple multimeter. 

HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 
BP267 $12.00 
Just as the title says, this book shows the hobbyist how to 
effectively use a number of pieces of electronic test 
equipment including the oscilloscope. 

To order, simply fill in the coupon, remembering to included the code numbers and $5.00 postage and 
handling. If the coupon is missing, write down the names, code numbers and prices of the books you 
require. Include your name, address, ph number, plus cheque, money order or credit card details (card 

type, card number, expiry date and signature) and send ft all to Federal Publishing, Freepost No.3, 
P.O.Box 199 Alexandria, NSW 2015. Don't forget to sign all orders. 



Construction Project: 

SAFE AND SIMPLE 
HELIUM-NEON LASER 

It may seem rather incredible, but this 0.8mW gas laser project fits inside a medium size jiffy box, 
and if you have your own 12V DC supply, you need to solder two wires, fit a resistor and that's it. 
It's simple, safe to build and costs $160. This project is ideal for schools and experimenters alike. 
We also describe a simple 'laser engine' you can build. 

by PETER PHILLIPS 

This project was developed by Oatley 
Electronics, and it has to be the simplest 
laser project ever. As the photographs 
show, construction is simply a matter of 
connecting the DC-DC converter to the 
tube, fitting a ballast resistor and con-
necting the unit to a 12V DC supply. 
To make the unit complete, a 12V DC 

regulated power supply module is also 
included, designed to operate off a 16V 
AC plug pack. This module can also fit 
inside the case, giving a totally self-
contained, mains operated laser. A fea-
ture of the project is its inherent safety. 
Readers may recall the laser project 
described in July 1990, which included 
numerous warnings and the decision by 
Oatley Electronics to supply kits to 
adults only. While the project was ex-
tremely popular, quite a few people 
were frightened off by the warnings. 
The principle of operation of this new 

laser project is the same as the previous 
one, but technology advances have 
made it smaller and, thanks to the DC-
DC converter module, safer and simpler 
to construct. And surprisingly, the laser 
tube is rated at around 0.8mW, despite 
its small size. As well as presenting con-
structional details of the laser in this ar-
ticle, we describe a neat little ' laser 
engine' that can be used with the laser 
project to create an almost endless 
range of laser images. Again this comes 
from Oatley Electronics, and like the 
laser, is simple and very cheap. 

The inverter 
The heart of the project is the DC-DC 

converter. In previous laser projects, the 
high voltage supply section required to 

power the laser tube usually consisted 
of a discrete component high voltage 
DC supply constructed on a PCB. 
Because the tube needs a high voltage 

to fire it (8kV or so), then a lower 
operating voltage to run it (1kV), most 
circuits combined a voltage multiplier 
and a voltage doubler. Such a circuit 
requires a relatively large PCB, and can 
deliver a lethal voltage if contacted. 

Hence the warnings published in the 
July 1990 article. 

It is therefore rather amazing that this 
entire section has now been encapsu-
lated in a module about the size of a 'D' 

cell. The converter (supplied with the 
kit for this project) is designed specifi-
cally to power an He-Ne lmW laser 
tube and is manufactured in the USA by 
Plasmatronics. 
The specified input voltage is from 

12V to 18V DC, although tests have 
shown that it will successfully operate 
the tube with a DC input as low as 8V. 
An interesting feature of the device is 

that as the input DC voltage is in-
creased, the DC current taken by the 
converter decreases. 

Typically, at 8V the input current is 
500mA, dropping to 360mA at 12V 
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then to a value of around 280mA at 18V. 
In other words, the DC input power is 
essentially constant at around 4 to SW, 
making battery operation possible. But 
if the DC input exceeds 18V, the con-
verter may self destruct — so be care-
ful. 
The laser tube used in this project re-

quires an 8kV firing voltage and an 
operating voltage of around 1.2kV at a 
current of 2.8mA. Thus at 12V DC 
operation, the input power is 4.36W and 
the output power is 3.36W, giving an 
efficiency of around 78%. Not bad, 
given the small size of the converter. 
So where's the safety aspect you say, 

considering this device can deliver 
these kinds of voltages? 

In fact, the output current of the con-
verter is limited to around a few mil-
liamps, and although a nasty shock 
could result, theoretically there is insuf-
ficient current to make the shock lethal. 

However, we don't recommend you 
try this, as any electric shock is un-
pleasant, and under exceptional cir-
cumstances, a low current might 
possibly be lethal. However, because 
everything is encapsulated, the only 
likely contact point is at the anode of 
the laser tube. 

The DC supply 
To allow the project to operate from 

the mains, Oatley Electronics has 
designed a regulated power supply that 
delivers 12V DC to the converter. To 
keep things safe, a 16V AC plug pack is 
used to power the regulator. 
The circuit of the regulator is shown 

in Fig.1, and uses an LM317T, TO-220 
adjustable regulator IC. The output volt-
age is set by RV1, and for the values 
shown, can be adjusted from 1.4V to 
14V. 
As shown in the photo of Fig.2, a 

heatsink is required for the regulator IC. 
Although not necessary if the regulator 
is being used with the laser project, if 
you decide to use it for other purposes, 
the heatsink should be insulated from 
the IC. 
Otherwise construction of the PCB is 

simply a matter of loading and solder-
ing the components according to the 
layout diagram of Fig.3. 
The recommended input voltage to 

the regulator is 16V AC and a 
16V/900mA plug pack is suggested. As 
for the laser, a kit of parts for the 
regulator which includes the plug pack 
is available from Oatley Electronics 
(see end of article). Naturally, the 
regulator unit should be tested and ad-
justed to around 12V to 14V before 
using it with the laser. 

Fig.1: The circuit of the regulator is very standard and uses an LM317T adjustable 
voltage regulator IC. The output voltage can be varied from 1.4V to around 14V 
with RV1, and 05 protects the regulator against reverse voltages when the power 
is turned off. 
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Fig.2: This shot shows the voltage regulator PCB fully assembled. The heatsink 
doesn't need to be insulated from the regulator IC, as the PCB fits inside the jiffy 
box. It may be necessary to bend the heatsink to prevent it touching the laser 
tube. 

Fig.3: The layout of the regulator PCB is shown here. As usual, make sure the 
polarity of the electrolytic capacitors and the diodes is correct. 
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Helium-Neon Laser 

Fig.4: The inside view of the case is shown in this photo. 
The regulator PCB is attached to the lid with nylon nuts and 
bolts, the converter and the tube are both fixed with 
adhesive mounts. Although difficult to see, the ballast 
resistor is at the top left of tube. 

Construction 
The photo of Fig.4 shows how every-

thing is fitted inside the jiffy box. 
Before starting, first drill a 7mm hole at 
one end of the box, aligned to allow exit 
of the laser beam. We fitted the tube in 
the centre of the box, and accordingly 
drilled the hole 17mm from the bottom, 
as measured from the outside. 

If the regulator PCB is to be included, 
drill holes in the lid of the box for the 
4mm nylon screws that support the 
board. Also file an exit slot in the case 
for the AC input leads. The converter is 
attached to the box with two adhesive 
bases that are held with tie straps fitted 

Fig.6: This simple laser 'engine' can be used to create 
circles, squares, flowers and other shapes by deflecting a 
laser beam onto a wall via the two rotating mirrors. 

around its body. Locate the converter 
next to the regulator PCB and connect it 
to the 12V regulator (or in fact any 12V 
DC supply) with the red and black wires 
from the converter (red is positive). 
The mounting procedure for the tube 

is similar, although some care is re-
quired in handling. The laser beam exits 
from the anode end of the tube, and this 
end therefore faces the exit hole drilled 
in the case. Both ends of tube look 
similar, and the anode end of the tube 
can be identified as having the greatest 
distance from the internal metal work 
(cathode) of the tube. To verify, you 
should be able to see the connection 
from the metal work to the cathode end. 

16VAC 
o  

VOLTAGE 
REGULATOR 

red 

12VDC 

red 

black 

DC - DC 
IN 

blue 

CATHODE 

RB 
150k 

I-E- NE 
LASER 

MOUNTING 
STRAPS 

ANODE 

Fig.5: The three sections of the project interconnect as shown In this diagram. 
The ballast resistor RB has one lead soldered to the anode clip and the other lead 
is held to the body of the tube under the nylon strap from the anode end adhesive 
mount. The positive output lead (red) of the converter then connects to this end 
of the resistor. 

As well, the vacuum exhaust point of 
the tube is at the cathode end. The con-
nections to the tube are made with clips 
that fit around the cathode and anode 
ends of the tube. To avoid damaging the 
tube, don't solder to the clips while they 
are fitted to the tube. 
As shown in the block diagram of 

Fig.5, a 150k/2W ballast resistor is con-
nected in series between the positive 
output of the converter and the anode of 
the tube. 
This resistor can be supported by 

soldering one end to the anode clip and 
fitting the other, soldered to the positive 
output lead of the converter, under the 
strap holding the anode end mounting 
base. 

Testing 
Once everything has been mounted 

and connected, it's simply a matter of 
turning on the supply. The laser tube 
should fire immediately, producing the 
characteristic red laser beam. 
Apart from wiring errors and 

problems with the regulator board 
(which should have been tested 
beforehand anyway), there is not much 
to go wrong. 
As usual with any laser, avoid direct 

eye contact with the beam. Oatley 
Electronics are supplying a warning 
label with the kit, and this should be 
glued to the top of the case, as shown 
in the lead picture. Also avoid touch-
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Fig. 7: This diagram shows the mechanics of our laser 
'engine'. Experiment with the position of the mirrors to 
minimise vibration. 

ing the anode end connection, even 
after power has been turned off, as 
the internal capacitors in the con-
verter can hold sufficient charge to 
deliver a shock. 

Laser 'engine' 
A laser beam needs to be deflected 

mechanically using mirrors, and all 
laser printers incorporate a laser 
'engine' to cause the beam to trace the 
required printout onto the drum of the 
printer. A laser printer engine is there-
fore mechanically sophisticated and ex-
pensive. In principle, two mirrors are 
moved a tiny amount by the electronics 
and the laser beam is arranged to deflect 
from these mirrors onto a surface. 
Although it is possible to purchase 

disposals-type laser engines, a much 
cheaper method is to build the simple 
system shown in the photo of Fig.6. The 
system has two small DC motors with 
mirrors fitted to the shafts as depicted in 
the diagram of Fig.7. As shown, a piece 
of thin tinplate in first soldered to the 
shaft of the motor, then the mirror is 
fixed to the tinplate with double-sided 
tape. The tinplate is then bent at an 
angle of around 5°, although you will 
need to experiment to get the best ef-
fect. 
The photo of Fig.8 gives a close-up 

view of the assembly. Everything can be 
fitted inside a jiffy box, and we attached 
the motors to the underside of the lid 
with silicone glue. Although dental mir-
rors were used in the prototype, the kit 
of parts for this project will include 

Fig.8: A close up shot of the motors. Dental mirrors were 
used on the prototype, available from most dental suppliers. 
Mirrors will be supplied in the kit for this project. 

RV2 
150 

RV1 150 25W 

12V 25 

Fig.9: No PCB required here! The two potentiometers are wire-wound, 25W types 
and control the individual speeds of the motors. By reversing the direction of one 
motor, a different set of patterns can be obtained. 

These shapes were produced by the laser beam and the laser 'engine' and show 
the sort of displays that can be obtained. 
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OATLEY 
ELECTRONICS 
FOR No.1 KITS 

INFRA RED 
NIGHT VIEWER 
A very small complete kit • 
Includes both an adjustable 
lens and an eyepiece • The 
matching tubas, lenses and 
eyepieces were removed from 
new German night vision 
equipment • Simple construc-
tion Instructions provided • 
For a limited time only the kit 
is supplied with a high quality 
military inverter Draws only 
25mA from the 9V battery • IR 
illumination is required in the 
dark and good ranges are 
possible with just medium 
powered focussable torches, 
hued with an IR filter • You 
would normally pay over 
$3000 tor a view like this, 

DON'T MISS OUT! 

2mW PHILIPS 
LASER HEAD 
WITH 240V 

POWER SUPPLY 
Uses a brand new visible red 
He-NE LASER HEAD. Encap-
sulated He-Ne tube • Very 
tight beam (0.95mR). More 
suitable for most applications 
• Head dimensions' 37mm 
diameter by 260mm iong • 
Supplied with a very small 
professional 240V power 
supply. that even has a TTL 
interlock. Needs 3-5V 41 
approx 3mA, across two iso-
lated terminals to switch the 
laser on  Opto isolator built 
into the supply • Use it for sur-
veying, science experiments. 
laser displays, holography. 
etc • Priced a! about .r3 of the 
expected price and ONLY 
WHILE STOCKS LAST AT: 

$21 0 IF>eIRRlTHE 
2mW PHILIPS head, the com-
mercial power supply. warning 
labels, ballast resistor and the 
instriJctions• KIT No LK14 

VISIBLE 
LASER DIODE 

Similar story to the IR diode 
but thls one Is very visible, 
3mW of 670nM ONLY $210. 
For a 2mW visible laser diode, 
collimalor/tiaatsink assembly. 
a suitable driver/digital switch 
kit and the instructions. 

Includes the IR tube, lens eye-
piece electronics kit and the 
case kit KIT No IRNW5 
75mm round IR plastic tiller 
SIS 

EXPERIMENTAL 
E H.T POWER 

SUPPLY 

R LASER DIODE 

LASERS are not for 
kids: DANGER 

2mW PHILIPS 
LASER HEAD 
WITH A 12V 

POWER SUPPLY 
Same head as the LK14, but 
this unit is supplied with our 
newest 12V laser inverter kit. 
which will power most laser 
tubes • The supply is easy to 
construct and comes with a 
totally prewound transformer, 
and simple instructions • The 
switched mode power supply 
with MOSFET output is very 
efficient and a guaranteed 
design • THE INCREDIBLE 
PRICE? 

$175 reiel THE 
2mW PHILIPS head, 12V 
supply lut, warning labels. bal. 
last resistor and the instruc• 
lions Kll No LK13. 

Can produce sparks about 
lcm long, whilst drawing 
approximately 35mA from a 
small 9V battery! • Great for 
many high voltage cope-
ments • 3-16V operation and 
very IOW power consumption • 
E.HT voltage output depends 
on DC supply voltage: Approx 
16KV output with 14V supply 
• As a bonus, this unit will 
power all the IR tubes. Ask 
about some unusual and well 
pr cod tubes we will have in 
stock • Professional unit with 
a sealed voltage multiplier 
section • Circuit provided • 
Approximate dimensions: 105 
X 56 X 37mm. 

ONLY 839 

For E HT power supply and 
the circuit/instructions 

A 5mW/7130nM laser diode 
mounted in a precision made 
adjustable collimator assem. 
bly • Removed from new and 
near new equipment • Very 
light beam and is just visible 
lo humans in a darkened room 
• Requires only a constant 
current Source 10 Operate 
Approx 60mA/2V • Use it for 
communications, security, 
medical research, scientific 
experiments, invisible laser 
pointer: Very visible to an IR 
Night Viewer! • Suitable low 
voltage driver/digital kit is 
included in our SPECIAL 
INTRODUCTORY PRICE, 

ONLY $99 
For the collimated assembly 
illustrated, and a suitable 
experimental driver/digital 
switch kit and the instructions 

OATLEY ELECTRONICS 
PO BOX 89. OATLEY. NSW 2223 

Telephone: (02) 579 4985 

Fax: (02) 570 7910 

Certified p&p: S6 in Aust. NZ ( Airmail): S10 

Melbourne Distributor: Electronics World 
(03) 723 3860 or (03) 723 3094 

Helium-neon Laser 

rie-,e_77:7—pr ce,„ 
L ACE c • j a y 

411 

This PCB pattern is for the voltage regulator. Note that the artwork is copyright 
to Oatley Electronics but can be used by individual constructors for non-profit 
purposes. 

square section, front surface mirrors. It 
is important that the aluminised surface 
(gold colour) faces outwards, as this is 
the reflective surface. If you reflect the 
beam from the normal silver surface, 
the thickness of the glass will cause the 
beam to diffuse. 
The circuit diagram for the system is 

shown in Fig.9. The motors are in-
dividually controlled by the wire-
wound potentiometers and the switch 
reverses the rotation of one motor only. 

The pots and t he reversing switch can 
be fitted to the jiffy box, and wired 
together with hook-up wire. 
Note that the reversing switch was 

added after the photos were taken, so 
don't follow the wiring of the photo of 

Fig.6. The switch wiring is shown on 
the circuit diagram ,in Fig.9. 
Once you've built the laser and the 

laser engine, the rest is up to your im-
agination. We described other applica-
tions in the July 1990 article, which also 
includes quite a lot of information about 
laser tubes and how they work. 
There are numerous laboratory type 

exercises that can be conducted with a 
laser beam, and even holography (three 
dimensional photographs) is not beyond 
the realms of the school laboratory. 
There are numerous books on the 

topic of lasers and their applications, 
and Oatley Electronics have indicated 
they intend stocking some of these, in-
cluding some on holography. 

Parts List 
Resistors 

All 1/4W, 5% unless otherwise stated: 
R1 1.2k 
R2,3 180 ohm 
RB 150k, 2W 
RV1 4.7k trimpot 

Capacitors 

Cl 470uF 63V electrolytic 
02,4 3.3nF ceramic 
C3,5 10uF, 25V electrolytic 

Semiconductors 
D1-5 Al 4A power diodes 
Cl LM317T adjustable voltage 
regulator 

Miscellaneous 

PCB 40mm x 100mm coded Laser 0E; 
plastic case 50 x 90 x 160mm; 
4 x stick-on rubber feet; 
4 x cable ties and stick-cn bases; 
240V-16V/900mA plug pack, 
heatsink, 
0.8mW He-Ne laser tube, 
12V DC- DC inverter for laser tube; 
warning label; nylon screws and nuts. 

Laser deflection unit 
Potentiometers 
RV1,2 150 ohm 25W, wire-wound 

Miscellaneous 

DPDT switch; 2 x 12V DC motors; 
2 x front surface mirrors 14mm square; 
tinplate, double-sided adhesive tape; 
hook- up wire; 
plastic case 50 x 90 x 160mm; 
4 x stick-on rubber feet. 
Kits of parts for these projects are 
available from: 
Oatley Electronics 
5 Lansdowne Parade, 
Oatley West, NSW 2223. 
Phone (02) 579 4985 
Postal address (mail orders): 
PO Box 89, Oatley West NSW 2223. 
Laser kit: includes laser tube, inverter, 
case, mounts $ 160. 
Voltage regulator kit: includes PCB, all 
components and plug pack $28.00. 
Motor kit: includes motors, pots, mirrors, 
switch $ 15. 
Post and packing charges $3 to $5. 
The PCB artwork for the project is 
copyright to Oatley Electronics. 

READER INFO No. 21 



OATLEY ELECTRONICS-EA 
'ANYTHING GOES' COMPETITION 
Win some great prizes in our 'Anything Goes' competition! All you have to do is send in 
suggested applications for the Helium-Neon Laser project (September edition) OR the Night 
Viewer (October edition). We'll be awarding the prizes for the ideas that are most imaginative 
and useful. There are five major prizes and 40 runner-up prizes, with a total prize value of over 
$4000! 

There's no limit to the sort of entries you 
can submit — they can be complex or 
simple. For example, it might be an ap-
plication in education, science, measure-
ment, physics, entertainment, 
photography (which can include holog-
raphy), surveying, home use and so on. 
Or you may have found a way of im-
proving either of these projects. Any-
thing goes, providing it's not proprietary 
and it's got something to do with lasers 
or night viewers! 

Here's what you can win: 

• FIRST PRIZE: A fully constructed, 
very sensitive 'sub starlight' night 
viewer. These are not generally avail-
able and can produce useful,ipages 
in light levels of around 10' — vir-
tual darkness. Also features an auto-
matic light level control. (Value 
$1595) 
• SECOND PRIZE: A 7mW helium-
neon gas laser head with a commer-
cial mains power supply. A complete 
system that's ready to go. (Value 
$520) 
• THIRD PRIZE: A kit of parts for the 
night viewer as published in the Oc-
tober edition of EA. (Value $299) 
• FOURTH PRIZE: A lmW laser 
head with a commercial laser supply 
that operates from 12V. (Value over 
$259) 

e  

• FIFTH PRIZE: A laser kit compris-
ing a 2mW laser head, with commer-
cial mains power supply. (Value $210) 
• PRIZES 6 to 25: A complete kit of 
parts for the PIR alarm module as 
described in EA for May 1989. (Each 
kit worth $47.85 — total prize value 
$957). 
• PRIZES 26 to 45: A complete kit of 
parts for the stereo VU meter as 
described in EA for June 1987. (Each 
kit worth $14.90 — total prize value 
$298). 

SO 45 PEOPLE WILL WIN A PRIZE! 

dirg eteerieop..‘) 

SECOND PRIZE 

How's that for a competition for 
everyone? Total prize value is $4138, 
simply for submitting an idea. Entries 
will be judged on their usefulness, 
originality and general appeal to other 
readers. All diagrams and written 
descriptions in your entry should be 
presented clearly. Ideally you will have 
proven your application and supplied 
sufficient information to allow us to 
publish details, for the benefit of other 
readers. 

To enter, simply send your entry to: 

'Anything Goes' Competition, 
Electronics Australia, 
PO Box 199, 
Alexandria, NSW 2015 

Competition closes 30th Nov. 1991. 

All winners will be advised by mail and 
results will be published in the February 
1992 edition of Electronics Australia. 

All prizes have been donated by: 
Oatley Electronics, 
5 Lansdowne Parade, 
Oatley West, NSW 2223. 
Phone (02) 579 4985 
Postal address (mail orders): 
PO Box 89, Oatley West NSW 2223. 
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Circuit 11 Design Ideas 
Interesting circuit ideas from readers and technical literature. While this material has been checked as far as possible for feasibility, the circuits 
have not been built and tested by us. We therefore cannot accept responsibility, enter into correspondence or provide further information. 

AM/FM car radio antenna 
Some friends of mine live in an iso-

lated area and run a 12V house from 
solar, wind and water power. 
Their electronic entertainment comes 

from a good quality car radio/cassette 
player. In their locality, a long-wire an-
tenna for AM and a multi-element Yagi 
for FM are necessities. 
The problem is that a car radio can 

accept only one of these antennae at a 
time. This circuit allows the inputs 
from these two types of antenna to be 
combined. 
The FM signal passes through a high 

pass filter to reduce any unwanted fre-
quencies below about 80MHz. The AM 
signal passes through a series induc-
tance, comprising an RFC and a ferrite 
bead, to present a high impedance to 
FM frequencies. 
The 100pF capacitor, connected in 

series, is needed to match the input cir-
cuitry of the car radio at AM frequen-

FM 
ANTENNA 27pF 
75 ohms 
(Yell I  

AM 
LONGWIRE 
ANT EN NA 

33pF 

BANANA 
SOCKET 

100pF TO 
C AR 

-1 I ,Ferrite _ RADIO 
"Bead — ¡CAR RADIO 

I SOCKET / 

8.2pH 
RFC * 45 TURNS 1mm DIAMETER 

ENAMELLED COPPER WIRE 
0 6 4 x 10mm LONG 

ALL CAPACITORS ARE 
DISK CERAMIC 

cies. You will need to tweak the radio's 
antenna capacitor trimmer for maxi-
mum signal. The original circuit was 
built in a small metal box with a 75 
ohm TV socket, a banana socket and a 
car radio socket. The lead from the box 

to the car radio was made as short as 
possible (about 200mm) and used two 
car radio plugs and a length of low 
capacitance, car antenna coax cable. 
Ross Dannecker, 
Rockhampton, QLD $30 

High-resolution LF 
adaptor for counter 
Often we need to make high resolu-

tion measurements of low frequencies, 
but find that most universal digital fre-
quency counters are unsatisfactory. 
With an input frequency range of 

10Hz to 10kHz, this adaptor can in-

crease your digital frequency counter's 
resolution to 0.01Hz. It does this by 
producing an output which is exactly 
100 times the input frequency. 
The heart of the circuit, IC1, is a 

phase-locked-loop (PLL) chip, the 
4046, which consists of a voltage-con-
trolled oscillator (VCO) and two dif-
ferent phase comparators. Only the 

second comparator is used in this ap-
plication. The VCO is set up to cover a 
range of 0-1MHz by R8 and C3. IC2 is 
a 4518 dual BCD counter which 
divides the VCO output from pin 4 by 
100, then feeds the signal back to the 
phase comparator (pin 3). The com-
parator compares the original input (pin 
14) with the input (pin 3) from 1C2, and 
adjusts its output (pin 4) until they are 
the same. 
To do this, an error signal from pin 

13 is fed to a low-pass filter comprising 
R6, R7 and C2, with feedback to the 
VCO via pin 9. The VCO continues to 
adjust its output until a stable point is 
reached when the signal and com-
parator inputs are equal in both phase 
and frequency. 
At this point, the output frequency is 

exactly 100 times the input frequency. 
Transistors QI and Q2, with resistors 
R1-125 form a Schmitt trigger to trans-
form the input signal into a rectangular 
wave form. This is needed as IC1 is 
triggered by the positive edge of input 
signals to its comparator. 

W. Liu, 
Ashfield, NSW $40 
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Crystal oven 
This is the crystal oven which I in-

stalled in my rather elderly 1978 EA 
frequency counter. In conjunction with 
a custom-ground 3.579545MHz 75°C 
HC-6/U crystal, it gives a stability of 
better than one part in two million. 
The crystal lives in a plastic foam-

lined 35mm canister, sandwiched be-
tween a power resistor to heat it and a 
BC178 transistor to sense the tempera-
ture. I used the BC178 because it has a 
quick temperature response from its 
metal can, which is earthed. 
But a BC558 would probably work 

just as well (and BC178s are becoming 
hard to find). The sensing transistor is 
connected so that it amplifies its own 
temperature-dependent emitter-base 
voltage drop, and the 741 compares 
this voltage with the approximately 
5.1V derived from the zener diode. 
The 2.7M resistor provides hysteresis 

to ensure that the 741 switches sharply. 
The 1.2M resistor and 10uF capacitor 
combination has the effect of turning 
the circuit into a low frequency vari-
able duty cycle oscillator, once the 
crystal temperature stabilises. 
This gives better temperature control 

than a simple on-off circuit. The LED 
indicates when the heater is on, and its 
voltage drop ensures that the BD136 
switching transistor switches fully off. 
I calibrated the original by attaching 

leads to a 1N914 diode, sleeving it with 
heatshrink tubing and connecting it to a 
digital multimeter on a ' diode' resis-
tance range. 
I immersed the diode in 75°C water 

and noted the meter reading, then tem-
porarily attached the diode to the crys-
tal in its oven and adjusted the 5k pot 
until the meter gave the same reading. 

The tricky part is finding a ther-
mometer which can read up to 75°C — 
I used a dairy thermometer. If it's found 
that the circuit keeps going from full-

on to full- off instead of stabilising in 
the oscillating mode, then reducing the 
1.2M resistor should solve the problem. 
This circuit could be useful as an 

electronic thermostat in other applica-
tions. 
Bob Parker, 
Carlton, NSW $45 

12V battery 
regulator 
This circuit was designed for an application which 

required a constant 12V supply from a 12V lead-acid 
gel battery. 

It provides this, supplying 12V output from full charge to 
half charge on the battery. The circuit is simple to construct, 
is very effective, and runs at a high level of efficiency, there-
by saving precious battery power. 
At the centre of the circuit is the MC34063, a Motorola DC 

to DC converter. This chip handles the timer, voltage regulat-
ing pulse width modulation and current limiting aspects of 
the circuit. 
An external NPN transistor (TIP31C) is used to boost the 

output capacity of the chip. Li was wound on an Amidon 
26-mix iron powder toroidal core. If a lower output current 
(60mA or less) is required, then Q1 can be deleted and the 
coil can be switched directly through the MC34063's output 
transistor. Leave the collector at pin 1 joined to the coil and 
output diode, and connect the emitter at pin 2 directly to 
ground. 

Steve Garland, 
Maroubra, NSW $35 
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THEY'RE 

NEW 
SERIES II 
FLUKE® 

MULT1METERS 

The Multimeters 
Professionals Prefer! 

The all new Series II Fluke professional 
quality multimeters give you better value, 
better performance and more features 
than ever before. All of the '70 Series' 
meters now have 'Touch Hold', Diode 
Test, Continuity beeper, Automatic Self 
Test, Sleeper Function and exceptionally 
long battery life as standard features. 

Its New! 

FLUKE 70 SERIES II 
A Bargain priced multimeter that offers the ultimate in 
reliability, quality and accuracy and is the ideal entry 
level multimeter. It has all of the incredible 70 series 
features including large 3200 count digital display, 31 
analogue segment Bar Graph and ' Touch Hold' which 
locks the readings into the display until you're ready to 
read it. You won t buy a more rugged, more reliable 
meter at the price! 
Cat 0-1601 

$149 

Even More Accurate! 

FLUKE 73 SERIES II 
Improved functional design, and now even greater 
accuracy with the superb Fluke 73 Digital Multimeter 
with 31 segment analogue Bar Graph. Not only does it 
host an amazing range of features, including auto range 
and auto polarity, but it's designed to make operation 
as easy as possible. With a current range up to 10A 
and voltage ranges up to 1000V (AC) & 750V (DC) it's 
an ideal meter for tradesmen or serious hobbyist. 
Cat 0-1603 

$199 

Now With Touch Control! 

FLUKE 75 SERIES II 
Like all the new Series II Fluke multimeters the Fluke 
75 has even greater accuracy than before! With 
accuracy levels now at 0.4% for DC voltage, 2.0% for 
AC voltage, 1.5% DC current (32mA to 10A) and basic 
resistance at 0.5%, it's just what you need when tight 
tolerances are essential to your work. You won't find a 
meter that's easier to use nor one that's better 
constructed. 
Cat 0-1605 

$315 

OFF 

V 

10A 

FusE0 

300 -tV   

300 rnA '''  cam 

Flexibility Plus! 

FLUKE 77 SERIES II 
It's difficult to believe that the old Fluke 77 multimeter 
could be improved upon... but it has. The new Fluke 77 
Series II has an improved DC range of 4mA to 10A 
(20A intermittent) on both AC & DC as well as 
outstanding accuracy. Add to this the new design 
which makes it even easier to use than before, the 
comprehensive LCD display which gives you visual 
confirmation of most features and incredibly rugged 
construction and you've got the ideal meter for 
tradesman and technician alike. 
Cat 0-1607 

$349 
An Exceptional Buy! 

FLUKE 79 SERIES II 
It's new to our range and hosts features which make it, 
arguably, the most usable multimeter available. As well 
as all the 70. Series features it can measure from 10pF 
to 9999uF and has a built-in frequency counter which 
measures from 1Hz to over 20kHz... what's more, you 
can have the digital display showing frequency and the 
63 segment analogue bar graph showing AC voltage at 
the same time! Plus you get an incredible 40 Ohm range 
with a 0.01 Ohm resolution. What's more, with the 
unique ' Smoothing' feature, which displays a running 
average reading, you get a stable digital reading for 
signals which are anything but stable. 
Cat 0-1609 

$419 
Top-Of- The-Line! 

FLUKE 87 DIGITAL 
MULTIMETER 
Once you've used the sensational Fluke 87 multimeter... 
you'll wish all your test gear performed so well. It's 
without doubt the ultimate multimeter with an 
unsurpassed level of features, accuracy and reliability. 
Some of it's many features include fast 33/4 digit 4000 
count mode, high resolution 41/2 digit 20000 count 
mode, backlit display with fast, high resolution 
analogue bar graph, 0.1% basic DC accuracy, 20kHz 
bandwidth true RMS, Min/Max/Average (up to 36 hours) 
recording, 1000V RMS input protection, 'Touch Hold', 
Min/Max Alert and much more! 
Cat 0-1610 

$699 

All FLUKE multimeters come DIC MITH 
with a 3 Year Warranty um N .aL 

r! lint•) C•AM 
B1190/PB 



Idea! for PCB work' 

ARLEC SUPER TOOL 
Takes the hassle and the hard work out of PCB 
work! It sands, it polishes, 
it drills, it engraves, it mills.., you name it. Comes 
with wire brush, milling cutters, grinding wheel, 
high speed drills, chuck collets, eraser sticks and 
mains plug pack adaptor. All in a handy, plastic 
case. 
Cat T-4754 

IT COSTS LESS 
WHEN YOU CAN 
DO IT YOURSELF! 
SUPER TOOL ACCESSORIES 
Wire Brushes (Pk of 3) 
Grinding Bits (3 assort.) 
Cutting Discs (set of 6) 
Milling Bits (3 Asst) 
PCB Drills (4 Asst) 
Diamond Engraver 

Cat T-4768 $29.95 
Cat T-4758 $19.95 
Cat T-4766 $19.95 
Cat T-4764 $15.95 
Cat T-4756 $14.95 
Cat T-4769 $29.95 

$5 OFF! 

$7495 

Save! 

EASY ETCH ENGRAVER 
Beats bolting your tools to the workbench! With 
the Arlec Easy Etch Engraver you can easily and 
quickly mark your tools, stereo equipment and 
household goods with a permanent identification 
or serial number. 
Cat T-4753 

$5 OFF! 
Now Only 

$34" 
HEAT 'N STRIP GUN 
A great tool to have around the house, especially 
if you're a renovator or handyman. It's ideal for 
heatshrink work, removing old 
paint, removing vinyl tiles, 
loosening rusted or 
over-tightened nuts, drying, 
etc. It's mains operated and has a 
dual temperature range. 

Cat T-4845 
$5995 

A Fantastic Tool! 

3" SWIVEL VICE 
Incredibly sturdy, lightweight, portable and 
incredibly versatile. The heavy duty 
vacuum base will grip almost 
any flat surface or it can be 
screwed down for permanent 
mounting. And you can move the 
jaws in almost any direction 
or angle! It's a superb 
product. 
Cat T-4745 $3995 

NIBBLING TOOL 

RATCHET DRIVER 
Incredibly handy! Flat head, Philips & Hex drivers 
plus a 6 piece socket set are all held on a slide 
out holder within the handle. Includes an 
extension rod for awkward situations and a soft 
pouch that can be worn on your belt. 
Cat T-5800 

51 595 

PROFESSIONAL CRIMPING TOOL 
The ideal tool for the tradesman or serious 
handyman! This high quality Crimp Tool has a 
ratchet drive for accurate control, variable 
pressure adjustment and double jaws for single 
action crimping. 
Cat T-3535 

$3995 

PRECISION KNIFE SET 
The right size and shape knife for just about any 
job! This 13 piece Precision Knife Set comes with 
three quality (varying size) knife handles and 10 
spare blades of various 
shapes and sizes. 
And it's all in a handy 
plastic storage case. 
Cat T-3618 

51 5" 

PRECISION SCREWDRIVER SET 
A beautifully made set with both Phillips and flat 
head screwdrivers. Each has a free running top 
and they're presented in a handy plastic storage 
box. Contains Phillips head: 2.4 & 3mm. Flat 
Blade: 0.9mm, 1.2mm, 1.8mm and 3.5mm. 
Cat T-4360 

$595 

COAXIAL CABLE STRIPPER 
Ideal for TV technicians or anyone working with 
coax. Makes stripping coaxial cables faster and 
easier. It's simple to use, has 
adjustable blades. 
Cat T-3635 

51 4" 

Allows you to cut almost any shape or 
size hole in sheet steel to 0.6mm thick 
or light alloy to 1.5mm thick. It's also 
great for plastic. Follows curved or 
straight lines with ease. 
Cat T-4945 

$ 1 495 
MAJOR DICK SMITH ELECTRONICS AUTHORISED STOCKISTS: 
IISW: ARMIDALE: New England Electronics 711655 BALLINA: Ballina Electronics 867022 BEGA: OZTECH Electronics 
923933 130WRAL: F.R.H. Electrical 611000 BROKEN HILL Hobbies & Electronics 884038 CO3TAMUNDRA: Cootamundra 
Music & Lite 422561 COFFS HARBOUR Colts Harbour Electronics 525684 DENILIOUIN: Dere Electronics 813672 DUBBO-
Chns's Hi Fi 828711 FORSTER: Forster Village Electronics 545006 GLEN INNES- John Sommerlad Electronics 323661 
GRAFTON Repairs & Spares 421911 GRIFFITH: Miatronics 624534 INVERELL: Inverell Electronics 221821 KEMPSEY: P&L 
Leonard 631134 LEETON: Loewe Audiotronic 532800 LIGHTNING RIDGE: Cycle & Sound 290579 LITHGOW: Douroy Flkato-
graphics 513173 LISMORE: Decro Electronic Services 214137 MOREL Morne Electronics 522091 MUDGEE: Headware 
723895 NARRABRI: Namoi Computer Service 923274 NELSON BAY: Nelson Bay Elect & Hobbies 813685 NOWRA: Nowra 
Electronics 210722 PARKES: Strad Music Ctr 623366 PORT MACOUARIE: Hastings Computer Service 834574 RICHMOND. 
Silicon Crafts 784101 TAREE: Brads Electronics 526603 WAGGA WAGGA: Philips Electronics 216558 WELLINGTON: 
Wellington Service 452325 WINDOR Silicon Crafts 776722 YASS: Wamlington Electrical 261116 YOUNG: Keith Donges 
Electronics 821279 VIC: BAIRNSDALE: III& LM Crawford 525677 COLAC: Colac Electronics 312847 MILDURA: Pullman 
Auto Pro 232882 SHEPPARTON: Andrew Guyatt Electronics 219497 SWAN HILL: Nyah District TV Service 329303 
TRARALGON: Traralgon Electronics 741699 WARRAGUL: Roylaine 234255 WARRNAMBOOL: Koroit SI Elec Services 627417 
: AYR: Delta Electrix 831566 BUNDABERG: Bob Elkin Electronics 521785 CALOUNDRA: Electo-mad 918533 DYSART . 

Dysart Videotronixs 582107 INGHAM: Masons Electronics 763188 INNISFAIL: Innistail Hi-Fi 612014 MACKAY: Stevens 
Electronics 511723 MARYBOROUGH- Keller Electronics 214559 NAMBOUR Nambour Electronics Shop 411604 PIALBA. 
Keller Electronics 283749 STANTHORPE Granite Belt Communications 813333 TAS: BURNIE- Electronic Cit ilX 
DEVONPORT: Al Electronics 248322 SA: MT GAMBIER- Hutchesson's Communication Ctr 250403 PORT LINCOLN: 
TV & Comp lhlorld 822788 WHYALLA: Eyre Electronics 454764 WA: ALBANY. Micro Electronics 412077 BUNBURY: Micro 
Electronics 216222 GERALDTON: Batavia Lighting & Electrical 211278 KALGOORLIE: Today's Electronics 215212 
KAFAATHA Doues Oscitronic 854836 MANDRAH: Micro Electronics 5812206 PORT HEDLAND: Ivan Tous He Elect 732531 

HOLDING SCREWDRIVER SET 
A high quality 5-piece screwdriver set that's fully 
insulated. What's more, the head 'holds' the 
screws so you don't drop them into awkward 
places. Comes with - 3 flat blades: 5 x 150mm, 
4 x 125mm & 3 x 125mm and 2 x Phillips head: 
No's 1 & 2. 
Cat T-4395 

51 9" Save $6 Now Only 
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ri ght es mine! 
Added Insulation for Extra Safety! 
FAN SPEED 
CONTROLLER 
Warmer weather is fast approaching, so while you're 
thinking about dusting off the old fan you might like 
to make it more effective by building this Fan Speed 
Controller. It's easy to build and comes as a full form 
kit with PCB, all components, plastic case with pre-
punched & silk screened front panel, mains plug 
and socket and a plastic pot so there's maximum 
insulation for added safety. 
Cat K-3086 

7/91 $3995 

QUAD 'DI' BOX Q 
At last, a practical solution to the 
problems confronting stage and 
studio performers needing to connect 
several devices to a mixing box! This 
mains powered (requires M-9527 
plug pack) Quad 'DI' box kit has 
significant advantages over battery 
powered versions and will replace up to four separate direct injection 
(DI) boxes... at a fraction of the cost. It's easy to build and comes with 
all components, PCB, case and silk screened & pre-punched front and 
pre-punched rear panels. 
Cat K-5012 -€;t_ 6/91 

Intended For Professional Use! 
4 CHANNEL 
LIGHT CHASER 
DIMMER 
This superb 4-channel lighting controller 
is designed to take the rigours of commercial 
use in theatres, discos and music group 
applications. It's powered from a 240VAC 
15 amp outlet and can control a total lamp 
load of 2400 or 3600 watts. The chaser can be operated automatically, or 
you can flash each channel manually. It comes with a fully pre-punched 
black case with silk screened front panel and all components 
Cat K-3165 

_ 6/91 

$7995 

QQQ 

$329 
Save $20 
PORTABLE AM STEREO RADIO 
Small, lightweight, superb stereo 
sound and incredibly easy to tune. 
This Wide Band AM Stereo Radio is 
quite simple to build and requires no 
fancy tools or equipment. Comes with 
case, economy stereo headphones, 
pre-punched front panel & label and all 
components... all you do is assemble 
it. Requires 2 x AA batteries. 
Cat K-5200 

M995 
Now Only u 10/89 

DC-DC QQ 
(12V-100W) 
CONVERTER 
A DC-DC converter which allows 
you to use a high power audio 
amplifier in the car! It has split 
supply rails which can be adjusted 
to suit virtually any amplifier module. 
Ideal for twin 50W amp modules for stereo set-up 
or perhaps a single 100W amp module. Suitable for•use 
with our K-3440 and K-3442 amp modules. Comes with PCB, 
all components and case. 
Cat K-3235 

tf5,11--  12/90 

HOT CANARIES Q 
Give the budgie its freedom 
and let Hot Canaries rule the 
roost. Baffle the cat as these 
two birds sing their electronic 
socks off. They begin slowly, 
then sing rapidly through 
ascending trills as they 
compete for virtuoso 
supremacy. The kit comes 
with a cat-proof case, PCB, 
all components, and front 
panel label. 
Cat K-3530 

  2/90 

$129 

$2495 
4-DIGIT CAPACITANCE METER 
An attractive 4-digit capacitance meter that's suitable for workshop or 
laboratory, etc. It s ideal for identifying capacitors where the markings are 
difficult to follow or for selecting matched values in critical filter and timer 
circuits. Seven ranges are available allowing measurements from 1pF to 
9999uF. Also has over-range indicator and null control for pF range. 
Comes with all components, 
PCB's, case and pre-
punched silk screened 
front panel.... 
Cat K-7500 >129 

QQQ 
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Kits marked with this symbol involve mains power wiring. Take 
extreme care when working with this equipment. 
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SAVE $1000 
At last, an inexpensive, high power computer 
that you can fit in your briefcase. The incredible 
Commodore C286-LT is a super slim M file size 
'AT' compatible computer with 20Mb hard 
drive, 3.5" floppy disk drive, VGA, 1M8 RAM 
(expandable to a huge 5Mb), high resolution 
LCD screen.... and right now, you'll save $1000! 
It's the ideal computer for running MS Windows 
which makes it perfect for just 
about any business or home application. 
Of course, as well as coming at a super low 

Immunize Your System! 

VC VIRUS CONTROL 
A superb program that's essential 
for anyone who loads externally 
supplied software onto their PC. 
Once installed it can be set up to 
run automatically without the need 
for constant updates and without 
impeding the performance of your 
computer. What's more, when it 
detects any new virus, it remembers it... 
Cat X-9970 

'95 

20MHz NEAT AT $150 
MOTHERBOARD 
The ' NEAT' chip set enables the user 
to control the relationship between 
microprocessor, expansion bus and 
on-board memory.... Suits most IBM 
AT compatibles and will run at 8, 10, 
or 20MHz. It's socketed for 80287 
Math co-processor with 3 x 8-bit & 5 
X 16-bit expansion slots. Has 
capacity for up to 8 MB RAM. Ok 
memory supplied. 
Cat X-1003 

Now Only '449 

price... it comes complete with charge/power 
supply and soft carry case. Hurry though, at this 
price they can't last long! 
Cat X-8330 

commodore 

Now Only 777 

Super Low Price! 

BUDGET MOUSE 
It's one of our most popular mice! 
The incredibly versatile Budget 
Mouse performs like a charm and 
comes with pop-up menus software 
for Lotus 1-2-3, Wordstar, etc. 
Cat X-3800 

$3995 

12MHz AT 
COMPATIBLE 
MOTHERBOARD 
Building your own computer or 
upgrading your old one? Our 
12MHz motherboard. Holds up to 
4Mb RAM, has keyboard or 
hardware selectable 8/12MHz 
operation, six 16-Bit and Two 8-Bit 
expansion slots and it's socketed for 
an 80287 Co-processor. Ok RAM 
supplied. 
Cat X-1002 Now Just $199 

Computer Support Hotline...(02) 888 2002 
Solving Your Computer Problems! 

DIC MITH 
ffl ›Cei Co)  

PHONES 
TOYS & LEARNING 

SECURITY 
AUDIO 

COMPUTERS 
I t CoM 0:4$ Dr,oi CoM  

Save 
$100 

An Outstanding Buy! 

24 PIN PRINTER 
The incredible Star LC-2410 24 Pin 
Printer is exceptional value at this 
great low price. It supports up to 5 
selectable typefaces and has 
provision for additional interface 
cards, prints up to 180 cps, has tractor 
feed and friction feed, paper park, 
semi-automatic paper loading, 
forward & reverse micro feed and 
more! 
Cat X-3224 

With 
power 
supply! 
MINI 
VERTICAL 
CASE 
A space saving, floor-mount case to 
fit XT, AT, and 386 baby size 
motherboards. Features a back 
plane with 8 expansion slots, 
switches for turbo & reset, indicator 
lights for power, turbo & hard disk 
operation, digital speed indicator, 
keyboard lock, and 4 disk drive 
bays (2 x 3.5" & 2 x 5.25"). 
Cat X-1006 

'499 

299 

Protect Your Computer! 

COMPUTER DUST 
COVER 
Anti static soft cover protects your 
system from dust and dirt and suits 
most IBM style computers. Includes 
separate keyboard cover. 
Cat X-3890 

'1495 

200W AT POWER SUPPLY 
A 200W switching power supply, 
suitable for AT style computers. High 
output ensures there will be enough 
power to run a large number of 
expansion options. Comes 
complete with built-in fan. 
Cat X-1012 

'199 

DS XPRESS PHONE & MAIL ORDER SERVICE 
Outside Sydney (FREE Call) 008 22 6610 Sydney And Enquiries - 888 2105 

FAX: (02) 805 1986 or write to DS XPRESS, PO BOX 321 N/RYDE NSW 2113 
All Major Credit Cards Accepted. 0/Nite Courier Available. 

24 HOUR DESPATCH OF ALL ORDERS 

NSW • Albury 21 8399 • Bankstown Square 707 4888 • Blacktown 671 7722 • Brookvale 905 0441 • Bondi 387 1444 
• Campbelltown 27 2199 • Chatswood Chase 411 1955 • Chullora 642 8922 • Gore Hill 439 5311 • Gosford 25 0235 
• Hornsby 477 6833 • Hurstville 580 8622 • Kotara 56 2092 • Liverpool 600 9888 • Maitland 33 7866 • Miranda 
525 2722 • Newcastle 61 1896 • North Ryde 878 3855 • Parramatta 689 2188 • Penrith 32 3400 • Railway Square 
211 3777 • Sydney City 267 9111 • Tamworth 66 1711 • Wollongong 28 3800 ACT • Belconnen (06) 253 1785 
• Fyshwick 80 4944 VIC • Ballarat 31 5433 • Bendigo 43 0388 • Box Hill 890 0699 • Coburg 383 4455 • Dandenong 
794 9377 • East Brighton 592 2366 • Essendon 379 7444 • Footscray 689 2055 • Frankston 783 9144 • Geelong 
232 711 • Melbourne City 399 Elizabeth St 326 6088 & 246 Bourke St 639 0396 • Richmond 428 1614 • Ringwood 
879 5338 • Springvale 547 0522 OLD • Brisbane City 229 9377 •Buranda 391 6233 • Cairns 311 515 • Chermside 
359 6255 • Redbank 288 5599 • Rockhampton 27 9644 • Southport 32 9033 • Toowoomba 38 4300 • Townsville 
72 5722 • Underwood 341 0844 • SA • Adelaide City 223 4122 • Beverley 347 1900 • Elizabeth 255 6099 • Enfield 
260 6088 • St. Marys 277 8977 WA • Cannington 451 8666 • Fremantle 335 9733 • Perth City 481 3261 • Midland 
250 1460 • Northbridge 328 6944 TAS • Hobart 31 0800 NT • Stuart Park 81 1977 
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YOUR EIGHT SPECIALTY STORES IN ONE 
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Construction project: 

SPEECH PROCESSOR 
FOR TRANSCEIVERS 
Increase your 'talk power' with this simple but effective little unit. It connects in-line with your existing 
microphone, and acts as a preamplifier, compressor and speech filter. As a bonus, it also 
automatically generates a 'beep' each time the PTT button is released, to signal the end of your 
'over'. 

by ROB EVANS 

If you've ever watched a level meter 
that's responding to a human voice, you 
may have noticed just how much higher 
the peaks are than the average speech 
level. This effect is particularly 
troublesome when a voice is used to 
modulate the carrier in a radio transmit-
ter, where the peaks can cause over-
modulation and frequency ' splatter'. 
To avoid this problem, the operator 

usually adjusts the microphone gain 
control to a point where the speech 
peaks are only just providing 100% 
modulation. 

In this case however, the soft sounds 
are often barely heard at the receiving 
end, despite the clean nature of the sig-
nal. In short, the problem lies with the 
ratio between the loud and soft com-

ponents (or dynamic range) of typical 
human speech. 
The simplest way of improving this 

situation is to pass the audio signal 
through some form of hard-limiting cir-
cuit, before it's applied to the transmit-
ter. In this way, the mic gain can be 
increased for a stronger signal at the 
receiving end, and when the mic signal 
exceeds a preset volume level, the 
waveform is simply 'chopped off'. 
When clipping does occur however, the 
resulting speech signal is rather unintel-
ligible, and contains a large number of 
high-order harmonics which are dif-
ficult to filter out — so this solution is 
less than satisfactory. 
A more successful method of control-

ling the dynamic range is to use some 

form of compressor, or ALC (automatic 
level control) circuit.. 
With this arrangement, the maximum 

signal level is restricted by a special 
amplifier stage, which is able to reduce 
its gain in response to large signal 
peaks. The transceiver's mic gain can 
then be set to a higher level, and the 
average level of modulation increased 
by a substantial degree. 
With this in mind, we have developed 
a simple circuit to perform the required 
compressing/limiting function, and in-
cluded a number of other features to 
make the unit even more useful. 
The final design presented here uses 

common low-cost components, and 
results in a substantial increase in a 
transmitter's overall communication ef-
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ficiency. The main extra feature to be 
included in the speech processor is a 
circuit which delivers a short audio tone 
(indicating 'over' or `Roger') at the end 
of each transmitting period — or in fact, 
as the transceiver's press-to-talk (PIT) 
button is released. To allow the tone to 
pass through the activated transmitter, 
the PTT action needs to be slightly 
delayed past the point where the 
operator actually releases the button — 
this has been achieved by adding just 
one CMOS chip, a relay (optional), and 
a few extra components. 
Other than that, we've included sub-

stantial audio filtering through the cir-
cuit, so as to restrict the signal's energy 
to the nominal 300Hz to 3kHz speech 
bandwidth. Again, this improves intel-
ligibility at the receiving end and makes 
the most efficient use of the available 
transmitter power. 
The circuit itself can be powered from 

any 12 volt (or thereabouts) DC power 
source, and is housed in a standard 
diecast aluminium box to provide RF 
shielding. Also, indicator LEDs have 
been included to show the operator 
when the compression and 'over' cir-
cuits are operating. 

Circuit description 
The circuit of the Speech Processor 

can be divided into two main areas: the 
delayed-PIT section based around IC2 
as shown in the top half of the 
schematic diagram, and the audio 
preamplifier/compressor formed by IC1 
and its associated components in the 
lower half of the diagram. Both 
parts of the circuit operate in quite a 
straightforward manner, and should 
be quite easy to faultfind — should the 
need ever arise. 
The low-level microphone signal is 

applied to the preamp/compressor sec-

tion at Cl (which provides a low im-
pedance path to any stray RF energy), 
and via RFC1 (which effectively 
blocks any remaining high-frequency 
signals) to the high-pass filter com-
posed of R1 and C2. This filter rolls off 
the unwanted low-frequency content of 
the incoming speech signal, and 
provides a DC biasing path to Vref 
(around 6V) for ICla. 
ICla is configured as a standard non-

inverting amplifier stage, with the gain 
set by the combination of R2, R3 and 
RV1 — this will be anywhere between 
2.3 and 69, depending upon the setting 
of RV I. The overall gain of the stage is 
reduced at high frequencies by the feed-
back action of C3, which helps to 
reduce the unwanted higher-order har-
monics of the speech signal. 
The output at pin 1 is then transferred 

to the following non-inverting amplifier 
(IC1b), via a further high-pass filter 

The full schematic diagram of the Speech Processor. The gain of the microphone preamp (Ida and IC1b) is automatically 
varied by the opto-isolator (LED1 AND LDR1), while IC2 extends the PTT period and provides the 'over' beep. 
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Speech Processor 
composed of C4 and R4; as before, the 
input is biased to Vref via R4. This 
second stage forms the compressor part 
of the circuit, with the gain (mainly) set 
by components R5, LDR1 and CS. 
Assuming for the moment that LDR1 

has a resistance of about 15k (more of 
this later), the stage will have a gain of 
about 45 at the middle speech frequen-
cies (say lkHz) since C5 will offer a 
relatively low impedance under these 
conditions. At very low frequencies on 
the other hand (say below 200Hz), C5 
will present a much higher impedance 
and the stage gain will be substantially 
lower. So in effect, this is yet a further 
high-pass filtering action to reduce the 
audio bandwidth. Also, as in the pre-
vious stage the higher frequencies are 
rolled off by the effect of C6. 
The combination of all of these cas-

caded low and high-pass filters reduces 
the processor's overall frequency 
response to our desired range of around 
300Hz to 3kHz, with reasonably steep 
cut-off slopes at either end. The 
amplified and filtered signal at the out-
put of IC1b (pin 7) is then passed to the 
processor output via the coupling 

capacitor Cl, and an output attenuator 
composed of R6 and RV2. This reduces 
the processor's output signal a suitable 
level for the normal microphone input 
of a transceiver. 

Compression 
The compression action of the proces-

sor is controlled by the circuit based 
around Ql, Q2 and the linear opto-
isolator formed by LDR1 and LED1. 

Since the gain of the second preamp 
stage (IC lb) is dependent upon the 
resistance of LDR1, which in turn 
depends on level of light transmitted to 
its surface by LED1, we can easily con-
trol the processor's output signal level 
by varying the current through the LED 
section of the opto-isolator. 
With the circuit components as 

shown, a standing current of around 
2mA flows through LED1 (as set by 
R11), which ultimately sets LDR1 to a 
resistance of about 15k, and the preamp 
stage to a gain of 45. 
However, if transistor Q2 is turned 

hard on, the current from R11 will be 
shunted to ground via LED2 and Q2's 
collector, rather than via LED1 and D1 
— this occurs since Q2 will now repre-
sent a much lower resistance than Dl. 

HEATSHRINK TUBING LDR LED 
\ 

SPACER SPACER 

4HEAT 

:----eal 
Fig.1: The construction technique for 
the opto-isolator. Simply slide the 
components into the heatshrink 
tubing and apply heat. 

As you would expect, LED1 will 
now extinguish, LDR1 changes to a 
very high resistance (many megohms), 
and the stage gain drops to around 
unity. The processor's overall gain 
has now dropped by a substantial de-
gree, and LED2 is illuminated to indi-
cate this condition — that is, that the 
unit is compressing. 
In practice, the circuit uses Ql to con-

tinuously sense the output signal level, 
and ultimately change the bias on Q2 
(and the circuit gain) accordingly. 

Incidentally you may be wondering 
why have we used a 'home-made' opto-

An inside view of the completed processor. Note that a couple of components (namely RFC1 and R15) are 
connected between the PCB and the microphone input socket, and the grounding wire is terminated at one 
of the PCB mounting bolts. 
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Fig.2: The audio compression curve 
for the processor's preamp stage. 
While the curve's shape remains the 
same, the values along each scale will 
depend on the settings of RV1 and 
RV2. 

isolator to perform this gain control 
function, instead of a standard 'ready 
made' opto-coupler like the familiar 
4N28. The short answer is that standard 
couplers are essentially digital devices, 
and not suitable for the kind of linear 
control we need here. 
A simple LED/LDR combination as 

used here gives the right control charac-
teristic, at very low cost. 
The processor's high-level output 

signal is passed via R7 to Ql, which 
ostensibly acts as an emitter follower 
for any signal more positive than its 
emitter potential. Therefore, as the out-
put signal swings below ground poten-
tial (the negative half of the cycle) 
Q1 is reverse biased, while C8 is 
charged via R8 as the output swings in a 
positive direction. 

In this manner, C8 will charge to the 
peak voltage level of the output signal's 
positive excursions (less the 0.6V drop 
across Q1 's base/emitter junction). 
Since the voltage across C8 sets Ql's 
emitter potential, the transistor will 
remain reverse biased until C8 begins to 
discharge (via R9 and R10) or the signal 
level increases. So in effect, this part of 
the circuit behaves as a positive peak 
rectifier, with a buffered input. 
The resulting DC signal then provides 

the bias current for Q2, which as 
mentioned above, ultimately sets the 
overall gain and output signal level of 
the processor. 

In this way a gain control loop is es-
tablished only when the signal at R7 
exceeds a peak level of about 1.2 
volts, where both Ql and Q2 are begin-
ning to conduct and the circuit gain is 
forced to drop. 
The response time of the DC control 

signal at C8 is tailored by the circuit 
components R8 and R9, which set the 

capacitor's charging (attack) and dis-
charging (release) rates respectively. 

'Roger' overtones 
The circuit shown in the upper half of 

the schematic diagram uses RLA's con-
tacts to repeat the action of the mic's 
PTT function, but with slight additional 
delay in the releasing action to allow the 
'over' tone to be transmitted. If the 
transceiver's PTT action can be toggled 
by a simple grounding switch (that is, 
connecting the PTT line to OV), RLA 
can be omitted and Q3 's collector used 
as a direct PTT switch. 

In the circuit's steady-state condi-
tions, both the anode and cathode of D3 
are held at a high level (V+) by 
R17 and R16 respectively. When the 
mic's PTT switch is activated, both 
points are immediately pulled to a low 
potential via R15, which rapidly char-
ges C12 (via D3) and provides a low 
logic level to the input of IC2a. The 
resulting high level at the NAND gate's 
output activates Q3 (via R18) which in 
turn either energises RLA to close the 
output PTT contacts, or serves this 
function itself. 
When the PTT switch is released 

however, D3 is reverse biased and C12 
can only discharge via R17, causing a 
slowly rising potential at the input of 
IC2a. Only when the gate's input 
threshold voltage is reached (after 
about half a second) does its output 
snap low, turning off Q3 and de-ener-
gising the relay — thus we have a 
delayed PTT action. 
During static conditions and when the 

PIT switch is held on, one of IC2b's 
inputs is always low, causing its output 
to remain high. During the short 
`extension' of the PIT period however, 
both inputs (pins 5 and 6) are momen-
tarily high, forcing the output of this 
gate to go low for around half a second. 
This level is inverted by IC2c and ap-

plied to one input of IC2d (pin 12) as a 
high-going pulse. ICld is arranged as a 
simple gated oscillator, with a frequen-
cy set to about 500Hz by the combina-
tion of C13 and R21. To produce the 
final 'over' tone, we have elected to use 
the triangle waveform appearing at pin 
13 of IC2d, rather than the usual square-
wave signal (at pin 11) with its exces-
sive upper harmonics. 
When pin 12 pulses high, the tone is 

coupled to the second mic preamp 
stage via R22 and C14, which attenuate 
and filter the waveform by a large de-
gree. In fact, most of the attenuation 
is performed by C14 — which at 
the same time minimises the effect of 
the DC shift which occurs as the oscil-
lator starts. 
As an indication of the 'over' tone 

period, the positive-going pulse at pin 
10 of IC2c forward biases Q4 via R19, 
which in turn illuminates LED3 via the 
current limiting resistor R20. The LED 
current has been restricted to a modest 
2mA level so as to match the brightness 
of the 'compress' indicator LED2. 
By the way, D4 and D5 have been 

included as component protection 
diodes — D4 offers a discharge path for 
C12 when the power supply is discon-
nected, while D5 suppresses the back-
swing voltage generated by RLA's coil 
when Q3 turns off. 
The final small section of the 

schematic produces the power supply 
rails for both the analog and digital 
parts of the processor's circuit. 
The nominal 12V DC source is 

passed to the majority of the circuit via 
the protection diode D2 (V+), while the 
more sensitive preamp section based 
around IC1 is supplied via the filter 
components R12, C9 and C10 (Vcc). 
Finally, a reference supply of half Vcc's 
potential is generated by the voltage 
divider R13 and R14, and then filtered 
by C11 (Vref). 

Fig.3: A suggested wiring arrangement to suit some tranceivers (usually CB) 
which use a DPDT switch in their matching microphone unit. 
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Speech Processor 
Construction 
The majority of the Speech 

Processor's components mount on one 
small printed circuit board (PCB), 
measuring 102 x 56mm and coded 
91ap8, which neatly fits into a standard 
120 x 40 x 65mm aluminium diecast 
box. The microphone connects to a 
matching socket at one end of the box, 
while the processed signals are passed 
on to the tranceiver via a length of four-
core shielded cable, which is terminated 
in an appropriate mic plug. 

Start the construction by assembling 
the opto-isolator as shown in Fig. 1 . 
First, slide the LED and LDR into a 
short length of 6mm heatshrink tubing 
so that their surfaces are just touching, 
and insert a couple of small spacers to 
prevent component legs from shorting 
together — short pieces of insulated 
hookup wire make suitable spacers. 
Then apply heat to the heatshrink 

tubing, while making sure that the 
spacers remain between the legs of the 
components. The completed opto-
isolator should then be tested with a 
multimeter to check that the LDR is at a 
very high resistance (since no light 
should be falling on its surface), and to 
determine which is the positive leg of 
the LED. 

A full sized reproduction of the PCB artwork, for those who wish to 
pattern and make their own circuit board. 

The isolator's four legs can now be 
bent to suit the layout of the PCB. 
The circuit board can now be loaded 

with all of the components, including 
the opto-isolator. As usual, take par-
ticular care with the orientation of the 
polarised parts such as electrolytic 
capacitors and semiconductors — refer 
to the component overlay at all times. 

If you've elected to install RLA for 
the PIT function, you will need to find 
out which of the relay's pins connect to 
the coil, and the connections for the 
normally open contacts. The PCB has 

copy the 

been designed to suit a wide variety of 
DIP-style miniature relays, by simply 
running the coil-connecting tracks close 
to all connections and joining each relay 
pin to external pads. 

If your relay's coil pins don't match 
the position of the two thin tracks on the 
PCB, simply cut these and remake the 
connections in the appropriate place. 
PCB pins should now be added to the 
board at all external connection pads (as 
shown in the component overlay 
diagram), and the completed PCB as-
sembly attached to the bottom of the 

GAIN/COMPRESSION 

CASE 
GROUND 

MIC INPUT SOCKET 

LE.D3 

'OVER' 

OV 

•  

LED2 

COMPRESS 

•  

OV +12V 

OUTPUT 
TO TRANSMITTER 

OUTPUT LEVEL 

TO TRANSMITTER 
PTT (WITH RLA) 

TO TRANSMITTER 
PTT (WITHOUT RLA) 

Refer to this component overlay and wiring diagram during the construction of the Speech Processor — pay particular 
attention to the orientation of polarised components. Note that by performing minor surgery on the PCB (see text), a number 
of different DIP-type relays can be used as RLA. 
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box with small screws, nuts and insu-
lated spacers. The final wiring arrange-
ment will depend upon how you plan to 
connect the 12V power source and the 
type of mic input socket — which of 
course will need to match that of the 
tranceiver mie input. 
For example, you may wish to add an 

extra socket (say a 3.5mm-type) to the 
box for the power supply connection, 
and run the four-core shielded cable to a 
microphone plug which matches the 
tranceiver socket. Alternatively, a 
reasonable length of two-core cable 
could be run out of the box for a direct 
connection to the power source. 
Note that components RFC1 and R15 

are wired between the PCB and the 
input socket, rather than mounted on the 
board itself, and capacitor Cl is con-
nected directly between the input pins 
on the mie socket. The RF choke should 
be mounted as close to the input pins as 
possible for maximum RF rejection, and 
a grounding wire connected between 
the input socket and the case (as shown 
in the overlay diagram). Finally, the two 
LEDs can be installed in the front panel, 
and wired to the appropriate PCB pins. 
By the way, some CB transceivers 

use a double pole switch inside their 
matching microphone to perform the 
m changeover action. The switch 
is wired so that the transceiver's 
speaker is disconnected during 
'transmit' and the microphone is dis-
connected during 'receive', as well as 
providing the usual PIT line which 
activates the transmitter. 

In this case, a relay with double-pole 
changeover contacts can be fitted to the 
speech processor, so as to mimic the 
function. Since all of the potential relay 
pins are joined to pads on the PCB, it 
shouldn't take much effort to connect its 
contacts to the appropriate places — see 
Fig.3 for a typical wiring arrangement. 

Setting it up 
The initial adjustments and tests 

should be completed before connecting 
the Speech Processor to a tranceiver. 
First, connect the power supply and 
microphone to the unit, and push the 
PTT button — if a relay has been fitted 
to the PCB, you should hear a slight 
'click' as it pulls in. When the PTT but-
ton is released, the 'over' LED should 
illuminate for a moment, then the relay 
should drop out. 
Next, speak into the microphone and 

adjust the preamp gain trimpot (RV1) so 
that the 'compress' LED is just flashing 
with each speech peak, with the mie 
held at a normal distance. If all is well, 
connect the processor to the tranceiver 

PARTS LIST 
1 PCB 102 x 56mm, coded 91ap8 
1 120 x 40 x 65mm diecast aluminium 

box (or similar) 
1 Panel-mount socket to suit 
microphone plug 

1 Miniature 12V SPST relay, DIP pin 
spacing (optional) 

1 1.5mH RF choke 

Semiconductors 
1 TL072 dual opamp 
1 4093 CMOS quad Schmitt NAND gate 
4 BC548 (or similar) NPN transistors 
4 1N4148 (or similar) diodes 
1 1N4002 (or similar) power diode 
1 OP12-type miniature light dependent 
resistor (LDR) 
3 5mm LEDs 

Resistors 
All 0.25W: 1 x 1.2M, 1 x 680k, 1 x 470k, 
1 x 270k, 1 x 100k, 2 x 82k, 1 x 68k, 1 x 
56k, 2 x 33k, 4 x 12k, 2 x 4.7k, 1 x 3.9k, 
2 x 1k, 1 x 270 ohms, 1 x 180 ohms. 
1 50k miniature PC-mount horizontal 
trimpot 
1 5k miniature PC-mount horizontal 
trimpot 

Capacitors 
1 10uF 16V PCB-mount electrolytic 
1 4.7uF 16V PCB-mount electrolytic 
1 2.2uF 16V PCB-mount electrolytic 
2 1uF 16V PCB-mount electrolytics 
1 82nF metallised polyester 
1 39nF metallised polyester 
3 10nF metallised polyester or ceramic 
1 1nF ceramic 
1 330pF ceramic 
1 100pF ceramic 
1 22pF ceramic 

Miscellaneous 
LED mounting hardware, 6mm 
heatshrink tubing, four-core shielded 
cable, cable clamp, light-duty hookup 
wire, small plastic spacers, solder tag, 
PCB pins, small screws and nuts etc. 

and adjust the output level trimpot RV2 
for about the same peak RF modulation 
level as with only the microphone 
plugged in directly. Presumably, this 
should be cluse to 100% — except that 
thanks to the Processor, the average 
speech volume and transmitted power 
should now be substantially higher. 
For a more thorough setup/test proce-

dure, the processor's audio output can 
be connected to a (high gain) test 
amplifier and speaker, before connect-
ing the tranceiver. This will allow you 
to check the quality of the output signal, 
and the volume level and pitch of the 
'over' tone. 
Once you are satisfied with the 

results, the transceiver's mie input can 
be connected and the processor output 
level set as mentioned above. 

Possible changes 
Due the variation in component 

parameters and nominal microphone 
output levels, it's possible that the 
Speech Processor may not perform 
quite as expected — despite the fact that 
the circuit is operating correctly. While 
RV1 can be used to alter the circuit's 
gain over quite a wide range, the final 
output level does depend on the strength 
of the mie signal and the light sen-
sitivity of the LDR. 

After constructing a number of opto-
isolators with different LEDs and 
LDRs, we found that with around 2mA 
flowing through the LED (as in the ac-
tual circuit), the LDR could present a 
resistance anywhere between 10k and 
50k. As it happens, the range of adjust-
ment provided by RV1 is more than 
enough to compensate for the resulting 
change in gain of the output stage 
(IC lb) — which of course depends 
upon the resistance of the LDR. Dif-
ferent types of LEDs don't seem to ef-
fect the opto-isolator's performance, by 
the way. 
However, if your mie has an unusual-

ly high or low output level and the LDR 
is at one extreme of the abovemen-
tioned resistance range, you may have 
to alter the value of R11 for the unit to 
perform correctly. This change has the 
effect of altering the nominal current 
through LED1, and consequently the 
standing resistance of the LDR. 
Some constructors may wish to test 

the opto-isolator before it is installed in 
the PCB. In this case, simply measure 
the resistance of the LDR, while chang-
ing the current through the LED. When 
you find what LED current corresponds 
to an LDR resistance of around 15k (a 
little higher is fine), calculate the ap-
propriate value for R11 and assemble 
the circuit board with these components 
installed. 
The other possible anomaly with the 

processor's operation concerns the 
duration and pitch of the 'over' beep. 
Since the timing of these functions is 
dependent upon the input voltage at 
which the NAND gates change state (as 
well as the surrounding component 
values), any difference in this threshold 
level will have a marked effect. 
We've found in the past that the input 

threshold of 4093 CMOS chips can vary 
quite significantly, depending upon the 
manufacturer. In this case, the answer is 
to vary the value of the associated com-
ponents to achieve the correct timing 
periods — this will be R17 for the 
'over' tone duration, and C13 or R21 
for the corresponding pitch. • 
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Jaycar have purchased the entire stocks of some lines of Arista 
brand products. Check the savings over normal catalogue prices. 
Most are well under 50% OFF. Catalogue prices are shown for you 

to appreciate the huge savings. 

(Car interior light delay 
extender 
Delays Me Interior light from switching oft for 13-17 seconds. 
Simply Inserts between the door switch and globe. 2mA 
Current draw. 

1988 

Cat price 
$13.95 

SAVE A FORTUNE 
Cal AA-2080 

$3.95 

NiCad battery charging 
modules 
II you have trouble charging the small N' and AAA' size 
batteries in your charger, these adaptors will solve the problem. 
Simply insert the batteries into these adaptors, Ihen into your 
charger. 1988 

Cat price 
$5.95 

AAA adaptors (4 pieces) 
Cal PH-9280 

Only $1.95 
N adaptors (4 pieces) 
Cat PH-9282 

Only $1.95 

Car stereo faders 
Control the speaker volume between fronl and rear speakers In 
your car. All units designed for 4 speakers 

1988 
Cat price 
$27.95 

10 watt rms in 
dash unit 
Cal M-2082 
ONLY 
$8.95 
30 wall rms in 
dash unit 
Cal M-2083 
ONLY 
$14.95 
30 wall rms with 
lacial brackel 
Cal M-2084 
ONLY 
$15.95 

Car HiFi woofer 
You don'l see this very often. These are 8 honeycomb woofers 
designed tor car HiFi use. They have a metal grill over the cone, a 
huge 20 oz (. 57kg) magnet, foam roll surround, black frame and 
silver honeycomb diaphragm Power handling 35 watts rms, 
sensitivity 93dB, trequency response 60Hz to 12kHz, 
impedance 4Q 
Now less 
than 
half price 
Cat CW-2117 

$49.95 
a pair 

1988 
Cat price 
$119.95 

Automotive touch 
switch 
The ultimate car accessory switch. It consists of a black touch 
plate wilh a LED which mourls on/under Ihe dash through a 
1 /2. hole. Touch plate size 25 W x 38 H mm. This connects 
wilh cable and plug/skl lo a relay ( relay supplied). Switch is 
SPST on/oh. Ideal lor spolli.Mts/driving lights, or virtually any 
car accessory. Rated al 30 amp 10-15V DC. Also supplied 
with 6 slick on symbols lo Indicate lighls, Ilashes elc. Made in 
England. A DP relay cosl $15.95 on ils own! 

1988 
Cat price 
$32 95 
CAT SP-0700 

ONLY 
$8.95 
SAVE A 
FORTUNE 

Rechargeable battery 
carry case 
This carry case will accept a 5'.5Ah gell battery. II is ideal for 
video camera users or lor ha id held 12 volt spotlights for 
shooters, night bush walks ec. II has leads for connecting lo 
ballery inside case ( positive 
is fused) and a cigarelte 
lighter socket is mounted 
on The side. II has a slrap 
for hanging on shoulder 
(removable) and a bell loop. 
The lop has a zipper to hold 
the battery in. Limited 
quanlily. 
Cal HC-6500 

About 1/2 
price 

$14.95 

Cassette carry cases 
These are not typical Jaycar products, bul al these crazy prices 
we won'l have them lor long 

-rA 12 Standard viml case lhal holds up to 12 cassettes 
in their cases. 
Arista price $5.95 
Cal AR-1480 
Jaycar r 
price 

$2.50 

TA40 
Vinyl allache 
slyle case 
which will hold 
up to 40 
cassettes. 
Includes 
plastic inserts 
lor holding 
cassettes and 
handle. 
Arista price 
$24.95 
Cal AR-1485 
Joycar 
price 

$9.95 

W 

37D IDC connectors 
Save a fortune 
These are not very COMITIOn so slock up while they are available 
and at these prices you can allord lo. Gold plated contacts. 
PLUG Arista price $16.95 
Cal PP-0862 
Jaycar price $2 each 
SOCKET Arista price $17 50 

Jaycar price $2 eacf 
Cal PS-0865 

Car stop light 
Pul one ol these on your rear parcel shell and avoid rear end 
collisions. Easy to install with sell adhesive rubber mounting 
and 2 mt cable. 12 V DC. 
Anula price $13.35 
Cal M-2085 
Jaycar price 

$4.95 
SAVE 
67% 

Computer printer lead 
bargain 
36 Pin cenlronics plug lo 34 pin edge connector. 2.4 long 
ribbon ( flat) cable. Compuler equivalent to Tandy 26-1401. 
Used with many prinlers. Limited quantity. 
Arista price $25.95 
Cal PL-0878 
Jaycar price 

$14.95 

IBM " PS2"serial adaptor 
This Is a small lead with a 9D socket on one end lo a 9 way sized 
15 pin D plug (wilh only 7 pins connected). Length 10cm. 
Arista price $14.95 
Cat PL-0876 

Jaycar price $2.95 

-J1-1g2r 

Switchable " RS232" 
computer lead 
25 pin D plug to plug, 2 ml 
lead wilh DIP swilches lar 
simple wiring configuration 
changes for TXD ( transmitted 
dala), RXD (received data) 
and HS ( hand shake). 
Supplied with 

1988 dala. 
Cal PL-0877 Cat Price 
Jaycar $47.95 
price 
$27.95 

Reverse 5 pin DIN lead 
Made lor video. Pins are reversed. length 1.5 melres. 
Arisla price $5.95 
Cal AV-6525 

Jaycar price 

$1.50 
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Hook up wire / auto 
cable madness 

Don't miss this opportunity to slock up wilh quality cable al 
crazy crazy low prices. We've bought thousands of packs ol 
Arista cable, and you can save a fortune. 
There are 5 different sizes and 5 colours of each size. All the 
cable is packaged in blister packs. They are available in large 
packs of one roll of each colour. One large pack for each cable 
size. 
To give you some comparison as to the thickness of the 
conductors you simply multiply the number of conductors by 
the thickness of each one. For example HUW5 is 14 x . 25 = 
3.5mm. Our light duty hook up wire is 10 x . 12 = 1.2mm. So 
the HUW5 is almost 3 limes the thickness of wire. 

HUW5 
Hook up 14/0.25mm, 18 gauge OD 2.4mm. 5 colours - black, 
green, red, white, yellow. 12mts per colour. Total lenglh 60 
metres. Arista catalogue price $5.95 per colour. Total $29.75 
Cal WH-3019 
Jaycar's price $12.95 CD 
Save well over 50% 

HUW6 
10 amp hook up wire. Size 16 x . 3 = 4.8mm, OD 2.6mm, 16 
gauge. This is equivalent to our WH-3040 heavy duty hook up. 
8.6 metres of each colour. Total length 43 metres, 5 colours. 
Arista price $29.75. 
Cal WH-3020 
Jaycees price $ 1 0.95 
HUW7 
12 amp hook up wire. Size 19 x .36 = 6.8mm, OD 2.9mm, 14 
gauge. Equivalent lo our WH-3050 extra heavy duly hook up 
wire. Cal WH- 3050, 6melres of each colour. Total length 30 
metres, 5 colours. Ansia price $29.75 
Cal WH-3021 
Jaycar's price $9.95 
HUW8 
15 amp auto cable. Size 19 x .45 = 8.55 OD 3.5mm, 12 gauge. 
this is equivalent lo about 4mm auto cable. 3.6melres of each 
colour. Total length 18 metres, 5 colours. Arisla price $29.75 
Cal WH-3022 
Jaycar's price $9.95 
HUW9 
25 amp auto cable. This massive cable size 19 x .59 = 
11.21mm OD  
4.4mm, 10 
gauge. Suilable 
for the heaviest 
jobs. 2.4metres 
each colour, 5 
colours. Total 
length 12 
melres. 
Arista price 
$29.75 
Cal WH-3023 
Jaycar's price 

$7.95 

Mini shotgun 
microphone 
Shotgun micropnone with built in amplifier. Recording and 
headphone output sockets use as a hearing aid. Supplied with 
micro ear headphones for direct monitoring microphone. 
Inbuilt amplifier allows oulput and headphones connection 

nmereeCe. 
directly lo the microphone 
without an external 
amplifier. Complete with 
detachable sound 
collecIng tube. Max 
power gain 49dB, freq 
resp 200Hz-8kHz, power 
source AAA x 1. 
Arista price $79.95 
Cal AM-4040 
Jaycar price 

$34.95 

Walkman style AM/FM 
radio and headphones 
This product consists of an AM/FM radio and a pair of stereo 
walkman style headphones. The calch Is that the radio doesn't 
work very well, the reception range is not very lar. The 
headphones are fine, they 
have a 3.5mm stereo plug 
lilted. We sell headphones 
like this for $8.95. The 
radio may work beller 1111 
has a better aerial or il is 
ideal for hobbyists lo 
experiment with. The 
normal price for these 
is $19.95 
Cat AA-2025 
A bargain at $5 

Walkman style 
headphones 
Designed ton Walkmans. Has an inline volume control lor 
each channel and a right 
angle 3.5mm stereo plug. 
Supplied with 3.510 
6.5mm adaptor. Freq 
response 20-20,000Hz, 
sensitivity 100dB 0 1kHz. 
Cord length 1.2mt. 
Arista price $9.95 
Cat AA-2026 
Jaycar price 

$4.95 

TV headphone with 
volume control 
Lightweight television 
headphone wilh 6 mt of 
cord and an in line 
volume control. Supplied 
wilh 3.5mm mono plug. 
Frequency response 20-
20kHz, sensitivity 100dB 

1kHz. 
Arista price $14.95 
Cat AA-2027 
Jaycar price 

$6.95 

High quality stereo 
earphone 
Ultra lightweight miniphones with accurale wide frequency 
range. Supplied with two 
spare soil loam earpads 
and gold plated stereo 
right angle plug and a 
slorage case. Freq 
response 20-20kHz, 
sensitivity 100dB 1:9 1kHz. 
Arista price $16.95 
Cal AA-2015 
Jaycar price 

$7.95 
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61/211 honeycomb 
woofer 
HiFI honeycomb woofer incorporates loam edge, silver cone, 
black frame and blue 
dress ring. Specifications, 
freq resp 48Hz-12.7kHz, 
sensitivity 88dB, 
impedance 8 ohms. 
Power handling 30W 
RMS, magnet weight 
10oz. 
Arista price $34.95 
Cal CW-2107 
Jaycar price 

$18.95 

UHF ANTENNA PRICE 
SLASHED 

We were slck and tired of paying loo much for antennas. We 
have found our own supplier and can now reduce the prices by 
up to 45%. But don't worry, the new ones are Imported but so 
were the ones they replaced. New everyday low prices. 
Wholesale enquiries: phone (02) 747-2022. 

43 Element 
Specs - Gain: 13dB, Channels: 21-69, Frequ: 470-862mHz, 
Boom: 20mm square, Overall length: 1234mm, 
Finish: elements and boom anodised. 
Cat LT-3181 
Was $89.50 
NOW ONLY 11,q.3l) 

91 Element 
Specs - Gain: 15-19dB, Channels: 21-69, Frequency: 470-
862mHz, Boom: 20mm square, Overal length 2214mm, Finish: 
elements and boom anodised. 
Cal LT- 3182 
Was $139 
NOW ONLY 

SAVE 
45% 

44C256 CMOS Dynamic 
RAM 
256k x 4 tdl 80nS 
Cal ZZ-8436 

$15.95 

AUDIOLINE TELEPHONE 
ANSWERING SYSTEM 
We worked hard to gel this greal answering machine in our stores 
for under $100. It is simple lo use and Austel permitted. 
Features include: 
• Electrodynamic microphone for high quality reading 
• Volume control for incoming messages 
• Playback call screening 
• Micro-processor controlled 
• Message received Indicator/counter 
• Variable length outgoing message 
• Remote turn on, rewind, playback and last forward 
• Twelve months exchange guarantee. 

Cal YT-7020 $99.95 
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HOME SENTRY WIRELESS BURGLAR ALARM 
Home sentry provides the same level al protection as many other expensive systems, bul with on traction al the cost system is 
wireless and can be sel up within few minutes. When you move, lake il with you. The system consists of: 
1) The Control Alarm Unit. II incorporates 4 
sectors and includes the inbuit1110(18 siren, 
mains plug pack, alarm period switch, backup 
battery and siren Lo/HI switch. 
2) The Door Protector. This unit mounts just 
inside the front or back door and incorporates a 
keypad for turning the alarm on and off and a 
reed and magnet which guard the door. 
3) Passive Infrared detector. One supplied with 
the kil and more can be purchased separately il 
necessary. Range is 10 metres. 
4) Remote Controls. Two key fob remote 
controls are supplied in the kit for easy arming 
and disarming before entering the protected area. 
HOME SENTRY MUST BE THE LOWEST PRICED, 
OUALITY WIRELESS ALARM SYSTEM ON THE 
MARKET. 
The system 1 x Control alarm unit with 240V adaptor 

1 x Door protector with Reed and Magnet 
1 x Passive Infrared detector 
2 x Remote controls 

Cal LA 5230 

ONLY $259.00 

Optional extras 
Alter purchasing the kil you mind you need more components to fully cover your house/unit etc. 

Window protector 
This unit is NOT included in the lull kit. II Is wireless and Incorporates a reed/magnet and glass break detector. 
Cal. LA-5234$49.50 

, 

Door unit 
Includes keypad and reed/magnet. You will 
require a second one of these il you enter/exit 
from the back door, as well as the front. 
Cat LA-5236 

$79.50 

PIR 
As supplied in the kil, 
available separately 
for large homes where 
more than one Is 
needed. Great price! 

Cal LA-5232 

$49.50 

NEW KITS 
MASTHEAD AMPLIFIER 
Refer Silicon Chip Aug 91. 
This masthead amplifier kit is easy to build install. II will give ¡round 18dB al 
gain from 40MHz lo 1GHz which is right across the UHF and VHF bands plus 
FM bank (88-108MHz) as well. The Jaycar kit includes the special 24V AC 
power supply. Beware of other kils which don't supply this. Also includes 
PCB, jiffy box,2asl clamj , OM 350 and all specilied components. 
Cal KC-5097 $44.95 

DIGITAL TACHO KIT 
Refer Silicon Chip Aug 91. 
This LED digital tachometer features a 4 digit readout that indicates from 0 - 
9900 AMP. It works from Kettering to Hall Effect systems and with 4, 6 and 8 
cylinder cars. The Jaycar kit is a short form version, everything is supplied 
except the box and front 
panel - as we feel many constructors will want to mount il in the dash. 
Cal KC-5098 $34.95 

PC VOICE RECORDER KIT 
Refer Silicon Chip Aug 91. 
Can record messages up lo 20 seconds long. Store 
them on hard or floppy disc and Ihen replay them 
when you wish. The Jaycar kil includes all specified 
components except the plugpack and zippy box. The 
software is available tram 
Silicon Chip. 
Cal KC-5099 $32.95 

 CAF 

THE 
CAF 
CAE 

ULTIMATE CAF CAR 

RESISTOR OAR 
OAR 

PACK OAR 

That's exactly what !his pack is - The 'i'AJ 
Ultimate 
This pack gives you every resistor in the CAi 
E48 range from 0.5 ohm lo 9.1 Meg. The CAI 

CA! E48 range goes like this: 
10, 11,12, 13, 15, 16, 18, 20, 22, 24, 27, OAF 

CAP 
20, 33, 36, 39, 43, 47, 51, etc CAF 
So, you get 10 of every value, a total 01170 CA! 
values, 1703 resistors in all and they are OAF 
bandoleered for easy sorting. CAF 
The resistors! OAF 
They are lop quality, guaranteed 1/4 wall CAR 
5% miniature sized. In fact Iheylook like OAP 
1/8W they are so small. CAP 
Buy this pack and you will NEVER be short CAF, 
of any resistor again. r,'A, 
To buy all these resistors on an Individual OAF 
basis ( i.e. 5f ea) il would cost you $85. OAF 
This pack costs well under 1/2 that price :An 
and there is a limited quantity. llAll 
Cal. RR-2000 ;AR 

ONLY $29.95 ,-, AF' 
:PkF 

Less than 20 ea AF ',AF 
OA 
flAl 
OAF' 
7,A1 

Another surplus stock bargain. This lime a high quality ASTEC OA. 
brand fully built DC/DC converter with gecilicalions. 
Input  +36V DC nominal, 31 to 40V RMS range 
Output +12V DC or +5V DC, nominal ±1% 
Voltage limit at 13.0 to 15.0 VDC or 6.0 10 7.0V DC 
respectively. 
Current 

DC/DC CONVERTER 
BARGAIN 

+12V DC, 3.0 amp DC max 
+5V DC, 5.3 amp DC max 

Efficiency +12V DC 75% minimum 
+5V DC 70% minimum 

Size 160(L)x 53(W) x 3 H mm 
supplied on metal plate 
Cat MP-3040 
STRICTLY 
LIMITED 
QUANTITY 

ONLY 

$14.95 ea 

METEX DIGITAL 
MULTIMETER 
WITH COMPUTER 
INTERFACE 
Yes, the Metex M3650CR will interface with your computer 
via RS-232. Connecting lead and software disk supplied. 
Monitor store and print out the output of the DMM on 
computer. It will take readings over time and find and hold 
mimimum and maximum readings. 
PLUS: 
• Bargraph 
• Frequency 
• Transistor 
• Logic 
• Relative offset 
• 3.5 digit 
• 20 Amp current 
• Carry case 
• Overload indicator 
• Data hold 
• Mimimum/maximum 
hold 

• Diode and continuity 
• Range selector beeper 
Cal. 0M-1450 
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ÍSTUDICI 3-55IL 
SPEAKER KIT 
Ruler Silicon Chip Sept 1991. 

Al last, a high quality 
speaker kit at a very 
reasonable price using 
quality components. 
Jaycar and Silicon Chip 
proudly announce the 
Studio 3-55L 3 way 
speaker kit. The kit 
incorporates the 
Magnavox 12W, 12" 
woofer, sealed 5" 
midrange driver and the 
fabulous Philips 
AD11610/T8 dome 
tweeter. Power handling 
is 80 watts programme. 
Drop into any Jaycar store 
for a demonstration (not 
Concord). The kit is 
available in two parts. 
Part one includes the 
drivers, crossovers, 
terminals, faders, 
innerbond, screws, cable 
etc. Part two includes the 
two fully build black 
cabinets with all holes cut 
and speaker grill fitted. 

Part 1: Part 2: 
Speakers etc Cabinets 
Cal CS-2480 

$279 
TOTAL $529 

BUY BOTH TOGETHER FOR 
ONLY $499 

4-CHANNEL LIGHTING DESK KIT 
Roer Silicon Chip June 1991 
This 4-channel lighting desk is intended tor theatre, disco and music group applications. 
It has heavy duty circuitry and is able lo cope with spollighls rated up 10 1000 watts or 
more. Operating leatures • Four channels • 60mm slider pots • Click action flash 
swilches wilh integral LEOs • Separate dimming lar each channel • Master dimmer 
control • Flash on each channel • Master dimmer for flash • 4-channel chaser • 
Adjustable chaser rate • Single step for chaser • Chaser on and off • Flash switch LEDs 
mimic lamp display 
The Jaycar kit includes pre punched and silk screen case, original C and K switches, 
original slider pots (Jaycar supplied the samples to Silicon Chip) and all specilied 
components. Beware al kils with non original parts. 
Cal. KC-5096 

Cï C g 2C, 

SPEECH PROCESSOR KIT FOR 
TRANSCEIVERS 
Refer EA Sept 91. Increase your talk power. 
Connects in line with existing mic, and acts 
as a preamp, compressor and speech filler. 
II also automatically generales a "beep* each 
lime the press lo talk button is released, to 
signal the end of your "over! Short torm kit. 
Includes PCB, mic socket, relay and all 
specilied components. No box supplied. 
Cal KA-1737 

$29.95 

LOW COST 18V 1A BENCHTOP 
SUPPLY KIT 

:411, 

- - 

specit 
aROCEeiC 

Ref: EA August 1991 
This economy priced power supply 
lealures: • variable output voltage from 
2.510 18V • switchable current limiling • 
both voltage and current metering. The 
Jaycar kit includes PCB, all specified 
components, Scolchcal panel and meter 
scale. 

Cal. KA-1736 $79.95 

MOTOR SIREN 
This 12 volt motor driven siren really 
tel out a blast! In fact, irs almost 
dealening.11's very small compared 
lo most sirens measuring only 82(H) 
x 80(L) x 74(D)mm. Limited quantity. 

Cal. LA-5252 $24.95 

PRO GRADE 
19" RACK 
ENCLOSURES 
1 unit enclosure Cat HB-5120 $89 
2 unit enclosure Cat. HB-5125 
3 unit enclosure Cat. HB-5130 
4 unit enclosure Cat. HB-5135 

5 unit enclosure Cat. HB-5140 

TURN YOUR SURPLUS 
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 MARK HARRIS OR 
BRUCE ROUTLEY NOW 

ON (02) 747 2022 

ELECTRONICS 
SYDNEY - CITY 

HEAD OFFICE 

115 Parramatta Road Concord 2137 
Telephone (02) 747 2022 

FAX (02) 744 0767 

117 York St. (02) 267 1614 - 
Mon-Fri 8.30 - 5.30 Thurs 8.30 pm - Sat 9 - 1 

PARRAMATTA 355 Church St (Cnr. Victoria Rd) (021683 3377 
Mon-Fri 9 - 5.30 Thurs 8.30 pm - Sat 9 - 4pm 
Sunday 10am - 4pm 

CONCORD 115 Parramatta Rd Cnr Lloyd George Av (02)745 3077 - 
Mon-Fri 8.30 - 5.30 - Sal 9.00 - 12 

BANKSTOWN 363 Hume Highway Cnr Meredith St 102) 709 2822 
Mon-Fri 9 - 5.30 Thurs 6.30 pm - Sat 9 - 4 

GORE HILL 1 Pacific Hwy (Cnr. Bellevue Ave) (02) 439 4799-
Mon-Fri 9 - 5.30 Thurs 8.30 - Sat 9 - 4pm 

POST & PACKING 

$10 - $24.99 $ 3.75 
$25 - $49.99 $ 4.50 
$50 - $99.99 $ 6.50 
OVER $100 $8 00 

MAIL ORDERS 

P.O. Box 185 Concord 2137 
ROAD FREIGHT 
ANYWHERE IN AUSTRALIA 
(up 204)513.50 

MAIL ORDER VIA .13. 

FREE CALL - FOR ORDERS 
ONLY 1008) 022 888 
HOTLINE 102) 747 1888 

BURANDA QLD 

COBURG VIC 

MELBOURNE-CITY 

SPRINGVALE VIC 

ADELAIDE S.A. 

144 Logan Rd 107) 393 0777 - 
Mon-Fri 9 - 5.30 Thurs 8.30 - Sat 9 - 4 
266 Sydney Road (031384 1811 - 
Mon-Fri 9 - 5.30 Fri 8.30 - Sal 9 - 4 
Shop 2, 45 A'Beckett St City (031663 2030 
Mon-Fri 9 - 5.30 Fri 8.30 - Sat 9 - 2 

7-889 Springvale Road Mulgrave(031 547 1022 
Nr Cnr. Dandenong Road Mon-Fri 9 - 5.30 Fri 8.30 - Sat 9 - 2 
190 Wright Street (Cnr Selby S treet) (081231 7355 
Mon-Fri 9 - 5.30 Fri 8.30 - Sat 9 12 IAYCAR E 
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ICOM'S IC-24AT: 
A 'TECHNICAL' REVIEW 
Like many of the latest generation of hand-held transceivers designed for VHF and UHF, Icom's 
new and very compact IC-24AT dual bander also offers the ability to receive over a wider range 
than the 2m and 70cm amateur bands on which it transmits. Here's a different kind of review which 
presents the results of a thorough series of tests on the IC-24AT, including measurements of 
sensitivity and image rejection 'out of band'. 

by LEW WHITBOURN, VK2ZIP 

This is not a full review. It does not 
give photos or comprehensive details of 
operational features. These are readily 
available in the numerous advertise-
ments, or the comprehensive colour 
brochure available from Icom. There 
was also an excellent review of the nor-
mal kind by Tom Moffat VK7TM, in 
Amateur Radio Action (Vol.13 No.1). 
However the complexities of modern 

radios, especially dual-band radios, 
make it almost impossible for a single 
review to cover everything that a 
prospective buyer would want to 
know. This is especially true of the 
current generation of VHF/UHF radios 
with wide receive coverage, as 
epitomised by the IC-24AT 2m/70cm 
dual-band handheld. 
Such radios are commonly touted as 

being powerful scanners, as well as 
amateur two-way radios. But they are 
difficult to compare in this area, because 
no specifications arc given for the out-
of-band receive performance. So the 

need for a full technical review of the 
receive performance of these radios has 
never been greater. 
This review presents the signal and 

image sensitivity of the IC-24AT over 
its whole range, along with subjective 
comments about overload perfor-
mance. It also addresses issues such as 
current drain, transmitter power and ef-
ficiency, as well as external powering 
and battery charging arrangements. 
These are important properties of a 
hand-held radio, which are seldom 
treated fully in a review. 
The radio used for this review was an 

IC-24 on loan from Andrews Com-
munications at Maroubra, NSW. Al-
though originally destined for some 
other market (e.g., the Japanese domes-
tic market), it is being sold by Andrews 
with identical features to those of the 
IC-24AT sold locally by Icom. Its 
presence in the Australian market place 
adds a very worth-while dimension of 
choice to prospective buyers. 
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1 IC- 24 AM/VHF HI- BAND SENSITIVITY 

The local Icom offering comes with a 
BP-82 (7.2V 300mAh) battery pack 
which delivers about 2.5W of power on 
either the 2m or 70cm bands — but not 
for long! Meanwhile Andrews offer the 
IC-24 with either the BP-84 (7.2V 
1000mAh), BP-85 (12V 340mAh) or the 
BP-90 'dry-cell' pack, which I used very 
successfully with six 700mAh recharge-
able cells. With this pack the radio 
delivers about 2W on both bands and 
gives quite respectable battery life, at 
significantly reduced cost. 

In the following sections on receiver 
sensitivity and image rejection, all sen-
sitivities are given as the number of 
microvolts (RMS) at the antenna socket 
to produce 12dB of receiver quieting. 

VHF performance 
Fig.1 shows the sensitivity of the IC-

24AT in the aircraft band 108-136MHz 
and VHF hi-band, from 138 to 174MHz 
and beyond. The receiver has a genuine 
AM detector in the air band from 
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108MHz to 137.995MHz precisely, as 
verified by feeding AM and FM signals 
to it and observing also that the 
receiver current drain is slightly higher 
in the airband. 

Sensitivity is not outstanding in the 
aircraft band, but is a useable luV from 
about 116MHz to 132MHz. In hi-band, 
the sensitivity is a very good 0.17uV 
from 138 to 149MHz and then slowly 
deteriorates to 1.6uV at 174MHz. Image 
rejection is quite reasonable and is at its 
best in the amateur band. 
I discovered that the IC-24AT 

switches from high side local oscillator 
injection below 138MHz to low side in-
jection at 138 MHz and above. There is 
a small range (a few hundred kHz) 
above 138MHz where the radio does not 
receive, presumably because its VCO 
reaches the low end of its range there. 
This would probably vary from radio to 
radio. The good sensitivity across the 
138-174MHz band is achieved with the 
help of 3 track-tuned stages in the VHF 
front end. Overload performance is quite 
acceptable as a result of this approach. 
On a North Ryde repeater site, with a 

half-wave antenna connected, the only 
signs of distress noted were strong LCD 
S-meter indications. With the normal 
'rubber ducky' antenna the receiver was 
not stressed at this site or in the city of 
Sydney. I was not able to identify the 
source of the track-tuning varicap tuning 
voltage as being the VCO control volt-
age. However, this seems likely. In view 
of that, I wonder if the track tuning is 
'upside down' in the air-band, which 
would explain the strange variation of 
sensitivity there, as shown in Fig. 1. 
Apart from the airband the IC-24AT 

throws in another couple of bonus bands 
in the VHF region - which stops, as far 
as the digital display is concerned, at 
354.995MHz. The next step above that 
is 0 MHz! The sensitivities on these fur-
ther bands, from about 78MHz to 
107.995MHz and from about 300MHz 
to 354.995MHz, are shown in Fig.2. The 
lower of these, in the VHF mid-band is 
actually useless, as shown in the figure. 
Sensitivity is greater than 100uV over 
most of the region, whereas the sen-
sitivity to the image, which lies between 
about 140MHz and 170MHz is basically 
a replica of that shown in Fig. 1. 
This is not so much a criticism of the 

radio, as it is of reviewers who would 
say that it receives in this band - just 
because the VCO does not happen to be 
unlocked there! As in the air-band, the 
radio uses high-side injection in mid-
band and the track tuning is clearly still 
working as for high band. Above 
330MHz, however, the sensitivity is 

TABLE 1: 
RECEIVER DRAIN 

Receiver -unmuted, currents in mA: 

F (MHz) 80-108 108-135 140-170 300-350 420-480 800-945 
I-cont. 55 60 55 77 56 70 
I-save 1 13 16 13 16 13 16 
I-save 2 7.5 8 7.5 8.5 7.5 8.5 

TABLE 2: 
BATTERY PACKS & SIZES 

Type No. # Cells 

BP-81 
BP-82 
BP-83 
BP-84 
BP-85 
BP-86 
BP-90 

Voltage 

6 7.2 
6 7.2 
6 7.2 
6 7.2 
10 12 
6 
6 7.2 

Capacity Height Efficiency 
Factor 

(mAh) (mm) (Jim) 
110 30 26.4 
300 40 54 
600 59.5 72.6 
1000 76 94.7 
340 76 53.7 

450-700 59.5 84.7 

quite good, with acceptable image rejec-
tion. Criticisms aside, it is amazing that 
all the coverage described above is ob-
tained from the one receiver front-end. It 
is, in fact, excellent in the amateur band 
and over most of the VHF hi- band. 
Genuine AM detection in aircraft band is 
a nice bonus! 

It is not completely clear to me how 
this is done. The IC-24AT uses a Toko 
TK10487M B FM receiver chip at an 
input IF of 30.875MHz on all bands and 
all modes. There is some unusual FET-
switched biasing around the 455kHz fil-
ter connections to the chip, which is 
activated by a line to the detector unit 
labelled HR5S on the circuit diagram. It 
seems possible that this line tells the 
detector to demodulate AM. 
I wonder whether this is a (quite suc-

ccessful) 'kludge' by Icom, or whether it 
was conceived by Toko, and I am still 
trying to get application notes on the 
chip. This could be of more general in-
terest since other radios such as the 
Yaesu FT-411 use the same IF chip and 
can tune parts of the aircraft band. Stay 
tuned for further developments! 

(For anyone trying to understand the 
Icom circuit diagram I offer the follow-
ing insights: L is for low-band or VHF 
and H is for high-band or UHF. R5 is 
probably 'Receiver 5 Volts' and S is 
probably ' Switched'. So why would 
HR5S tell the detector to demodulate 
AM on the Low band? My guess is that 
LR5S has to be on for all Low band 
operation, whether AM or FM.) 

UHF performance 
Fig.3 shows receiver sensitivity and 

image sensitivity from about 415MHz to 
486MHz. The front end uses fixed-tuned 
helical filters and low-side injection 
throughout this region. 

It had been retuned by Andrews Com-
munications before the test, to sacrifice a 
bit of sensitivity below 438MHz and op-
timise coverage up to 470MHz and 
beyond. I think they got it just right, 
since all the amateur FM simplex and 
repeater output frequencies are above 
438MHz. The receiver has a sensitivity 
of 0.24uV at 438MHz and deteriorates 
to luV at 470MHz, which is still quite 
useable. The 3.4uV sensitivity at 
477MHz would allow monitoring of 
some UHF CB repeaters. 
The UHF receiver has good overload 

performance and was not badly affected 
even by connection to a UHF collinear 
antenna at a repeater site. It was perfect-
ly OK with the 'rubber ducky' on that 
site or in the streets of Sydney. 
The bonus at UHF is reception from 

800 to 945MHz. Fig.4 shows sensitivity 
to signal and image in that region. Signal 
sensitivity is poor below 870MHz, 
where it suddenly drops to a quite use-
able luV. The image, which is 
61.75MHz lower, does exactly the same 
thing! This means that frequencies be-
tween about 802MHz and 870MHz can 
be monitored with luV sensitivity by 
using the image. 

It is impossible to know whether sig-
nals received at dial settings between 
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Icom's IC-24AT 
870 and 945MHz are signal or image, 
but the band is not very crowded up 
there so receiving two frequencies at 
once might be considered advantageous. 
Of course, you have to avoid the cellular 
phone band, which is somewhere up 
there. I did hear quite a number of com-
mercial repeaters above 830MHz using 
the standard rubber ducky antenna, by 
dialing up frequencies above 890MHz. 
Signal strength was greatly improved by 
using a purpose-built droopy ground-
plane antenna with elements 100mm 
long. Once again, all this UHF perfor-
mance comes from a single UHF front 
end. I can't see how it switches from 450 
to 900MHz! The performance in the 
amateur band is excellent. 

Odd observations 
Although this is not a full review, I 

will mention just a few operating fea-
tures that caught my attention. For in-
stance, audio is lost momentarily every 
time a key is pressed. The dial light can 
be turned on indefinitely by pressing 
'Function' + 'Light' simultaneously, 
which is nice. The antenna length is 
160mm. It does not seem to work as well 
as single-band (VHF and UHF) antennas 
of the same length, in their correspond-
ing bands. 
There are several scanning features 

worth mentioning. There are 40 
memories, each set up to store offsets or 
split band frequencies, subaudible tone 
status, etc. It is possible to use these as 
two banks of 40 channels for scanning 
purposes. Memories can be designated 
to be 'skipped', of course. 
One quirk here is that the mute still 

opens briefly as the scanner skips 
through an occupied channel. A new fea-
ture is that memories can be used to 

designate frequencies to be skipped 
during programmed scan (i.e., scan be-
tween specified limits). This is a marvel-
lous new feature, introduced at the same 
time by Icom in their IC-2SA/E, IC-
4SA/E single band hand-helds and in the 
IC-RI pocket scanning receiver. 
Note, however, that scan skip is not a 

lot of use if you are scanning in 5kHz 
steps. This is a bit of a nuisance in parts 
of VHF hi-band, where 5kHz steps have 
to be used to accommodate the mixed 
25kHz and 30kHz channel spacings. 
Icom, please add 15kHz and 30kHz to 
your list of available step sizes (5, 10, 
12.5, 20 and 25kHz currently available) 
on future models! 
A very nice feature on scanning is that 
a twist of the rotary tuning knob on the 
top panel can be used to reverse scan 
direction or to skip an occupied channel. 
A feature of programmed scan that I 

also noticed on the IC-2GAT is that if 
the VFO is not between the scan limits 
when scan is initiated, the radio will first 
scan to one of those limits before com-
mencing programmed scan. Scan speed 
is 7.3 channels per second regardless of 
step size or scan mode. 

Receiver drain 
Table 1 shows the currents were 

measured between the battery pack and 
the radio. There was no appreciable dif-
ference for supply voltages between 
7.2V and 12V. 

'Save 1' refers to a battery saver cycle 
time of 0.5s and 'save 2' to a cycle time 
of 2.0s. The saver does not operate 
during scan. (This is an option on the 
IC-R1). The display light increases these 
currents by 13mA (at 7.2 or 12V). Cur-
rent drain increases to about 80mA with 
the mute open without a signal, or with a 
signal and normal audio levels. At maxi-
mum volume these currents increase to 
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170mA (no signal) and 130-150mA 
(maximum audio). 

Transmitter performance 
The IC-24AT has two transmitters, 

VHF and UHF, and four power settings 
for each. This means that lots of meas-
urements need to be made in order to 
characterise its transmitter performance, 
and it is hard to summarise these results 
in the normal tabular form. In order to 
make sense out of all these measure-
ments I have found it necessary to 
present them in graphical form, as 
shown in Figs. 5 to 7. 
Fig.5 shows the output power as a 

function of supply voltage, from 5 to 
13.6 volts, for all four power settings of 
both VHF (solid line) and UHF (dashed 
line) transmitters. Icom call the four 
power settings HIGH, LOW3, LOW2 
and LOW1 in decreasing order. It is 
clear that the VHF transmitter is general-
ly slightly more powerful than the UHF 
transmitter, except on high power with a 
supply of about 10 volts. 
The, curves show that the four power 

settings that are available at high supply 
voltages (10V or more) collapse down to 
just two settings at low supply voltages. 
The handbook implies that this collapse 
is complete at supply voltages of 7.2V 
(6-cell NiCad packs) but it is clear from 
Fig.5 that this is not quite the case. There 
are in fact three power settings still 
available at 7.2V, two of these being be-
tween one and two watts and about 
0.5W apart. Users not aware of this 
might get a little less power out of their 
radios than they expect. Note also that 
output power does not increase as the 
supply voltage is increased above about 
12V. Fig.6 shows total transceiver cur-
rent as a function of supply voltage, 
for all output power settings on both 
VHF and UHF. The currents drawn on 
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the different power settings collapse 
together at lower supply voltages in the 
same way as the output powers shown in 
Fig.5. 
Finally, Fig.7 shows overall 

transceiver efficiency as a function of 
supply voltage for all output power set-
tings on both VHF and UHF. Not 
surprisingly, the VHF transmitter is the 
more efficient. Both transmitters show 
peak efficiencies on their maximum 
power settings and for supply voltages 
of about 10V. Both maintain good ef-
ficiency at supply voltages down to 
about 6V. 
I think this is a result of a concerted 

engineering effort to give good perfor-
mance on 6-cell NiCad packs, which 
was not the case with some of the earlier 
VHF and UHF hand-held radios. A 
result is that supply voltages in excess of 
12V (which is what you get from 10-cell 
packs under load) only serve to increase 
transceiver dissipation, without any in-
crease in output power. 

External power/charging 
Earlier Icom radios with external' 

power sockets, such as the IC-02A(T), 
IC-04A(T) and (I think) the IC-32-AT 
dual band hand-held used 2.1mm co-
axial DC sockets and small internal 
relays for changeover and reverse 
polarity protection (see my article in 
Electronics Australia, December 1990 
for more details on these). The IC-
24AT is too small for this and uses a 
1.3mm DC coaxial socket, with the 
switching contacts of this socket used 
for DC changeover. 
This creates a few design problems, 

especially since the switching contacts 
are on the outside conductor of the 
plug/socket, which Icom has always 
used as negative with such connectors. 
(Yaesu always do it the other way, but I 
think Icom's choice is more logical, as 
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it avoids having a I've outer exposed 
when the plug is pulled out of the radio 
and floating around the floor of a car for 
instance.) 
The result is some quite elaborate cir-

cuitry for reverse polarity protection 
from both external power and the battery 
pack (perhaps to beat users who put cells 
into the dry-cell packs backwards?); 
overvoltage protection; and constant-
current charging of the fitted battery 
pack when external power is supplied. 
A further complication of having the 

power changeover on the negative or 
chassis side of the supply is that the bat-
tery packs now need three rather than 
two contacts: labelled '+', and `E'. 
Inside the radio ` E' connects to the chas-
sis, while inside the battery pack `E' 
seems to connect to the negative ter-
minal of the battery (i.e. '-'), via a diode 
set up to pass current in the charging 
direction only. 
Meanwhile back inside the radio `E' 

connects to via the switching contacts 
of the external power socket, which are 
opened when a plug is inserted. If you 
find this confusing don't blame me. I'm 
just telling it how it is, but I don't mind 
telling you that I got very confused too! 
This arrangement seems to be 

foolproof. However note the following: 
If you tape over the `E' contact on the 
battery pack the radio will still power 
the radio, but will not charge when ex-
ternal power is applied — which might 
be useful sometimes. Indeed I did all of 
the measurements using a BP-90 dry cell 
case full of NiCads, and the charging 
worked fine. So it would be wise to tape 
over the `E' contact, if using ordinary 
dry cells... 

If, on the other hand you tape over the 
contact of the battery pack, it will no 

longer power the radio, but its batteries 
will still charge if external power is ap-
plied. I can't think of a use for this, but 

note the following: the normal charging 
current is near 60mA for all supply vol-
tages above about 12V, but this rises to 
about 80mA when the contact is 
taped over. I don't think this is indicative 
of any problem, but it is indicative of 
the complexity of the external power-
ing and protection circuits. I think I 
would prefer a relay! 

Battery packs 
A list of the battery packs for the 

IC-24AT is shown in Table 2. The BP-
86 is listed in the Icom brochures as 
being for six AA cells, but the BP-90 
supplied with the radio performed this 
role admirably, so the BP-86 is a bit of 
a mystery. 

In view of the observed charging be-
haviour of the BP-90 noted in the pre-
vious section it seems possible that the 
BP-86 is meant for dry cells and the BP-
90 for NiCads, in which case the only 
difference would be the charging contact 
and internal diode in the BP-90. Or per-
haps Icom had a change of heart and 
decided to leave a gap for more models 
in the range, for instance a 12V pack of 
greater capacity. 
Note that I have listed alongside the 

BP-90 the range of capacities of current-
ly available AA-size NiCads, but I have 
calculated its volumetric efficiency fac-
tor for the 700mAh size, which is what I 
used. (Note that the relative efficiency 
factor is given in Joules/metre of battery 
pack length, since they all have the same 
cross-sectional area of 49 x 33mm.) 
The BP-90 is extremely solid and well 

made. The reason for its great height is 
that it has to hold the 50mm-long AA 
cells vertically: its 49 x 33mm 
transverse dimensions do not allow any 
alternative. The pity of this is that, to my 
eye, the IC-24AT looks long with this 
pack and ridiculously long with the BP-
84. Continued on page 89 
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Rewinding audio coupling transformers 

lnterstage audio transformers are the most unreliable component encountered in the repair and 
restoration of early radio equipment. Used in practically every pre- 1930 radio, their mortality rate 
from corroded windings was extremely high, and few receivers will be found with their original 
transformers intact. But like output transformers, they can be rewound. 

Professional rewinders are often nei-
ther interested in, nor able to handle such 
small transformers as were used to pro-
vide interstage coupling in the audio sec-
tion of early receivers. Sometimes it is 
possible to dig into a winding to bypass 
the open-circuited section, but this is an 
unsatisfactory method. Desperate restor-
ers have even been known to resort to 
installing hidden transistorised coupling 
stages and in the United States, it is pos-
sible to purchase miniature transformers 
to conceal inside original cases. 
By using the simple equipment for 

winding output transformers described 
in the March 1991 column, rewinding of 
audio coupling transformers is a practi-
cal proposition, and with care and a bit of 
patience, not difficult. First though, we 
should look at some background to the 
history and basic theory of audio trans-
formers. 

A long history 
The first audio transformers, known as 

'induction coils', were produced more 
than a century ago to match the low im-

pedance of carbon microphones to tele-
phone lines, and are still used today in 
vast numbers. Their construction was in 
turn based on the even earlier medical 
and spark coils, made with primary and 
secondary windings wound on 'open' 
cores consisting of bundles of straight 
iron wires. Automotive ignition coils are, 
of course, their direct descendants. 
As the first valve audio amplifiers 

were used as telephone 'repeaters', it is 
not surprising that many early valve cou-
pling transformers were similar to tele-
phone induction coils. However, open 
cores are not very efficient, and were 
soon improved by making the core wires 
several times longer than the winding 
and folding the ends around so as to en-
close the completed transformer. 
These were known as ' shell' trans-

formers or ' hedgehogs' (there is no re-
cord of Australian versions being called 
'echidnas'!). Examples can be found in 
some of the early Atwater Kent sets. 
Miniature versions of the silicon steel 

laminated cores used for mains trans-
formers were found to be superior to iron 

wires, and before long were being used 
in a great variety of shapes and sizes. As 
anode currents were only a few milliam-
peres, laminations were usually inter-
leaved, rather than butt jointed. 

Performance limitations 
Three parameters — inductance, leak-

age inductance, and distributed capaci-
tance — are of major importance in 
audio transformer design. Inductance, 
which governs low frequency response, 
is dependent on number of turns of wire, 
core area, and core permeability. 
General purpose triodes have an anode 

impedance of the order of 10,000 - 
15,000 ohms, and suitable primary wind-
ings must have sufficient inductance to 
have an impedance at least equal to this 
at the lowest frequency of interest. In 
practical terms, this means that the pri-
mary inductance must be at least 50 hen-
ries for an adequate response. 
Leakage inductance results from in-

complete coupling between windings, 
and is related to their physical size and 
separation, being greatest with large 

Fig.1: Typical interstage transformers. From the left are an Emmco, a Telsen, an RCA, a Philips, a Primo and an AWA. 
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Fig.2: One reason why commercial bobbins are not suitable for audio 
transformers. Round windings were easy to make, but needed odd-shaped 
laminations with two or more sizes of centre leg. 

windings. One effect of leakage induc-
tance is to restrict high frequency perfor-
mance, by acting as a choke in series 
with the transformer. 
Winding capacitance bypasses high 

frequencies and resonates with leakage 
inductance to produce a peak in the fre-
quency response of the transformer. 

Compromises 

Audio transformer design involves se-
rious compromises. To have adequate in-
ductance, the windings must be of large 

physical size with many turns of wire — 
the very factors which increase capaci-
tance and leakage inductance. 
For a reasonable amount of leakage 

inductance and winding capacitance, 
using simple winding configurations, the 
transformer must be physically small, 
and therefore have a limited winding 
space. Obviously, to maximise the num-
ber of turns, the wire must be as fine as 
possible. Fortunately, resistance is not a 
problem, but fine wire is fragile and very 
vulnerable to corrosion. The finest diam-

eter that can be handled easily is about 
0.08mm (44 SWG), and many trans-
formers were wound with this gauge. 

Interstage transformers provide a volt-
age gain, governed by the ratio of turns 
on the primary and secondary windings. 
Primaries require a large number of turns 
to provide a good low frequency perfor-
mance, and the size of the associated sec-
ondary winding is severely restricted if 
leakage inductance and winding capaci-
tance are to be kept at reasonable levels. 
As a general rule, the maximum step 

up ratio for acceptable audio quality was 
5:1, and for reasonable quality was lim-
ited to a 3:1 turns ratio. 
The reality is that many audio trans-

formers were not engineered, but made 
empirically and with economy a prime 
factor. Some early constructional articles 
specified the weight of wire rather than 
an exact number of turps! 

Various techniques, most of them too 
expensive for competitively priced trans-
formers, can be used to minimise the de-
sign problems. A late development was 
high permeability core steel, requiring 
fewer turns for a given inductance. Most 
potent in minimising winding capaci-
tance and leakage inductance is splitting 
windings into ' pies', or by sandwiching 
them in sections. However, transformers 
encountered in restoration projects are 
not likely to have many refinements, 
most just having the secondary wound 
on top of the primary. 
With all the problems and expense, it 

is not surprising that after 1930, with 
improved valves and resistors becoming 
available, and with better understanding 
of R-C coupling, interstage transformers 
were generally avoided. 

Fig.3: Making a bobbin. First cut heavy paper 
or thin card to form the centre strip (a), 
allowing about 0.5mm clearance around the 
core. The two inner cheeks (b) have diagonal 
cuts to form flaps, while the outer cheeks (c) 
have core clearance holes. The wooden 
mandrel (d) should be 'square; an accurate 
fit within the bobbin and about 0.5mm 
shorter than the centre leg of the core. Make 
sure that the hole is parallel to the sides, or 
the bobbin will wobble. Wrap the centre strip 
around the mandrel (e), gluing with 
polystyrene cement. Then glue the inner 
cheeks in position (f), being careful not to get 
glue on the mandreL Wrap a single layer of 
paper around the centre. Then fasten the 
outer cheeks (g), coating with varnish when 
the glue sets. Finally make up two end 
support washers from heavy aluminium 
sheet or hardboard, with slots to provide 
clearance for the winding leads as in (h). 

(d) 

177\177.77-NCM/7.77.7‘ 

(a) 

(e) 

(b) 

(r) 

(c) 

(g) 
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VINTAGE RADIO 

There were several different terminal 
identification codes used for interstage 
coupling transformers. Anode connec-
tions are most commonly labelled 'A' or 
`P' (for 'plate). High tension terminals 
are usually '13+% 'B' or `G' is of 
course the grid terminal, but the grid bias 
return can be 'F', `C-', 'C' or 'GB' (for 
'grid bias'). 
Some transformers were marked 'IP' 

(inside primary), 'OP' (outside primary), 
'IS' (inside secondary) and 'OS' (outside 
secondary). Reference books disagree 
completely as to the preferred sequence 
of connection for transformers marked in 
this way, although most consider that 
`OS' should be the grid connection. 

Rewinding 
Audio coupling transformers can be 

rewound without complex equipment. 
The method to be described is basically 
that for output transformers in the April 
1991 column, using a hand drill. 
As with output transformers, random 

winding without any destructive inter-
leaving paper will result in a more reli-
able transformer than the original. Be 
warned, though: more patience is re-
quired, as the wire is finer and there can 
be as many as 10 times the total number 
of turns used for output transformers. 
There was no standardisation of inter-

stage transformer cores, and suitable 
commercially made bobbins are unlikely 
to be available. Fig.3 shows an easy way 
to make them from thin card or heavy 
paper. The laminated construction results 
in surprisingly tough bobbins, which 
should be thoroughly coated with poly-
urethane varnish before winding. 
To count the turns on the original 

winding would be very difficult. If, as is 
often the case, both windings are wound 
with the same gauge of wire, all that is 
necessary is to fill the available space in 
the proportions of the original turns ratio, 
as randomly wound fine wire occupies 
much the same space as paper and layer 
winding. 
For example, allowing for insulation, a 

standard 3:1 transformer primary should 
occupy about 25% of the window space 
and the secondary 75%. As a guide, a 
typical primary winding will have 5000 
turns. 

First dismantle the original winding, 
noting any unusual details and the se-
quence of connections. Now pull the 
winding apart to ascertain the wire 
gauge. Chances are it will be in the re-
gion of 0.08mm. A micrometer is a con-
siderable help here. Otherwise the 

Fig.4: Rewinding of an AWA 'Ideal' transformer In progress. Narrow strips of 
cellulose tape have been used to hold the cheeks of the paper bobbin against the 
end washers. Otherwise, the fine wire used is likely to slip between the cheeks 
and the end washers, during the winding operation. 

diameter of the wire can be calculated by 
neatly winding a layer of the wire one 
centimetre wide on a pencil, and count-
ing the number of turns (n). The formula 
10/n will then give the diameter in 
millimetres. 
Set up the winding equipment, and sol-

der a fine stranded leadout wire to the 
winding wire. With a hot iron it is possi-
ble to solder many modern winding 
wires directly, without first removing the 
enamel, and it is worth trying. If this 
does not work, gently remove the enamel 
with 400 grit abrasive paper. 
With a darning needle, make a hole in 

the bobbin and thread the lead through. 
Position the lead so that it occupies the 
full width of the bobbin, and insulate the 
join with a slip of plastic tape; then pro-
ceed with the winding, keeping it as level 
as possible. 
The fine wire requires very careful 

handling. If a break occurs, twist the 
ends of the wire together, and after sol-
dering, insulate with a fold of cellulose 
tape. 

Varnish winding 
As winding proceeds, keep a tally of 

your turns of the drill handle. Regularly 
apply coats of polyurethane varnish, to 
lock the windings rigidly and prevent 
damage and distortion during reassem-
bly. Be careful not to get any varnish 
between the bobbin and the end plates. 
For a 3:1 ratio transformer, fill about 

1/5 the winding space with the primary 
winding and terminate with another 
stranded lead, again allowing it to cross 
the full width of the winding. Apply two 
or three layers of varnished, waxed or 
plastic coated paper before winding on 
the secondary, making sure of a neat fit 
with no gaps at the edges. 
Now wind on the secondary, terminat-

ing the leadout wire in the same manner 
as the primary. With the full number of 
turns completed, connect a flexible lead, 
this time taking a full turn round the 
winding before passing it through a suit-
able hole in the side of the bobbin. Allow 
the varnish to harden, finish off with a 
layer of tape or varnished paper and trim 
the sides of the bobbin to the contour of 
the winding. 

All that remains is to check continuity 
of the windings with an ohm meter, and 
reassemble. The result should be a trans-
former with a performance comparable 
to the original, and a much greater life 
expectancy. 

In trying it out, be very careful not to 
short circuit the anode terminal to 
ground. Modem 'B-battery eliminator' 
power supplies are often capable of pro-
viding enough current to burn out the 
fine wire used in audio transformers. 

Driver transformers 
Although classed as interstage trans-

formers, the pushpull driver transformers 
for class AB and B amplifiers popular in 
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battery and some mains equipment dur-
ing the 1930's were different from con-
ventional audio transformers. They were 
in fact specialised output transformers, 
required to deliver power to the grids of 
the output valves. 

Instead of a step up, they had a step 
down ratio, and could be wound with 
heavier gauge wire than found on inter-
stage transformers. Turns ratios varied 
considerably, valve manuals quoting pri-
mary to secondary ratios of between 
1.5:1+1 and 5:1+1. 

If exact details are not available, a rea-
sonable compromise would be to have a 
primary winding of 4500 turns of 0.1mm 
wire, with secondary windings of 1500 
turns each. • 

Radio Preservation Society 
of New Zealand (Ferrymead) 

meguic„.) 

In response to our call inviting vintage 
radio clubs and societies to send in details 
of their activities, we have received infor-
mation about a group with the above 
name, operating in the Ferrymead Historic 
Park in Christchurch, New Zealand. The 
information comes from the Society's sec-
retary, Mr George Wealleans. 
Founded in 1984 by a group of 18 enthusi-
ast, the Society is one of about 16 operat-
ing within the Park, which operates on the 
'living museum' concept. The RPS runs a 
museum of vintage radio equipment in one 
of the buildings in the Park, with many 
models on display to the public. It also 
operates an amateur radio club station 
with the callsign ZL3RPS, with the idea of 
promoting the benefits of amateur radio to 
the public. 
Having acquired a considerable amount of 
ex-broadcasting equipment, the Society is 
also negotiating with the New Zealand 
broadcasting authorities to obtain a li-
cence to operate a 'historical' radio station, 
on the AM broadcast band. It is hoped to 
broadcast vintage recordings, news items 
and so on, in keeping with the Society's 
motto of ' Preserving Yesterday, Today, for 
Tomorrow'. 
Membership of the Society is open to all 
interested people, costing $15 per annum 
including a capitation fee to the Ferrymead 
Park Trust, plus a once-only joining fee of 
$5. A newsletter is produced at roughly 
monthly intervals. 
Further information is available from the 
Secretary, Radio Preservation Society, 
269 Bridle Path Road, Christchurch, New 
Zealand. 

Icom's IC-24AT 
Continued from page 85 

é 110 12 
SUPPLY VOLTAGE 

FIG. 7 IC- 24 EFFICIENCY VERSUS SUPPLY VOLTS 

The 52 x 34.5mm cross-sectional 
dimensions of the radio are greater than 
those of the batteries, which were ob-
viously designed to go with the slimmer 
IC-2SA/E and IC-4SA/E radios, exacer-
bating the effect. The IC-24AT would 
have looked much better with a battery 
pack of matching transverse dimensions, 
which might then have been engineered 
to hold the cells horizontally and be cor-
respondingly shorter. 

The IC-W2 
Yes, this review is about the IC-24AT, 

but I can't resist saying a few words of 
comparison with the W2 — based on 
holding it for two minutes and studying 
the circuit diagram. 

Firstly, the VHF and UHF receiver 
front-ends of the IC-W2 are virtually 
identical to those of the IC-24AT, so I 
would expect receiver coverage to be 
very similar. Secondly, there are plenty 
of differences. The W2 has two full 
receivers, i.e., not just one IF like the 
IC-24AT, and can therefore receive on 
VHF and UHF simultaneously. (It uses 
two MC3372M IF chips, configured 
identically for VHF and UHF, so I 
wonder whether it will detect AM on 
the airband.) 
The IC-W2 even has two external 

speaker sockets. These look like 3.5mm 
stereo sockets, at least one of which car-
ries a microphone input. I don't think the 
old speaker microphones will work with 
the W2, but I might be wrong about this. 

It also uses a new type of external 

power connector, one that I have not 
seen before. According to the circuit 
diagram, however, the changeover 
switch is still on the negative side of the 
supply and the power switching and 
charging arrangements are all virtually 
identical to those of the IC-24AT, as 
described above. 
The big deal with the W2, of course is 

its twin receivers. Indeed, I understand 
that the 'double' in W refers to the fact 
that it has 'double' receivers. Although 
not absolutely new, this is perhaps new 
for a 'micro-sized' hand-held. In the lan-
guage of another manufacturer, Icom 
has now progressed from the 'dual-band' 
IC-24AT to the `twin-band' IC-W2. 

Conclusion 
The IC-24AT is so far the smallest of 

the dual-band 2m/70cm hand-helds. It 
offers very wide receiver coverage, with 
a very well behaved receiver that can 
even demodulate AM on the air- band. It 
cannot receive simultaneously on both 
VHF and UHF, but this would be of little 
consequence for many users. The battery 
options offered by Andrews Com-
munications give purchasers the oppor-
tunity to buy an Icom handheld with a 
battery pack of reasonable capacity. 
The IC-24 comes with a very com-

prehensive operating manual and full, 
large size (>A3), block and circuit 
diagrams. 
Thanks to Lee Andrews of Andrews 

Communications, Maroubra for the loan 
of the review unit. • 
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PHONEORDER TOLL FREE ALTRONICS 008 999 007 

Phone your order to us Toll Free. 
We guarantee our Jetservice Courier will deliver 
to your door faster than any other Australian 
supplier ( including that local supplier just up the 
road). If we fail I'll give you your money back 
plus $5.00 for your inconvenience. 

Economical Alarm System Kit 
Supplied with all major components to 

complete a working system. 

The kit comes compl•?.te 
with the following 
components: • One 
Alarm Panel • One 
Passive Infrared 
Detector ( P.I.R.) • One 
AC Power Pack • One 8 
Ohm Horn Speaker • 
Three pairs of Magnetic 
Reed Switches • One 
12V/1.2AH Rechargeable 
Back Up Battery 

S 5470$349 

Features: • 5 Protection Circuit Loops • Independent Connections for N.C. and 
N.O. Sensor Switches • Arm - Disarm by Digital Access Key-pad • Multi-
Station Remote Control • Warble Tone — Steady Tone Siren Driver • Adjustable 
Timers for Entry Delay and Siren Duration • " Latch" and " Timing" Output 
Relays • Remote and Local Alarm Status Indication • see Altronics '91 

catalogue for full details. 

FREE THIS MONTH ONLY-
100m ROLL CABLE and 4 LARGE WARNING STICKERS 

WITH ANY PURCHASE OF THE ABOVE SYSTEMS 
THATS A SAVING OF OVER $401 

Flush/Surface Mount Alarm 
Control Panel 
With stylish compact good looks this alarm blends 
smoothly into any residential or office decor. 
This compact 3 section 
alarm panel has been 
designed to either surface 
mount or flush mount into a 
standard 3 gang electrical 
wall box. In order to provide 
the maximum amount of 
security and operation 
convenience the panel is 
operated via a 4 digit access 
code rather than a Icel. For 
ease of installation and 
service, the panel is provided 
with a plug in wiring 
harness. 

S 5490 $ 119. 

Battery Operated 
Portable Passive 
Infra-Red 
Intrusion Alarm 

il 
eeseiv e-' 

o0o0,, 

S 5305$49.00 

A ready to use 
system, no 
installation 
required! 

Completely self 
contained - No 
external siren or 
power supply 
required. Large 
coverage, over 100 
sq. metres. 
Portable wall 
mounting. Long 
life 9V battery 
operation ( not 
included). Battery 
low warning. 
Recommended for 
home, shop, 
caravan or when 
travelling. 

4 Core 4t 
Security 
Cable 
Quality 14/ 20 for 
professional security/alarm 
systems. 

W 0354 Grey cb 
W 0355 Black .COU par m 
W 0356 White 

Telephone 
Type Cable 
Fantastic for any alarm 
nstallation. Ideally suited 
o our control panels 
above. 

W 0302 2 palr 
N 0303 3 pair 
W 0306 6 palr 
W 0310 10 palr 

PER M 
.60 
.80 
$1.50 
$2.40 

Passive Infra-Rea Lite 
Guard Floodlight Control 
The Lite Guard detects a 
moving person or 
vehicle by comparing 
the background 
temperature with a rapid 
change of temperature 
across the detection 
beams. So when Lite 
Guard detects movement across 
the coverage area, it will turn on 
the floodlight(s) for 1-20 minutes GLOBES NOT 
as pre-adjusted. INCLUDED 

S 5350 $69.00 

Strobe 
Signal 
Lamps 
Uses Xenon Strobe tube 
for high energy flash 
output at a rate approx. 
1 per seconds. Fantastic 
light energy output for 
the DC power used. DC 
input 12V 320mA. 

S 5455 Blue $ 34.95 

S 5450 Red $34 95 

Digital Access Keypad 

This digital access keypad is a 
12-button electronic coded 
combination lock It provides two 
sets of secret codes for the 
owner_ There are 11880 different 
combinations possible for 
secuirty key and 132 different 
combinations possible for panic 
The secret codes may be 
instantly changed by the owner 
by just simply rearranging the 
code jumper pins on the PCB. 
See Altronics '91 catalogue for 
full details. 

Alarm Stickers 

WARNING 
ALTRONICS SURVEILLANCE 

ALARM SYSTEM 
FITTED HERE  

200mm x 75mm 

S 5400 $1 .95 
70mm x 25mm 

S 5410 $ 3.95 

UHF Microprocessor Controlled Wireless Security System 
Apart from the flawless operation of the system one of the great features is its application with rented or leased premises 
— let's face it, money spent on Installing a wired system, in your home or office, factory, etc is irrevocably lost when you 

move on. With this system you simply take it with you. 

Complete System Includes: 
1 x Control Panel 
1 x Passive Infra Red Detector/Transmitter 
1 x Door/Window Reed Switch/Transmitter 
1 x Hand Held Remote Control/Transmitter 
1 a Horn Speaker — 10 watt/wired 
1 x 240V AC adaptor 
1 a 1.2Ah Back-up Battery 
1 x Set of batteries for all transmitters 

5240$649. 

For Additional Components 
See Right 

• 

External Siren - 

C 2015 $15.9s 

Wireless 
Remote Keypad 

111114:/%S 5255$129 

Personal Remote 

ss250$5900 

Door/Window Reed Switch 

S 5247$69.00 
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JUST ARRIVED - EXCITING NEW KITS FROM ALTRONICS 

Quad ' DI' Box 
for Stage And 
Studio See E.A. June '91 

WY 

IN 1 OUI IN OUT IN I OUT IN 4 OUT 

C,t1Cate Otà, CeCk i 

This simple unit will replace four 
separate direct injection ( DI) boxes, 
but at a fraction of their total cost. It 
offers excellent performance, and is 
ideal for connecting a bank of 
electronic musical instruments to a 
standard mixing desk. e-in 

K 5555 e e.95 

Fast Charger 
For Nicad 
Batteries 

Sr» S.C. Jan/Feb '91 
This Nicad Fast Charger is designed 
to operate from a 12V car battery. It 
can charge nicad battery packs from 
6-12V at currents up to 6A, or you 
can wire the circuit to charge battery 
packs up to 30V at reduced current. 

K 1660 $129.,, 

DC-DC 
Converter For 
Car Amplifiers 
s..s.c. Dec 90 

This DC-DC converter will allow you 
to use a hifi power audio amplifier in 
your car to provide good quality 
sound. It provides split supply rails 
which can be adjusted to suit your 
amplifier. 

K 4100$139.50 

Inverters for 
Fluorescent 
Lights See S.C. Feb '91 
141 Li Li  

These DC-AC inverters, are suitable 
for fluorescent lights rated up to 16 
and 40 watts. Fantastic for camping. 
back yard sheds etc 

K 8350 16W Version $ 35.95 

K 8380 40W Version $43.95 

Simple 12 or 
24V Light 
Chaser 
See S.C. April 91 

Looking for a simple circuit to sink 
your teeth into? This 12V light 
chaser has four separate channels, 
/ariable chase rate, fuse protection 
and uses just two ICs. There are four 
channels and each channel can 
landle up to 36W. 

K 5810 $ 39.85 

Transistor Gain 
Tester s.. S.C. March '91 

Vid11114) 

This simple Beta Tester will test and 
measure the gain of most bipolar 
ransistors. You simply connect the 
Iransistor, press the button, rotate 

knob until the LED lights, and 
ead the gain from the calibrated dial 
;cale. 

K 2534 $ 25.00 

Dual Tracking 
Pow Su ply 

See S.C. April 90 
Delivers a hefty 1 5A at 0 to 50V. 
This dual tracking power supply is a 
must for your workbench. The two 
rails track each other exactly on any 
voltage. Precise voltage is obtained 
with the multi-turn rotary control. It 
also has a clear display and meter 
movement, a dropout indicator and 
load ON/OFF switch. Housed in a 
medium sized instrument case with a 
silver anodised pre-punched and 
screened front panel. 

K 3380$229.00 

FM Radio 
Micro one 

This simple FM Microphone Kit can 
be built in next to no time and only 
requires an ordinary FM radio for 
reception. • Works in the standard 
88-108MHz FM range • Runs from a 
single 9V battery • High sensitivity 
microphone supplied • Long range 
transmission ( up to approx 30m). 

K 1108$11.50 

Two Channel Pro Power Amp 
90 Watts Per Channel 
This stereo amp is Ideal for background/foreground 
applications. Fantastic for restaurants, shops, disco's, 
aerobics, PA sound s stems and home. 

• 90 watts RMS per channel minimum into 8 Ohms from 20 to 20,000Hz with 
less than 0.05% THD • 2 large power meter indicators • EIA panel with handle 
device • XLR socket for speaker terminal • Output relay to eliminate turn-on 
and off transients • Dimensions: (W x H x D) 482 x 92 x 295mm • Weight: 
10.5kgs • Idea_1/1 suited to A 2210 stereo tuner. 

A 2040 $625.00 INTRODUCTnRY OFFER $599 

Gell Cell Charger, 
Charging current 300mA M 9020 eje50 
at 12V. Great for any Gell Cell 

This Month $ 10 
AM/FM PLL Tuner 
This fantastic tuner is the Ideal add-on to any sound 
system. Can be used as background of music in 
restaurants, shops etc or any PA application. Also a great 
upgrade for the home HI- Fl. 

4i091** 

• . 
• Digital LED frequency readout display • FET FM front end for high image 
rejection • Phase-linear ceramic filters are incorporated in both AM and FM IF 
section • 20 station memory • Phase-lock loop ( PLL) IC for FM multiplex stage 
• Dimensions: (W x H x D) 435 x 60 x 232mm • Weight: 3kgs. 

A 2210 $ 2.29.00 INTRODUCTORY OFFER $199 

ALTR011110 
Arming'. P Ar Ar IllrIr bar/ 

174 Roe St. PERTH W.A. 6000 Phone (09) 328 2199 
PHONE ORDER TOLL FREE 008 999 007 

MAIL ORDER C/- P.O. Box 8350 Perth Stirling St. W.A. 6849 

STANDARD DELIVERY & PACKING CHARGE $5.50 to 1Kg, $8 1Kg-5Kg. 
AUSTRALIA WIDE — Via Australia Post allow approx 7 days for delivery. 
OVERNIGHT JETSERVICE Up to 3Kg is $ 10.00, 3Kg to 5Kg is $28.00. Overnight 
JetsenrIce Courier for delivery next day Country areas please allow additional 24-48 
hours 

HEAVY HEAVY SERVICE — All orders of 10Kgs or more must travel Express Road — 
Please allow 7 days for delivery. $ 12.00 to 10Kgs. $ 15.00 over 10Kgs. 
INSURANCE — As with virtually every other Australian supplier, we send goods al 
co Isignees risk Should you require comprehensive insurance cover against loss or 
da nage please add $ 1.00 per $ 100 of order value ( minimum charge $ 1). When phone 
ordering please request " Insurance". 
TOLL FREE PHONE ORDER — Bankcard, Visa, Mastercard Holders can phone order 
tol free up to 6prn Eastern Standard Time. Remember with our Overnight Meanie* we 
deliver next day. 

ALTRONICS RESELLERS- Chances are there is an Altronic Reseller right 
near you — check this list or phone us for details of the nearest dealer. 
Blue Ribbon Deelere are highlighted with a • These dealers generally carry a 
comprehensive range of Altronic products and kits or we'll order any required item 
for you 

COUNTRY ALBANY BP Electronics • (098) 412681 Micro Electronics ( 098) 412077 BUNBURY Micro Electronics (097) 216222 ESPERANCE Esperance Communications 
(090) 713344 KALGOORLIE Todays Electronics • (090) 215212 MANDURAH Micro Electronics (09) 5812206 PORT HEDLAND Ivan Tomek Electronics (091) 732531 

ROCKINGHAM TV Joe's (09) 5271806 NT ALICE SPRINGS Farmer Electronics (089) 522368 DARWIN Ventronics (089) 853 622 VIC All Electronic Components (03) 6623506 
The Electronic Component Shop • (03) 6706474 BORONIA Ray Cross Electronics • (0.-,) 7622422 CHELTENHAM Talking Electronics (03) 5842386 CROYDON Truscott 

Electronics • (03) 7233860 PRESTON Preston Electronics • (03) 4840191 COUNTRY BAIRNSDALE LH 8 LM Crawford (051) 525677 BALLARAT Ballarat Electronics (053) 
311947 BENDIGO KC Johnson • (054) 411411 MILDURA McWilliam Electronics (050) 236410 Delsound PL • (07) 8396155 NEWSTEAD ECO Electronics (07) 2541153 

WEST END B.A.S. Audiotronics (07) 8447566 WOODRIDGE David Hall Electronics • (07) 8082777 MAROOCHYDORE MALS Electronics • (074) 4.36119 MARYBOROUGH 
Keller Electronics (071) 214559 PiALBA Keller Electronics (071) 283749 ROCKHAMPTON Access Electronics ( East St ) (079) 221058 TOWNSVILLE Super Solex • (077) 724466 

Force Electronics • (08) 2125505 BRIGHTON Force Electronics • (08) 3770512 CHRISTIES BEACH Force Electronics • (08) 3823366 FINDON Force Electronics • (08) 

3471188 HOLDEN HILL Force Electronics • (08) 2617088 LONSDALE Force Electronics • (08) 3260901 ENFIELD Aztronics • (08) 3496340 COUNTRY WHYALLA Eyre 
Electronics (086) 454764 TA HOBART George Harvey • (002) 342233 LAUNCESTON George Harvey • ( 003) 316533 NSW David Reid Electronics • (02) 2671385 SOUTH 
Sheridan Electronics (02) 2817727 SMITHFIELD Chantronics (02) 6044595 COUNTRY coFFs HARBOUR Colts Habour Electronics (066) 525684 NEWCASTLE Novocastrian 
Elect Supplies (049) 621358 WARNERS BAY Vilec Distributors (049) 489405 WINDSOR M 8 E Elect. and Communications (045) 775935 WOLLONGONG Newtek Electronics • 
(0.42) 271620. 

PHONEORDER TOLL FREE ALTRONICS 008 999 007 



Using your PC to 
control radio gear 
Many modern communications receivers, scanners and amateur radio transceivers have a 
built-in ability to communicate with a computer. This is the first of two articles describing ways 
to link such radio equipment to your personal computer, to enhance its operation. 

by TOM MOFFAT, VKTTM 

Don't panic! This is not going to be a 
computer article. I've always thought of 
computers as tools; nothing more. So 
we're now going to look at ways to use 
the tool to do something really useful, 
to automatically control a receiver or 
transceiver. 
Why would anyone want to do that? 

The obvious application would be if the 
radio was at one place, and you were at 
some other place with a computer. You 
could easily send commands along a 
phone line to tune the radio and change 
its modes or memory channels. I believe 
the Department of Transport and Com-
munications already does this with its 
remote monitoring sites. But consider 
some other possibilities: 
You have a big list of interesting fre-

The author's AR-3000 scanning receiver. In this first of two articles he describes 
how to monitor its operation and control its reception simply and easily from a 
PC, using some short BASIC programs and an interface cable. 

quencies on the HF bands, stuff like 
space shuttle channels and military fre-
quencies and diplomatic teletype cir-
cuits. You're sitting in front of your 
radio and you want to methodically 
work your way through them, listening 
on likely frequencies for interesting 
traffic. You could use one of those 
printed lists — a 'frequency register' — 
and manually tune the radio to each fre-
quency with the dial or keypad. But if 
the list were on a computer disk file, 
and the computer and radio were tied 
together, you could simply position the 
computer's cursor to an entry on the 
screen and then hit a key. The ap-
propriate frequency, and mode, would 
be instantly loaded into the radio. 
What about a radio amateur in a con-

test, working the maximum number of 
stations in the shortest time. He could 
keep a traditional log on paper, record-
ing the station's callsign, the time, the 
frequency, and the mode, along with 
signal reports. 
With computer control the same 

amateur could type in the other station's 
callsign and signal report, and then hit a 
key to make the computer do the rest — 
suck in the frequency and mode from 
the radio, add the time from the 
computer's time-of-day clock, and 
record the whole works as an electronic 
log entry in a disk file. 
A computer controlled radio can pro-

vide some insights into characteristics 
of the radio spectrum. I have a friend, a 
consulting engineer, who needed to test 
the long-term reliability of some marine 
frequencies. He could have gone to his 
radio and tuned them in every hour or 
so, recording signal strengths in a log-
book. Instead he employed an Icom IC-
735 receiver/transceiver and a computer 
to check the frequencies automatically 
and record the results on disk. He just 
started the thing up and left it to do its 
stuff, unattended. 
Those are only a few ideas; the pos-

sibilities are boundless. In this series of 
two articles we will look at the general 
techniques of communication between 
computers and radios, with some 
specific examples based on the AR-
3000 scanning receiver and the above-
mentioned Icom IC-735. 
Although this isn't really a 'computer 

article', there will of necessity be some 
program listings which I'll try to ex-
plain clearly. 
Most of the programs are really noth-

ing more than demonstrations contain-
ing useful routines you can pinch for 
your own purposes (although there is a 
sneaky scanner). This whole project has 
grown to the extent that there's no way 
we can publish listings of all the 
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software that's been developed. There-
fore I've decided to offer readers the lot 
on disk — routines and programs for 
AOR, Yaesu, and Icom radios, written 
in Basic, C, and Assembler, for com-
puters such as IBM and its compatibles. 
If you live in Australia or New Zealand, 
send $25 to the author C/- 39 PiRinger 
Drive, Fern Tree, Tasmania 7054. You'll 
get in return a 5-1/4" MS-DOS disk con-
taining all the source code plus compiled 
executable programs. 

Talking/listening 
It would be safe to say that just about 

all HF radio gear made today, as well as 
most VHF/UHF stuff of the base-station 
variety, has some kind of computer con-
trol feature. Some manufacturers are a 
big vague with the details, hoping to 
make you pay extra for the information 
you need to control your radio. Others 
(particularly Yaesu) disclose all in their 
instruction manuals. 
Some early computer control schemes 

were one-way only; the computer could 
control the radio, but the radio sent 
nothing back to the computer. There 
was no way, for instance, to read the 
radio's current frequency without look-
ing at the dial. 
Nowadays it's just about all two-way. 

Your computer sends commands to the 
radio, and the radio changes its frequen-
cy or mode or memory channel or 
whatever. But there are many different 
ways a radio can respond back to the 
computer. Some will speak only when 
spoken to, issuing a message to confirm 
receipt of a command, or perhaps 
returning frequency data. 
Other radios babble away all the time, 

and your computer must be able to 
handle this diatribe coming into it as it 
goes about its chore of sending com-
mands out. The AR-3000 is a real 
motor-mouth. Still other radios let off a 
burst of data in response to something 
other than the computer. 
Many Icom radios for instance send 

frequency and mode information 
toward the computer whenever you 
touch the tuning control or a mode but-
ton. You can either use this data, or dis-
card it. You certainly can't ignore it, or 
the computer will go bonkers. 
The physical connection between 

computer and radio is usually a serial 
line operating at TTL voltage levels (+5 
and 0 volts). There may be one line in-
coming and one line outgoing. In the 
case of Icom, one wire is used for both 
directions, so every effort must be made 
to ensure both ends don't try to send at 
once. 
Now let's look at specific applica-

AOR-3000 RS232 CONNECTION 

AOR-3000 

GND 
RXD 
TXD 
CTS 
RTS 
REMOTE 
ENABLE 

—1 
2 
3 
4 
5 

—7 

DB9 (AT) IBM—PC DB25 ( XT) 

5 
3 
2 
7 

4-1 

GND 
TXD 
RXD 
RTS 
CTS 
DTR 
DSR 

7 
2 
3 
4 
5 

20 
6 

tions. These will all involve the com-
mon IBM-PC type computer, although 
the techniques can certainly be applied 
with other machines. In the first in-
stance the computer language used is 
good ol' GW-BASIC (for Gee Whizz), 
which comes with most IBM-PC type 
computers. 

RESPONSE program 
Before attempting computer control 

of a radio for the first time, you must 
know what kind of info the radio is 
going to send toward the computer in 
response to various stimuli. The radio 
may burst forth when it gets a command 
from the computer, or when you touch 
the radio's controls, or it may send con-
tinuously. Here's a little program (list-
ing 1) that will let you see what the 
radio does on its own — that is, without 
any commands from the computer. 

It's a little shortie only five lines long, 
if you ignore the explanation part. But 

we're going to analyze it in consider-
able detail, since it represents the basis 
of setting up a computer for receiver or 
transceiver control. 
We begin by opening a communica-

tions channel, a standard and well-docu-
mented process in GW-BASIC. COM1 
is the RS-232 port we will use, 4800 is 
the baud rate (make sure it is the right 
one for your radio), N is no parity, 8 is 8 
data bits, and the two commas together 
signify the default number of stop bits, 
one. 
The CS100 means use the clear-to-

send line from the radio, but wait for 
100 milliseconds before complaining 
about a communications error. DS and 
CD disable the other handshake lines 
which are NOT needed for radio con-
trol. They're normally used for 
modems only. 
The statement in line 70 is a quick 

and dirty way to see if anything has 
come in on the RS-232 port before at-

The rear of the AR-3000 scanner, showing the DB25 interface connector at lower 
right. The table at the top of this page shows the connections required between 
this connector and the PC's RS-232 port for both a DB9 and DB25 connector. 
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tempting to read it. BASIC produces an 
EOF (end-of-file) indication when the 
port is empty; the program keeps run-
ning around in circles at line 70 until 
there's no EOF indication. It then as-
sumes a character is present, reads it, 
and continues with the rest of the pro-
gram. 
Line 80 collects one byte from the 

RS-232 port. This form, INPUTS, will 
accept anything, not just proper ASCII 
characters, so you can look at informa-
tion that the radio might send as straight 
binary data or binary-coded decimal. 
Line 90 converts the byte into a decimal 
number representing an eight-bit binary 
byte. The value is printed on the screen 
as a number between 0 and 255, fol-
lowed by a space. 
Line 100 makes the program look for 

another incoming byte. This keeps 
going until you force BASIC to stop 
with the CTRL-BREAK command. At 
4800 bauds the screen will fill pretty 
quickly with byte numbers separated by 
spaces, so be ready to stop it smartly. 
You can now inspect what your radio 

is telling you. 
With a system like Icom's you will 

get a burst of data whenever you touch a 
control. The AOR AR-3000 sends data 
continuously. Look for repeating pat-
terns, and for characters like carriage 
return (code 13) and line feed (code 10). 

Once you KNOW for certain what 
the radio is sending, it's a lot easier to 
write a computer control program and 
make it work. 
You must remember, especially when 

using BASIC, that you must take ac-
count of every byte coming in from the 
radio, even if you just receive it and 
then throw it away. 
Now let's see how we can hook up the 

AR-3000 to a computer, to extend the 
radio's capabilities considerably: 

AR-3000 receiver/scanner 
Most radios require an external inter-

face to convert the radio's TTL data sig-
nals to the RS232 standard (+10 and - 10 
volts) used by computers. But the AR-
3000 has it built in. There's a 25 pin 
connector on the back of the radio, just 
like the one you'd find on a modem or 
printer. 
The pinouts are pretty much as would 

be expected, except for a connection 
which must be made between pin 1 and 
pin 7 to energize the remote control 
facility. Interconnection is a bit tricky 
since the 'handshake' signals are used. 
Fig.1 shows the correct way to do it for 
both the AT- and XT- type serial port. 

Listing 1: 
RESPONSE.BAS 

10 REM This program waits for a 
byte 

20 REM to come in on the line 
and then 

30 REM displays its ASCII number. 
40 REM Press <CTRL-BREAK>to stop 
50 REM 
60 OPEN "COM1:4800,N,8„ 

CS100,DS,CD" AS #1 
70 IF EOF(1) THEN 70 
80 A$=1NPUT$(1,#1) 
90 PRINT ASC(A$);""; 
100 GOTO 70 

You can use the Response program to 
test out the connection, and see what the 
AR-3000 is up to during remote control. 
One thing that becomes evident is that 
the radio communicates in human-
readable ASCII form instead of binary 
data. Knowing that, we can apply the 
next program: 

SETMEM program 
This is a little demo program (listing 

2) showing how to select a memory 
channel in the AOR scanner, and what 
happens when you do. Most computer-
controllable radios can do this, although 
every one does it in a different way. 

Listing 2: 
SETMEM.BAS 

10 REM Select a channel in the 
AR-3000 receiver and read 
its contents. 

20 REM 
30 INPUT "Channel number 

(0-99)";X 
40 IF X<OR X>99 THEN 30 
50 C$=STR$(X): C$=R1GHT$(C$, 

(LEN(C$)-1)): REM REMOVES 
LEADING BLANK FROM ENTRY. 

60 IF LEN(C$) <2 THEN C$="0"+C$: 
REM ADDS A LEADING ZERO 
TO A SINGLE DIGIT. 

70 OPEN "COM1 :4800,N,8„ 
CS100,DS,CD" AS #1 

80 I=INP(&H3FC) 
90 I=10R 2: REM TURN RTS ON 
100 OUT &H3FC,I 
110 PR1NT#1, C$;"Z": REM THE 

COMMAND TO SELECT A 
MEMORY CHANNEL 

120 FOR 1=1 TO 10: NEXT I 
130 IF 1NPUT$(1,#1) <>CHR$(13) 

THEN 130 
140 LINE 1NPUT#1,A$: REM 

COLLECTS A WHOLE LINE OF 
ASCII FROM THE RADIO 

150 1=INP(&H3FC) 
1601=1 AND &HFD: REM TURN 

RTS OFF 
170 OUT &H3FC,I 
180 PRINT A$: REM PRINTS THE 

RESULT ON THE SCREEN. 
190 CLOSE 

Here the problem is to organize your 
data into a form the radio will accept. 
You can't just type 'channel 2' and ex-
pect it to go to channel 2. The AR-3000 
wants to be told '02', with the leading 
zero, followed by the letter Z which is 
that radio's channel- select command. 
We attack the problem at line 50 by 

immediately converting the entered 
channel number into an ASCII string. 
Then we use the R1GHT$ function to 
remove the leading blank from the 
string (actually space for a minus sign if 
the number is negative). 
Line 60 looks to see if the string is 

only a single digit long, and if so, it 
adds a zero at the front. String C$ 
should now range from '00' to '99', a 
channel number ready to send to the 
radio. 

First we must open the communica-
tion line, exactly as in the Response 
program. But then we must tell the 
radio we have something to send. One 
would expect this to happen as part of 
the OPEN procedure, but in GW-
BASIC at least, this doesn't appear to 
be the case. So we must do it manually. 
Each COM port has a RTS (request-

to-send) line which connects to the CTS 
(clear-to-send) line on the other end. In 
the AOR scanner, this seems to be inter-
preted more as 'get ready, something is 
about to happen'. Lines 80, 90, and 100 
set the RTS line high. 
We immediately follow this with the 

channel number, set up earlier in the 
string variable C$, and then the letter 
'Z' which is the AR-3000's set-channel 
command. These are sent to the radio 
via the PRINT#1 command. 
The radio is then expected to respond, 

but here comes the cruncher: the 
microprocessor in any radio is usually 
pretty slow (there's no real need to be 
fast, and faster processors generate 
more noise), and the computer may be 
looking for a response before the radio 
has got its act together. This almost al-
ways produces a communications error, 
and the program bombs. 

So, after the command is sent, we put 
in a little time delay (line 120) before 
trying to receive a response. Once the 
radio starts sending, it may emit a heap 
of gibberish before it gets to the infor-
mation you want. The AOR scanner 
usually responds with a signal to indi-
cate its squelch is closed, and perhaps a 
few other bytes, before it comes across 
with the goods. 
Experiment via the Response pro-

gram has shown that the radio sends a 
carriage return (ASCII code 13) before 
it finally sends the data we want. Line 
130 keeps reading characters and 

94 ELECTRONICS Australia, September 1991 



Listing 3: 
SCAN.BAS 

10 REM "Learning scanner" for 
the AR-3000 receiver. 

20 REM 
30 CLEAR 
40 ON ERROR GOTO 320: 

REM CONTINUE EVEN IF 
COMMS ERROR 

50 OPTION BASE 1 
60 DEF1NT H,I,M,N 
70 M=100: H=1: REM M = MAX 
CHANNELS IN FILE, 
H = NUMBER FOUND SO FAR 

80 DIM TIMES%(M), 
STRENGTH$(M), FREQ(M) 

90 INPUT "Start frequency 
(MHz)";F 

100 INPUT "End frequency 
(MHz)';E 

110 INPUT "Frequency step 
(kHz)";S 

120 K=1710001: S=INT(S): 
E=INT E*1000 : REM 
CHAN ES K E TO kHZ 

130 OPEN "COM1:4800,N,8„ 
CS100,DS,CD" AS #1 

140 F=K: REM RESETS START 
ING FREQ INTO FAT THE 
START OF EACH SCAN 

150 I=INP(&H3FC) 
160 1=1 OR 2: REM TURN RTS ON 
170 OUT &H3FC,I 
180 PRINT#1,USING "#####.###"; 

F/1000:: PRINT#1," N" 
190 FOR 1=1 TO 10: NEXT I 
200 IF 1NPUT$(1,#1) <>"A" THEN 200 
210 1NPUT#1,A$: IF A$<"%" THEN 210 
220 I=INP(&H3FC) 
230 1=1 AND &HFD: REM TURN 

RTS OFF 
240 OUT &H3FC,1 
250 IF A$="%" THEN 320 
260 PRINT A$;: PRINT USING 

"########"; F/1000 
270 FOR 1=1 TO H: REM 

H=HIGHEST "FOUND" 
ENTRY SO FAR 

280 IF F=FREQ(I) THEN 
TIMES%(I)=TIMES%(1)+1: 
GOTO 310 

290 NEXT1 
300 H=I: TIMES%(I-1)=1: 

STRENGTH$(1-1)=A$: 
FREQ(1-1 )=F 

310 IF I>M THEN 360 
320 IF 1NKEY$<>"" THEN 360: REM 

TOUCH ANY KEY TO STOP 
SCANNER AND SAVE FILE. 

330 F=INT(F+S): REM 
"FREQUENCY" INCRE-
MENTED BY "STEP". 

340 IF F<=E THEN 150: REM DO 
NEXT FREQ IF NOT PAST "END" 

350 N=N+1: GOTO 140: 
REM N = 
NUMBER OF SCANS 

360 OPEN "SCAN.LOG" FOR 
APPEND AS #2 

370 FOR 1=1 TO H-1 
380 PRINT#2,TIMES`Y.(1), 

STRENGTH$(1),USING 
"########"; FREQ(I)/1000 

390 NEXTI 
400 PRINT#2,: PR1NT#2,DATE$, 

TIM Es," Number of complete 
scans: ";N 

410 PRINT#2, 
420 END 

throwing them away until it has seen a 
CHR$(13). 
At long last, the moment we've all 

been waiting for: the radio switches to 
the new channel and then sends a 
readout of everything to do with that 
memory channel, as a complete line of 
ASCII characters terminated by a car-
riage return. This is precisely the kind 
of thing the LINE INPUT#1 function in 
line 140 is looking for, so it reads the 
whole character string from the radio, 
just as if the radio had reached out with 
little fingers and typed the line on the 
keyboard and then hit ENTER. 
Lines 150-180 turn the RTS signal 

back off again, and then the received 
string of characters is printed on the 
screen. In the case of the AR-3000 scan-
ner, what you get is somewhat different 
from what the instruction manual says 
you will get. An example is: 

#01XZ10000Y129610000Q 
where: 
#01 tells us we have just selected 

channel 1; 
X means the attenuator will be 

switched off when using that channel; 
Z10000 means the tuning step as-

sociated with that channel is 
100.00kHz; 
Y129610000 is the frequency, 

1296.1MHz; and 
Q is the code signifying narrow-band 

FM. 
Another example shows how smaller 

numbers are formatted: 
#02WZ 2500Y 43500000Q 

where: 
#02 — we've got channel 2; 
W — the attenuator will be switched 

on for this channel; 
Z 2500 — the tuning step is 25kHz 

(note the space...); 
Y 43500000 — 435.0MHz (note the 

space again); and 
Q — narrow-band FM. 
Once you see what these responses 

look like, you can use the various 
BASIC string functions to pick the use-
ful bits out of them; for instance, to read 
a whole bank of memory channels into 
a disk file. You can then use another 
program to write them back again later. 

The SCAN program 
Here we use computer control techni-

ques to produce a dastardly thing called 
a ' learning scanner'. This program 
scans across a given block of frequen-
cies, over and over, with a step size be-
tween channels which you specify. 
Every time it finds an active frequency 
it checks it against a list it is keeping, 
and if the channel hasn't been found 
before, it adds it to the list. 

Fig.2: Typical log 
from SCAN.BAS 
122 
4 E 

15 
12 G 
4 
8 
3 
1 D 

460.800 
461.025 
460.100 
461.325 
463.900 
463.600 
460.000 
460.050 

1 0-19-1990 1 0:14:36 
Number of complete scans: 121 

If the channel is already on its list, the 
computer takes note of how many times 
it has been found as the scan repeats. It 
also records the relative strength of the 
signal. This goes on ad infinitum, for 
several hours if need be, until you press 
any key. The program then adds the new 
frequencies it has found to a disk file 
called `SCAN.LOG'. 
What you end up with is a list con-

taining every active channel en-
countered during the run of the 
program, how many times it was en-
countered, and how strong it was. At the 
end of the list the computer adds the 
date and time the scan was stopped, and 
a count of how many times the frequen-
cy range was scanned. This can run up 
to several hundred times over a couple 
of hours. 
What we really have here is a fairly 

slow-moving time integrating spectrum 
analyzer, if that's the correct term. It 
will do a detailed investigation of radio 
activity on a particular part of the 
spectrum over a given period of time. 
Among other things, the information 
will reveal what frequencies are active 
enough to deserve a permanent place in 
your scanner's memories. 
Fig.2 is an example of how this 

works; it's the file generated by a scan 
of 460-465MHz in the commercial 
UHF band during the first hour or so of 
a working day. 
There were 121 complete scans. The 

signal on 460.8MHz is a spurious 
generated by the radio; it shows 122 oc-
currences since scan number 122 had 
already started when the program was 
stopped. 
The letters in the second column are 

the AR-3000 scanner's way of reporting 
signal strength, ranging from A (squelch 
just open) to L (very strong). 
The channels 460.100 and 461.325 

were fairly active during this time, both 
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at reasonable strength. The 460.050 
channel only appeared once, so it may 
have just been a burst of noise, although 
it was fairly strong with a level of ' D'. 
The program uses techniques we have 

used before (listing 3). It first asks for 
the starting and ending frequencies for 
scanning, and then the step. 
The step is entered as kHz, since this 

is common practice. But the start and 
end frequencies are entered as MHz so 
they must be converted to kHz before 
use. The whole system works in integral 
numbers of kHz, to prevent errors as the 
step is added each time. 
The RS-232 channel is opened as 

before, and then the computer sends a 
'set frequency' command to the radio. It 
then waits for a response, expecting a 
'go' if the squelch is closed (no signal) 
or a strength indicator between 'A' and 

if a signal is present. 
If the response is g̀o' the computer 

simply adds the kHz step value to the 
current frequency and sends the new 
frequency to the radio with another ' set 
frequency' command. 

If the frequency is active, the com-
puter searches an array of memory loca-
tions containing frequencies it has 
already found active, and if the current 

one is there it simply increments a 
counter in the array 'TIMES'. 

If the frequency hasn't been en-
countered before in the scan, it is added 
to the end of the array, along with its 
strength letter and a TIMES count of 1. 
The program then goes back to the 

start of the scan, sending yet another 
frequency incremented by the step. 
The arrays are set up to hold 100 ac-

tive channels. This could of course be 
more, but 100 is a lot of 'new' channels 
to find in one session! If the array be-
comes full the program saves the whole 
works to a disk file and exits. Otherwise 
the user can stop it at any time by press-
ing any key. 
Note that the RTS line is turned on 

only long enough to send a frequency 
and await a response, and then it is 
turned off again. 

If the radio is allowed to send con-
tinuously the computer's RS-232 
receiving buffer quickly becomes con-
stipated, particularly during the time the 
computer is searching its array of fre-
quencies it already knows about. When 
the buffer fills up the program will 
bomb out with 'Communications over-
flow error'. 
Note that during all this activity the 

BASIC language will receive and store 
whatever comes in from the radio. We 

have tried to minimize this effect by 
switching the radio's data transmitter on 
and off. This bit of trickery seems to 
work, sort of, but it's still possible 
BASIC will complain about some small 
technicality in its RS-232 system and 
bomb out. The statement in line 50 is a 
safety net to catch the error and make 
the computer jump to the next frequen-
cy and press on regardless. It would be 
a shame to lose the whole record of ac-
tivity after several hours of scanning. 
These, then, are some pretty fun-

damental methods of controlling a radio 
from a computer. My only complaint is 
that they're not very elegant. 
We have to trick BASIC into doing 

this or that, we have to rely on time 
delays to prevent the communications 
getting scrambled, and we even have to 
put in an error trap so the program con-
tinues to run even if something goes 
wrong. It works, but it's rough. 

In the second of these articles we'll 
tackle Icom radios in a much more 
satisfactory way. We will go right down 
to the IBM's chip level with some cus-
tom machine-code RS-232 routines that 
are Icom-smart (you like that?). 
We'll forget about BASIC and get 

into the 'C' language to produce some 
computer control procedures that are as 
smooth as a baby's bottom. 
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Experimenting 
with Electronics... 

by PETER MURTAGH 

2 Flashing LEDs 
Last month we used two transistors, acting as an oscillator, to make a simple siren. This month our 
two transistors will form a simple flipflop, which will flash two LEDs on and off at whatever speed 
you want. 

As discussed last month, we will con-
tinue to limit our designs to using 
separate components and to power 
them with an ordinary 9V battery. And 
we will continue to give the physical 
layout for both strip-board and printed 
circuit board construction. 
Also — following a reader's sugges-

tion — from now on we will include a 
photograph of the circuit layout on a 
breadboard. The breadboard approach 
is ideal for the dedicated experimenter, 
because it allows easy interchanging of 
different value components as well 
as re-using these components in fu-
ture projects. Breadboards consist of a 
plastic block containing several series 
of holes, electrically connected 
together in rows or columns. Beneath 
each hole is a small spring clip to 
grip the component. 
The photo of our board shows the 

horizontal rows labelled A and B (four 
rows of 25 holes), with the vertical 
columns labelled a-e and f-j (two in-
dependent sets of 30 columns of five 
holes each). 
The smallest breadboards we found 

advertised in catalogs cost between 
$11-$15. Not all boards are the same 
size, and not all include the horizontal 
rows as standard. 
Decide what size you require, be-

cause the bigger the size, the greater 
the cost. But we do recommend that 
you end up with a board which has both 
rows and columns of holes, as shown. 

Project No.2 
This month's circuit is a simple as-

table flipflop, or multivibrator. Two 
transistors are connected together so 
that they take it in turns to conduct, and 
switch on a LED. The time it takes for 
the two capacitors to charge and dis-
charge determines how quickly the 
LEDs flash on and off. 
Next month we will use this month's 

flasher to replace the switch in last 

month's siren. This explains why the 
two patterns given in this article are 
larger, apparently, than they need to be. 
Next month those extra rows of holes 

on the strip-board pattern or the extra 
terminals on the PCB pattern will 
definitely be needed. 

Construction 
If you are using strip-board, first 

mark the spots on the copper strips 
where the tracks have to be broken. 
These are shown on Fig.1 with small 
crosses. 

A full size reproduction of the PCB artwork for those who wish to make their own 
boards. The very heavy tracks reduce the amount of etching required, which will 
save both chemicals and time. 

ELECTRONICS Australia, September 1991 97 



Experimenting 
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Using a breadboard is the ideal approach for experimenting As well as helping you to understand the circuit, the 
with components of different values. It also allows all schematic diagram should clarify any doubtful connections 
components to be re-used. for breadboard users. 

As explained last month, using the 
V-shaped tip of a 3mm (1/8") drill bit, 
just cut through the copper track at 
these points. Be careful not to damage 
the parallel tracks on either side, or 
drill right through the strip-board. 
Insert and solder the resistors, 

capacitors, LEDs and transistors, 
making sure that capacitors Cl and C2, 
LED1 and LED2 and transistors Ql 
and Q2 are all inserted the correct 
way around. Otherwise the flasher 
won't work. 
How do you determine the correct 

orientation? Which lead is which? Start 
with the capacitors: the negative ends 
of the electrolytic capacitors are easy to 
identify, because negative signs are 
stamped on the casing, with an arrow 
head pointing to the negative lead. The 
LEDs: the positive leads on the LEDs 
are the slightly longer ones. And finally 
the transistors: the collectors on the 
BC548 transistors are on the left, as 

you look at the flat face of the transis-
tor with its three leads pointing down 
(see schematic diagram). Having iden-
tified the various leads, refer to Figs.1 
and 2 for the correct orientation. 

Strip-board: In Fig.1 you can see that 
it is the negative ends of both 
capacitors that are shown closer to the 
top of the diagram, while it is the posi-
tive leads on both LEDs, and the col-
lectors of both transistors, that are 
shown towards the top. 
Printed circuit board: Fig.2 shows 

the negative end of capacitor Cl 
towards the right of the diagram, 
while the negative end of C2 is towards 
the bottom; the positive leads of 
both LEDs are closer to the top; the 
collector of transistor QI is towards 
the top, but the collector of Q2 is 
towards the bottom. 
Note that this PCB design has thick 

rather than thin tracks on it, and, 
wherever possible, the copper has 

Fig.1: Where to insert components if you are using 
strip-board. Remember to leave the two extra columns of 
holes at the right for next month's project. 

been left in all unused areas. This 
will save you time and money, as much 
less copper has to be etched away from 
the board. Having correctly inserted 
these components, solder them to the 
board. Then connect the battery, and 
the LEDs should flash. Breadboard: 
The photo shows how to position the 
various components. If you can't see 
exactly where to place every single 
component lead, then refer to the 
schematic diagram. This will tell you 
which components are joined to which, 
so it should not be hard to work out 
which holes to use. 

Changes 
The time constant which determines 

the flashing rate depends on resistor R2 
and capacitor Cl for transistor Q2; on 
R3 and C2 for Ql. Our values of 270k 
and 22uF turn each light on for a bit 
over one second. The larger the resistor 
or capacitor value, the slower the LED 

Fig.2: The PCB overlay. The 'TRIG' connection is also for 
next month's modification. Take care with the correct 
orientation of all components. 
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flashes. We tried capacitor values of 
10uF, 22uF, 47uF and 100uF. This gave 
a reasonable spread of flashing times. 
Of course, similar variations can be ob-
tained by changing the resistor values. 
And of course the two LEDs don't have 
to turn on for the same length of time 
either, so C 1 and C2 or R2 and R3 
don't have to be the same value. 
Our final values of 270k and 22uF 

were chosen because they fit in with 
our plans for next month (mentioned 
early in this article). These two values 
give a suitable flashing rate for the rise 
and fall time of our siren. 

How it works 
As soon as power is supplied, a small 

leakage current flows through the 
bases of transistors Ql (via R3) and 
Q2 (via R2). The two capacitors Cl and 
C2 also start to charge up. This occurs 
before either of the two transistors 
start to conduct. 
Theoretically, both transistors are 

identical, and so should both switch on 
together. But in practice small differen-
ces mean that one of them will start to 
conduct before the other. Let's assume 
that Q1 switches on first. Immediately 
before Q1 switches on, the positive 
ends of both Cl and C2 are about SV 
and their negative ends are close to OV 

PARTS LIST 
Miscellaneous: 

1 9V battery 
2 LEDs 

Resistors: 

All 1/4W, 5%: 
R1, R4: 2 330 ohm(orange-orange-

brown) 
R2. R3: 2 270k (red-purple-yellow) 

Capacitors: 

2 22uF 25V PC-mount electrolytic 

Semiconductors: 

2 BC548 NPN transistors 

(ground voltage). The moment QI 
switches on, its collector voltage rapid-
ly drops to about 1V, which means that 
the voltage at the positive end of Cl 
also drops. But while the applied volt-
age can change very quickly, the 
charge stored in C I cannot change so 
quickly — it takes time. So in order to 
maintain the same SV potential dif-
ference between the two sides of the 
capacitor, the voltage at the negative 
side of Cl drops to minus 4V. 
Also, since the -4V side of C 1 is con-

nected to the base of Q2, this nega-
tive voltage turns transistor Q2 hard 
off. Now the charge on Cl starts to leak 

away via R2. How long it takes 
depends on the size of Cl (how much 
charge is stored) and the size of R2 
(how hard it is for the discharge current 
to flow). Our values of 22uF and 270k 
mean that this process is reasonably 
slow, taking a few seconds. 
As this discharge current flows, the 

voltage at the right hand side of Cl 
gradually rises, until it reaches a level 
which is high enough to turn on tran-
sistor Q2. It is now capacitor C2's turn 
to react — it starts by turning Q1 off 
and then it too slowly discharges until 
QI turns back on. And so the cycle 
continues, with each transistor switch-
ing on and off in turn, and lighting up 
each LED in turn. 

Transparencies 
As mentioned last month, as a special 

offer for this series of projects only, 
EA's reader services will continue to 
offer high contrast, actual size 
transparencies (negatives) of PCB pat-
terns for only $2 (price includes 
postage). 
These negatives will make it a lot 

easier for those who wish to make their 
own printed circuit boards. 
Happy experimenting — and don't 

forget to send us your ideas for fu-
ture circuits. 

THE SERVICEMAN 
Continued from page 57 

That cured the jitter, and the vertical 
hold control could now be set back to 
about mid-position. Now I had only to 
give the set a quick once-over to restore 
it to its former glory. Or so I hoped. The 
amount of green in the picture wasn't 
quite right, and the adjustment — R157 
- (4.7k 2W potentiometer ) didn't provide 
enough range. Then the scrunching 
sound from the pot alerted me to the real 
problem. The wirewound element had 
burnt out where thé wiper had been sit-
ting. 
I couldn't find a suitable replacement 

pot, so I fiddled the values of a couple of 
1W fixed resistors until I was able to 
restore the green content of the picture 
to more or less normal. I was just finish-
ing off the colour adjustments when the 
blue failed momentarily. This was 
another fault which I hadn't seen earlier. 
A hard thump to the side of the cabinet (I 
was becoming very frustrated by this 
time) revealed that it was a mechanical-
ly sensitive fault. After much tapping I 
narrowed the fault to the picture tube 
base board. It »as so touch sensitive that 
I couldn't narróW it down any further. I 
measured the various voltages as-

sociated with the blue gun, where the 
socket pins were soldered to the board. 
They remained steady, even when the 
fault was present. After all the hours I 
had spent on the set, I hoped that it 
wasn't going to be a fault in the tube 
itself. I unplugged the board from the 
picture tube, and the cause of the fault 
fell to the floor. One of the connectors in 
the picture tube socket was in three 
pieces. The metal of the connector 
wasn't corroded, just broken. 
• My guess is that when the board was 

fitted to the tube base at some stage, 
possibly even in the factory, the pin had-
missed the centre of the connector and 
had slid up beside the metal connector 
clip, breaking it off but still allowing 
electrical contact. It must have been just 
holding on, and when I replaced R157 I 
disturbed the board enough to finally 
break the connection. Luckily, I had an 
old valve socket from which I was able 
to salvage a suitable connector. Adjust-
ing the convergence and geometry was a 
little tricky. I didn't have a pattern gen-
erator and while SBS broadcasts a test 
pattern, the UHF reception in our flat 
was horrible and then relied on down-
converting the signal in a video re-
corder. It wasn't a practical proposition. 
However, all was not lost. I have ac-

cess to a Commodore 64 computer with 
a modulated RF output, so a small 
BASIC program was quickly written to 
generate the required patterns. You can't 
easily use modern PC's with their 
various video modes to do that sort of 
thing, so the old Commodore seemed 
most appropriate for the Philips. So at 
last I had a fully functional set, for the 
total cost of about $20. I don't know 
which fault had caused the set to be 
junked in the first place, especially given 
that the power supply was disconnected, 
albeit without any apparent fault. I 
wonder how many otherwise quite func-
tional sets have been junked for the want 
of replacing a handful of deteriorating 
components and a general overhaul. 
Thanks, K.D. I enjoyed that story, and 

I'm sure our readers did too. It just goes 
to show that old sets need not die. All 
they want is a bit of 'TLC' to restore 
them to the bosom of the family! Like 
K.D., I wonder what the original fault 
was in the K9. In fact, it must have been 
in a horrible condition even before it 
was junked. Why don't owners get 
minor faults fixed, before they become 
major ones? 
That's all for now. I'll be back next 

month with more stories from the ser-
vice workbench. 
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Construction Project: 

SSB Receiver for the 
80m amateur band - 1 
Here's the first of two articles presenting the design for an SSB receiver for the 3.5-3.7MHz amateur 
band. The design is simple and inexpensive, yet offers good performance. It should be an ideal 
project for the newcomer looking for a simple first receiver, as well as the experienced amateur who 
would like to build a second receiver. 

by LEON WILLIAMS, VK2DOB 

Before I obtained my amateur licence, 
I built a simple direct conversion 
receiver that tuned to the 80-metre 
amateur band. With it I listened to many 
amateurs far and wide, using both phone 
and Morse. 
The thrill of building your own 

receiver, hearing those first signals and 
adjusting it for best performance has 

remained with me all these years. After I 
passed my licence I made my first con-
tacts using the same receiver and a com-
panion DSB transmitter. What has 
become apparent to me is that you do 
not need a complicated and expensive 
receiver to receive signals adequately on 
the 80m band. Indeed at night, when sig-
nals of S9 plus abound, even the 

simplest receivers coupled to a good an-
tenna work very well. 
There has been much talk recently 

about the lack of home construction of 
equipment by amateurs. This project 
aims to stimulate amateurs and prospec-
tive amateurs to construct a receiver, and 
have the satisfaction of saying 'I built it 
myself'. 
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The receiver to be described is a su-
perheterodyne (' superher) design, 
meaning that the signal frequencies are 
heterodyned or mixed with a variable 
frequency oscillator to provide a fixed 
intermediate frequency. 
This has the advantage over a direct 

conversion receiver that the main gain 
stage and bandwidth determining com-
ponents can be tuned to a single fixed 
frequency. For a single-sideband or 
SSB receiver this allows the use of a 
narrow band crystal filter to filter out 
the unwanted sideband. 
Normally a superhet receiver is rela-

tively complex, but this receiver takes 
advantage of modern ICs to simplify the 
design and construction considerably. 

The receiver is designed around the 
NE602, an eight-pin IC made by Sig-
netics and reasonably priced. In fact two 
of these chips are used, and I obtained 
mine from Stewart Electronics. Inside 
the NE602 is a self biased double-
balanced mixer, as well as an oscillator 
directly feeding the mixer. 
I estimate that currently the receiver 

should cost around $ 110 to build, assum-
ing that you buy all new components but 
etch the PCB and fabricate the metal 

case yourself as described in the second 
of these articles. This cost is very low 
considering the order of performance it 
provides. 

Block diagram 
Fig.1 shows the block diagram of the 

receiver. The 3.5 to 3.7MHz signal from 
the antenna is first applied to a two-pole 
bandpass filter (BPF) that passes the 
tuned signal, but greatly attenuates un-
wanted out of band signals. 
The wanted signal is coupled to the 

first NE602 mixer IC1. Here it is mixed 
with the 4.5 to 4.3MHz variable local 
oscillator to produce an intermediate fre-
quency of 8MHz. 
This is then filtered by the crystal 

sideband filter to remove the unwanted 
sideband. From here it is amplified by 
IC2 the IF amplifier. The gain of this 
stage is made adjustable, to try and even 
out the audio level from received signals 
of greatly varying strengths. 
The signal from the IF amplifier is 

then fed to IC3 (the second NE602), 
where it is mixed with an 8MHz beat 
frequency oscillator (BFO) to produce 
the audio signal. 
The low level audio signal from IC3 is 

amplified by IC4a and then split in two 
directions. One output goes to the 
volume control and onto the audio 
power amplifier IC5, to drive the speaker 
or headphones. 
The other is further amplified by IC4b 

and rectified to produce a DC voltage 
proportional to the received signal, which 
is fed back to the control pin of IC2 to 
achieve automatic gain control (i.e., audio-
derived AGC). The DC produced from the 
rectified audio is also used to drive the 
receiver's S meter, as shown. 

Circuit description 
Now let's look at the circuit of the 

receiver in more detail. The complete 
schematic is shown in Fig.2. The signal 
from the antenna is link coupled by Li to 
the first bandpass filter L2 and Cl. The 
ratio of L I and L2 matches the 
the 50-ohm antenna impedance to the 
loaded impedance of the filter. C3 and L3 
form the second bandpass filter, which is 
capacitively top coupled to the first by a 
small capacitor C2. 

In practice the two filters are tuned to 
slightly different frequencies, to obtain a 
broad response for the 80m band but 
with steep sides. LA matches the input 

A general view inside the receiver, showing where everything goes. Most of the components are mounted on a compact 
printed circuit board measuring 170 x 64mm. The only exceptions are the front panel controls, S-meter, rear panel 
connectors and the speaker — which mounts in the lid. 
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SSB Receiver 
impedance of the mixer ICI to the 
second filter. As mentioned earlier, IC1 
contains a mixer as well as an oscillator. 
The data for the NE602 shows a range of 
supply voltages from 4.5 to eight volts. 
This design uses IC6 as a regulator for 
IC1, which provides five volts; C5, RI 
and C4 provide further filtering. 
Pins 1 and 2 are the input pins to the 

mixer, and pins 4 and 5 are the output 
pins. This design has used the inputs and 
outputs in a balanced configuration, 
which aids in both performance and 
stability. The oscillator connections 
are at pins 6 and 7, with pin 6 the base 
and pin 7 the emitter of a transistor. 
Normally this device would use a crys-
tal or a frequency synthesizer here, but 
to keep things simple I have used the 
internal transistor to form a voltage-
controlled Colpitts oscillator. C12 and 
C14 are the main feedback com-
ponents while C11 couples to the 
tank components L5 and C13. 
Frequency variation is accomplished 

by using a variable capacitance diode 
D1 and varying the voltage across it. 
The diode used is in fact a 15V 1W 
Zener diode, which is easier to find and 
cheaper than a dedicated Varicap, and in 
this circuit works just as well. 
Obviously it is very important to en-

sure that the voltage source used for 
tuning D1 is clean and stable. This role 
is filled by IC7, another 78L05 three-ter-
minal regulator connected to provide 
about 9 volts. Its output voltage is 
stepped up by resistors R3 and R4, while 
C7, C8, and C9 help to filter out any 
noise that may otherwise cause frequen-
cy modulation of the oscillator. 
VR2 is the main tuning control, while 

VR1 is the fine tuning control which 
varies the tuning voltage by a smaller 
amount. Preset pot VR3 is used to set the 
frequency range, while R5 is used to 
make the tuning more linear over its 
range. The output signal from IC1 is fil-
tered by L6 and C6 to pass the 8MHz 
sum frequency and reject the 1MHz dif-
ference frequency. L7 couples the IF 
signal to the crystal sideband filter, 
with R6 and R7 ensuring a proper 
termination. 
The crystal filter used here is called a 

crystal ladder filter, and is different from 
most lattice type filters in that all the 
crystal elements are on the same fre-
quency. This filter has become very 
popular among experimenters, due to the 
availability of cheap crystals that are 
mainly intended for computers. 
The value of the coupling capacitors 

MAIN FINE 
TUNE TUNE 

4.5 - 4.3MHz 
Dl 

8MHz 
SSE! 
FILTER 

IC2 
IF AMP 

IC3 
PRODUCT 
DETECTOR 

IC1 
FIRST 
MIXER 

- 

ICLa 
AF PREAMP 

SPEAKER 

- IC5 
AF POWER AMP 

VOLUME 

Fig.1: The overall block diagram of the receiver, which tunes from 3.5 to 3.7MHz. 
A pair of NE602 chips are used, one for each oscillator-mixer. 

C20 - C23 were found by experiment 
and have remained unchanged even after 
using different batches of crystals. This 

arrangement provides a very good filter 
at an affordable price. 
Notice that due to the choice of the 

PARTS LIST 
1 PC board, 62mrn X 170mm, code 91rx9 
1 Metal case, 200 x 90 x 170mm (W x H x D) 
1 76mm round loudspeaker 
1 S meter, 250 uA min. edgewise type 
1 Miniature SPDT toggle switch 
4 8MHz crystals (X1-4) 
5 5mm coil former assemblies with cans 

(L1, L2, L3, L4, L5) 
1 S0239 socket, panel mounting 
2 Binding posts, 1 red and 1 black 
1 6.5mm stereo phone socket 

with DPDT switch 

Resistors 
All 1/4W 5%: 
1 10 ohm (R25) 
1 22 ohm (R1) 
3 100 ohm (R8, R20, R28) 
1 150 ohm (R4) 
2 220 ohm (R3, R13) 
2 330 ohm (R6, R7) 
2 560 ohm (R11, R12) 
1 1k (R27) 
1 1.2k (R9) 
1 1.8k (R23) 
2 2.2k (R10, R16) 
1 3.3k (R24) 
3 4.7k (R5, R14, f15) 
1 15k (R21) 
1 22k (R18) 
1 27k (R22) 
1 47k (R2; 
1 68k (R17) 
1 470k (R19) 
1 IM (R26) 

Potentiometers 
1 200 ohm trimpot (VR6) 
1 500 ohm linear pot (VR1) 
2 10k linear pot (VR2, VAS) 
1 10k log pot (VR4) 
1 20k trimpot (VA.3) 

Capacitors 

1 4.7pF ceramic (C15) 
1 18pF ceramic (C2) 

1 47pF polystyrene (C13) 
1 56pF ceramic (C30) 
7 100pF ceramic (C6, C20-23, 026, C39) 
1 120pF oaramic (C31) 

3 330pF polystyrene (C11, C12, C14) 
2 470pF ceramic (C1, 03) 
3 1nF ceramic (C17, C35, C10) 
2 47nF greencap (032, 044) 
11 0.1uF monolithic (C4-5, C9, C16, C18, C24-25, 

C27-28, C34, C37) 
1 1uF 16VW electrolytic (038) 
5 10uF 25VW electrolytic (C7-8, C29, 036, 043) 
1 22uF 16VW electrolytic (C40) 
1 47uF 16VW electrolytic (041) 
2 220uF 25VW electrolytic (C19, 033) 
2 470uF 25WI electrolytic (C42, C45) 
1 60pF horiz_ mount trimmer (VCI) 

Semiconductors 

2 NE602 mixer/oscillator ( IC1, IC3) 
1 CA3028 RF amplifier ( IC2) 
1 LF353 dual low noiso op-amp (104) 
1 LM386 AF power amp ( IC5) 
2 78L05 5V voltage regulator ( 106, IC7) 
1 MPF102 FET (TH2) 
1 BC,548 transistor (TRI) 

3 1N914 diode (D3-5) 
1 5.6V 1W zener diode (D2) 
1 15V 1W zener diode (D1) 

Miscellaneous 

4 x knobs, 1 large and 3 small; scrap of perspex sheet 
for dial pointer; 18 x PCB pins; 4 x 12rnm brass 
spacers; 3mm screws and nuts; white card for dial; 
hookup cable, ribbon cable, shielded cable, earth lug. 
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SSB Receiver 
mixing frequency there is no sideband 
inversion — that is, the LSB 3.5MHz 
received signal becomes a LSB 8MHz 
signal. This is important, because the 
slope of the filter is not as steep on the 
low side as the high side. 
The 8MHz IF signal emerging from 

the crystal filter is then amplified in IC2, 
a CA3028. This is about the only device 
available at the moment that is a stand-
alone RF amplifier with gain control, at 
a reasonable price. Pin 7 is the gain con-
trol pin and exhibits maximum gain with 
about 10 volts applied and minimum 
gain at around 2 volts. The output is at 
pin 6 and filtered here by L8 and C26. 
L9 link couples the IF signal into the 

balanced inputs of the product detector 
IC3. IC3 is again a NE602, as used for 
the first mixer, and as before two fre-
quencies are mixed to obtain the wanted 
frequency. The difference here is that the 
wanted frequency is audio, rather than 
radio frequencies. 
The beat oscillator uses a 8MHz crys-

tal X4, with feedback components C30 
and C31. VC1 is used to pull the crystal 
frequency to the upper side of the 
sideband filter frequency response. 
The recovered audio signal appears as 

output on pin 5 and the HF components 
are filtered out by C32. The power supp-
ly requirements this time are less strin-
gent and so a zener diode D2 is used, to 
provide about 5.6 volts. 
The low level audio signal is then 

amplified by IC4a, one half of an LF353 
dual low noise op-amp. R16 and R17 set 

MORE 
FUNDS 
The only way to unlock 

the mysteries of 
Multiple Sclerosis is with 

more research. 
And that means more 
funds. With your help a 
cure for MS could be 

only dollars away. 

MS 
Multiple Sclerosis. 

the gain at about 30. R14 and R15 set a 
half-VCC point for the non inverting 
input of the op-amps, and is filtered by 
C36. The values for C34, C35 and C38 
are chosen to roll off the audio frequen-
cy response. The output of IC4a is ap-
plied to the volume control and then fed 
directly to the audio power amplifier 
IC5. A LM386 is used here, and provides 
enough output to drive a speaker or head-
phones for most situations. Also con-
nected to the output of IC4a is the AGC 
amplifier, which uses IC4b the other half 
of the LF353. The gain of this stage is 
set to about 20 by R18 and R19. 
The output at pin 7 is capacitively 

coupled to a voltage doubling rectifier 
D4, D5 and C41. R20 is used to limit 
charge current and avoid overcharging 
with a strong quick change of input sig-
nal. The DC voltage developed across 
C41 supplies base current to TR1 
through R22. Trimpot VR6 supplies a 
current proportional to the recovered 
audio, and hence the input signal, to 
drive the S meter. The AGC system 
works as follows. With no signal at the 
antenna terminals, there will be very lit-
tle audio signal at IC4b pin 7 and hence 
minimal DC across C41. 

Transistor TR 1 will be turned off, and 
its collector voltage will approach 12V. 
As the collector is connected to pin 7, 
the gain control pin of IF amplifier IC2, 
this high voltage will cause IC2 to 
operate with its highest gain. When a 
signal is tuned in, audio appears at IC4b 
pin 7, is rectified and C41 develops a 
corresponding DC voltage across it. 
This provides base current for TR1, 

which draws current through R23 and 
hence its collector voltage drops. The 
lowering of the collector voltage in turn 
lowers the gain of the IF amp. This sys-
tem results in a relatively constant out-
put level for a large change in antenna 
input levels. As this is an audio-derived 
AGC system rather than an RF-derived 
circuit, there are some shortcomings 
typical of these circuits. 
For example it can have trouble 

coping with very strong signals. This is 
the reason for the inclusion of RF gain 
control VR5, which is used to apply a 
voltage to C41 via D3 — adjustable 
between zero and just under the maxi-
mum that the AGC system will deliver. 
This stops the capacitor from discharg-
ing in between breaks in signal, and 
therefore avoids 'pumping'. 
I have found this circuit to work very 

well, and the RF gain control is not re-
quired very often. It is, however, handy 
under noisy band conditions — where 
the RF gain can be reduced with the RF 
gain control to mask the noise, and allow 

The rear panel is not exactly cluttered. 
The battery connections and phone 
socket are on the left with the antenna 
Input on the right. 

the desired stronger signals through. The 
oscillator in IC1 is very sensitive to 
loading on pin 7. If it is required to 
measure the frequency at this point, 
either during alignment or as a per-
manent connection for a frequency 
counter, a buffer circuit is needed. 

This is formed by TR2 and its as-
sociated components. Pin 7 of IC3 is not 
as sensitive to loading as IC1, and may 
be coupled to directly using a small 
capacitor ( to drive the balanced 
modulator of a matching transmitter for 
example). 

Construction 
The complete receiver, including a 

76mm speaker, is built into a compact 
metal case measuring 200 x 90 x 
170mm. And inside the case, most of the 
components mount on a double-sided 
PC board measuring 170 x 64mm, and 
coded 91rx9. The only components not 
mounted on the board are the various 
front-panel controls, the S meter, the 
rear-panel connectors and the speaker. 
As this design is specifically intended to 
encourage home construction, we'll be 
describing virtually every aspect of 
making it — including etching your own 
PC board, and building up your own 
metal case. 
You won't need to do either of these if 

you don't want to, as suitable ready-
made cases are already available and it's 
almost certain that etched PC boards 
will be produced by manufacturers such 
as RCS Radio and Jemal. 

But there's a special satisfaction to 
be gained by doing these things for 
yourself, so why not give it a try? 
We'll begin in the next article with 

etching your PCB, following this with 
wiring it up, making the case, final as-
sembly and then testing and alignment. I 
hope you'll stay with us. In the mean-
time, the full parts list for the receiver is 
included in this article to allow you to 
start acquiring the components you'll 
need. 

(To be continued)• 
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RITRON QUALITY RITRON POWER ) 

RITRON RITRON RITRON 

( 286-16 ) 
80286-12 CPU 

1 MEG RAM EXPANDABLE TO 4 MEG 
16Mhz LANDMARK SPEED TEST 
1.2M JAPANESE BRAND F.D.D 

42M HARD DISK DRIVE 28ms ACCESS 
101 EXTENDED "CLICK" KEYBOARD 
JAPANESE KEYBOARD SWITCHES 
MM CASE 8. 200W POWER SUPPLY 

SUPA VGA COLOUR MONITOR ( 1024 o 769 res) 
SERIAL PARALLEL GAME PORT 

3 YEAR "AUSTRALIAN PARTS E. LABOUR WARRANTY 
256K VGA CARD. DOS 5.00 IBM COMPATIBLE 
SPREADSHEET, WORDPROCESSOR 8. DATABASE 

SOFTWARE INCLUDED. $ 1,629 
ASSEMBLED & TAX INC. 

TESTED 

IN AUSTRALIA $1,425 TAX EX 

RITRON 

80386SX-20 CPU 
1 MEG RAM EXP TO 4 MEG 

27Mhz LANDMARK SPEED TEST 
1.2M JAPANESE F.F.D. 256K VGA CARD 
42M HARD DISK DRIVE, 28ms ACCESS 
101 EXTENDED "CUCK" KEYBOARD 
MINI CASE d 200W POWER SUPPLY 

SUPA VGA COLOUR MONITOR ( 1024 x 768 Resolution) 
SERIAL PARALLEL GAMES PORTS 

3 YEAR "AUSTRALIAN PARTS E. LABOUR WARRANTY 
DOS 5.00 IBM' COMPATIBLE 

SPREADSHEET, WORDPROCESSOR 8. DATABASE 

•  SOFTWARE INCLUDED. SHAREWARE SOFTWARE $' 2 (J49 TAX 5 INC. 
ASSEMBLED & TESTED 3 

IN AUSTRALJA. $1,795 TAX EX 

RITRON 

EXECUTIVE 

386-57 
80386-33 CPU 128K CACHE ON BOARD MEMORY 

1 MEG RAM EXP TO 16 MEG 
56Mhz LANDMARK SPEED TEST 

43 MEG HARD DISK 18ms ACCESS TIME 
1.2M JAPANESE BRAND F.D.D DOS 5.00 

101 EXTENDED "CUCK" KEYBOARD 
SERIAL PARALLEL, GAMES PORTS 512K VGA CARD 
SUPA VGA COLOUR MONITOR ( 1024 768 Resolution) 

MINI CASE E. 200W POWER SUPPLY 
3 YEAR "AUSTRAUAN" PARTS 8. LABOUR WARRANTY 

SPEADSHEET, WORDPROCESSOR Id DATABASE 
SOFTWARE INCLUDED. •SHAREWARE SOFTWARE 

ASSEMBLED & TESTED IN AUSTRALIA. 

$2,945 

$2,595 

TAX WITH 200 MEG DRIVE 
INC. 

TAX EX. 

$3,695 TAX INC. 
$2,895 TAX EX. 

(286-21 ) 
ntheMmn 

80286-16 CPU 
1 MEG RAM EXPANDABLE TO 4 MEG 

211.4hz LANDMARY SPEED TEST 
1.2M JAPANESE BRAND F.D.D 

42M HARD DISK DRIVE 28ms ACCESS 
101 EXTENDED "CUCK" KEYBOARD 
JAPANESE KEYBOARD SWITCHES 
MINI CASE 8. 200W POWER SUPPLY 

SUPA VGA COLOUR MONITOR ( 1024 x 768 Re.) 
2 SERIAL PARALLEL, GAME PORTS 

3 YEAR "AUSTRALIAN" PARTS it LABOUR WARRANTY 
256K VGA CARD. DOS 5.00 IBM' COMPATIBLE 
SPREADSHEET, WORDPROCESSOR 8. DATABASE 

SOFTWARE INCLUDED. $ 

ASSEMBLED & 1 

TESTED 

IN AUSTRAIJA $1,479 TAX EX. 

TAX INC. 5699 

RITRON 

XECUTIVE 

C 386-32 ) 
80386-25 CPU CACHE ON BOARD 1 MEG RAM 

32Mhz LANDMARK SPEED TEST 
42 MEG HARD DISK 28m. ACCESS TIME 
1.2M JAPANESE F.D.D. 256K VGA CARD. 

101 EXTENDED"CUCK" KEYBOARD 
SERIAL PARALLEL GAMES PORTS 

SUPA VGA COLOUR MONITCR ( 1024 768 Resolution) 
MINI CASE 8. 200W POWER SUPPLY 
DOS 5.00. IBM' COMPATIBLE 

3 YEAR "AUSTRALIAN" PARIS 8. LABOUR WARRANTY 
SPEADSHEET, WORDPROCESSOR 8. DATABASE 

SOFTWARE INCLUDED. 

'SHAREWARE SOFTWARE $2 595 TAX INC. 
5 ASSEMBLED & TESTED 

IN AUSTRAIJA. $2,295 TAX EX 

RITRON 
EXECUTIVE 

(' 486-115 
81111.7-181 

80486-25 CPU 
ON BOARD CACHE. 4 MEG OF RAM 
115Mhz LANDMARK SPEED TEST 

43 MEG HARD DISK 12ms ACCESS 71/AE 
1.2M JAPANESE BRAND F.D.D 

3.5" 1.44M JAPANESE BRAND F.D.D 
101 EXTENDED "CUCK" KEYBOARD 
SERIAL PARALLEL. GAMES PORTS 

1 MEG VGA CARD DOS 50 IBM • COMPATIBLE 
VGA COLOUR MONITOR ( 1024 x 768 Resolution) 

TOWER CASE 8. 220W POWER SUPPLY 
3 YEAR "AUSTRALIAN" PARTS & LABOUR WARRANTY 

SPREADSHEET, WORDPROCESSDR & DATABASE SOFTWARE 

$4,495 TAX INC. 

$3,849 TAX EX. 

WITH 200 MEG DRIVE 

$5,195 TAX INC 
$4,449 TAX EX 

ROD IRVING ELECTRONIICS Est. 1977. 
MAIL OPDER HOTLINE: 008 33 57 57. 

HEAD OFFICE: 56 RENVER RD, CLAYTON. PH: (03) 543 2166. FAX ( 03) 543 2648 

CITY 48 A'BECKETT ST. MELBOURNE. PH. 663 6351 / 639 1640. FAX: 639 1641. 

NORTHCOTE 425 HIGH ST. NORTHCOTE, PH. 489 8866. FAX: 489 8131. 

SYDNEY:74 PARRAMATTA RD, STANMORE. PH: ( 02) 519 3134. FAX: (02) 519 3868 

ACN: 005 428 437 

(386SX-21) 

80386SX-16 CPU 
42 MEG 28m. HARD DRIVE 
1.2 MEG 5 1/4" DISK DRIVE 
1MEG RAM ext to 4 MEG 

SUPA VGA COLOUR MONITOR ( 1024 768 Resolution) 
SERIAL PARALLEL, JOYSTICK PORTS 
MINI CASE & 200W POWER SUPPLY 
101 KEYBOARD WITH DOS 5.00 

256K VGA CARD. IBM • COMPATIBLE 
3 YEAR AUSTRAUA PARTS it LABOUR WARRANTY 
SPREADSHEET, WORDPROCESSOR 8. DATABASE 

SOFTWARE INCLUDED. 

ASSEMBLED & $2 049 TAX INC. 
3 

TESTED 

IN AUSTRALIA. $1,795 TAX EX. 

RITRON 

EXECUTIVE 

386-57 ) 
80386-32 CPU 128K CACHE ON BOARD MEMORY 

1 MEG RAM EXP TO 16 MEG 
571.4hz LANDMARK SPEED TEST 

42 MEG HARD DISK 28me ACCESS TIME 
1.2M JAPANESE BRAND F.D.D 

101 EXTENDED "CUCK" KEYBOARD 
SERIAL PARALLEL GAMES PORTS 

SUPA VGA COLOUR MONITOR ( 1024x 768 Resolution) 
MINI CASE & 200W POWER SUPPLY 
256K VGA CARD (256 COLOURS) 
DOS 5.00 IBM' COMPATIBLE 

3 YEAR "AUSTRAUAN" PARTS 8. LABOUR WARRANTY 
SPEADSHEET, WORDPROCESSOR 8. DATABASE 

SOFTWARE INCLUDED. $ 

'SHAREWARE SOFTWARE 2 695 TAX INC. 
ASSEMBLED & TESTED 

IN AUSTRALIA. $2,395 TAX EX 

RITRON 

EXECUTIVP-mm 

( 486-157 eztme 
80486-33 CPU ON BOARD CACHE. 4 MEG OF RAM 

157Mhz LANDMARK SPEED TEST 
200 MEG HARD DISK 12m. ACCESS TIME 

1.2M JAPANESE BRAND RD.D 
3.5" 1.44M JAPANESE BRAND F.D.D 
101 EXTENDED ' CUCK" KEYBOARD 
SERIAL PARALLEL GAMES PORTS 

1 MEG VGA CARD DOS 5.0 IBM' COMPATIBLE 
VGA COLOUR MONITOR ( 1024 0768 Resolution) 

TOWER CASE 8. 220W POWER SUPPLY 
3 YEAR "AUSTRAUAN" PARTS á LABOUR WARRANTY 

SPEADSHEET, WORDPRCESSOR E. DATABASE SOFTWARE. 
ASSEMBLED & TESTED 

IN ALISTRALJA.  IDEAL CAD MACHINE! $5,995 mute. - 

$5,195 TAX EX 
Postage rates 

$1 - $9.99 $3.00 

$10 - $24.99 43.50 

$25 - $49.99 44.50 

$50 - $99.99 $6.00 

$100 - $199 $7.00 

$200 - $500 FREE 

$500 PLUS FREE 

111••• po•tag• 
r•le• • re baec 

poekg• only up to 

SKg. Road freight, 
bulky & fr•gile 
Item will be 

charged • 1 
different rail» 

All sales lax exempt orders 

to: RITRONICS WHOLESALE 
56 Reny« Rd, Clayton, Victoria . 

Ph: ( 03) 543 2166 Fax: ( 03) 543 2648 

MAIL ORDER Er CORRESPONDENCE 
P.O BOX 620, CLAYTON, VICTORIA. 3168 

En-or• & ornrwlaeon••aupled. Pricer & opeclic•Uoni 
eketifectS chenge. PC, XT, AT are reglatered 

trèdernrit• of International Iluelnelee &keel nee 
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 BNC PLUGS 

AND SOCKETS 
CRYSTAL 

SPECIALS 

BNC MALE PLUG 
1-9 10-99 100. 

P10514 $2.50 $2.25 $ 1.50 

BNC PANEL SOCKET 

1-9 10+ 100. 

P10516 $2.50 $2.25 $ 1.50 

Ing 

BNC CRIMP PLUG 

1-9 10-99 100. 

P10530 $2.95 $2.75 $2.00 

BNC SOLDER LESS 
TWIST ON PLUG 

1-9 10-(X) 100. 

P10531 $2.50 $ 2.25 $2.00 

CANNON PLUGS 
AND SOCKETS 

CANNON TYPE 3 PIN 
CHASSIS MALE 

1-9 10-99 100+ 

P10962 $3.50 $2.95 $2.50 

CANNON TYPE 3 PIN 
LINE FEMALE 

1-9 10-99 100. 

P10964 $3.95 $3.50 $2.90 

CANNON TYPE 3 PIN 
CHASSIS FEMALE 

1-9 10-99 100. 

P10966 $4.95 $4.50 $3.50 

CANNON TYPE 3 PIN 
LINE MALE 

1-9 1049 100. 

P10960 $4.50 $3.50 $2.50 

COMPUTER 
CABLES 

• Sir conductor ehleIded 
computer Interlace cable 

W12670 • CIC6 6 con. 
1.951 10M. 100M• 

$1.30M $1.10M $ 1.00M 
W12672 • CIC9 9 con. 

1-9 IA 10M• 10M1+ 

$1.60M $1.50M $ 1.20M 
W12674 • CIC12 12 con. 

1-91.1 101.1, 109M, 

$2.50M $2.20M $ 1.90M 
W12676 • CIC16 16 con. 

1-90.1 10144 100M. 

$3.50M $3.20M $2.50M 
W12678 • CIC25 25 con. 

TWA 1MA, 100M. 

03.90M $3A0M $3.00M 

ROD IRVING ELECTRONICS - No.1 FOR COMPONENTS 

(germl 
ULTRASON C 

TRANDUCEIIS 

1-9 10-99 100, 

Y11007 2.304 MHz 
$2.00 $1.50 $ 1.00 
Y11009 2.7648 MHz 
$2.00 $ 1.50 $1.00 
Y11018 3.93216 MHz 
$1.50 $1.00 $0.75 
Y11025 4.75 MHz 
$1.50 $ 1.00 &0.70 
Y11033 5.0688 MHz 
$1.00 $0.75 $0.50 
Y11045 6.667 MHz 
$1.00 $0.75 $0.50 
Y11061 10.6445 MHz 
$1.00 $0.75 $0.50 
Y11082 18M1-I2 
$1.00 $0.75 $0.50 
Y11100 27MHz 
$1.00 $0.75 $0.50 
Y11105 32MFiz 
$1.00 $0.75 $0.50 
Y11110 36 MHz 
$1.00 $0.75 $0.50 

IC SOCKETS 

LOW PROFILE 
IC SOCKETS 

Save a small fortune on 
these "Direct Import" low 
profile IC sockets! PCB 

mounting solder tail. All tin 
plated phosphor bronze or 
berryIllum and dual wipe 

for reliability. 
1-9 10+ 100. 

P10550 8 pin 1St 12e 10e 
P10560 14pin 20e 186 156 
P10565 16pin 20e 186 166 
P10567 18pin 30t 25c 226 
P10568 20pin 356 30e 256 
P10569 22pin 35e 306 26e 
P10570 24pin 356 306 266 
P10572 28pin 45.6 35c 302 
P10575 40pin 45e 406 35e 

1/4440te$ 

WIRE WRAP 

IC SOCKETS 

These quallty 3 level wire 
wrap sockets are tin plated 

phosphor bronze 
P10579 Spin $ 1.50 $ 1.40 
P10580 14pin $ 1.85 $ 1.70 
P10585 16pin $ 1.95 $ 1.80 
P10587 18pin $ 1.95 $ 1.80 
P10590 20pin $ 2.95 $2.75 
P10592 22pin $2.95 $2.70 
P10594 24pin $3.95 $3.50 
P10596 28pin $3.95 $3.50 
P10598 40pin $4.95 $4.50 

ELECTRET 

MIC INSERTS 
\hi th pins for easy board 

Insertion. CI0170 
1-9 10-99 100. 

$1.00 $0.92) 

Designed to transmit st 
40kHz IL 19990) & ri-eleve 
at 40kHz (L19991) w thup 
to 20V I/P on the 
transmitter. These Lnitis 
can't be heard so are 
ideal for TV remote 
controls, water level 
dectectors, burglar 
alarms, motion 
dectectora & inforrr ation 
carriers as they car be 
either pulsed or us( d in a 
continuous wave mJcie. 
Transmitter 1-9 1,1+ 
L19990 $2.95 51.95 
Receiver 
L19991 $2.95 51.95 

.--•••••) 

D TYPE IDC PLLGS 
1-9 10. 100• 

• DE9P 9pin plug 

P12166 $1.50 $ 1.20 $ 1.00 
• DA15P 15pIn plug 

pi zi6.9 $ 1.50 $ 1.20 $ 1.00 
• 0925P 25 pin plug 
P12170 $4.50 $ 3.95 $3.50 

D TYPE 
IDC SOCKETS 

1-9 10. 100+ 

• 0E95 9 pin mcket 
P12167 $1.50 $ 1.20 $ 1.00 
• D4156 15 pin • ockel 
P12169 $ 1.50 $ 1.20 $ 1.00 
09255 15 pin • ockei 

P12171 $4.50 $3.95 $3.50 

IDC CENTRON CS 36 
WAY PLUG & SOCKET 

1-9 10. 100. 
• Plug P12200 

$3.95 $3.00 $2.95 
• Socket P12201 

$3.95 $3.00 $2.95 

VOLTAGE 
REGULATC RS 
BARGAII\S 

Description 1-13 10. 

71305UC $0.50 $0.45 
7812UC $0.50 $0.45 
7815UC $0.50 $0.45 
7905UC $0.60 $0.55 
7912UC $0.60 $0.55 
7915UC $0.60 $0.55 
78L05 $0.40 $0.30 
78L12 $0.40 $0.30 
LM324 $1.00 $0.90 
555 $0.40 $0.18 
‘741 $0.50 

\••••..  

DB25 CONNECTOR 
SPECIALS 

1-9 10, 

P10880 DE9P $1.00 $0.80 
pious DE9S $1.00 $0.70 
Pt owl DA15S $ 1.00 $0.70 
P10892 DA 15C $ 1.00 $0.90 
P108135 DA155 $ 1.00 $0.80 
P10902 DB25C $ 1.03 $0.80 
P10904 DB25P $ 1.00 $0.80 
Plasm DB2SS $ 1.00 $0.80 

( LEDS ) 

(DUALITY 3mm LEDS 
1-9 10-99 100+ 

Z10140(R) 06.11 50.12 00.10 

Z10141(G).. $0.20 50 18 00.15 
010143(T).. $0.20 50.18 54.15 
210145(01. $0.20 9118 $0.15 

(DUALITY 5mm LEDS 
210150(R). $0.15 $0.12 93.10 

210151(G) 50 , 20 SO 15 $6 . 12 
010152(V).. 93.20 00.15 00.10 

11111 

FLASHING LEDS 

RED 5mm 1-9 10+ 
Z10159 $1.10 $ 1.00 

RECTANGULAR 
LEDS 

1.9 10.100. 

RED 206 156 12it 
GREEN 206 156 126 
YELLOW Mc 15e 12t 

ECONOMY 
TRANSFORMER 

1-9 10, 
2155 240V 6-155, IA 
M12155 $8.95 $7.95 
2156 240V 6-15V A2 
M12I56 .$ 13.95 $ 12.95 
2851 240V 12-6V CT 250mA 
M12851 $4.95.. $4.50 
6672 240V 15 30vc IA tapped 

6116672 $12.95 $ 11.95 

12V DC FANS 
80 o 80 o 25.4mm 
12V DC. 1.7 Waft 0.14 Amp 
T12469 $16.95 
113, fans, only 415.05 

FANS 
!Duality fans for use In 
power amps, computer 
hotspot cooling etc. 
Anywhere you need plenty 
of air. 
240V 4 5/8" T12461.416.05 
115V 4 sicr T 12463.416 .95 
240V 3 112- T12465.416.95 
115V 3 1 (2- T12467.116.95 
10. lan• (mixed) Only 514.95. 

HORNS 

SUPER HORN 
TWEETER 
Requires no crossover 
& handles up to 100 W. 
Sensitivity: 100610/0.5 
Frequency response: 
3kHz-3-0kHz 
Independence: 8 ohms. 
Size 96mm diameter. 
Normally $ 12.95 
Now on special at.$9.95 

10W HORN "II) 
SPEAKERS 
White durable plastic. 
• 8 ohms C12010 
Normally $ 11.95 
On Special at  $9.95 

PANEL 

METERS 

We have a great range of 
panel meters at great 

prices! 
010503 MU45 0-1mA 49.95 
010502 MU45 5050uA 49.95 
010504 MU45 0-100uA 99.95 
010533 M U52E 0-5uA 412.95 
010538 MUSS 0-50uA 412.95 
010540 MU65 0-1mA 412.95 
010550 MU650-100uA$12.95 
010560 MU650-20V $ 12.95 

MOSFET 
SPECIALS 

10+ 

2SJ49 $7.50 $7.00 
2SJ56 $ 10.00 $9.50 
2SK134 $6.90 $6.50 
2SK176 $9.50 $8.90 

1-9 10. 

511010 S.P.D.T $ 1.20 $ 1.10 
S11020 D.P.D.T $ 1.30 $ 1.20 

NICADS 

Save a fortune on 
expensive throw away 
batteries with these 
quality Meads and 
Rechargeral 
Size AA 45OrnAH 

1-9 10. 100. 

$2.95 $2.75 $2.50 
Size C 1 2 A H 
$9.95 $9.50 $8.95 

Size D 1 2 A H 

$9.95 $9.50 $8.95 

HEATSINK 

COMPOUND 

Heatsink compound is 
applied to the base and 
mounting studs of 
transistors & diodes. It 
maintains a positive 
heatsink seal that 
improves heat transfer 
from the device to the 
heatsink, thus 
increasing overall 
efficiency. 
H11800 .. 10g...$2.00 
H11810.150g. $ 14.95 

( ----POCKET 

AUTO AB 

SWITCHES 

• pocket size, auto-
scanning. 
• Allows 2 PCe to share 
one printer. 
Serial model: 
MS-201 - Host powered 
X19150 $79.95 
Parellel model: MP-201 
Protocol transparent 
X19155 $89.95 

WIRELESS 
s MICROPHONE 

Tuneable :92-104 MI-Oz 
Freq response: 50-
15kHz 
Range: over 300 feet In 
open field. 
A10450 $24.95 

ROD IRVING ELECTRONICS 
MELBOURNE: 48 A'Beckett St. Ph: (03) 663 6151. 
Computer sales: Ph 639 1640 
NORTHCOTE 425 High St. Ph: (03) 489 8866 
SYDNEY: 74 Paramans Rd Stanmore. N.S.W. 
Ph. (02)519 3134 
MAIL ORDER. 56 Renver Rd, Clayton Vic, 3168 
Ph. (03) 5,13 7877 
Mail Order Hotline Ph 008 33 5757. 
All sales tax exempt orders & wholesale 
inquires to.RITRONICS WHOLESALE, 
56 Penser Rd, Clayton, 3168. 
Ph. (03) 543 2166. (3 lines) Fax. (03)543 2648 
L ORDE & C•R:ESPOINDENCE 

PO BOX 620, CLAYTON, VICTORIA, 3168 
Ewers 9. onidealormewopted Prices & epocifIcatIon••ubfect to 
change IBM'. PC.. XT., AT. are regleteired tredemerk• of 
Internabonal flue.. Machines 

•Apple le trademark of Apple Corporation 



( LOOK AT OUR HUGE RANGE OF ARISTA PRODUCTS! ) 

STOP EVERYTHING tet 

LOOK! 
DON'T MISS THIS ONCE 

ONLY OFFER! 

The famous OKILASER 400 at 

only $1,499 
This 4 page per minute laser printer has 

the latest LED technology and pffers 
excellent print quality and superior 

paper handling Contains a variety of 25 

fonts. HURRY LIMITED STOCK! 

AUDIO 

ACC ORIES 

EL CHEAPO 
HEADPHONES 

For those who don't 

require expensive high 
performance 

headphones, these 
economical 

headphones are ideal. 

A1 4 0 01 $9.95 

AUTOMATIC 
CASSETTE HEAD 

CLEANER 
Cleans heed ( rec/pb) 

with mechanical action. 
Also cleans capstan 

and pinch roller at the 
same time. Includes 

bottle of cleaning fluid. 

A10004 $3.95 

MUU 

Xi .31 

CASSETTE 
SALVAGE 

AND REPAIR KIT 
Complete set of repair 

parts. Also containing 
mylor splicing tape with 

splicing bar and razor 

blade. 

A1 00 0 9 $3.95 

Í(TELEPHONE ACCESSORIES ) 

TELEPHONE 
EXTENSION BEL: 

Allows you to here the 

phone ringing when you 
are outside. 

Colour: Cream 
5 metre length extension 

cord. 

Features US type plug. 
Use with Y16025 US' 

Australian adaptor. 

Y16042 $29.95 

.••••• 

TELEPHONE 
EXTENTION CABLE 

WITH REEL 
Allows 15 metres of 
telephone cable to be 
neatly wound in a 

portable storage 

container. 

Colour: cream. 

Y1 6 0 1 3 $24.95 

TELEPHONE 
BUG ALERT 

Indicates Ifs third party 
is listening in lo your 
telephone conversation. 

Green light indicates all 
is OK. Flashing red light 

indicates someone else 

is on the line. Complete 

with plug Aust/socket 

for easy inline 
installation. Mounts on 
side of phone. No 

batteries required. 
Screwdriver supplied. 

Y16019 $34.95 

(;_,„4.1L ( INDOOR ) ANTENNAS  
ALUMINIUM 

T(.7. 

High strength corosion 

resistant aircraft grade 
aluminium construction. 
• Durable anodized 

abrasion resistant finish. 

• Non-slip knurled grip. 
• Adjustable light beam 

angle. • Key ring tail cap 

• Spare bulb in side tail 
cap 

gni size - length 87mm 
A15066 $9.95 

pocket size - 150mm 

A15068 $11.95 

NBC-2 BATTERY 
CHARGER 

Nickel cadmium battery 

charger for charging up 
to six batteries 

similtaniously. Charges 

Uéet3, UM4, & UM5 nicads. 
Charging circuits are 

automatically selected 

depending on the 
physical size of the 

battery and the charger. 
Charging time 10-14 hrs. 

240V AC mains operated. 
Requires NM4 or NM5 

charging modules if UM4 

or UM5 batteries are to be 
charged. 

M23523 $22.95 

(HEADPHONES) 

MINI STEREO 
EARPHONES 

Impendance: 32 ohms 
Sensitivity: 96dB 

Freq. response: 40-

10,000Hz 
Cord length: 1.2m 

A14006 $4.95 

POPULAR DELUX 
HEADPHONES 

These headphones have 
large soft ear cushions 
as well as having 
individual left & right 

channel volume control. 

 $34.95 

INDOOR SPIRAL 
ANTENNA 

• 303 ohm ribbon cable 
antenna 
• Suits AM/FM tuners 

and portable TV*. 

• 1 metre lead with 300 
ohm spade terminals 

L15040  

UHFNHF/FM INDOOR 
TELESCOPIC 
ANTENNA 

• Hi Pa gain 75 ohm 
cos dal cable antenna 

wilt separate UHF & VHF 
dipoles 

• BLitt in UHFNHF mixer 

• Fr,quency range 

40 490MHz 

L15033 $24.95 

•-•• 

UHFNHF/FM 
TUNABLE INDOOR 

ANTENNA 
• 75 ohm coaxial cable 

antenna with separate 
UHF and VHF dipoles / 

receivers. 
• Built in UHFNHF mixer 

• Frequency range: 

40-8 90 MHz 

L15038 $41.95 

< MIXERS  

FIVE CHANNEL 
STEREO AUDIO 

MIXER 
• Compact portable 
mixer with independent 
bass and treble controls 

and 2 power analogue 
output VU meters. 

• 2 x stereo magnetic 

turntable inputs 
• 2 x stereo line inputs 

• Output sockets for 

both amplifer and tape 

deck. 

A12013 $249.95 

DUR CHANNEL 
:•TEREO AUDIO 

MIXER 
• Ccmpact portable desk 
moi nt or panel 

mot nting stereo mixer 

witt- 5 band graphic 
equalizer and twin LED 
display VU meters. 

• 3 r stereo magnetic 

turntable inputs 
switzhable 

• 3 x stereo line inputs-
switzhable 

• Headphone monitoring 
on all channels 

• 18 dB talk over switch 
• Output sockets for 

boll' the amplifier and 

tape deck 

A12012 $399.95 

<PLUG PACKS 
eau "‘1,1 

c.11.1.111›, 

300 mA PLUG PACK 
• 240 volt AC input to 
switchable DC output 

• 1.8 metre cord with 

interchangable plugs 
• Polarity reversable 

plugs and sockets 
• Supplied with 
1/1.3/2.1/2.5mm Dc and 

2.5/3mm phone plugs 

M1 9 00 4 $23.95 

'4et, 
, 

500 mA 
POWER PACK 

• 240 Volt AC input to 

500mA DC output 
• 1.6 metre cord with 

unique plug system 

• Polarity reversable 
socket 

• 2.5/3.5 phone & 
2.1/2.5mm DC plugs 

supplied. 

M1 90 0 5 $23.95 

id› 
6/9/12 VOLT DC 

500MA PLUG PACK 
• 240 V AC input to 
regulated 6/9/12 volt DC 
output 

• Specially designed for 

Walkmans & portable 
audio 

• Intergrated circuitry 

prevents audio system 
hum. 

• 1.8 metre cord with 
interchangable plug 
system. 

M1 9 0 0 9 $39.95 

.11:r 
-et 

. AIL 110 

13.8 VOLT DC 
800MA PLUG PACK 
240 V AC input to 13.8 V 
DC output 

• Designed specifically 
for alarm panels 

• 1.8 metres with bared 
ends. 

M1 90 4 0 $34.95 

12 VOLT DC 2000MA 
(2AMP) POWER PACK 
• 240 V AC Input to 
regulated 12 V DC output 

• Ideal for high current 

drain applications where 
large amounts of power 

are required 
• Outputs: Screw 

terminals or 4mm banana 
sockets 

M19030 $79.95 

(CeiPEAF- DIS.*\ 

8" DOPED 
PAPER CONE 

• High compliance 
rubber surround. 

• 45 watts RMS 
• Dark grey cone 
• Black dust cap 

• Black round frame 

C10233 $44.95 

10" HIGH POWER 
WOOFER 

• With ribbed black 

paper cone. • 40 watts 
• Black dust cap 

• Cloth edge 

• Rubber mounting seal 

C1 0 2 2 8 $49.95 

10" DOPED 
PAPER CONE 

• High compliance 

rubber surround. 

• 60 watts RMS 

• Dark grey cone 

• Black dust cap 
• Black round frame 

C10238 $59.95 

F--'LLRANGE 

• Twin cone speaker 
with white paper cone 

ideal for public address 
column speakers. 

• 30 watts RMS 

• Foam edge 

• Whizzer cone 

C10224 $24.95 

12" HIGH POWER 
WOOFER 

• With ribbed black 
paper cone • 50 watts 

• Black dust cap 

• Cloth edge 
• Rubber mounting seal 

C102 

29C 95 
> .$64. 

6" HORN & LINE 
X'FORMER 

• Weatherproof plastic 
horn with 100 volt line 

transformer 

• 15 watts RMS 
• Adjustable metal 

bracket 

\Cs.1,0218 $74y. 
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Information 

Conducted by Peter Phillips 

centre 

Encouraging the next generation 

We're not short on variety this month. From basic circuits to current generation CD players — we 
cover them all. But the main thrust seems to be letters from young readers, a trend I hope to 
encourage. And there's also a bit of argument thrown in, I'm glad to say. 

It's always gratifying to receive letters 
from younger readers. I try to publish at 
least one each month, as one of the roles 
of EA is to provide information for 
beginners in electronics. 
That's not to say we older readers 

can't learn, but it's somewhat sobering 
to realise how much a beginner has to 
learn these days. It's no longer a case of 
read a few books, experiment with some 
bits and pieces, then hang out the 
'Technician' sign. 
I can still remember the day, many 

years ago now, when my father woke up 
one morning and gleefully announced 
that 'he had figured out how TV sets 
work'. The next week he resigned his 
job and went into the TV repair business. 
His training was minimal, but his cus-
tomer satisfaction was sufficiently high 
to feed the family. Try that now, and see 
how far you get! 
Based on the letters we receive, it's 

obvious that the readership of EA covers 
all ages, which I categorise into three 
generations: those under 20, those over 
60 and those in between. It's difficult to 
say where the bulk of the readership lies, 
and for this reason EA tries to accom-
modate everyone. 
Our future lies with the younger 

generation, so I especially want to invite 
letters from younger readers. If I can't 
help, I'm sure other readers can. And to 
prove it, we start with a correspondent 
who gives assistance (perhaps unwit-
tingly) to a younger reader. 

CMOS interfacing 
This letter is in response to my request 

for interesting design ideas, and con-
cerns interfacing a relay with CMOS 
logic. This is a common requirement, so 
it's an idea that has many applications: 

Fig.1 

01 

Your request for suitable design ideas 
has provoked me to present the fol-
lowing. 
Relay driving from CMOS or other 

low powered logic is a recurring prob-
lem, in that ordinary relays require more 
current than most logic outputs can pro-
vide. A current gain buffering element is 
required, and usually a transistor is 
chosen for the purpose. 
Most designers are aware that relay 

coils are inductive, to the point that 
rapid turn-off of the current can 
generate voltages high enough to 
destroy the transistor. It is therefore 
usual to shunt the coil with a diode, 
polarised to °my conduct when the coil 
is turned off A typical circuit is shown in 
Fig.]. 
But there is a more convenient way, 

given by the circuit of Fig.2. Note the 
significant reduction in component num-
bers and PCB space. 
When the transistor is connected as an 

emitter follower in this way, it serves as 
an inductive quench, which is every bit 
as effective as the separate diode in 
Fig.]. Lenz's law governs the situation 
in which the inductance of the coil op-

poses any attempt to change the current 
flowing in the coil. Whereas in Fig.] 
without the diode, there is no way after 
switch off to maintain the (transient) coil 
current without breaking down the tran-
sistor, in Fig.2 the coil current can con-
tinue to flow (until the stored inductive 
energy is dissipated) through the emitter 
in the usual direction. 
Of course, there is one consideration 

which may cause preference for Fig.]. In 
the first circuit it is not necessary to 
drive the relay from the same voltage as 
the logic, whereas in Fig.2 it is. A lot of 
logic runs from 5V, while 5V relays are 
relatively rare compared (say) to 12V 
relays, so there is an inducement for 
TTL designers to use the circuit of 
Fig.]. On the other hand, Fig.2 should 
be the choice of those using CMOS at 
12V, as I often do. (Gordon Worrnald, 
Florey ACT). 
Thanks for an excellent idea, Gordon. 

Expanding on your description, in Fig.2, 
the relay is turned off when the output of 
the gate is a logic 0. When this occurs 
the emitter of the transistor will become 
negative, due to the back EMF of the 
coil, and the base-emitter junction of the 
transistor will then be forward biased. 
Therefore the transistor is held on until 

Fig.2 
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the emitter voltage is less negative than 
0.6V, and current will flow from the 
supply via the collector-emitter circuit of 
the transistor. 
Because the relay is in the emitter cir-

cuit, it is necessary to power the transis-
tor with the same supply voltage. 
Otherwise any extra voltage is lost 
across the transistor, as the emitter volt-
age cannot exceed the base voltage. This 
is perhaps another reason for CMOS, as 
the output voltage for a logic 1 of a typi-
cal TM gate is usually around 3.5V, 
while for CMOS it is usually very close 
to the supply voltage. 
A clever idea and as it turns out, the 

writer of the next letter may well be able 
to use this circuit. 

Microbee interface 
Remember the Microbee? It seems so 

long ago when computers were 8-bit and 
interface cards could be built on single-
sided PCBs. Despite the popularity of 
16-bit machines, there is no doubt that 
an 8-bit computer is both an excellent 
teaching aid as well as a useful system. 
The next letter is from a younger reader 
who wants information on interfacing 
motors to his Microbee. He writes: 
I am 13 years old and I have just ac-

quired a Microbee 64K. I am using it to 
control Lego motors, etc. The only prob-
lem is that I don't have a circuit for any 
type of D to A converter. Do I need one 
for the Microbee? If so could you supply 
me with such a circuit. Also, I need a 
relatively simple circuit for modifying a 
monochrome TV to use as a monitor. 
Thanks for a great magazine, maybe 

you could include a programming sec-
tion. (JB., Glen Waverley Vic). 
Controlling motors with a computer 

doesn't usually require a D to A con-
verter, J.B. Often, a computer controlled 
motor just does three things: forward, 
reverse and stop, which simply involves 
electronic switches that are operated by 
the computer. 
I'm not familiar with the Microbee, 

but I imagine it allows access to the data 
and address buses. If not, there's likely 
to be some sort of output port, perhaps 
for a parallel connected printer. 
The Lego motors you are using are 

designed to run from SV and can be 
switched with a transistor such as a 
BD139 or a BD140. To get forward and 
reverse requires four transistors and the 
circuit can become a bit tricky. An easier 
way is to use a relay that is switched by 
a transistor. You could use the circuit of 
Fig.1 described previously to drive the 
forward-reverse relay, although you'll 
need to experiment with the resistor 
values. Try lk for both to start with. (Or 

you might even try the circuit of Fig.2 
which has no resistors). 
The relay needs to have two double-

pole contacts and is wired to the motor 
as I've shown in Fig.3. This is the same 
as a reversing switch, in which current 
flows either one way or the other 
through the motor. 
To start and stop the motor, I suggest 

adding transistor Q2. When Q2 is on, 
motor current can flow to ground, other-
wise the motor current is interrupted. 
Notice that I've used a PNP transistor. 
With this arrangement the transistor will 
conduct when the output of the inverter 
is a logic 0. This is the best way to drive 
a load with a TTL gate, as the current 
capability of the gate is higher for a 
logic 0 than for a logic 1. 

I've not specified the type of gate, as 
quite a range can be used such as 
74LS04, a 74LSOO (with both inputs 
joined together) and so on. Because of 
its limited drive capability, a CMOS gate 
may not be able to operate this transistor. 

The interface then needs two data bits 
from the computer — let's say data bit 0 
and data bit 1. If data bit 0 is used to 
operate Q2, the motor can be turned on 
with a logic 1 and off by making DO a 
'0'. The direction is then controlled by 
data bit 1. 
Converting a TV set into a computer 

monitor can be rather difficult unless 
you know a fair bit about TV. Basically, 
you need to connect the composite video 
output of the computer to a point in the 
TV set that can accept this signal. This is 
usually just after the 1F and video detec-
tor stages. However, I suggest you seek 
guidance from someone with technical 
experience, as it is very easy to damage 
the computer due to incorrect wiring 
from the TV set. 

Over the years, both EA and ETI have 
run programming sections, and you 
might do best to look back over old is-
sues. Unfortunately, to run an 8-bit 
programming section now would 
probably bring cries of 'old fashioned'. 
The next topic stays in the digital 

arena, but here I'm stumped. But then, 
so's the writer... 

CD subcode 
Not all letters in these columns get an 

answer. Let's face it, with technology 
racing ahead at light speed, keeping up 
with everything is virtually impossible. 
I'm printing the following letter in the 
hope that answers will be forthcoming 
from readers who can help our cor-
respondent. I'm rather interested as well. 
I recently purchased a Teac CD player 

and found it has a digital output socket. I 
wondered just exactly what was coming 
out of that mysterious socket, and what I 
could do with it. 
Experimenting with bit-stream DACs 

and capturing and editing data with a 
computer came to mind. I also heard a 
rumour that CDs contain a list of track 
titles buried in something called 'sub-
code', which should be accessible to a 
computer via this digital output. 
Thus enthused, I tried to find out about 

the data format used. The owner's hand-
book was no help, stating 'connect this 
to the input of a digital amplifier'. It did 
say that the signal level was 0.5Vp-p. 
The service manual wasn't much bet-

ter, and had no mention of data format. 
The circuit diagram showed the digital 
output coming from one pin of an 80-pin 
LS! IC. The output is buffered by paral-
lel connected CMOS gates and then 
transformer coupled to the socket, which 
is floating. 
I understand that one can connect the 

digital output of a 'Brand X' CD player 
to the input of a 'Brand Y' digital 
amplifier (and presumably, to a 'Brand 
Z' DAT) — so there must be a standard. 
But where does one find out about it? 
The technicians at Teac Australia 

agree that there must be a standard, but 
they don't know what it is, and talking to 
a hifi salesman is like talking to a brick 
wall. I don't suspect a sinister con-
spiracy, but I can't find anyone who 
knows. Perhaps I should write to Mr 
Teac himself. 
Do YOU guys know anything about it? 

If so, I'm sure it would make an interest-
ing article. Something along the lines of 
'The Dummy's Guide to Digital CD 
Interfacing'. It would need to answer 
questions like: What is eight-fourteen 
modulation? What is sub-code and what 
information does it carry? Is sub-code 
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transmitted between each audio sample 
and if so, how does one separate sub-
code and audio data? 
And also: Is oversampling done before 

the digital output and does oversam-
pling affect the sub-code? How are the 
left and right samples identified? How is 
the clock recovered? Is Manchester 
coding used? And so on... 
Your article should contain timing 

diagrams and everything needed to 
design an interface for this digital out-
put. Impossible? How about it? (GL., 
Ringwood Vic). 
Your CD manual is better than mine, 

G.L. I own a Technics SL-Pl CD player 
and the user manual states that ' the com-
pact disc subcode is output through this 
socket'. It goes on to say ' this socket is 
provided for system connections with 
future components' and concludes 'Do 
not connect any components to this 
socket"! 
I have always been intrigued by the 

function of the subcode socket, and I've 
wondered if it could be used to allow a 
CD-ROM to be read from a convention-
al CD player. If anyone can supply 
details, I'm sure we would all be most 
interested. 

Inverters 
Getting back to a topic I can help with, 

we have another letter from a younger 
reader. 
I am a first year electronics student, 

and I want to make a static inverter from 
one of the kits that are currently avail-
able. Could you please tell me how they 
work. How do they produce AC from a 
DC source? (J.F., Guildford NSW). 
The principle is very simple J.F., al-

though the circuit can sometimes be a bit 
complex. Basically, the incoming DC is 
'chopped' by a transistor, then fed to a 
transformer. Because the DC is now AC, 
it can be transformed to any required 
voltage. For a DC output, the output of 
the transformer is then rectified and fil-
tered with a capacitor. 
There are a large number of different 

circuits that can achieve this, and they 
all need some sort of oscillator that 
drives the switching transistor. In some 
circuits, the inverter is also the oscil-
lator, in which the transformer serves as 
part of the timing section for the oscil-
lator. 
Many circuits use two switching tran-

sistors, arranged in push-pull. Because 
of the inductance of the transformer, 
diodes are also needed to protect the 
transistors against the back EMF of the 

transformer. A simple principle, but the 
circuits can be quite tricky! 
And now to a bit more discussion on 

ion flow. I'm not sure that I totally agree 
with our next correspondent, although 
maybe I've misunderstood the point he 
makes. 

Ions DO flow! 
In the June edition, I included a letter 

that stated (more or less) that in a liquid, 
ions travel much more slowly than 
electrons. The correspondent suggested 
that as electron flow (current) was 
around half the speed of light — as 
measured by experiment, it was there-
fore ludicrous to suggest that ions also 
travelled at this speed. 
The following letter argues against 

this. See what you think... 
In liquids, unlike gases, ions are 

formed by the spontaneous break-up of 
the dissolved substance. The negative 
electrode in a solution of silver nitrate 
becomes coated with silver, which indi-
cates a movement toward that electrode. 
(Interestingly a silver ion carries the 
same elementary charge as the hydrogen 
ion whereas a copper ion carries twice 
that, and an aluminium ion three times.) 
All ion charges in solution are small 

whole number multiples of an elemen-
tary charge, as discovered by Faraday 
in 1833. Metal atoms are carried by 
positive ions, and the motion of these 
ions in the electric current involves a 
detectable transport of matter. 
Both ions and electrons attain ex-

tremely high velocities when accelerated 
in a vacuum. (The destruction of the 
cathode in a gassy picture tube and the 
use of 'ion traps' to prevent a dark ring 
on the phosphor screen due to ionic 
bombardment are well known). The 
mass of a hydrogen ion is some 2000 
times that of the electron, hence the 
damaging effect in spite of a consider-
ably lower velocity. 
In a solution the movement of both 

ions and electrons, in terms of sys-
tematic velocity is quite slow. Although 
the electrons rush around within the 
atoms at huge speeds, the progress of an 
individual electron through the solution 
is slow and commensurate with the 
movement of a single ion moving in the 
opposite direction. The combined effect 
of these currents account for the electron 
flow in the total circuit. Were this not so, 
a charge would be accumulated some-
where in the circuit and Coulomb's work 
would be a nonsense. 
In a solid, such as a one metre length 

of copper wire (composed of copper 
atoms, the electrons of which orbit at 
tremendous velocities all the time), the 

systematic velocity is quite slow. With a 
few volts applied, it is only about one 
centimetre per second; a speed deter-
mined by the strength of the field (ap-
plied voltage), and the time between 
collisions of orbiting electrons. This 
concept is the pathway into an under-
standing of Ohm's law and suggests why, 
with increased voltage and agitation of 
the orbiting electrons, the wire gets hot. 
The argument that ions don't flow is 

based on the false assumption that the 
systematic flow of electrons in a circuit 
is one of great velocity, compared to 
which ions, due to their relatively enor-
mous mass, cannot compete. 
The truth is that in a liquid, ions do 

flow, as do electrons. But their sys-
tematic (not orbiting, in the case of 
electrons) progress is quite slow. (DL., 
Tumblong NSW). 
As I understand your letter D.L., you 

are saying that current flow is not much 
faster than ion flow, although electrons 
are in fact moving at high speeds around 
their individual atoms. The analogy that 
comes to mind is a column of ants, 
where individual ants rush everywhere 
but straight ahead. 

Unfortunately, while this concept is 
perfectly reasonable, the original cor-
respondent states that he actually 
measured the speed of the current and 
came up with C/2 (half the speed of 
light). 
I can agree with you about ion transfer 

in a vacuum, but I'm not sure about a 
velocity for current of one centimetre 
per second in a copper wire. This 
equates to around 36kph, a speed that 
could be exceeded by the average 
cyclist. Perhaps I've misunderstood the 
explanation, and the concept is probably 
akin to pushing a solid bar at 36kph. In 
this analogy, movement is detected at 
the other end virtually simultaneously to 
the originating movement, although the 
speed of the movement is quite slow. 

In any case, it's an interesting subject 
and one that's perhaps not as well under-
stood as we think. 

Cascading 4017's 
In the June edition I provided a circuit 

in response to a young reader (A.P., Wer-
ribee), who wanted to know how to cas-
cade two 4017 counters. A letter from 
B.J. of Hahndorf in SA has pointed out 
that another circuit is shown in the 
November 1988 edition, on page 95. An 
advantage of this other circuit is that 
more than two counters can be cascaded. 
In fact, it seems the correspondent 
designed the circuit! Thanks for this in-
formation, B.J., and I hope A.P. is read-
ing these words. 
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What?? 
This month's problem has been sup-

plied by Bill Marshall, of Chatswood in 
NSW. He asks: for the circuit of Fig.4, 
calculate the RMS value of the current 
and the voltage. Neglect any internal 
resistance of the sources. 

Fig.4 

1 ohm 

Answer to 
August's What?? 
The current in ZD1 is 14.67mA, and 

the current in ZD2 is 4.08mA. The trick 
is to first find the current in ZD2, which 
is best explained with the circuit of 
Fig.1(a). The available voltage to supply 
this part of the circuit is VZ1 - VZ2, 
giving 24 - 5.1, which equals 18.9V. The 
voltage drop across R2 caused by the 
constant current is then subtracted from 

(a) 
8.9V R2 560 

(b) 18.2V R2 560 

R3 

3.9k 

1 25mA 

this voltage, giving 18.2V as shown in 
(b). Ohm's law then gives 4.08mA. 
To find the current in ZD1, first calcu-

late the current in R1, which equals (60 - 
24)/1.8k — giving 20mA. Then deter-
mine the total current flowing in R2, 
which equals the current in ZD2 plus the 
constant current of 1.25mA — giving 
5.33mA. Subtract this from the 20mA 
previously calculated and you're left 
with 14.67mA. 

NOTES & ERRATA 
VARIABLE TAPPED BALUN FOR 
HF (May 1991): Author Tom Moffat ad-
vises that his stock of toroidal cores is 
now exhausted, and as a result he is no 
longer able to supply them. Suitable al-
ternative toroids for this project should 
be available in the Neosid and Amidon 
ranges. For further details we suggest 
you contact Neosid Ltd., 23-25 Percival 
Street, Lilyfield 2040 (phone (02) 
660 4566) or RJ & US Imports, PO Box 
157, Mortdale 2223. • 

NEW KITS RELEASED 

Dick Smith Electronics has 
advised that it has released 
kits for the following EA 
projects: 

QUAD DI BOX (June 1991): A full 
kit, complete with pre-punched 
front and rear panels and silk-
screened front panel. Coded K-
5012, the kit is priced at $79.95. 
FAN SPEED CONTROLLER 
(July 1991): A full kit in a plastic 
case, complete with pre-punched 
and silk-screened front panel. An 
all-plastic pot is also included, for 
greater safety. Coded K-3086, the 
kit is priced at $39.95. 

Jaycar Electronics has ad-
vised that it has released a 
kit for the following EA 
project: 

LOW COST 18V/1A BENCH 
SUPPLY (August 1991): A full kit, 
complete with Scotchcal front panel 
and meter panel, and with a pre-cut 
heatsink. Coded KA1736, the kit is 
priced at $79.95. 

NOTE: This information is publish-
ed in good faith, from advice 
received from the advertisers con-
cerned. Electronics Australia cannot 
accept responsibility for any errors. 

HIFI: 
An introduction 

All you need to know about hifi — 
past, present and future, now avail-
able in our new book. 
Just $4.95 from our local newsagent 
or write to: 

The Book Shop 
Federal Publishing Co 

PO Box 199, 
Alexandria, NSW 2015 

FORUM 
(Continued from page 42) 

They all give much the same results — a 
very peaky waveform, and an average 
power factor of around 0.6. I suspect if 
you check most modern TV sets, you'll 
get very similar figures (but be VERY 
careful when making such measure-
ments — looking at mains current wave-
forms requires special equipment, and of 
course strict safety procedures). 
You can see, then, that the problem of 

'peaky' currents, high harmonic content 
and poor power factor is by no means 
confined to the new compact fluoro 
lamps. It's much more widespread, as 
switch-mode power supplies are becom-
ing very widely used in a lot of equip-
ment. 
The overall problem will certainly 

have to be solved, or our power distribu-
tion systems will become very 'dirty', 
and we'll need to use considerably larger 
cables and transformers than would oth-
erwise be needed. 
But in the meantime, this is hardly jus-

tification for not using the new compact 
fluorescent lamps. All things considered, 
these still seem a worthwhile step for-
ward. Don't you agree? 
My thanks to George Sprague, of Phil-

ips Industries, for his help in obtaining 
most of the technical information that I 
needed to prepare this article. Philips 
also very kindly loaned me the 'demo' 
compact fluorescent lamp shown in the 
second photo, so we could show you 
what's inside the base of these lamps. 
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50 and 25 years a 
'Electronics Australia' is one of the longest running technical publications in 
the world. We started as 'Wireless Weekly' in August 1922 and became 'Radio 
and Hobbies in Australia' in April 1939. The title was changed to 'Radio, 
Television and Hobbies' in February 1955 and finally, to 'Electronics 
Australia' in April 1965. Below we feature some items from past issues. 

September 1941 
Australian valve bases: All bases 

used on Radiotron Australian-made 
receiving valves are now manufactured 
in the factory of Amalgated Wireless 
Valve Company at Ashfield. 
A very high grade of plastic is used, 

and tests which have been conducted 
show that the electrical properties are in 
every way equal or even superior to im-
ported bases which have been used up 
until recently. 
Our short wave reporters: Although 

a comparative newcomer compared with 
some of the older short-wave listeners, 
Mr A.T. Cushen of Invercargill, New 
Zealand, has moved into the front rank 
of listeners in that country. 
Mr Cushen first commenced listening 

just over two years ago. During the 
above listening period, he has reported 
about 800 stations in 96 different 

countries which is indeed a very good 
effort. 
Another 'super' bomb: An element 

which, if contained in a 101b bomb, 
would blast a hole 25 miles in diameter, 
more than one mile deep, and wreck 
every structure within 100 miles, is 
being developed by American scientists. 
The US government has taken control 

of the scientists working on the applica-
tion and control of the discovery, and is 
driving them to develop it for war pur-
poses. 

September 1966 
STC telephones in Vietnam: 

Australian troops in Vietnam are using a 
portable telephone manufactured in 
Liverpool NSW for communication in 
difficult terrain. 

The 'IC phone can be used as either a 
field or office telephone from either its 
own internal 3V battery or from a central 

or common battery. The electronic com-
ponents and battery are contained in a 
small unbreakable nylon case sealed 
against humidity, water, dust and mud. 
With a range of 10 miles, manufac-

turers visualise the unit will have many 
applications outside military use to serve 
communications need in industry, com-
merce and agriculture: on construction 
sites, in tunnels and excavations. 

Satellite TV: An amateur radio 
operator in New Jersey, USA, has been 
successful in producing pictures trans-
mitted from a weather satellite on home 
constructed equipment. The weather 
photos came from ESSA 2, the twelfth in 
the Tiros weather satellite series. 
The success of the experiments has 

proved that amateur operators anywhere 
in the world can obtain good weather 
pictures by adding a few relatively inex-
pensive items to their existing receivers. 
Transistorised stethoscope: A stetho-

scope with a transistorised amplifier for 
industrial use is now available in 
Australia. Applications include main-
tenance and inspection of engines, 
motors and machinery, or any situation 
where noise detection is of significance. 
The self-contained unit uses a long-

life mercury battery, and is claimed to be 
sensitive enough to detect irregularities 
in the flow of liquids. • 

EA CROSSWORD 
ACROSS 
1. Video camera. (9) 
5. Greek letter, symbol for 

compressibility. (5) 
8. Orbiting masses. (7) 

10. The study of electronic organ 
development. (7) 

11. Radiate. (4) 
12. Conducting wires. (5) 
13. Shock. (4) 
16. Keep hair-dryers away from 

these! (5) 

SOLUTION FOR 
AUGUST 
(1112e1121DOM @MUMMA 
CI ré1 10 II [e] 

All131_17 WI El Cl 
ÊlClIY11;e1 

0 là [i] CI El tU 11 
FALLOUT PIAGESIVIGI 

I. R Min Cd 
MOM@ NumORII 
10 0 III - 1111 
E1IE UMW El GEM 

I El 1!I 

C.] Itil 1291 IA 
IZEI&11à0fil MOM 

17. Superseded. (8) 
21. Electrified substance. (8) 
22. Collimated radiation (pl.) (5) 
25. Programmable memory. (4) 
27. Speed of wave energy 

transfer, - velocity. (5) 
28. Top quality in electronic 

reproduction. (4) 
31. Said of a single-step 

operation. (3-4) 
32. Initiate. (7) 
33. Brand of printer, laptop, 

etc. (5) 
34. Device for message 

security. (9) 

DOWN 
1. Common conductor. (6) 
2. Digits. (4) 
3. Morse signals. (6) 
4. Metallic element. (8) 
5. Control hardware. (4) 
6. Output instruction for 

computer system. (5) 
7. Compound with 

element 33. (8) 
9. Generate a lifelike effect. (7) 

1 2 3 4 5 6 7 

8 9 10 

I 
11 

16 UlU 

12 

14 15 

17 UU1U 18 

13 

UU 
19 • 20 

21 

• 
25 U 26 27UUUR 

22 UUUU 

28 UUU 

24 23 

29 30 U. 
31 32 UUUUUU 

.UUU33 
34 

14. Letter used as symbol for 
angle. (5) 

15. Resinous substance with 
electrifying properties. (5) 

18. Reducing light intensity. (7) 
19. Non-radio ground wave 

detector. (8) 

20. Again transcribes da a. (8) 
23. Electric instrument, possibly. 

(6) 
24. Reflector. (6) 
26. Activates switch, etc. (5) 
29. Useful form of 30 down. (4) 
30. Layer of small dimension. (4) 
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EA with ET! marketplace 
ADVERTISING RATES FOR THIS PAGE 

SMALL ADS: The minimum acceptable size of 2 centimetres x one column costs only $50. Other sizes up to a maximum of 10 centimetres 
are rated at $30 a centimetre. CLASSIFIEDS: $4 for 40 letters. Just count the letters divide by 40 and multiply by $4, ROUND UP TO THE 
NEAREST WHOLE NUMBER. CLOSING DATE: Ads may be accepted up to the lath of the month two months prior to issue date. PAYMENT: 
Please enclose payment with your advertisement. Address your letter to 
THE ADVERTISING PRODUCTION MANAGER, ELECTRONICS AUSTRALIA, PO BOX 199, ALEXANDRIA, NSW 2015.Fax: (02) 693 9997 

FOR SALE 

MY AUSTRALIAN DESIGNED: low cost 
super fast Z80 micro-controller develop-
ment system has gained acceptance al-
ready with educational institutions. Pop it 
on the end of any PC MSDOS or Z80 
machine and away you go. Boards, 
EPROM, and 360K disk $76 including 
postage for a short form kit. Gee, I wish I 
had this when I was a kid. For more info. 
Send a 430 stamp to Don McKenzie 29 
Ellesmere Cres Tullamarine 3043 

IBM FORMAT: 3.5" 720K Review/Info/ 
Disk on the video cassette size MS-DOS 
Atari Portfolio Pocket PC. Thinking of 
buying one? This will help you make up 
your mind. You already own one! It contains 
Public Domain software for the Portfolio, 
discounted accessory listings and much 
more. Just $5 or send a 430 stamp for 
more info to Don Mckenzie 29 Elesmere 
Cres Tullamarine 3043 

IBM COMPATIBLE COMPUTERS: 
Computer Kits and Accessories button 
spike protector $37 & 6 socket power 
boards with surge/spike protection $49. 
Pack/Post $3. Send for a free price list 
M.T.S.Electronics PO Box 1013 Taree 
NSW 2430 Phone (065) 531 296 

UNUSUAL BOOKS: Fireworks, 
Locksmithing, Radar Invisibility , Surveil-
lance, Unusual Chemistry and more. Send 
SASE for catalogueto: Vector Press, Dept. 
E, PO Box 434 Brighton SA 5048 

R.F. SIGNAL GENERATOR: Hewlett 
Packard H.P. 8640B Sythesized, Low-
noise, digital readout, 450KHz-550MHz. 
R.F. Output 0.1u Volt- 2.0 Volts. Very 
good condition. $4500.00 F.O.B. Bris-
bane., Phone (07) 378 9132. Ask for Keith 
Mac Donald 

FIX-A KIT 
$20 PER HOUR LABOUR 
3 months warranty on repairs 

12 months warranty on construction. 

Technical help. 

HYCAL ELECTRONICS 
Design, manufacture, repair of electronic equipment 

(02) 633 5897 

PROFESSIONAL KITS AND PROD-
UCTS: Amplifiers, power supplies, test 
equipments, PC driven devices and sur-
plus parts. Send SASE for list to: Al 
Younger, 5/22 Albert Street, Edgecliff, 
NSW, 2027. 

WEATHER FAX PROGRAMS: For IBM 
XT/AT's *** "RADFAX2" is a high resolu-
tion, shortwave weatherfax, morse & RTTY 
receiving program. Needs CGA, SSBhf 
radio & RADFAX decoder. Also 
"RF2HERC", "RF2EGA" & "RF2VGA", 
same as RADFAX2 but suitable for 
Hercules, EGA & VGA cards respectively, 
$35 *** "SATFAX is a NOAA, Meteor & 
GMS weather satellite picture receiving 
program. Uses EGA or VGA modes. 
Needs EGA or VGA colour monitor and 
card + "WEATHER FAX" PC card $45.*** 
All programs are on 5.25" or 3.5" disks 
(state which) + documentation, add $3 
postage. ONLY FROM M.DELAHUNTY, 
42 Villiers St, New Farm 4005, OLD Ph: 
(07) 358 2785. 

AMIDON FERROMAGNETIC CORES: 
FOR LF/HF/VHF/UHF applications. Send 
DL size SASE for data/price to RJ & US 
IMPORTS, BOX 431 KIAMA NSW 2533. 
Agencies at Geoff Wood Electronics, 
Sydney: Webb Electronics, Albury. Assoc 
TV Service, Hobart: Electronics Compo-
nents, ACT: Truscott Electronics, Mel-
bourne. 

KIT REPAIRS 
electronic design service from 
conception to final artwork. 

Kits repaired from all magazines. 
Ring anytime 9am-9pm Mon-Sun. 

EEM Electronics 
10 Bouverie Place, Epping, Vic. 3076 

(03) 401 1393 

RÂS.Ruio PT Li'i 
- 

Established 1933 
IS THE ONLY COMPANY WHICH 

MANUFACTURES & SELLS EVERY PCB 
& FRONT PANEL 

published in EA & Silicon Chip. 
651 Forest Road. Bexley 2207 

AUSTRALIA 
RING (OM 587 3491 FOR INSTANT PRICES 

RL DRAKE OWNERS 
Repair service and alignment for all models 
in the DRAKE range. Spare valves and other 
parts arc held in stock including xtals to suit 

various models. 
ZRV ELECTRONICS 

20 Scenic Cres. ELTHAM NORTH VIC 3095 
Postal: PO Box 469 ELTHAM 3095 
Phone: (03) 439 3389 9am to 8pm 

TRANSFORMER REWINDS 
ALL TYPES OF TRANSFORMER REWINDS 

• REWOUND TO YOUR SPEC 
• EXACT REPLACEMENT WINDING 
• VINTAGE RADIO A SPECIALITY 
ALL ONE OF TYPES 
ALL QUOTES BY RETURN MAIL 
• RAPID SERVICE 
For price quote send details showing physical 
size & number of tappings (or send unit, same 
will be returned to sender if quote not 
satisfactory) 

TRANSFORMER REWINDS 
FREEPOST NO 7, PO Box 438,Singleton, NSW 

2330.Ph: (065) 761291 Fax: (065) 761003 

WANTED 

ElliCrItON IC% "It(1 INICIAN: 
Part or full time position available. 

Component level repair in a modern and 
well equipped workshop in North Ryde. Suit 
technician with solid analog background. 

Contact Martin Griffith . Switchmode Power 
Supplies Pty. Ltd (02) 888 9371 or fax your 

resume on (02)805 1334 

MACSERVICE 
HP182C Oscilloscope with 50MHz • Plug Ins 4 Trace Vert Delay Sweep 

HP8614 Signal Generator .8/2.4 GHz • HP8616 Signal Generator 1.8/4.5 GHz 
Wavetek 1200MHz Sweeper CW and Swept • Marconi 2955 1000MHz Communication 

Analyser and 2957 Cellular Analyser option 
Rhode and Schwarz Polyscop IV with aces to 1300MHz 
Rhode and Schwarz USU1 1000MHz Selective V.M. 

Many other items in stock, please enquire. 
26 Fulton Street. Oakleigh South 5167 
Phone: (03) 562 9500 Fax: (03) 578 0054 



EA with ET! 
marketplace 

VALVES: Large stock of as new valves, 
all types, bargain prices. Send S.A.E. for 
price list or phone. 10% discount on 5 or 
more. 
Photon Electronics 1 Sandstone Place 
Marmion 6020 (09) 448 0861 

SELL THREE VERY OLD RADIOS: 
Comm. rec, old valves, x-mitter valves, 
books, manuals, parts, etc. all things old 
stuff. (07) 356 6052 

T.V. YOKE EXCHANGE: Prompt serv-
ice. Refer transformer rewinds this page. 
Phone (065) 761 291 - Fax (065) 761 003 

SCANNERS: Top quality Uniden, factory 
authorised dealer. Range from $210.05 
for 50XL, covers 10, 6, 2 70cm, 10 
memories, ideal for amateur, to $475.52 
for 200XLT, 200ch, covers all major bands, 
including 800-900 mHz. Also the cheap-
est prices on antenna $40.13. Post and 
Pack $ 10 under $250. Cash, Cheque and 
Credit card accepted. TopCom Radio 
Communication, P.O. Box 336, 
Greensborough, VIC, 3088. Ph: (03) 883 
9535. 

UNUSAL BOOKS: Fireworks, 
Locksmithing, Radar Invisibility, Surveil-
lance, Unusual chemistry and more. Send 
SASE for catalogue to: VECTOR PRESS, 
Dept. E, PO Box 434 Brighton SA 5048 

Old Reprinted Electrical Books 
Build a 40,000 Volt Induction Coil $9 
Electrical Designs (1901) $19 
Short Wave Radio Manual (1930) $23 
Shortwave Radio Quiz Book (1938) $9 
High Power Wireless 
Equipment (1911)  $16 
High Frequency Apparatus (1916)  $19 
Build Short Wave Receivers (1932) $13 
Vision By Radio (1925)   16 
1936 Radio Data Book $12 
How to Become a Radio 
Amateur (1930).  $6 
All About Aerials  $5 
Television (1938) $5 
Shortwave Coil Data Book (1937) $5 
1928 Radio Trouble-Shooting $24 
Neon Signs (1935) $21 
101 Short Wave Hook-Ups (1935) $14 
Vacuum Tubes in Wirless's $21 
Construction of Induction Coil $21 
Tesla: Man Out of 
Time (biography) $22 
Tesla Said, articles by Tesla 292pp $74 
My Inventions by 
Nikola Tesla 111pp $27 
Dr. Nikola Tesla - 
Complete Patents $93 
Colorado Springs Notes 
1899-1900 $133 
Tesla Coil Secrets $13 

Allow IS weeks for delivery of some items., 
Payment can be made by cheque made out to 
Plough Book Sales, P.O. Box 14, Belmont, 

Vic 3216, Phone (052) 66 1262 

Amateur 
Radio News  • 000 
Worrying trend 
in New Zealand 
From Ian Andrews, ZL4MB, comes 

news of a worrying trend in his country, 
which is likely to cause a lot of com-
plications for radio amateurs and other 
users of two-way radio gear — and it 
could easily spread to Australia as well. 
Apparently the City Council in 

Waitakere, a western suburb of Auck-
land, recently announced a new by-law 
which is ostensibly designed ` to govern 
transmitters within the Council's area'. 
Under the new by-law, all transmit-

ters within the city boundaries will have 
to be approved by Council, and an an-
nual licence fee paid — quite separately 
from, and additional to, any licences 
which may be held by the user from the 
main regulatory authority: the NZ 
Radio Frequency Service. 
The idea behind the new by-law is 

supposedly to ensure that all transmit-
ters used within the Council's 
area do not pose a health hazard. How-
ever no power limits are specified, and 
all microwave ovens and transmitters 
operated by all government services 
are exempt. 
According to ZL4MB, when the 

NZRFS was queried about the 
Council's move, the reply was that it 
`had no jurisdiction, as this is a health 
and welfare matter'. 

It is expected that other city councils 
will follow Waitakere's lead and impose 
similar licensing schemes, due to pres-
sure from consumer and environmental 
protection groups. 

Callsign mixup — Mk2 
Remember the item in our July 1991 

column, about the mixup in the 1991 
Amateur Call Book regarding the 
callsign for EA"s editor Jim Rowe? 
Well, our faces are now red too, because 
Murphy's Law struck our item in exact-
ly the same way. 
We showed the callsign for Bill 

Roper, the WIA's general manager and 
secretary, as VIC2ARZ — when it is of 
course VK3ARZ! 
Shortly after the July issue was 

published, Bill sent our editor a good 
humoured little note by fax, with the 
message: 
As usual 1 enjoyed reading the latest 

pooremo 
ljj nonorno 1=1 

1=, 00  

o 

issue of your magazine. I was par-
ticularly interested to read the 'Amateur 
Radio News' column on page 96, and 
note that it is not only DoTC and the 
WIA who can get callsigns wrong. I 
trust that Max Riley VK2ARZ doesn't 
mind his callsign being allocated to me. 
Amen to that, Bill, and our apologies 

to both yourself and Mr Riley for the 
mixup. That's what we get for being 
smart and trying to rub your noses in the 
first mixup, wouldn't you say? 

'Spot checks' by DoTC 
The Department of Transport and 

Communications is apparently planning 
to carry out spot checks of factories, 
wholesalers and retailers of radiocom-
munications gear, to verify that it meets 
the performance requirements. 
A copy of Icom Australia's newsletter 

just to hand quotes from a recent letter 
sent to the firm from DoTC's 
Regulatory Branch: 
The Department proposes to embark 

on a program of visiting factories, 
wholesalers and retailers, collecting 
samples of various items of radiocom-
munications equipment for testing 
against the appropriate requirements. 
The purpose of this letter is to advise 
you in advance of this action. 
Where it is found that sub-standard 

equipment is being sold, action will be 
taken against the suppliers or sellers of 
the equipment under the provisions of 
Section 11 of the Radiocommunications 
Act 1983. 
Penalties under this section are 

severe, with fines of up to $10,000 for 
individuals and $50,000 for companies 
convicted of supplying or possessing 
sub-standard equipment. 
This all sounds very laudable, as a 

way to help prevent the sale and use of 
sub-standard gear. But we can't help 
wondering about that advance warning 
letter — did DoTC send letters like this 
out to ALL firms selling radiocomms 
equipment? There wouldn't be much 
point in sending it only to reputable 
firms like Icom, because they only sell 
high quality and approved gear anyway. 
Yet if DoTC sent the letter out to all 

firms, the whole idea of carrying out 
spot checks would seem pretty pointless 
— any sellers of shonky gear would be 
forewarned. 
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COMPUTER, DATACOMM 
TRAINING COURSES 
Technology training firm IIR Technol-

ogy is offering a range of 'hands on' 
courses in computer and data com-
munications technology, over the next 
few months in Sydney, Melbourne and 
Brisbane. 
Included in the courses are: X.25 Net-

works (2-4 September, Sydney); Ether-
net (9-11 September, Sydney); Token 
Ring (16-18 October Melbourne, 23-25 
October Sydney); PC Troubleshooting I 
(18-18 October Sydney, 23-25 October 
Melbourne); TCP/IP Networks (16-18 
September Melbourne, 23-25 September 
Brisbane); and C Programming (7-9 Oc-
tober, Sydney). 
Further information about the courses 

is available from Elisabeth Warne, on 
Sydney (02) 959 5455. 

JOINT VENTURE TO 
MAKE CDMA PHONES 
Qualcomm Inc, San Diego-based 

developer of the innovative CDMA 
(code division multiple access) 'spread 
spectrum' technology, has formed a joint 
venture with US firm Alpine Electronics 
and its Tokyo-based parent Alps 
Electric, to manufacture, market and dis-
tribute digital cellular telephones and 
other wireless products based on the 
technology. 
Qualcomm is currently engaged in the 

final phase of testing designed to 
validate CDMA digital cellular technol-
ogy. The validation testing is expected to 
result in the ability to bring CDMA 
products to market by mid 1992. 
Products to be produced by the joint 

venture include digital micro-portable 
phones, as well as dual-mode mobile 
and portable cellular phones able to use 
either CDMA or existing analog sys-
tems. Initial manufacturing is expected 
to be carried out in San Diego. 

AEDC COURSES 
The Australian Electronics Develop-

ment Centre, sponsored by 10 of the 
country's leading electronics organisa-
tions, has provided details of its 
workshop courses and practical self-help 
programs for the remainder of this year. 
The programs have all been devised to 

FORD & MOTOROLA 
FORM STRATEGIC 
PARTNERSHIP 
A new class of microelectronic chips 

to control automotive engines and trans-
missions is expected to result from a 
technology partnership between Ford 
Motor Company and Motorola, Inc. 
In a joint announcement recently, 

Ford's Electronics Division and 
Motorola's Semiconductor Products 
Sector said they will co-design and 
Motorola will supply a RISC-based 
(reduced instruction set computer) 
microcontroller for Ford's future 
Powertrain Electronics Controller 
(FitC). 
"RISC' technology will add power to 

control powertrain components for op-
timum performance, fuel efficiency and 
emissions levels, " said Charles Szuluk, 
General Manager of Ford's Automotive 
Components Division. "The Ford Power 
Electronics Controller will be more than 
two generations ahead of our current 
technology." 
The device is targeted for completion 

by the mid- 1990's. Ford plans to intro-
duce PTEC in stages, beginning with 
selected North America car lines and 
ramping up to worldwide production of 
more than six million cars and trucks 
annually. 
The design is based on Motorola's 

88000 RISC microprocessor and will 
use the modular design methodology 
pioneered in its 68300 family of em-
bedded controllers. 

meet the purpose and criteria for 
eligibility of the Commonwealth 
Government's Training Guarantee Levy. 
Courses include PCB Assembly Tech-

nology (9-13 September and 19-22 
November, Melbourne); Designing for 
Surface Mount (September 5 and Oc-
tober 23, Melbourne; September 24, 
Sydney; November 20, Brisbane); and 
Electronic Product Development 
(December 2-4, Melbourne). 

Similarly the practical programs in-

dude Introductory Protel (September 
5-6 and October 9-10, Melbourne; 
November 20- 21, Brisbane), and Ad-
vanced Protel for Productivity (October 
11, Melbourne; November 22, Bris-
bane). 
Course fees vary from $350 to $975, 

depending on the number of days in-
volved. Information on all AEDC cour-
ses and programs is available by 
phoning (008) 339 601, or (03) 
302 1422. 

116 ELECTRONICS Australia, September 1991 



NEW MELBOURNE 
COMPUTER PLANT 
The Federal Minister for Industry, 

Technology and Commerce, Senator 
John Button has officially opened a new 
multi-million dollar manufacturing 
facility for Australian-owned computer 
designer and manufacturer Terran Com-
puters, in the picturesque outer-Mel-
bourne suburb of Montmorency. 
Spanning across more than 10,000 
square feet of floorspace, the new Terran 
manufacturing plant houses leading-

edge surface mount equipment, board 
and component assembly, power supply 
and casing assembly plus a wide range 
of testing equipment. 
The new manufacturing plant will ini-

tially produce up to 1500 PCs a month, 
including Terran 286 workstations, 386 
desktop computers and the range of 486-
based network file servers. According to 
Managing Director and co-founder of 
Terran Computers, Peter Nunn, the new 
manufacturing facility will have the 
capacity to produce up to 6000 com-
puters a month. 

AMF BUYING RADIO, 
AVIONICS 
FROM ROCKWELL 
The Royal Australia Air Force 

(RAAF) has awarded a $2 million con-
tract to Rockwell Systems Attstralia for 
the supply of a new generation of air-
borne HF radios for the RAAF's C-130 
Hercules aircraft. 
The radios are the commercial HF-

9000, a variant of the ARC-217. Rock-
well is to supply 31 of the sets, in 
addition to test equipment, installation 
kits and aircraft support equipment. First 
deliveries will be in late 1991. 
Rockwell has also been awarded a $3 

million subcontract by Aerospace Tech-
nologies of Australia (ASTA) to provide 
a complete avionics suite for 10 of the 
Army's Nomads, as part of the modifica-
tion program for these short takeoff and 
landing aircraft. 
The avionics systems will include 

Rockwell's WXR-270 weather radar 
systems; EFIS-84 electronic flight in-
strument systems; AP- 107 autopilots; 
DME-42 distance measuring equipment; 
ADF-60A automatic direction finder 

systems; MCS-65 compass system; and 
AN/ARC-186 dual VHF AM/FM 
transceivers. 

COMMITTEE TO STUDY 
DIGITAL BROADCASTING 
The Department of Transport and 

Communications (DoTAC) and the 
broadcasting industry have set up a joint 
committee to co-ordinate studies into 
digital audio broadcasting (DAB) in 
Australia. DoTAC's communications 
laboratory is setting up a study program 
to evaluate DAB systems, with a view to 
their eventual introduction. 
The 1992 World Administrative Radio 

Conference (WARC-92) is to consider 
the allocation of a frequency band for 
DAB, and it is expected that the first 
DAB services could begin as early as the 
mid 1990's. DAB offers the prospect of 
CD-quality reception, with 12 to 16 
audio programmes on a single transmis-
sion and free of both the noise and inter-
ference that plagues AM, and the flutter 
and drop-out effects that affect FM 
reception in cars. It also allows mixed 
satellite and terrestrial transmission, and 
the use of relatively low power transmit-

ters with `boosters' operating on the 
same frequency to extend services into 
difficult areas. 

ROYAL NAVY BUYS 
40 MARCONI ANALYSERS 
The Royal Navy has awarded a con-

tract to Marconi Instruments to supply 
forty of its model 2382 10Hz - 400MHz 
high resolution spectrum analysers, to be 
used at calibration sites and at shore sta-
tions to assist in providing and maintain-
ing high integrity Navy HF 
communications. 
The 2382 was chosen because its 

specifications were well within the key 
requirements demanded. The Royal 
Navy required narrow spans with resolu-
tion bandwidths better than 5Hz, for 
close-in analysis for signal purity. The 
2382 has a minimum resolution 
bandwidth of 3Hz and a guaranteed total 
level accuracy of -1-/-1dB across the en-
tire frequency range. 
The model 2382 has also found favour 

with the Royal New Zealand Army, the 
Royal New Zealand Navy, and also the 
Royal Australian Navy where it is a 
standardised item. 

SATELLITE FAX 
FOR SHIPS 
Ships at sea can now receive up-to-

the-minute high-quality newspapers and 
weather reports by broadcast fascimile 
via satellite. The new service has been 
inaugurated by KDD, the Japanese 
telecommunications organisation, with 
Asahi Shinbun, the Japanese newspaper 
organisation, as KDD's first customer. It 
is also available to other organisations 
on land who wish to broadcast informa-
tion in the form of facsimile messages to 
a number of ships or other Inmarsat-A 
users simultaneously. 
Newspaper articles and weather 

reports are sent from a facsimile 
machine at the point of origin, via the 
Inmarsat satellite system, to an un-
limited number of recipients who form a 
group. Any mobile ship earth station 
with the group number entered in its 
software can receive the message from 
the group's predefmed originator. 
Normally facsimile machines can 

communicate with each other only after 
they have 'shaken hands' and a distinc-
tive tone obtained on the line. This pro-
cedure is a way for the machines on both 
ends of a transmission to check that they 
are calibrated for the same data rate and 
that the terrestrial lines are open. A 
modified facsimile terminal has now 
made it possible for facsimile messages 
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to be broadcast via satellite to an un-
limited number of multiple subscribers 
simultaneously. The terminal essentially 
'tricks' both the originating and all of the 
receiving facsimile machines into 
'thinking' that the necessary handshak-
ing has occurred, by generating the tone 
that normally follows a successful 
handshake. 

ELECTRONICS COURSE 
FOR WOMEN IN VIC 
The Wantirna South campus of 

Victoria's Outer Eastern College of 
TAFE has begun a full time 20-week 
course called the Certificate of Occupa-
tional Studies (Electronics). This is 
funded through the State Training Board 
by the Department of Employment, 
Education and Training. 
The course targets, amongst others, 

women who have been out of work for 
more than six months, or who are sup-
porting parents. They may be eligible for 
the Formal Training Allowance through 
the CES or Austudy. 
There are no prerequisites for the 

course. The women study core subjects 
which include communication skills, 
computing, preparation for interviews 
and problem solving. 

Additionally, they involve themsel-
ves with electronics, welding and 
electrical wiring. They also carry out 
site-work such as the current task of 
wiring a house. 

GALILEO TO MEET 
ASTEROID GASPRA 
NASA's 2.5-ton Galileo spacecraft 

turned and fired its small on-board 
thrusters on July 2, to set its course for 
an encounter with the asteroid Gaspra 
in October 1991. The spacecraft was ac-
ting on computer commands sent to it by 
engineers at the Jet Propulsion 
Laboratory (JPL). 
The maneuvre altered Galileo's 

velocity in space by about eight miles 
per hour, slowing it slightly and adjust-
ing the flyby distance at Gaspra on Oc-
tober 29, 1991, to 1000 miles. 
The October event will be the first 

flyby of an asteroid. Gaspra, about eight 
miles across, orbits roughly 200 million 
miles from the Sun, near the inner edge 
of the asteroid belt. Scientists believe 
it is a fairly typical, small, rocky main-
belt asteroid. 
Galileo is enroute to Jupiter, where it 

will go into oribit in December 1995 
after sending a probe into Jupiter's at-

mosphere. Following an October 1989 
launch, the spacecraft flew by Venus and 
the Earth in 1990 in gravity-assist pas-
ses to increase the spacecraft's velocity. 
One more Earth gravity assist is planned 
in December 1992 to pick up the last 
increment of velocity necessary to 
reach Jupiter. 

WATCH MONITORS 
UV-B RADIATION 
A Hong Kong designed wrist watch 

that doubles as a sun cancer alarm is 
to be marketed in Australia for next 
summer. 
Sunwatch, the brainchild of Hong 

Kong based multi-national company 
Saitek Ltd, takes the guess work out of 
knowing how long to remain in the sun 
— with or without protection from sun 
screen lotions. 
After information such as the wearer's 

skin type and the sun protection factor 
(SPF) of the lotion being used is 
programmed into the Sunwatch, it will 
sound an alarm when the safe time is up. 
If the wearer wants to stay out in the sun 
longer, the watch calculates what SPF 
should be applied to stop burning. 
The Sunwatch can also tell the inten-

sity of the sun, how much safe time is 

left and takes into account how much 
sun the wearer was exposed to the 
day before. 

TDK SPONSORING 
AUDIO BOOK AWARD 
Tape manufacturer TDK is sponsoring 

the Australian 1991 Audio Book Award. 
The award was established by the Na-
tional Library of Australia in 1988 and 
is awarded annually to the producer 
of the most outstanding audio book. 
Focusing on technical excellence 

rather than literary merit of the subject 
matter, the award encourages audio 
book producers to tailor audio books to 
those people who are unable to read. 
There are over one million functional-

ly illiterate Australians, who could rely 
on audio books as a reading medium. 

Additionally, there are a million more 
potential consumers who use unabridged 
audio books during their leisure time. 

In announcing the sponsorship, TDK's 
National Marketing and Sales Manager, 
Mr Glen Stanford said " as Australia's 
largest supplier of consumer audio tape 
it seems most fitting that TDK can help 
the many impaired Australians who rely 
on audio books as a reading medium". 

NEWS BRIEFS 

• CAT '91 is an international conference and exhibition on computer graphics for 
business. It will be held at Darling Harbour, Sydney from 30th September — 
2nd October. Enquiries to the Australian Computer Society (02) 283 5544. 

• An Electronics and Music Expo entitled Switched on Living will be held at the 
Ascot Racecourse in Perth from 6th- 9th September. Enquiries phone (09) 481 
0722. 

e Critec has apoointed Tina Kark as its new branch manager in Canberra. The 
company is now a sub-contractor to IBM under the Department of Defence's 
computer acquisition Desine program. 

• Greg Butler, previously NSW district sales manager for Canon, is now the 
national metropolitan dealer manager for Canon's colour imaging systems. 

• VSI and Promark have merged to form VSI Promark Electronics. Ted Mooney 
is managing director, David Segal is marketing director and John Robinson is 
the new sales director. 

• Amalgamated Instruments have moved to larger premises at unit 5/28 
Leighton Place, Hornsby; phone (02) 476 2244. 

• Alpha Industries of Massachusetts USA has announced that Electronic 
Development Sales of Lane Cove will be the exclusive Australian distribution 
for its microwave and millimetre wave components. 

• Peter Diddams has been appointed the general manager of the systems 
engineering business unit of British Aerospace Australia. 

e Crusader Electronic Components has appointed Graham Johnson as ac-
count executive of its Melbourne office, located at 13 Royston Street, East 
Burwood. 

e Paul Delaney. from the UK, is the new sales manager for semiconductor 
products at Siemens, based in Melbourne. 

• Nick Fondas bas moved from Texas Instruments to become Bailey Controls 
Australia's national marketing and sales manager. 

e Computer Sciences of Australia has appointedBill Schiralli to its new position 
of Sydney operations manager, systems engineering division. 
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LOCAL FIRM'S ROLE IN 
SA INFORMATION UTILITY 
SA Premier John Bannon's recent an-

nouncement of a high technology Infor-
mation Utility for Adelaide has major 
significance for South Australia's Lane 
Telecommunications, which will work 
alongside one of the world's largest 
communications giants in the strategic 
planning for the project. 
Lane Telecommunications of Frew-

vine will act as planning and design con-
sultants to the project in conjunction 
with NTT International (NTTI), via a 
joint South Australian investment com-
pany, LTH Pty Ltd, established specially 
for the Information Utility. 

"It will be a vital part of MFP-
Adelaide's communications network, 
and will establish South Australia as a 
major information centre for South East 
Asia," Mr Bannon said. 
The Managing Director of the new in-

vestment company LTH, Mr Steve Lane, 
says that in terms of potential, it is the 
most significant business Lane Telecom-
munications has ever won. 
"The Information Utility (IU) breaks 

new ground, and we are very excited to 
be playing a major role in its develop-
ment working alongside players such as 
Telecom, IBM, DEC and OTC," Mr 
Lane said. 

CALCOMP NOW 
IN AUSTRALIA 

CalComp Inc a Lockheed company 
and a leading computer graphics 
manufacturer, has established a wholly 
owned subsidiary in Sydney. Located in 
Stanmore, the new office will work 
closely with CalComp's distribution 
channels to promote the full range of 
CalComp plotters, printers, digitisers 
and displays in addition to providing 
service and technical support. William P. 
Conlin, President of CalComp, was in 
Australia to launch CalComp Australia. 

"In our drive to be more aggressive in 
the Asia/Pacific region and promote our 
reputation for quality products and ser-
vice, setting up direct operations was a 
logical and evolutionary step," Mr Con-
lin said. "Australia represents an out-
standing opportunity for us and our 
valued selling partners and we felt it es-
sential to get closer to the customer." 
Paul Rimington has been appointed 

Managing Director of CalComp in 
Australia. Mr Rimington has been in the 
office equipment/computer industry for 
over 20 years, most recently as 
General Manager of OKI Electric's dis-
tributor, 1PL. 

2.5GBIT/S OVER 
SINGLE-MODE FIBRES 
A system for optical telecommunica-

tion at 2.5Gbit/s — corresponding to a 
transmission capacity of 30,720 
telephone calls — has been handed over 
on schedule by Siemens to the research 
institute of German Post Office Telekom 
in Berlin. Transmission over the 361cm 
long trial route uses single mode fibres 
and the ' third optical windown' at 
1550nm. As the basis for the develop-
ment work on the Berlin V project, 
Siemens has chosen the new 
synchronous digital hierarchy (SDH). 
Siemens installed the new transmis-

INTERFEROMETERS 
FOR 0.5MICRON CHIPS 
Hewlett-Packard has introduced four 

optical interferometers that allow 
microlithography systems to position 
silicon wafers with the accuracy needed 
to manufacture next generation in-
tegrated circuits (ICs). 
As IC linewidths become smaller and 

silicon wafers become larger, 
microlithography system manufacturers 
need to maintain closer control of the 
multiaxis stages in their systems to reach 
sub-0.5micron dimensions. With the 
new interferometers, the multiaxis stage 
can be controlled in up to five degrees of 
motion (X, Y, yaw, pitch and roll). These 
multiple degrees of freedom allow over-
lay accuracy to be improved. 
The HP10719A one axis differential 

interferometer and the HP10721A two-
axis differential interferometer work as a 
pair to make column-referenced meas-
urements of a multiaxis stage. 

sion equipment for 2.5Gbit/s in the local 
exchange at Potsdamer Chaussee; here it 
was possible to use the optical cable 
plant that had already been installed for 
the Berlin IV project in 1984. The trans-
mission route runs to the Winter-
feldstrasse telecommunications centre 
and back. 
This amounts to an overall length of 

about 361an between the optical transmit 
and receive equipment. 2.5Gbitis sys-
tems permit repeaterless signal transmis-
sion over distances of up to 401an; using 
selected source diodes in the laboratory, 
distances of even 1001cm and more have 
been achieved at a wavelength of 
1550nm. 

Together, these interferometers pro-
vide measurements for systems that re-
quire 3 to 5 degrees of freedom. 
The HP10735A and HP10736A three 

axis interferometers offer one linear dis-
placement measurement and two rota-
tional displacement measurements of a 
multiaxis stage (yaw and pitch or roll) 
— a new capability in a single inter-
ferometer, HP says. 
Laser positioning systems are Michel-

son interferometers that use the inter-
ference of light waves to make 
precise-distance measurements. 
Like all laser interferometers, HP laser 

transducers are composed of three basic 
subsystems; the laser source, the optics 
and the electronics. 
The laser supplies the mono-

chromatic-light source, the optics direct 
the beam and generate the interference 
pattern, and the electronics detect and 
count the light and dark interference 
fringes, process the data and provide dis-
tance information in a useful form. 11 
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Solid State Update 
KEEPING YOU YOU INFORMED ON THE LATEST DEVELOPMENTS IN SEMICONDUCTOR TECHNOLOGY 

r 

) XCP92514Z 
• 

'Battery extender' 
regulator chips 
National Semiconductor has intro-

duced a new family of micropower low-
dropout (LDO) voltage regulators that 
are ideally suited for battery powered 
applications. The LP2952/3/4 are LDO 
voltage regulators which provide 
250mA of output current, and extend the 
life of the battery through low dropout 
voltage and low quiescent current. 
The LP2952 and LP2953 feature an 

adjustable output voltage of 1.23V to 
29V, while the LP2954 has a fixed 5V 
output. With this 250mA output cur-
rent and tightly regulated voltage 
tolerance of +1-1%, National's LDO 
family now serves a broad application 
spectrum which includes battery 
powered systems, mobile phones and 
hand-held instruments. 
For more information, circle 271 on 

the reader services coupon, or contact 
National Semiconductors, 16 Business 
Park Drive, Monash Business Park, Not-
tinghill 3168; phone (03) 558 9999. 

Configurable 4Mb 
SRAM module 
Four chip-select lines, one for each of 

the 256K x four bit arrays, are provided 
on EDI's new high density 4Mb SRAM 
module, the EDI8M16256C. This allows 
the memory to be user configured to 
256K x 16 bits, 512K x 8 bits or 1024K . 
x 4 bits, according to individual require-
ments. The high speed SRAM module 
comprises 16 separate 256K x 1 devices, 

in leadless chip carriers which are sur-
face mounted on a multilayered ceramic 
substrate. Two spare pins on the module 
allow for future expansion to 16M bits. 

Fast access times of 35, 45, 55 and 
7Ons are available. All inputs and out-
puts are TTL compatible and the module 
operates from a single 5V supply. 
Maximum noise immunity is provided 

with the incorporation of multiple earth 
pins. Neither clock nor refreshing cir-
cuitry are required for operation by the 
modules which are fully asynchronous. 
For more information, circle 274 on 

the reader services coupon or contact 
KC Electronics, PO Box 307, Green-
borough 3088; phone (03) 467 4666. 

New 68300 microprocessor 
Motorola has announced the 

availability of the 68330, the simplest 
and least expensive member of the 
68300 family of integrated 
microprocessors. 
With the 68330, existing 16-bit 

designs can be easily upgraded into less 
costly, higher performance systems that 
can be powered by a battery. This makes 

it ideal for laptop and palmtop com-
puters, portable printers and instruments 
— any piece of equipment that requires 
68020-class performance. 
Comprising a 68020-based core 

processor and a complement of common 
glue-logic circuits, the 68330 gives 
designers cost effective access to 32-bit 
performance, as well as complete 
freedom to choose the optimum 
peripheral and custom circuits for their 
application. 
Like all 68300 family members, the 

68330 is binary software compatible 
with the 680x0 central and 68EC0x0 
embedded control micro-processor 
families. This gives designers access to a 
broad base of real-time operating sys-
tems, languages, applications and 
development tools. 

With a 32-bit address bus, the 68330 
can directly address up to four gigabytes 
of memory. Additionally, the 68330 
provides a 16-bit data bus and up to 16 
discrete I/O lines. 

It executes 2.6MIPS when clocked at 
16.7MHz. Manufactured in lum 
HCMOS, Motorola's low power, high 
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performance fabrication process, the 
68330 dissipates a maximum of 6300 
milliwatts when active and 0.5 mil-
liwatts in standby mode. 
For more information, circle 272 on 

the reader services coupon or contact 
Motorola Australia, 673 Boronia Road, 
Wantima 3152; phone (03) 887 0711. 

'Virtual ground' generator 
A device which simplifies use of 

analog integrated circuits in digital sys-
tems having only a single 5V power 
supply is now available from Texas In-
struments. Described as a 'virtual 
ground generator', the device 
elimates the need for the resistors, 
capacitors, operational amplifiers and 
voltage references previously required 
to accomplish this function. 

It replaces multiple components with 
a single three terminal device in a small 
package. In a dual power source system, 
there is an earth ground as a midpoint 
for termination of all signal grounds. But 
in a single supply environment, a desig-
ner must generate a midpoint, or vir-
tual ground. To accomplish this 
engineers typically have used solutions 
consisting of multiple components. Ti's 
new TLE2425 virtual ground reference 
eliminates the need for all of these 
components. 
Because of its small size and low pin 

count, the TLE 2425 can be used for any 
5V and ground application, such as 
telecommunications, instrumentation, 
industrial controls, computers and peri-
pheral products, or automotive products. 
Because it eliminates the need for 
power-hungry resistors, it can provide 
an order of magnitude or greater power 
reduction. 
For more information circle 276 on 

the reader services coupon, or contact 
Texas Instruments, 6 Talavera Road, 
North Ryde 2113: phone (02) 887 
12122. 

Low resistance MOSFET 
Rated at just 10 milliohms on-resis-

tance, Siliconix's new 30V, 60A 
SMP6ONO3-10L claims the lowest on-
resistance of any power MOSFET in a 
TO-220 package. The record-low resis-
tance has been accomplished by using a 
very high cell density and optimising the 
device for applications that require a 
30V rating. 

Specifically designed for power supp-
ly and power management applications 
in modern computers, the SMP6ONO3-
10L provides more efficient and cooler 
operation. Fans can be eliminated and, 
in some cases, even the heatsinks can be 
designed out of the computer's power 
supply. 
The SMP6ONO3-10L will also be 

beneficial to designers of motor controls 
in battery powered electric tools. 
The chip is capable of carrying 10A 

continuous current, with a voltage drop 
of only 0.1V, and a lower voltage drop 
than a relay or a Schottky diode. 

It is expected to replace both kinds of 
devices in many applications. A further 
advantage of the SMP6ONO3-10L is 
logic-level compatibility. The rDs (on) 
value approaches its minimum with a 
gate-to-source voltage of just 5V. This is 
an advantage over a relay, since the 
SMP6ONO3-10L can be controlled by a 
microprocessor or a logic gate. 

For more information circle 275 on 
the reader services coupon, or contact 
IRI-I Components, 32 Parramatta Road, 
Lidcombe 2141; phone (02) 748 4066. 

Toshiba develops 
'five layer' LSI chip 
Researchers at Toshiba Corporation 

have succeeded in developing an ex-
perimental three dimensional ISI with 
five layers of single crystal, thin film 
silicon. Using an advanced electron 
beam and interconnecting tungsten 

wiring technology, the researchers 
formed transistors on each of the 
mutually insulated silicon layers and 
created circuits vertically connecting the 
elements. 
Three-D LSIs are expected to sur-

mount the limitations in packing density 
and operation speed of conventional 
semiconductor devices. Toshiba's new 

Australian Computers & Peripherals from JED... Call for data sheets. 

The JED 386SX embeddable single board computer can run with 
IDE and floppy disks, or from on-board RAM and PROM disk. It 
has Over 80 I/O lines for control tasks as well as standard PC I/O. 
Drawing only 4 watts, it runs off batteries and hides in sealed 
boxes in dusty or hot sites. 
It is priced at $999 (25 off) which includes 2 Mbytes of RAM. 

JED Microprocessors Pty. Ltd. 
Office 7, 5/7 Chandler Rd., Boronia, Vic. 3155. 

$300 PC PROM 
Programmer. 
Need to programme PROMs from your PC? 
This little box simply plugs into your PC or Laptop's parallel printer 
port and reads, writes and edits PROMs from 64Kb to 8Mb. 
It does it quickly without needing any plug in cards. 

Phone: ( 03) 762 3588 Fax: ( 03) 762 9639 
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SOLID STATE UPDATE 
test chip, developed for parallel process-
ing of image signals, integrates one mil-
lion transistors on the five 9.5 x 9.5mm 
layers, and operates five times faster 
than conventional chips with 
equivalent function. When commer-
cialised, the device will be suitable for 
super parallel processing, neural net-
works and real-time image processing 
on future prcomputers. 

Synchronous 256K SRAMs 
EDI has announced a range of fast 

256K bit synchronous SRAMs, as a 
result of a second source agreement 
with Motorola. The devices, organised 
as 64K x 4 and 64K x 16, are primarily 
intended for first and second level cache 
in systems operating at up to 50MHz. 
Interfacing directly with popular CISC 
and RISC architecture devices, the 
synchronous memories are actually 
'synchronised' by the processor clock to 
its internal operation. 
This synchronisation method 

removes time wasting decoders and 
latches, and effectively increases per-
formance by up to 20%, while reduc-
ing component count. 
For more information, circle 280 on 

the reader services coupon, or contact 
KC Electronics, PO Box 307, Greens-
borough 3088; phone (03) 467 4666. 
Fast high power rectifiers 

Unitrode's FBI Plus Series high-speed 
rectifiers enhance the design and perfor-
mance of high voltage, high frequency 
switching power supplies. Featuring 
reverse voltage rating of 200 through 
1000V, and reverse recovery times as 
fast as 3Ons, the rectifiers improve per-
formance in difficult applications. 

For example, the rectifiers can serve 
as clamp diodes to protect high voltage 
power MOSFEls, or as output rectifiers 
in high-frequency converters. 

Available in both industrial and high 
reliability/MIL-grade versions, the rec-
tifiers have an 8pF junction capacitance 
and low leakage characteristics at high 
temperature. At 25°C, reverse leakage 
current ranges from 1 to 2uA for the 2A 
industrial units and from 0.5 to luA for 
the 2A high reliability units. Respective 
ratings for the two 4A units are 4 to 5uA 
and 2 to 4uA. 

For more information, circle 273 on 
the readers services coupon, or contact 
Priority Electronics, 7/23 Melrose 
Street, Sandringham 3191; phone (03) 
521 0266. 

DATA INSTRUMENTATION PTY LTD. 
Spenolellring In Design Ming - Digital Inetzumentation 

WE ALSO REIYLIR THE FOLLOWING EQUIMENT 

ELECTRICAL TEST & MEASURING INSTRUMENTS 

Insulation lbsters, Multimeters Clamp—Ons, 
Low Resistance Testers, Earth Resistivity Testers, 

Amer Line Disturbance Testers, 
Energy Analysing Testers, Motor Surge & Hipot Testers, 

Power Testing & Recording Instrumenta 
Electrical Standards. 

ELECTRDNIC TEST & MFASURLNG INSTRUMENIS 

Electronic Counters, Frequency Counters, Multiloggers, 
Function Generators Storage Oscilliscopes, Memory Rewiders. 

akTA ACQUISTDON & RECORDING 

Analog & Digital Presure Meters, Strain Gauge Accelerometers, 
Multichannel Reœrders, Temperature Controllers, 

Digital Analyzers. 

DIGITAL CONI,DL 

Motor Drivers, Step Motor Drivera Interfaces, 
Computers, Automated guided System, Programmable Controllers, 

Process Controllers, Robotic Systems eervice & Design). 

Reg ACN-051-451-631 
8 Nathan Dry 11!L (053) 672483 

Bacchus Mire 3340 U11 Rut (008) 039091 
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Track-and-hold chip 
runs at 30MS/s 
Analog Devices' AD9100 is a fast 

track-and-hold (T/H) amplifier which 
offers true 12-bit performance at 30 mil-
lion samples per second (MS/s. The 
AD9100 also features excellent dynamic 
specification: at 30MS/s, hold mode dis-
tortion is guaranteed less than -91dBfs 
(decibels full-scale) for frequencies up 
to 12MHz and -74dBfs up to 20MHz. 
Able to drive capacitive loads as high as 
100pF, the T/H amplifier is also a good 
match for 8 and 10 bit flash converters 
operating at speeds up to 60MS/s. Ap-
plications include direct RF sampling, 
imaging systems, peak detection and 
spectral analysis. 
The AD9100 uses a high speed com-

plementary bipolar (DB) process. It in-
tegrates a closed-loop input amplifier 
with a switching network that substan-
tially reduces distortion while maintain-
ing the slew rate of traditional open-loop 
designs. The result is an acquisition time 
of 16ns to 0.01% accuracy and a track-
ing bandwidth of 250MHz. 
For more information circle 278 on 

the reader services coupon or contact 
NSD Australia, Locked Bag 9, Box Hill 
31228; phone (03) 890970. •  

ate, PROCON TECHNOLOGY 
 ' LETS YOU TAKE CONTROL! 

IN ANYONE'S LANGUAGE 

We manufacture a wide range of low-cost digital I/O boards. Each 
board features: 8 opto-isolated inputs ( 12/24/48V AC or DC), 8 
relay outputs (switching up to 10 Amps at 250VAC), LEDs indi-
cate I/O status and IBM-PC software is included. An industrial 
version with plug-in relays is also available. 

The system features: External mounting (up to 30 metres from 
computer) operating through any IBM-PC bi-directional printer 
port and capable of expanding to 240 I/0. 

Applications: Home or business security systems, process 
monitoring and control, laboratory automation, quality control 
testing, robot control and energy management. 

I! \technologu mTz. 
Box 655, Mt. Waverley, VIC. 3149. TEL: (03) 807 5660 

9 Wendover Court FAX: (03) 543 3249 

• Yes! High-speed drivers are available tor GWBASIC, QuickBASIC, TurboBASIC, QuickC, 
TurboC and TurboPascal. Our file I/O driver also allows many other programs and languages 
to be used. E.g. DBASE, Clipper, COBOL, FORTRAN, MODULA-2 etc. 
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SIEMENS 

Siemens Flexible Cables. 
We've got Australia covered. 
Whether it's for general or heavy industry, 
power or control, submersible equipment, 
cranes, hoists, or materials handling, 
Siemens has an internationally proven 
range of flexible cables "purpose-
designed" for the job. 
You can choose from reeling, 
submersible, rubber flexibles or high 
temperature cables for power and control 
from 33kV to fibre optics. 
Every cable delivers the superior 
performance, safety and cost-efficiency 
that has won Siemens the trust of OEMs, 
power authorities, electrical engineers 
and contractors throughout Australia. 
Most importantly, Siemens flexible cables 
are available ex-stock, Australia wide, 

without quantity restrictions — we'll cut 
any length you need. 
All cables feature superior quality 
synthetic rubber sheaths and finely 
stranded conductors for greater flexibility 
higher strength and longer life. 
So whether you're hit by a breakdown, 
stuck with a problem, or looking for a 
quality edge over your competition— give 
us a call. We've got Australia covered. 

Siemens Ltd. 
Standard Products Sales Offices 
Melbourne Tel 420 7631 Fax 420 7578 
Sydney Tel 436 8700 Fax 436 8701 
Brisbane Tel 368 4688 Fax 368 4646 
Perth Tel 362 0123 Fax 362 0152 
Adelaide Tel 379 6666 Fax 379 0899 
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Competitively priced US test gear: 

COMMS SERVICE MONITOR, 
SIG GEN FROM RAMSEY 
Now available in Australia, the Ramsey Electronics COM-3 Communications Service Monitor is 
priced well below similar units, yet offers virtually the same features — including deviation 
measurement and CTSS control tone generation. The company has also just released a competi-
tively priced 1GHz synthesised signal generator, the RSG-10. 

by JIM ROWE 

When I came across the name Ram-
sey Electronics recently, it rang a faint 
bell in the depths of my faltering 
memory. Wasn't Ramsey the small 
New York-based firm that made pock-
et- sized frequency counters and 
other small test instruments, which 
were available out here around 10 
years ago? 
"The very same", I was assured by 

Stephen Brine, the sales engineer for 

Rohde & Schwarz Australia — which 
has just recently begun to represent 
Ramsey here. Only the company is 
now rather larger than it used to be, he 
tells me; they also make a wider range 
of instruments, many of which will 
definitely NOT fit inside a pocket — 
shirt, trousers, coat or otherwise. In 
one important respect, though, the 
company still has the same design 
philosophy that was evident in its 

Ramsey's COM-3 combines a sensitive FM/AM receiver, frequency counter, 
modulation/deviation meter and FM/AM signal generator in a compact portable 
case. Microprocessor controlled, it uses a durable membrane type front panel. 

early products: to concentrate on 
producing reliable, practical and com-
petitively priced instruments for the 
working technician. They're happy to 
leave the esoteric and highly priced 
'state of the art' research lab end of 
the test equipment market to others, 
and judging from their success in the 
last few years, this policy seems to be 
paying off. 
Would I like to check out a couple 

of the latest Ramsey instruments, 
asked Mr Brine? No prizes for guess-
ing the answer to that one — we 
magazine editors are born stick-
ybealcs. So it was that a week or so 
later, the man himself arrived carrying 
two instruments, each about the size 
of a desktop computer (less monitor 
and keyboard). 
One turned out to be the COM-3 

Communications Service Monitor, 
and the other Ramsey's new RSG-10 
Signal Generator. And very interesting 
instruments they are, too. 

The COM-3 
The COM-3 is a communications 

service monitor — one of those ` all in 
one box' instruments for testing and 
adjustment of radio receivers, 
transceivers and transmitters. It com-
bines a sensitive FM/AM receiver, 
frequency counter, modulation/devia-
tion meter and FM/AM signal gener-
ator, all operating from either the AC 
power or an inbuilt battery supply, and 
fitted inside a sturdy portable case 
measuring 305 x 355 x 140mm and 
weighing about 29kg. 
The COM-3 operates over the fre-

quency range 100kHz-999.999MHz, 
making it suitable for servicing and 
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checkout of a wide range of com-
munications equipment — from HF 
marine and amateur radio gear, right 
up to UHF mobile and cellular phones 
operating in the 500MHz and 800-
900MHz bands. This coupled with 
its compact form, modest weight 
and battery power option makes it 
very suitable for the field service 
technician. 
Of course there are a number of 

other communications service 
monitors around, offering similar fea-
tures. However in most cases these 
also come with a pretty daunting price 
tag — generally well into the five fig-
ure region. The big point about the 
Ramsey COM-3 is that in its standard 
form it costs only $4950, plus tax if 
applicable. This includes telescopic 
antenna, internal battery and charger, 
240V/50Hz power supply and user 
manual. At this price, the COM-3 
should also appeal as a workshop in-
strument for many of the smaller two-
radio radio servicing firms, technical 
colleges and perhaps also radio clubs. 
It may well be suitable as well for 
production testing in transceiver 
manufacturing plants, where its lower 
price would make it more appropriate 
than higher priced models. 
How can Ramsey produce such a 

unit for around a third of the price of 
comparable models? Basically, by 
taking advantage of modern IC's and 
microprocessor control, and also by 
leaving out a few of the frills and 
'over engineering' that tends to creep 
into the fancier models. 
The COM-3 is designed to meet the 

known needs of technicians perform-
ing radio transceiver testing, and to 
meet these reliably — but without 
necessarily meeting the much tighter 
needs of R&D labs. For example the 
signal generator section tunes in 
500Hz increments, because this is 
more than adequate resolution for all 
normal radiocomms work — many 
systems work on channels with no 
closer than 5kHz spacing. 
Similarly the output attenuator is 

adjustable from 0.1uV to 10mV, 
which is narrower than a ' lab' type 
generator, but more than adequate for 
most testing of commercial 
'production' equipment. Its output ac-
curacy is also +/-2dB, again fine for 
normal testing, but somewhat less 
tight than for a true lab' generator. 

In like fashion the RF counter has a 
resolution of lkHz, over the range 10-
999.999MHz. Although not as fine as 
a dedicated counter, this is fine for the 
intended application — especially 

A general shot inside the C0114-3, showing how virtually all of the circuitry is 
mounted on two printed circuit boards — the large horizontal main board, and a 
smaller vertical board mounted behind the front panel. 

since the deviation/carrier frequency 
error facility has a 'narrow' range of 
+/-1.5kHz, capable of showing errors 
with a resolution of about 150Hz. This 
is in addition to the 'wide' range, dis-
playing deviation and carrier error on 
a +/-7kHz scale. Finally, things like 
suppression of spurious output com-
ponents and hetero-dynes are not 
quite as tightly controlled with the 
COM- 3, as they are with true `lab 
quality' instruments. 
But spurious outputs are more than 

50dB below the carrier where it 
counts, for the kind of work for which 
the COM-3 is designed: within 10kHz 
of the carrier. And although there a 
few low-level ' birdies' from the 

instrument's own internal reference 
oscillator, these are not really likely to 
cause any problems in normal use. 

It's by being sensible about these 
main performance parameters that 
Ramsey has been able to bring the 
price of the COM-3 down, well below 
that of other comms service monitors. 
The COM-3's inbuilt monitoring 
receiver tunes in 500Hz steps, like the 
sig gen. It has 5uV sensitivity between 
10MHz and 999.999MHz ( 10dB 
quieting), but is useable down to 
about 100kHz. Audio output is rated 
at 2W. The frequency counter 
provides an audio range as well as that 
for carrier frequency, with a built-in 
multiplier giving 0.1Hz resolution 
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Ramsey COM-3 
from 10Hz to lkHz to allow measure-
ment of CTSS tones, etc. 
Modulation options on the sig gen 

section include FM with deviation ad-
justable from 0 to 15kHz peak, and 
AM with depth adjustable from 0 
to 99%. 
The COM-3 has a lkHz sinewave 

modulation source built in, along with 
CTSS tones — programmable 
anywhere from 50Hz to 300Hz. 
There's also provision for external 
modulation, with a bandwidth of 
10Hz-101cHz. 
RF accuracy of the COM-3 on all 

ranges is determined by its internal 
4MHz crystal timebase, which 
provides 1.0ppm over the range 0-
50°C. Frequency adjustment of the 
receiver and/or sig gen is via a 
numeric keypad, which like most of 
the front-panel controls uses flat 
membrane-type buttons. 
This not only keeps the cost down, 

but also makes the COM-3 more reli-
able by keeping out dust, grime and 
moisture. The COM-3 does not have 
an inbuilt RF dummy load and power 
meter, but one of its nice features is a 
protection scheme which automat-
ically switches the front panel `RF 
output' connector through to a rear 
panel connector, if a sensing circuit 
detects an RF level of greater than 
500mW — caused, perhaps, by press-
ing the ' transmit' button on a 
transceiver under test. 
Not only does this protect the COM-
3 circuits from damage, but it also al-
lows power measurements to be 
performed simply by connecting an 
external dummy load and power meter 
to the rear panel connector. 
There is enough ' leak through' 

across the switching relay to allow the • 
COM-3 circuits to measure carrier fre-
quency, deviation and so on while the 
transmitter output is fed through to the 
dummy load. 
Other nice features of the COM-3 

include a set of memories, so that it 
can 'remember' 10 different front-
panel setups, and recall these at the 
touch of a key; a pair of buttons which 
will shift the COM-3 up or down in 
frequency by a programmable offset, 
to allow switching between the trans-
mit and receive frequencies used for 
repeater operation; another pair of 
buttons to allow convenient frequency 
stepping up or down in 5kHz steps; 
and an adjustable squelch control on 
the receiver section, as well as the 
volume control. 

The RSG-10 signal generator is housed In a box very similar to that of the COM-3, 
as you can see here. Both instruments use membrane type control keys, to 
provide a high order of durability. 

Construction of the COM-3 is fairly 
straightforward. The case is of the 
simple 'top and bottom half with ends' 
construction, with virtually all of the 
electronics on two PC boards — a 
large main board which mounts 
horizontally, and a smaller one which 
mounts vertically behind the front 
panel. There's not a great deal of in-
ternal shielding, just small shield 
boxes and plates over critical areas. 
The internal battery and power 

transformer are attached to the rear 
of the case, as you can see from the 
photo. 

In operation, we found the COM-3 
to be very easy to use. The controls all 
seem to be straightforward, and it's 
surprising how rapidly you can check 
out all of the basic performance 
parameters of a transceiver. 
We tried it out with a couple we had 

around, including one of the 
prototypes for the 2m FM Transceiver 
described in our January-April 1991 
issues, and in each case the COM-3 
made light work of obtaining the 
measurements. 
In short, it seems to be a very practi-

cal instrument, and one that delivers a 
lot of performance for a very competi-
tive price. 

The RSG-10 
The RSG-10 Synthesised Signal 

Generator is the very latest addi-
tion to Ramsey's instrument range, 
and is again designed to provide a 
high but ' sensible' order of perfor-
mance, coupled with a competitive 
price. It has a range of from 

100kHz to 999.9998MHz, with a 
resolution of 100Hz up to 500MHz 
and 200Hz above. 
Frequency accuracy and stability 

with the standard reference oscillator 
is +/-5ppm (0-50°C), but optional al-
ternative oscillators are available with 
either 0.5ppm or 0.1ppm if greater ac-
curacy and or stability are needed. 

Spectral purity is quite impressive. 
Harmonic output is rated as -30dB 
below the carrier (above 3MHz), with 
sub-harmonics `unmeasurable' below 
500MHz and -25dB below the carrier 
for higher frequencies. Non-harmonic 
components are rated at -60dB below 
the carrier, at frequencies distant by 
greater than 10IcHz. 
Output level of the RSG-10 is adjus-

table from - 127 to +10dBm into 50 
ohms, in steps of 0.1dB. Absolute 
level accuracy is +/-2dB. A nice fea-
ture is that the output can be set 
and/or indicated in dBm, dBuV, 
dBmV, uV or mV as desired, simply 
by pressing the appropriate key. 
Instrument leakage is quoted at luV 

into a 2-turn 25mm loop, 25mm away. 
The generator's output circuitry is 
protected against reverse power levels 
of up to 50W, and up to 50V DC. 
The RSG-10's output can be modu-

lated with either AM or FM inde-
pendently, the AM being adjustable 
from 0 to 99% in 1% steps. FM is ad-
justable from 0-9.9kHz in 100Hz 
steps, or 0-99IcHz in lkHz steps, al-
though maximum FM deviation be-
tween 125 and 250MHz is 25kHz. 
An internal lkHz modulation source 

is provided, along with provision for 
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Internally, the RSG-10 is much the same as the COM-3. The PC boards are 
of high quality, with careful use of shield boxes in all critical areas. The 
power transformer and supply circuitry are mounted on the rear of the case. 

modulating with a 1V p-p external sig-
nal. External modulation bandwidth is 
25Hz to 25kHz, with an input im-
pedance of 600 ohms. Like most 
modern signal generators, the RSG-10 
is microcomputer controlled. 
Output frequency, output level and 

modulation level are displayed clearly 
on large 15mm-high seven segment 
LEDs, with seven digits for frequency, 
four for output level and two for 
modulation. 
All functions are controlled via 

pushbuttons on the membrane-type 
front panel, with operating modes in-
dicated via further small LEDs. An in-
built `beep' function provides audio 
feedback of control actions. 
As with the COM-3, the RSG-10 

has a memory facility, allowing 10 
different control setup `recipes' to be 
stored with a few key presses, and 
recalled when desired. A ' memory 
exchange' button allows rapid alterna-
tion between two frequently-used 
panel setups, a handy feature for 
repetitive testing of equipment in a 
production environment. 
Most of the other functional areas 

are similar to the COM-3, except that 
here the incremental adjustment steps 
for both frequency and output level 
are user programmable. A further 
facility on the RSG-10 is the 
provision for feeding in an external 
10MHz (1-5V p-p) reference signal, to 
replace the internal oscillator where 
high accuracy and/or stability is 

needed on occasions. If such a signal 
is available, say from a source locked 
to a caesium-beam reference, this is 
merely fed into a BNC connector on 
the rear panel — the circuitry 
switches over automatically. In terms 
of construction the RSG-10 is also 
similar to the COM-3, with the same 
kind of case and horizontal/vertical 
PCB system. 
Here there's a little more use of 

compact shielding boxes for various 
areas on the main PCB, though, 
presumably to meet the rather tighter 
specs. The main RF sections apparent-
ly make significant use of SMT 
devices, although this wasn't evident 
from a quick look inside the case — 
most of the circuitry concerned is hid-
den inside the shield boxes. 

In operation, we found the RSG-10 
to be very well behaved and easy to 
use. It was very easy to set it for any 
desired output frequency, level and 
modulation/deviation level, and its 
output seemed to be very clean. 
About the only facility we found 

ourselves missing, compared with 
some of the more expensive gener-
ators we've used, was an output level 
disable/enable switch. This is a handy 
facility, allowing you to `kill' the gen-
erator's output at any time, without 
disturbing any of the main settings. 
With the RSG-10 you can achieve 

an approximation of this function by 
having two setups, one with the nor-
mal output level and one identical, 
apart from having the output level set 
for the instrument's minimum of - 
127dBm. You can then toggle between 
the two setups using the `MEM 
EXCH' key. 

Still, it would be nice if Ramsey 
added an output enable/disable key to 
the instrument, to do the job more 
conveniently and reliably. Apart from 
that one niggle, though, the RSG-10 
seems to us to be a well-designed unit 
offering a high order of performance 
in a competitively priced 1GHz signal 
generator. 
The actual price is quoted at $4450, 

with a further $490 for the 0.5ppm 
timebase or $990 for the 0.1ppm 
timebase. A carry case is also avail-
able for $ 150, and an expanded 20-
memory option for $40. These prices 
are all plus sales tax where applicable. 
Further information on either the 

Ramsey COM-3 or RSG-10 is avail-
able by circling 202 on the reader ser-
vice coupon, or by contacting Rohde 
& Schwarz Australia, 63 Parramatta 
Road, Silverwater 2141; phone (02) 
748 0155. a 
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NEW PRODUCTS 
Dual readout, 
true RMS DMM 
A new multimeter from DSE has a 

true analog readout as well as a separate 
digital readout. This together with its 
true RMS measurements from -45 to 
+50dBm (within the frequency range 
50Hz to 2kHz) makes the Q-1700 very 
suitable for anyone working in telecom-
munications or servicing. The analog 
scale is mirror backed for even greater 
accuracy. 
Features include auto polarity, audible 

continuity check, diode tester, overload 
protection and RMS measurements for 
AC voltage and current. 

Its seven current ranges cover 20uA - 
10A for both AC RMS and DC, while 
five voltage ranges measure 200mV - 
100V (DC) and 200mV - 750V (AC) 
RMS. Decibel ranges are from -20dB to 
+40dB in 20dB stages, and six resistance 
ranges cover from 200 to 20M ohms. 
For more information circle 246 on 

the reader services coupon, or contact 
Dick Smith Electronics, PO Box 321, 
North Ryde 2113; phone (02) 888 3200. 

Audio service interface 

Designed by Kingsley Electronics to 
link all the equipment usually found on 
the audio service bench to one control 
panel, the audio interface unit also 
measures power output to 800W per 
channel with internal 4V and eight ohm 
loads. The unit has 14 stereo signal in-
puts/outputs duplicated on the rear 
panels, so that all associated equipment 
leads can be hidden — leaving one lead 
in and one lead out from the unit being 
serviced. It has both comparative and 
selective switching. 
Coupled to a inillivoltmeter, it can be 

used to adjust record, playback and os-
cillator levels, with one knob and act as 
a high sensitivity, high output signal 
tracing unit. 

Its three amplifier inputs are com-
pletely isolated from each other and 
from the attenuated oscilloscope and 
counter outputs. An optional adaptor al-
lows the simultaneous connection of two 
interface outputs and two probes to an 
oscilloscope. 
For more information circle 245 on 

the reader services coupon, or contact 
Kingsley Electronics, 17 Blackburn 
Drive, Cheltenham 3192; phone (03) 
583 4020. 

UV sensitive PCB films 

Kalex is marketing the 4600 series 
Riston films, which supercede the type 
3400 used in the past. 
Riston films are UV sensitive films 

which are bonded to printed circuit 
board material. The laminated board is 
exposed to UV light through a negative 
of the printed circuit board tracks, and 
then developed, etched and drilled to 
produce the printed circuit board. 
Commercial volume production of 

boards uses fully automated equipment 
and Riston 4600 responds favourably to 
such production methods, but its 
tolerance is such that it can be used suc-
cessfully in limited scale production or 
for use in producing single boards. It 
thus finds favour with schools, small 
producers and government departments. 
The developer used is an aqueous 

solution of a non-hazardous, environ-

ment friendly material. Stocks are kept 
in five sizes ranging from 150 x 
300mm to 600 x 900mm, in both 
single-sided and double-sided boards. 
For more information circle 242 on 

the reader services coupon, or contact 
Kalex, 40 Wallis Avenue, East Ivanhoe 
3079; phone (03) 497 3422. 

Surface mount 
testing adaptors 

Although the use of modern IC pack-
ages can enable the engineer to sig-
nificantly reduce the size of electronic 
subassemblies, it can also lead to 
problems during prototyping new 
designs and testing completed as-
semblies. Larger pin counts and fine 
lead pitches making probing a package 
terminal more difficult. 
With pin counts often exceeding 100 

and very close centre-to-centre spacing, 
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High quality capacitors 
Speaker Technologies can now supply a new range of very 

low-loss metallised polypropylene capacitors in high values, 
designed especially for use in high-quality audio amplifiers 
and other demanding applications. 
Custom made to a tight specification, the capacitors have 

100V rating and are available in values from luF to 10uF, with 
a maximum tolerance of +/-5% (typically +/- 1.5%). 
The use of metallised polypropylene dielectric gives sig-

nificantly lower losses than either polyester or polycarbonate 
types. Retail prices currently range from 870 to $6.20 each in 
small quantities. The company has also released a range of 
high quality bipolar (non-polarised) axial leaded electrolytic 
capacitors for loudspeaker crossover networks and similar ap-
plications, with a rating of 100V — significantly higher than 
others available in Australia. 
These capacitors are available in values from luF to 100uF, 

and also have a relatively tight tolerance range: +/-10%. Retail 
prices currently range from 440 to $3.17 in small quantities. 
Data sheets are available for both types of component. Allow 
$5 per order additional to cover freight, packing and insurance. 
Discounts are available for bulk purchases and trade enquiries 
are welcome. 
For further details circle 250 on the reader service coupon or 

contact Speaker Technologies, PO Box 50, Dyers Crossing 
2429; phone (065) 50 2254. 

hooking up test equipment probes at the chip pins can be a real 
headache, and possibly dangerous. 
Emulation Technology offer a range of prototyping adaptors, 

socket converters, debugging accessories and debugging tools 
that will accommodate LCC, PLCC and PQFP (both EIAJ and 
JEDEC type) device packages with pin counts ranging from 20 
to 160. 
One such product is the 386SX test clip PQFP package with 

100 pins spaced on 0.025" centres. The clip consists of a small 
PC board, on the underside of which is a clip which covers a 
386SX already soldered onto a PCB. A set of pins, spaced at 
0.10" centres, is located around the perimeter of the top of the 
unit's PC board, thus making it easy to attach test leads. 
For more information circle 243 on the reader services 

coupon, or contact PP Component Sales, PO Box 580, Bays-
water 3153; phone (03) 764 5199. 

Real Time Waveform Computation 
functions such as +, - , x, INV with 
original update rate and high 
speed display 

=Ave,.•• 

Zooming and Scrolling enables 
magnification up to 1000times and 
display scrolling to left and right 

Data Accumulation superimposes 
several samples by changing 
intensity with time. Persistence is 
adjustable from 0.1 to 50 seconds 

Simultaneous Real Time X-Y and 
V-T display e.g. phase + 2-channel 
waveforms can be observed 
simultaneously 
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Yokogawa DL1200A Series 
High Performance 

Digital Oscilloscopes 
4 signal channels (2mV sensitivity each) 
100MHz analog bandwidth 
100MS/s, 8-bit single shot resolution 
5GS/s repetitive signal resolution 
128k word memory per channel 
Comprehensive trigger modes 
Optional Printer and RS-232C interface 

The DL1200A Series forms part of a range of sophisticated 
new oscilloscopes from Yokogawa. 

Call for detailed brochures and specifications 

Yokogawa Australia Pty Ltd 
A.C.N. 003 888 364 

Centrecourt D3, 25-27 Paul Street North, North Ryde 
Phone: (02) 805 0699 Fax: (02) 888 1844 Vic: (03) 819 1500 

Interstate — Queensland: L E Boughen 8. Co ( 07) 369 1277 S. Australia : Trio 
Electrix Ply Ltd ( 08) 212 6235 W. Australia : Leda Electronics (09) 361 7821 

Tasmania : Meacon Systems (002) 48 1000 
Specialist Representatives: Techfast (02) 988 3865 A.T.E. (03) 543 8041 



NEW PRODUCTS 
Low profile transformers 
Sydney company Robert Ford & Co 

manufactures a wide range of Telectran 
power and audio transformers. Power 
transformers range from IVA to 35kVA 
and, where applicable, may be designed 
to Australian Standard 3108. Included in 
the range is a low profile transformer, 

MAKE ALL THE 
RIGHT MOVES 

WITH 

RAE 
— Lattice 

Semiconductor 
Corporation 

Lattice Semiconductor Corporation is the inventor 
of the E2CMOS PLDs. Lattice continues to be the 
supplier of the highest speed CMOS PLDs available. 

seeQ 
Technology, Inc. 

SEED Technology Incorporated is a leading designer 
and manufacturer of electrically erasable 
programmable read only memories (EEPROMs), 
Flash EEPROMs, and Ethernet data communications 
productions. 

SAMSUNG 
gt 

Samsung is continuing to deliver High Quality and 
Performance with its specialised memory products 
SRAM's DRAMs SIMM Modules. Samsung also offer 
a wide range of LCD products. 

SYDNEY RAE Electronics Pty. Ltd. 
62 Moore Street, Austinmer, NSW 2515 
Ph: (02) 232 6933 Fax: (042) 68 1075 
BRISBANE RAE Electronics Pty. Ltd. 
Unit 8/121 Newmarket Rd., Windsor, Qld 4030 
Ph: (07) 357 5355 Fax: (07) 857 3130 
PERTH RAE Electronics Pty. Ltd. 
Suite 1/6 Leigh St., Victoria Park, WA. 6100 
Ph: (09) 470 2702 Fax: (09) 472 3407 
MELBOURNE RAE Electronics Pty. Ltd. 
218 Waterdale Rd., (Cnr. of Beatty St.) 
Ivanhoe, Victoria 3079 
Ph: (03) 499 7322 Fax: (03) 499 4237 

constructed on frame UJ66, which has a 
maximum rating of 100VA. Mountings 
include chassis mounting with brackets, 
flat chassis mounting with extended 
stack clamping screws and PCB mount-
ing. Different versions give various out-
puts: 18V (2x9) supply 5A in series or 
2.5A in parallel; 24V (2x12) with 4A or 
2A; and 30V (2x15) with 3A or 1.5A. 
For more information circle 249 on 

the reader service coupon or contact 
Robert Ford & Co, 4 Tepko Road, Ter-
rey Hills 2084; phone (02) 450 2644. 

PCB circuit breakers 

Heinemann has developed a patented 
card-mounted socket that allows circuit 
protectors to be plugged into or removed 
from PC boards in seconds. It permits 
snap-in mounting of Heinemann Series 
JAcircuit protectors with current ratings 
from 20mA to 30A. 
Mounting circuit breakers on printed 

circuit boards not only protects the cir-
cuit, but also provides a visual indication 
of whether any of the boards in a system 
contain a fault. However circuit breakers 
are not normally hard-wired onto PC 
boards, due to the possibility of residues 
remaining inside the breaker from flux 
used in wave soldering and detergents 
used during card-cleaning procedures. 
The use of the socket overcomes this 
problem. The narrow profile circuit 
breakers, measuring 19 x 51 x 25mm, 
permit close board spacing, while the 
position of the reset handles easily iden-
tify any faulty board. 
For more information circle 241 on 

the reader services coupon, or contact  

Easy Emulator Pods &Adapters 
• Plug your PLCC and LCC packages into your PC board in 
minutes, with these easy-to-use adapters. 
• Emulator/logic analyzer users: Adapt-a-Pod - converts 
one package type to another (LCC, PLCC, PGA, and DIPs). 
• Emulator pods and adapters are available in all standard 
pin counts, with ribbon or ribbon cable headers. 
• Custom engineering services and do-it-you self emulator 
pod converters. Free catalog. 

1 1) COMPONENT SALES P.O. Box 580 Tel: (03) 764 5199 
Bayswater Vic. 3153 Fax: (03) 764 5445 
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Heinemann Electric, PO Box 241, 
Springvale 3171; phone (03) 560 3522. 

Component fault finder 
Huntron Instruments has released the 

Switcher 640, which when used with a 
Huntron Tracker 2000, automatically lo-
cates faults in devices with up to 64 pins. 
The Tracker 2000 isolates faults and 
failing components by displaying their 
analog 'signatures'. The Switcher 640 
automates this process by comparing the 
analog signatures of a suspect com-
ponent with a known good component, 
and reporting any differences. 
Designed to speed up the PCB and 

multi-pin device troubleshooting 
process, the Switcher 640 works in one 
of three ways: it can scan through all of 
a device's signatures at a user-selected 
rate, allowing the technician to rely on 
experience to determine if a signature is 
suspect; it can automatically scan both a 
good and a suspect component, compar-
ing the signatures of each pin and stop-
ping on differences; or it can scan and 
compare all component pins and then take 
the technician to the worst failure first. 
For more information circle 251 on 

the reader services coupon or contact 
Nilsen Instruments, PO Box 930, Carlton 
South 30531; phone (03) 347 9166. 

Energy computer 
A mini version of the award winning 

Energy Saving Computer has been 
released for small to medium sized com-
panies. It is designed for companies 
which use as little as 5 to 10 kilowatts of 
air conditioning ro 2 to 5 kilowatts of 
refrigeration. 
The product's 'big brother' won the 

Federal Government's National Energy 
Management Award in 1985, and has 
been used successfully in more than 
4000 installations worldwide. The EC1 
Jr. was developed for smaller applica-
tions, but still works on the same prin-
ciple of reducing the running time of 
heating, air conditioning or refrigeration 
systems without changing the desired set 
conditions. With this economy, the intel-
ligent microcomputer device reduces 
energy costs by 15 to 30% and requires 
virtually no maintenance. Retailing 
around $995 (per single system), plus 
installation costs, it is claimed to repay 
its cost within two years. 
For more information circle 253 on 

the reader services coupon, or contact 
the Energy Saving Computer Company, 
9 Donegal Rd, Killarney Heights, 2087; 
phone (02) 975 3820. 
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Ramsey Electronics Inc is a U.S. manufacturer of quality, economically priced electronic equipment. Their cost effective instruments 
incorporate all the "most-used" features of competitive instruments and leave off the extras. 

The result — hard working instruments that don't break the budget! 

RSG-10 Synthesised Signal Generator 

Specification 
Frequency Coverage: 
Resolution: 
Accuracy: 
Spectral Purity: 
Subharmonics: 
Non-Harmonics: 
Frequency Modulation: 
Amplitude Modulation: 
Output: 
Level Range: 
External Modulation : 
Memory: 
Controls: 
• Prices subject to Sales 

100kHz to 999.9998MHz 
100Hz (<500MHz), 200Hz (>500MHz) 
±5ppm standard ±0.5ppm and ±0.1ppm optional 
-30dBc 
-25dBc (>500MHz), None (<500MHz) 
-60dBc 
0-9.9kHz in 0.1kHz steps 
0-99% in 1% steps 
son 
-127 to +10dBm 0.1dB resolution 
soon. 1Vp-p 
Up to 10 complete front panel set-ups may be stored 
Fully sealed membrane switch panel 

Tax il applicable 

• Full frequency coverage 100kHz to 999.9998MHz 
• Calibrated AM and FM modulation 
• Delta Set Increment Key for fast parameter 
variations 

• Ten non-volatile programmable memories using 
EEPROM technology 
• Automatic memory exchange for switching 
between two set-ups 
• Extensive SMD in RF section for improved 

reliability 
• High stability - 5ppm (0.1ppm optional ovens) 
• Automatic timebase locking to external source 
• Reverse Power Protection 
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ROHDE ik SCHWARZ 
ROHDE & SCHWARZ (Australia) Pty Ltd 

For NSW, OLD, ACT& NT pnquiries: 
63 Parramatta Road, Silverwater, NSW 2141 
Tel : (02) 748 0155 Fax : (02) 748 1836 Telex : 26372 
For V/C, TAS, SA & WA enquiries: 
4th Floor, 320 St Kilda Road, Melbourne VIC 3004 
Tel : (03) 699 7922 Fax : (03) 696 2100 
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•1 Who makes PCB design easy? , Ask an Expert. Protel's PCB design products for PC and Macintosh® 

are Australia's best sellers because they deliver real productivity benefits for ' real world' users. We back 

• it our products with a 30 day money back guarantee so you can buy in confidence. Protel Experts don't just 

i sell our products, they use them - every day -and they speak your language. :le 

Protel Technology 

30 day money-back guarantee 

24 hour free delivery to most centres 

Toll free information (008) 03 0949 

Electronic Design 
Automation Specialists 

Product of Australia 
01990 Protel Technology Pty Ltd 

Just ask Ray.Robertson (02) 521 1240, Igsaan Jamie (02) 790 0580, Chris Krulic (03) 366 5318, 

Phil Muraca (03) 521 2869, Martin Gregory (03) 562 1277, 

Ed Neil (08) 45 4986, Doug Brown (08) 371 1022, 

Peter Borg (09) 356 1997, Rob Berkavicius (09) 445 3153, 

David Warren (002) 71 8120, Alistair Henderson (07) 369 5900. 

Protel AutotraxTm — fully automated PCB design system with 

SMD support, auto place, autorouter foronly$1595-(Mac® version 

$1995); Protel EasytraxTM — low cost PCB layout package, 

including pad-to-pad autorouting for only S395 (Mac version 

$495). Both systems feature metric/imperial grids, Gerber, 

PostScript and N/C drill support. 

PC version requires XT/AT/386/486 compatible with 640K RAM; DOS 2.0 or later. 

Macintosh version requires Mac Plus, SE or 11, hard disk drive recommended. 

Mac and Macintosh are registered trademarks of Apple Computer, Inc. 

Gerber is a registered trademark of Gerber Scientific, Inc. 

PostScript is a registered trademark of Adobe Systems, Inc. LIN'ART A9I-2 
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Australian-made PCB design software: 

Protel enhances 
Autotrax, Easytrax 
Tasmanian company Protel Technology has recently added new features and facilities to both of 
its very popular PCB CAD packages for personal computers: the ' professional' package Autotrax, 
and its lower-priced and more basic sibling Easytrax. Both packages are now also available in 
versions to run on the Apple Macintosh, as well as IBM-compatible machines. 

by JIM ROWE 

Nowadays, I guess most people in-
volved in designing PC boards would be 
at least aware of Australian firm Protel 
Technology and its well-proven CAD 
packages Autotrax and Easytrax, for 
IBM-compatible PCs. Like the 
company's circuit drawing package 
Protel Schematic, they're widely used, 
not only throughout Australia but 
around the world. And this popularity 
is well deserved, as all three packages 
are both powerful and easy to use — as 
well as offering particularly good 
value for money. 
Regular EA readers will recall that we 

published a review of Autotrax in the 
September 1989 issue, written by Peter 
Phillips and Mark Cheeseman; a review 
of Easytrax in the December 1989 issue, 
written by Tom Moffat; and a review of 
Protel Schematic in the August 1990 
issue, written by myself. Not only that, 
but here in the EA office we've been 
using Version 1.1 of Autotrax for some 
time now, to design PC boards for our 
construction projects, and more recently 
we've had a chance to use Easytrax as 
well. We've found that both packages 
allow us to produce clean and elegant 
board designs quickly — and also to 
modify them with equal efficiency, 
when this is needed. 
Since I reviewed it, Protel Schematic 

has also been finding use for drawing 
some of our smaller schematics, as the 
more astute readers will have noticed. 
This too is an easy to use and efficient 
package, although its more limited out-
put resolution makes it a little less 
suitable for publishing work. 
On the whole, then, I guess you 

could say that we're reasonably ex-
perienced users of the Protel packages. 

Perhaps we're also rather biased in 
their favour, but the fact is that the 
packages are quite friendly and easy to 
use, the PCB design programs in par-
ticular produce high quality output, and 
they are very reasonably priced. All of 
which contributes to user enthusiasm 
and satisfaction 
Of course the fact that they're also 

'made in Australia' inevitably adds to 

their appeal, as far as we're concerned. 
It's especially nice to be able to endorse 
locally developed products — they 
aren't that thick on the ground, 
nowadays! 
But enough of this preamble. The real 

reason for this present write-up is that 
the good people down at Protel, never 
content to rest on their laurels, are con-
stantly striving to improve their 

Fig.1: A printout of the checkplot for the 'Demo' board file provided with Easytrax, 
reproduced hete at 75% of actual size. Using the 300dpi PostScript printer/driver 
it took a total 01 164 seconds before printer start-up. By comparison, printing the 
same file with the HPGL driver took 380 seconds. 
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products. Late last year they released en-
hanced versions of both Autotrax and 
Easytrax, and very kindly sent us up 
samples of the latest versions to try out. 
Now that we've had a chance to do so, 
here's a report on the new features. 
By the way, I've just learned that there 

are actually now two versions of 
Autotrax — the ' standard' version, and 
the Extended version. 
The main difference between the two 

is that the standard version provides 
automatic component loading from a 
netlist, but only pad-to-pad auto routing 
and 'rats nest rubberbanding' as a visual 
guide for manual routing. It's now only 
the Extended version that offers full auto 
placing and multi-pass autorouting 
facilities. 
Apart from this difference, the two 

new versions of Autotrax are apparently 
the same. Both versions share such func-

N..? 2(12736 

for ..Y1* •Ar., '3N6' ram tibl 

New features: P« 

• Pad-to-pad autorouter 
• Metric/Imperial grids 

• PostScript' printing 

dons as user definable track widths, pad 
sizes and spacing rules; global editing; 
and support for surface-mount devices. 

So in terms of capabilities, the new 
'standard' Autotrax now slots about 
halfway between the Extended version 
and Easytrax— making it a good choice 
for those who need a little more than 
the facilities of Easytrax, but can't 
quite justify the cost of the full 
Autotrax Extended. 

Autotrax V1.5 
The new enhanced versions of 

Autotrax boast many new features. 
General enhancements to the complete 
package include re- written video 
drivers, for improved performance with 
EGA, VGA and `Super VGA' graphics 
adaptors; a GRAPHSET utility, to allow 
changing the video driver more con-
veniently after initial installation; and a 

utility called 2NET, which translates 
ED1F (OrCAD), SCHEMA and PADS-
PCB netlist files into the format used by 
Autotrax. A further utility called 
PCBTODXF is apparently under 
development, to allow conversion of 
Autotrax's .PCB files into AutoCAD's 
.DXF format. 

Traxedit, the main PCB editing part of 
the package, now provides the option of 
either imperial or metric grids; the 
ability to place curved tracks; an option 
to use a 'polygon' grid of tracks for ex-
ternal fills, instead of solid fill; dynamic 
'rats nest rubberbanding' or net high-
lighting when you're manually muting 
from a loaded netlist, to allow you to see 
progress more easily; and many im-
provements to the Extended version's 
autorouter. These include the ability to 
select via-to-pad separation; selectable 
smoothing passes, including replace-
ment of 90° corners with arcs; and the 
ability to place up to a specified number 
of short 45° `wave' segments, to allow 
passing obstacles without changing the 
search/path axis. 
Needless to say, the matching PCB 

plotting program Traxplot has also been 
provided with a number of new features. 
These include automatic generation of a 
.TOL file, to specify drill sizes for an 
Excellon NC drilling machine; the 
ability to specify a disk directory/path 
for the plotter or printer driver; selec-
table enlargement of holes in inter-
mediate power and groundplane layers, 
to clear pins; the ability to 'flip' any 
layer around its Y axis during printing, 
to get mirror images (often more con-
venient for making film negs); drivers 
for Epson 'LQ' and compatible 24-pin 
printers, and for QMS laser printers (HP 
Laserjet emulation only); an additional 
plotter driver, to suit Roland 1000 series 
plotters; and automatic naming of print 
output files to match the .PCB input file. 
But perhaps the most welcome addi-

tion of all is that Traxplot will now 
produce output in PostScript graphics 
description language, to drive laser 
printers and phototypesetters. Version 
1.56 will produce output in 300, 400, 
600 and 1200dpi resolution to suit laser 
printers, with a choice of either A4, A3, 
B5, US letter and US legal paper sizes 
for 300dpi, A4 or A3 for 1200dpi and A4 
only for 400 and 600dpi. For Linotronic 
setters 1270dpi resolution drivers are 
available for either A4 or A3 formats. 

Easytrax V2.06 
The latest version of Protel's very 

popular `economy' PCB design package 
Easytrax has also been considerably im-
proved. It now comes in a snazzy 
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Protel Software 
presentation box with four-colour print-
ing, and even more importantly boasts a 
well-written and very nicely presented 
user manual of 156 pages. 
Happily, many of the enhancements to 

Autotrax have now been added to 
Easytrax as well. For example it uses the 
same improved video drivers, while the 
editing program Easyedit now offers a 
choice of metric or imperial grids, like 
its bigger brother. 
Similarly Easyplot now offers the 

driver for Roland 1000 series plotters, 
improved disk path handling, the auto-
matic naming of output files and the 
same very welcome set of 11 different 
PostScript printer/setter output drivers. 

In addition to these goodies, Easyedit 
now also provides the 'pad to pad' 
autorouting feature, previously available 
only with Autoedit. This lets you 
nominate two specific pads to be con-
nected by a track, and have the program 
automatically work out an appropriate 
path — or at least, one that meets its 
inbuilt spacing/geometry rules. 
Another new addition to Easyplot is 

the ability to produce Gerber photoplot-
ter output files and Excellon NC drilling 
files, like its larger brother. 
And finally, Easytrax now comes with 

an expanded library of some 100-odd 
standard ' through hole' components, 
which can be modified and/or added to 
if desired. It also comes with an addi-
tional utility called EASYAUTO, which 
can convert the .PCB files produced by 
Easyedit into the similar but different 
.PCB file format used by Traxedit (but 
not vice-versa, for some reason). 

Mac versions 
Protel has also released versions of 

both Autotrax and Easytrax to run on the 
Apple Macintosh. We haven't been able 
to play with these as yet (mainly because 
we don't have easy access to a Mac), but 
we're assured that they provide virtually 
the same features as the PC versions. 

What we found 
Frankly, the new feature that we like 

most of all about both Autotrax 15 and 
Easytrax 2.06 is the PostScript print 
drivers. These provide a very significant 
speedup in the time to print out PCB 
layer artwork, compared with HPGL 
printing, with no discernable penalty in 
terms of resolution. 
Over the last few months, we've had 

the opportunity to try out the new 
300dpi PostScript driver in particular, 
and compare printing times with the cor-

Fig.2: The checkplot for a small 
'dummy' PCB file, reproduced here at 
around 150% of actual size. Using the 
300dpi PostScript driver, this took a 
mere 18 seconds — nine times faster 
than with the HPGL driver. 

responding HPGL driver using the same 
laser printer — our TI MicroLaser, 
which has both H-P Laserjet and Post-
Script emulations inbuilt. There's no 
doubt that the PostScript driver gives 
much faster results on the average, al-
though the speedup factor varies accord-
ing to the complexity of your board. 
To give you a more specific handle on 

this, just before I sat down to write this 
story I tried printing out the `checkplof 
versions of two different but fairly repre-
sentative files, using Easyplot running 
on the 20MHz 386SX machine in my 
office. The two files were the 'Demo' 
board pattern that Protel supplies with 
Easytrax, with around 13 ICs and as-
sorted connectors and passive com-
ponents (a small, but fairly complex 
two-layer board), and a very simple 
'sample board' with just four 14-pin DIP 
packages and about a dozen intercon-
nections. They're shown in Figs.1 and 2. 

Incidentally the PC used has about 
1.5MB of EMS 'expanded' memory, 
while the TI Microlaser is fitted with 
2.5MI3 of internal memory. 
So the combination is fairly speedy, 

but representative of the kind of 
hardware that many serious users would 
tend to be using nowadays. What I found 
was that using the 300dpi HPGL printer 
driver, the checkplot of the Demo board 
took 380 seconds before Easyplot 
sounded its 'beep' to signify that the last 
of the print file had been sent to the 
printer, and the latter's mechanism 
sprang into life to print it out. Using the 

300dpi PostScript driver, only 34 
seconds elapsed before the beep oc-
curred — although the printer's Post-
Script interpreter then took a further 130 
seconds to crunch the script and 
produce the bit-map image for printing. 
But the total time before printing was 
still only 164 seconds — less than half 
the time needed to print the same image 
resolution using the HPGL driver. 
With the much smaller 'sample board' 

file, the difference was even more 
dramatic. The 300dpi HPGL driver took 
152 seconds total before printing, while 
the 300dpi PostScript driver took only 
18 seconds — of which preparation and 
delivery of the file to the printer took 
only four seconds, with the printer's in-
terpreter taking the remaining 14. Over-
all, a speedup of over nine times! 
From our use of the new driver over 

the last few months, my impression is 
that with the patterns for typical 'small 
project' boards, the speedup is around 
four or five times. Certainly it's been 
enough for us to have swung over to 
PostScript printing completely. 
Of course it's possible to get faster 

HPGL printing with either Traxplot or 
Easyplot, by using the lower resolution 
drivers. For example printing a check-
plot of the 'Demo' board file at 150dpi 
takes only 96 seconds, or about 1/4 of 
the time for 300dpi, as you'd expect ( 1/4 
as many pixels), while dropping back to 
100dpi is even faster at 51 seconds. Both 
packages also provide a 75dpi HPGL 
driver, which is about four times faster 
again than the 150dpi driver; but the 
resolution at 75dpi is really quite poor, 
and barely useable. 

If you have a printer that will only 
accept HPGL, the 100dpi or 150dpi 
drivers are probably the best com-
promise betw een speed and resolution. 
But if your printer can handle Post-
Script, there's no need to accept any 
compromise. With Protel's beaut new PS 
drivers, you can often have 300dpi 
resolution in less time than 150dpi with 
the HPGL driver! 
Of the other new features that have 

been added to Autotrax, we really like 
the improved video drivers, which seem 
faster and allow improved results with 
VGA type monitors; the curved track 
placement; the ability to specify a disk 
path for Traxplot; and the polygon fill 
option. We don't have an NC drilling 
machine, so the new ability to generate 
.TOL files hasn't had much impact on 
us. Similarly most of the boards we do 
are relatively simple, and we prefer to 
use manual routing rather than make use 
of Traxedit's quite elaborate autorouting 
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Fig.3:An example of the kind of track work produced bythe pad-to-pad autorouter 
feature now provided in Easyfrax. It has a number of puzzling idiocyncracies — 
Including a tendency to use a long and complicated route when a short and direct 
one is quite feasible. Track-to-pad spacing is not adjustable by the user, and often 
turns out to be unacceptably close. (Reproduced here at 200%). 

facilities — even with the new smooth-
ing and wave routing enhancements. 

In fact in many ways, most of the PCB 
work we do can be done just as well 
using Easytrax, or at most the new 
'standard' version of Autotrax. I suspect 
many people would be in the same boat, 
especially if like us they produce rela-
tively small and simple boards, and per-
haps haven't as yet gone to surface 
mount designs. 

Talking about Easytrax, its new-found 
ability to perform pad-to-pad autorout-
ing did prompt us to try this feature out, 
rather more than we'd done previously 
with Autotrax. 
And the feature is certainly quite 

handy, although it's rather more limited 
in Easytrax due to the lack of any 
provision to change many of the spacing 
rules (like track/pad spacing). 
Somehow this seems to accentuate 

some of the peculiar little 'quirks' of 
the feature, that you notice even in the 
more flexible form in which it's given 
in Autotrax. 
Things like its apparent inability 

(refusal?) to route some tracks when 
you're using a particular track width, 
even when a clear route is clearly visible 
— or its apparent tendency to regard the 
minimum spacing as the default or 
preferred spacing, which when coupled 
with its inability to push previous tracks 
aside, means that it will often run tracks 
that prevent the routing of later tracks, 
simply because they were placed at min-
imum spacing from a pad, unnecessarily. 

Or its choice of complex multi-via 
routes, when they're patently unneces-
sary because a simple direct route is 
available. These things can at times lead 
to quite weird track placement, which no 
self-respecting human board designer 
would even contemplate. 
Some of these are illustrated in the 

sample of,Fig.3, where all of the tracks 
were placed by the pad- to-pad 
autorouter. Often when you're using a 
track width that is narrow enough to fit 
between IC pads, it will even join a track 
to such a pad between the pads — i.e., so 
that there's a small 90° crank, with the 
join axis parallel with the IC's long axis! 
This can occur even when there's plenty 
of space to make the join in the more 
acceptable way, to either the inside or 
outside of the pad. 

In our opinion, the pad-to-pad router 
would be somewhat better if it was 
only able to join tracks to IC pads on 
these inner or outer sides, and also if 
it allowed you to specify both a 
preferred and a minimum value for 
track-to-pad spacing. Without these fur-
ther refinements, it seems to be one of 
those features that are 'great in theory, 
but in practice more trouble than 
they're worth'. 
But this is not a major criticism, and I 

don't really want to give the impression 
that we've found either Autotrax or 
Easytrax wanting in any significant way. 
On the whole, they're both excellent and 
we're very impressed with them in their 
new enhanced versions. 

With their expanded features and 
facilities, coupled with their already 
high level of user convenience ând ef-
ficiency, they seem to us to represent 
exceptional value for money in PC-
based board design packages. 
At the current price of $395 for the 

PC version and $495 for the Mac ver-
sion, Easytrax must surely be outstand-
ing value for a ' basic' package. 
Similarly the new Standard version of 
Autotrax seems very well priced at $995 
for the PC version and $1295 for the 
Mac, while the full Autotrax Extended is 
surely also good value for professionals 
at $1595 for the PC version and $1995 
for the Mac. 
Further information on any of these 

products is available from Protel's 
dealers and distributors in each state, or 
by ringing their information hotline on 
(008) 03 0949. Demo disks are also 
available for all of their products, by 
either ringing this number or writing to 
Protel Technology, Technopark, Dows-
ing Point, Hobart, Tasmania 7010. In 

e  
Hifi: 

An Introduction 
If you are updating your stereo 
equipment and need to know 

about the latest technology avail-
able and even possible future 
trends, then you should have a 

look at our latest book - 

Hifi: 
An introduction 
Whether you are a student learning 
about hi-fidelity or just an average 
person wanting to get the best 
equipment available for your 

money, you should be able to get a 
lot of help from this book, which 

takes you right from the beginning 
to the latest trends and technology 

available today, in easily 
understood chapters on just about 
everything you should know on 

this very fascinating subject. 
Available from your news agent or 
by writing and forwarding your 

payment of $4.95 to: 

Federal Book Shop, 
PO Box 199, 
Alexandria 
NSW 2015 
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Useful computer program: 

VIDEO ALIGNMENT DISK 
Want to check the colours displayed on your computer monitor, or to check its alignment and 
linearity? Eric Rodda's program CARD does all this for a range of monitors used with IBM and 
IBM-compatible computers running on MS-DOS. 

There are really two parts to this col-
lection of software. The first is a set of 
programs for monitor checking, while 
the second is a series of utilities. While 
these utilities were basically written to 
run the main CARD.BAT program, they 
are quite useful to add to your own per-
sonal batch file. The author's copyright 
allows such use. 
The origin of the CARD package is 

the colour card which used to be held up 
in front of a TV camera to allow the 
correct setup of the TV monitors. This is 
a computer generated version designed 
to achieve the same results. 

If you have a VGA monitor, there is a 
colourful demonstration display ac-
tivated by VGACOLOR.EXE. The 
author's logo first appears, then disin-
tegrates. Then colour rectangles featur-
ing all 256 colours are randomly 
displayed, superimposed all over the 
screen. After a key press, they are lined 
up and drawn in colour number 
order, from white to black. But be 
patient with this demo — you must 
go through the whole routine before 
being able to escape. 
The main programs in the package are 

CGACARD, EGACARD and 
VGACARD, and the easiest way to use. 
them is to run the CARD.BAT file which 
allows selection from a screen menu. 
These programs provide the tools for 
correct alignment and colour of the three 
types of monitor. 
To do this, each test pattern provides 

various reference features. A border 
frame is provided to allow correct align-
ment. Shifting is done using horizontal 
and vertical monitor controls, with rota-
tion being corrected by adjustments to 
the CRT yoke. 
Convergence dots allow for adjusting 

static convergence, while bright lines 
with crosses allow you to view conver-
gence errors. Corrections to these areas 
require adjustment to various ring and 
strip magnets on the neck of the CRT 
etc. Then there are closely ruled grids 

on which you adjust the focus, and a 
grey scale to touch up brilliance and 
contrast A circle allows a quick check 
for linearity and picture height 
And finally the colours themselves. 

CGA (mode 4) displays only four 
foreground colours, with much reduced 
resolution. EGA (mode 16) and VGA 
(mode 18) display 14 colour squares. 
Each colour card will work on more 

advanced monitors, so the EGACARD 
works for both EGA and VGA. It would 
therefore tend to be the most useful. 
Monochrome Hercules display is also 
available, providing that the driver card 
of the computer supports it. 
Two other programs CROSSHAT 

(crosshatch) and DOTS allow for more 
precise checking of convergence, picture 
position and size, and linearity. These 
programs automatically default to a 
suitable video mode determined by the 
system configuration with the simple 
CROSSHAT command; but any valid 
configurations can be asked for. Hence, 
CROSSHAT 4 will run the CGA mode 
4. (Appendix A in the CARD.DOC file 
lists the various valid monitor modes.) 
The ERSVMODE program lets you 
check which modes your computer will 
allow to run. 
Colour purity can be checked for 

white, red, blue and green, using 
PURITYW, PURITYR etc., which fill 
the screen with just that colour. Patches 
of wrong colour require degaussing, 
either by switching the monitor off then 
on, to activate its degaussing field, or by 
using a degaussing wand. If these 
methods fail, then a qualified person will 
need to adjust the purity magnets physi-
cally or reposition the CRT yoke deflec-
tion coils. 
There are also two programs for sys-

tems without graphics, to allow correct 
alignment. MONOGRID works for 
monochrome displays, while LAPTOP 
replaces CARD when not all writing is 
displayed or the result is blotchy. Run-
ning PURITY with laptops will check 

whether all pixels are working. The 
second part of the package consists of 
several useful utilities. 
PICKONE is a menu selection which 

operates off the various error level mes-
sages, DELAY provides a pause 
measured in seconds, CURSA gives the 
option of displaying or hiding the cursor, 
while PRESS causes the program to 
pause until a key is pressed. A message 
to this effect can be displayed or hidden. 
Three routines are provided to replace 

the DOS 'CLS'. WIPELEFT clears the 
screen to the left, while WIPERITE 
clears to the right. CLR clears like 
CLS, but the cursor is then able to be 
positioned on a nominated line, or 
positioned by the program at random. 

All these routines are used in the main 
CARD program, and suggestions for 
their use in other BAT files is given in 
the CARD.DOC file. This .DOC file 
gives extensive notes on the use of all 
the programs in the package. 
The CARD package would be ex-

tremely useful for technicians working 
often on screen alignment. It is useful 
also for the minor adjustments which 
most of us make when fiddling with the 
various knobs on the back of the 
monitor! And the various utilities are a 
nice bonus. There is even an INSTALL 
program which makes a \CARD sub-
directory and copies the contents of the 
floppy into it, even adding (if desired) 
\CARD to the path in your 
AUTOEXEC.BAT file. 

All of the files can be called directly 
from DOS, including the menu program 
itself. This means that the utilities may 
be used in other DOS software. But, as 
mentioned earlier, the simplest way to 
run the various CARD programs is via 
the screen menu, which is activated 
through the CARD.BAT file. 
The review copy of CARD came from 

Microgram Computers, 17 Barry Street, 
Bateau Bay NSW 2261. Copies are 
available from that address by direct 
mail order for $40. (RM.) 
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SCOPEMETER The next generation of hand-held instruments 

PHILIPS PHILIPS 

Its adOMHz bandwidth 
Digital Storage Scope plus... Full 3000 count OMM 
• 25MS/s dual channel digital storage 
• 8-bit, 25 levels/div vertical resolution 
• 7ns rise time, 4Ons glitch capture 
• lOns/div to 5s/div timebase 
• Stores 8 waveforms (95 & 97) and 10 set-ups (97) 
• Measuring cursors (95 & 97) 
• "Auto-Set" automatic set-up of parameters, 

e.g. volts/div, time per div and triggering for any 
input signal 

Ask for our FREE 16 page 
Shortform Catalogue 

Special account facilities 
available for Education and 
Government Departments 
Express delivery throughout 
Australia and South Pacific 

FLUKE® 

• Functions include Min/Max recording, Touch 
Hold, Relative and Percentage values, 
Autoranging etc 

• dBm, dBV and dBW (95 & 97) 

Simultaneous display of waveform and OMM 
functions... 
• 5 Soft Keys for commands via pop-up menus 
• 12cm, 240x240pbcel Super Twisted Nematic LCD screen 
• Fast reaction microprocessor control with extensive use 

of ASICs for low power consumption and high 
bandwidth 

• Floating high voltage measurements up to 600Vrms 
• Optical RS-232 Port for waveform plots, modem 

connection, set-up data, on-screen waveform 
comparison, field diagnostics and recalibration (97) 

• Low Power - 5W(typ) from NiCads, alcalines or car 

battery etc (4 hr internal battery) 
• Built-In component and baud rate testers and a sine, 

square and ramp signal generator (97) 
• Measures 47x130x260mm, weighs 1.5kg 

Model 93 Basic instrument $1460 ex tax $1752 inc tax 

Model 95 Adds measuring cursors and 

recording function $1895 ex tax $2274 inc tax 

Model 97 Adds waveform and set-up 
memories, back-lit LCD, generator functions. 

RS-232 interface $2350 ex tax $2796 inc tax 

We also stock the full range 
of Fluke Multimeters 

including the new 
Fluke 70 
Series II 

with prices 
as low as 

$125 ex tax. 

Detailed brochures and spec¡fications available. We are factory trained to advise 
on your requirements for general purpose Test & Measuring Instruments 
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'Electronic bullet' zaps 
illegal cable boxes 
Electronics has come to the aid of 

cable television companies, in their bat-
tle against people who use illegal con-
verter boxes that unscramble signals of 
movies, sports and other paid cable TV 
channels. 
CableVision of New York recently 

sent a high-power 'electronic bullet' 
through its cable system, instantly zap-
ping the delicate circuitry of thousands 
of illegal converter boxes. Most cable 
customers never noticed the all-out at-
tack because the circuits of their 
legitimate converter boxes were 
designed to withstand the impact of the 
high-energy signal. But boxes contain-
ing illegally installed converter chips 
were destroyed on impact 
The action prompted hundreds of calls 

to the cable company, from people using 
illegal boxes after their screens went 
blank. CableVision immediately dis-
patched servicemen to the homes, sup-
posedly to replace the boxes. Instead, 
the illegal boxes were confiscated by the 
company to be used as evidence against 
the owner. 
In all, CableVision filed civil suits 

against 317 alleged cable pirates who 
called in to complain and thus provided 
the company with their name and ad-
dress. It is estimated that cable com-
panies in the US lose an estimated US$3 
billion in revenue due to the use of il 
legal converter boxes. 

Cypress first to buy 
X-ray litho system 

In a most unusual move for a company 
its size, San Jose-based Cypress Semi-
conductor has purchased the first of a 
new generation of X-ray based commer-
cial lithography systems. With the 
machine, Cypress hopes to ac-
celeratedevelopment of components 
with features of just 0.3 microns. 
The US$4 million system was 

developed by Hampshire Instruments 
and uses a laser developed at the 
Lawrence National Laboratory in Liver-
more near Silicon Valley. To date, 
Hampshire has shipped three of the 

Texas Instruments and IBM have established an 'electronic trading' system In 
the Pacific Rim area, linking the two organisations via an X.400 electronic mall 
network. The move is said to be the first step in a full electronic data interchange 
(EDI) link between the two companies. Shown here (I to r) are Tony Bowra of 
IBM, Ian Hawkins of Ti, Geoff Lamb of IBM, and Stuart McNair of Ti. 

machines to research laboratories. The 
sale to Cypress of the System 3500 rep-
resents the first X-ray machine built for 
high-volume production applications. 
Hampshire president Moshe Lubin 

said the system was developed with a 
US$3.2 million grant from DARPA, the 
Defense Advanced Research Projects 
Agency. Already six other companies 
have signed up to buy the system. 
Industry observers said they were 

somewhat puzzled why Cypress has 
decided to purchase the X-ray system. 
Typically, only the largest chip makers 
purchase such expensive systems, par-
ticularly those that represent a radically 
different manufacturing technique. X-
ray is still considered highly experimen-
tal and there is no data on long-term 
reliability of parts manufactured in high 
volume with the technology. However, 
many experts are convinced that X-ray 
represents the next generation in lithog-
raphy, even though the major Japanese 
DRAM makers have vowed to use 0.35 
micron-based optical lithography tech-
nology for their four and 16 megabit 
DRAM products. While 0.35 micron ap-
pears to be the absolute limit of optical 
lithography, X-ray has the potential of 
making chips with much smaller fea-
tures, perhaps as small as 50 
nanometers, (0.05 micron). 

Chip orders 
evaporate in May 
A sharp plunge in May chip orders 

from US-based manufacturers has 
caused a sharp drop in the closely-
watched book-to-bill ratio, from 1.15 in 
April to just 1.04 in May, according to 
the latest figures released by the Semi-
conductor Industry Association. 
According to the SIA, 3-month 

average orders fell nearly 7% from April 
to US$1.35 billion. Actual orders during 
May show a whopping US$300 million 
(19.2%) drop in May orders to only 
US$1.22 billion, down from the industry 
record of US$1.5 billion set in April. 
Compounding the slide in the b-t-b ratio 
was a 2.5% increase in average ship-
ment. Because the SIA uses a three 
month average sales and orders the b-t-b 
was able to stay above the break-even 
1.0 level, but based on actual orders and 
shipments, the indstry's May b-t-b ratio 
fell to only 0.95, compared to 1.27 in 
April. The sharp decline in May orders 
could spell problems for the industry. 
Traditionally, May is one of the year's 
best months for chip orders, traditionally 
followed by three months of slow sales 
during the June-August summer slump. 
Because the summer slump may have 

set in early — and in dramatic fashion 
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— chip manufactuers may find themsel-
ves entering the summer with too small 
a backlog to keep their workforce busy 
during the next four months. 

First superconductor 
chip claimed 
Conductus of San Jose, one of the 

leading start-ups in commercial applica-
tions of a new generation of high-
temperature superconductor materials 
claims to have developed the world's 
first superconductor-based integrated 
circuit. The chip, an ultra-sensitive mag-
netic detector, is said to be the most 
complex device produced to date using 
the new superconductor material. The 
chip could be used in equipment for 
heart disease diagnosis by detecting the 
faint magnetic signals of the heart beat. 
Conductus said the main significance 

of the chip was that it shows that techni-
ques have now been refined to the point 
where superconductor materials can be 
used to make high-speed computer 
chips. 

IBM buys into Wang 
In yet another major new computer in-

dustry alliance, IBM has forged a link 
with struggling Wang Laboratories. 
Under the terms of the deal, IBM will 
assume US$25 million of Wang's debt 
and provide an additional US$75 million 
in cash infusion, based on the success of 
Wang in selling several of IBM's 
product lines. 
Among other things, Wang, which has 

not played a role in the [personal com-
puter and workstation markets, will 
resell PS/2 personal computers and 
RS6000 workstation systems under its 
own brandname. In addition, the com-
pany will market IBM's AS/400 mini-
computers under the IBM name. 

16Mb DRAMS in 
production by mid '92 
Although 4Mb DRAM chips have 

been off to a slow start compared to ear-
lier generations, the speed at which fu-
ture generations are coming to market 
shows no signs of letting up. IBM has 
said it expects production of its new 
16Mb DRAM to get into gear by the 
middle of 1992. The company produces 
its DRAMs mainly for in-house use, and 
will achieve a substantial lead over any 
competitor in the use of the advanced 
memory chips. 
The first 16Mb chips are not expected 

to arrive on the open market until early 
1993. Beyond that, it will take computer 
manufacturers even longer before the 

new chips will have been evaluated and 
incorporated into new products. 
IBM has historically led the industry 

in the production of next-generation 
DRAMs. But because the cost of main-
taining a lead in DRAM technology is 
putting a strain even on IBM, the giant 
has been seeking joint development 
programs with other firms, most notably 
Siemens in Germany. And to recuperate 
some of its investment, IBM has also 
begun to license its DRAM technology 
to companies like Micron Technology, 
which will allow IBM to earn royalties 
on the sale of those chips. 

Microsoft drops font 
battle with Adobe 
Two years after embarking on an am-

bitious project to unseat Adobe Systems 
as the dominant supplier of laser printer 
type fonts, Microsoft has decided to give 
up on the controversial project it started 
in cooperation with Apple Computer. 
While it will continue to improve the 
typographical appearance of its own 
programs, it will no longer try to com-
pete head-on with Adobe. 

In September of 1989, Apple and 
Microsoft unveiled their plan which 
many feared would add to the already 
great confusion over various operating 
systems, display and printer tech-
nologies available to users today. 
At the time, the move by Microsoft 

and Apple, which had been Adobe's 
closest ally so emotionally upset Adobe 
chairman John Warnook he nearly broke 
into tears during a press conference de-
nouncing the move. 
While Apple was able to complete its 

part of the project and incorporated the 
TrueType font technology in its new 
System 7 operating system, Microsoft 
apparently does not believe it will be 
able to move the market away from 
Adobe's PostScript standard. Industry 
observers point out that Microsoft's 
TrueType project may have been the 
first victim of the more cautious position 
Microsoft may be forced to adopt in the 
face of the on-going Federal Trade Com-
mission investigation into the firm's al-
leged monopolistic-oriented business 
practices. 

Former Apple Execs 
must pay $100M 

In a verdict that is sending shock-
waves throughout the US industry and 
Wall Street investment community, two 
former Apple top executives were or-
dered to pay up to US$100 million to 
Apple shareholders, who a Federal Jury 

agreed, were harmed financially by 
statements the two executives made in 
1984 about the future prospects of their 
company's financial performance. 
The case involves a class action suit 

filed in 1984 by several disgruntled 
Apple shareholders, who claimed the 
company had misled them about the 
quality of a disk drive Apple had 
launched for its ill-fated LISA computer 
System. 
The jury found that former chairman 

A.C.Markkula (now vice-chairman), and 
former peripherals division vice presi-
dent John Vennard had violated 
securities laws when they failed to dis-
close problems Apple was experiencing 
with the disk drive. The same jury 
cleared Apple Computer and company 
co-founder Steve Jobs of any wrong-
doing in the case. 
Apple said it will appeal the verdict, 

adding that most of the damage will be 
covered by the com-pany's insurance 
policy that protects corporate executives 
from shareholder lawsuits. Apple, along 
with Markkula and other defendants, 
maintained that the main reason behind 
the steep decline in Apple's stock value 
in the 1983-84 time frame was not so 
much due to the failure of the disk drive, 
but more to the raging success of the 
IBM PC. Almost overnight, the entire 
PC market shifted focus, with hundreds 
of existing and new companies building 
products for the IBM PC. 

VCR case jury 
clears Japan Inc. 

In a major victory for Japan's con-
sumer electronics industry, an American 
jury has declared that Japanese VCR 
producers did not gang up on a tiny US 
VCR start-up to prevent the firm bring-
ing its innovative product to market. 
Go-Video of Arizona had filed a US 

$500 million anti-trust lawsuit against 
six Japanese and two Korean VCR 
makers, claiming they conspired against 
the company by refusing to produce the 
so-called VCR-2. 

Since it filed that lawsuit in 1987, 
Go-Video has reached out-of-court set-
tlements with four of the Japanese and 
one of the Korean manufa-turers. The 
settlements have netted Go-Video $6.8 
million. Key factors in the Jury's 
decision according to a lawyer for Sony, 
one of the defendants, was that Go-
Video chairman Terren Dunlap had lied 
to the Jap-anese producers about the 
company's start-up financing and the 
magnitude of orders he had signed up 
for his machine from major US retailers 
such as Sears. • 
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Wireless links 
for office LANs 
There are many advantages in linking office PCs and workstations together in a local area network 
(LAN), so that they can exchange information readily and also share expensive laser printers, 
plotters, scanners etc. One of the traditional hassles is the need to run cabling between each 
computer and peripheral on the LAN, but with a new 'wireless LAN' system now available from 
Melbourne firm Precision Images, this is no longer a problem. 

Up until now, most computer net-
works have been connected by cables. 
Installing this kind of wiring in existing 
buildings can be difficult and costly, and 
further problems can arise when any 
parts of the network need to be moved. 
This problem is obviated with a new 

network system called 'LAWN', stand-
ing for Local Area Wireless Network. 
The parts of a LAWN network com-
municate using specialised radio 
transceivers, so there is no need for any 
new wiring or cabling. 
Each computer or peripheral in the 

network is merely fitted with a LAWN 
transceiver unit, allowing data to be 
transferred reliably and transparently 
over distances of up to 150m (500') in-
side most buildings. If a LAWN unit is 
placed by a window, computers and 
peripherals in adjoining buildings can 
also be linked into the network, provid-

ing they are in range. When the LAWN 
system was launched recently in the 
USA, 3000 units were sold in less than 
four months. Judging from the initial 
response in Australia, Precision Images 
anticipating a similar reaction here. 
LAWN system transceivers use fre-

quencies between 902 and 928MHz, in 
the UHF band. They provide two data 
channels for duplex operation, at a fixed 
data rate of 19,200bps and using the 
AX.25 'packet' protocol — the 'radio' 
version of X.25. Network contention 
protocol is carrier sense multiple access 
(CSMA), while the topology is multi-
point to multipoint — there's no 
separate fileserver. 
Transmitter power is 20mW into an 

internal omnidirectional antenna array. 
Interestingly, the modulation used is 
'spread spectrum' technology, originally 
developed by the military for high 

reliability and security (see the feature 
story in EA March 1991, starting on 
page 22). 

It has apparently been adapted for this 
application by the LAWN system's 
manufacturer, Information Systems Cor-
poration of Augusta, Georgia. 

If greater distances than 150m are 
needed between LAWN transceivers, a 
free-standing transceiver can be used as 
a repeater or ' via'. LAWN transceivers 
used in this way don't have to be con-
nected to a PC or peripheral — although 
a transceiver that is so connected can 
also act as a ' via' in background mode. 
LAWN networks are self-configuring. 

Each unit on a network transmits its net-
work name code automatically, about 
once a minute. Computer LAWNs use 
these beacons to update their list of 
printer and computer LAWNs. When a 
new user joins the network, their user 
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name instantly appears on the general 
user selection list. 
LAWNs can operate on one of two 

channels and can be assigned a security 
code so that other LAWN networks 
nearby cannot disturb or intercept their 
transmissions. LAWNs microprocessor 
program checks the transmissions it 
receives to make sure they have a 
network's unique security code. In addi-
tion to a radio transmitter and receiver, 
each LAWN unit has its own dedicated 
Z80 microcomputer and memory. A pro-
gram in the microcomputer assures that 
all data is exchanged without errors. If a 
LAWN detects a data error, it automat-
ically tells the sending LAWN to 
retransmit the data. 
The simplest LAWN network requires 

two LAWN units. For example, one 
LAWN can be connected to a computer 
and another to a printer. When a printout 
is needed, the LAWNs take care of send-
ing the information to the printer — just 
as if the printer were connected directly 
to a computer. 
Electronic mail messages or files can 

be exchanged with another computer 
user in an office area simply by connect-
ing a LAWN to each computer. The 
LAWN software includes a set of simple 
menus that enable mail messages to be 
received or sent, `carbon copies' of 
messages can be received or sent, and 
files can be enclosed with messages — 
just as if a separate document was being 
sent with a business letter. 

Different types of hardware connected 
to a LAWN network may need to com-
municate at differing speeds. These 
speeds can be changed within the 
LAWN unit. LAWNs can communicate 
with various devices at speeds ranging 
from 300bps to 19,200bps. Different 
LAWNs in the same network can use 
devices that require different speeds. For 
example, a LAWN connected to a 
printer can ` talk' to the printer at 
19,200bps, while a LAWN connected to 
a modem is operating at the modem's 
slower speed of 1200bps. Note that the 
speed at which LAWN communicates 
with a computer, printer, or modem does 
not affect the speed of the LAWN net-
work itself. 

If a LAWN is unplugged, its built-in 
battery provides power to the LAWN 
memory to store the settings that were 
provided when the LAWN was installed. 
The memory also stores up to four 
double-spaced pages of mail messages 
that may be sent while the computer is 
turned off. When the computer is restart-
ed the LAWN program retrieves the mail 
messages from the LAWN memory. 

In addition to the program inside each 
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LAWN unit, there are three other LAWN 
Programs that run on the computers con-
nected into the network: the LAWN 
Features program, a memory-resident 
program that handles LAWN network 
print and mail requests, and a installa-
tion program. 
The LAWN Features Program is used 

whenever communication between net-
work users is needed. The program is 
invoked by typing the command lawn, 
which displays the LAWN system's 
Main Menu. From the Main Menu mes-
sages can be sent and read, files can be 
sent and received and information about 
the status of mail messages and files can 
be accessed. Also, printers and modems 
can be selected and deselected from this 
program. Included in the Features Pro-
gram is an easy to use text editor for 
writing and editing mail messages. 
The Features Program also enables the 

storing of mail messages and files 
without having to exit from the program 
and return to the DOS operating system. 
Note: some LAWN functions can be 
controlled directly from your computer's 
operating system command line. 
' The memory-resident program, which 
is only used indirectly, is a Terminate 
and Stay Resident (TSR) program. 
Loaded automatically when the com-
puter is turned on, the LAWN TSR is 
always running and handles the com-
munications between applications and 
the computer LAWN. It intercepts print 
requests from application programs and 
send them to a printer that has been 
selected in the LAWN network. The 
printing being done on the LAWN net-
work is `invisible' to the user because 
the print commands are not changed in 
any way. The LAWN TSR is also 
responsible for sending mail messages 
(and any files that are enclosed with 
them) to other users on the LAWN net-
work. LAWN TSR can be told to send 
messages or mail in either the 

foreground or the background. General-
ly messages and files are sent in the 
background, so that users can continue 
to use their computers while this traffic 
is sent. 
Messages sent in thé background are 

copied and stored on disk until all the 
recipients have received the message. 
The LAWN software removes the mes-
sage from your disk as soon as the mes-
sage is received by all of the recipients. 
Operating in the background, the 
software sends messages to a recipient's 
LAWN, even if their computer is turned 
off. If a recipient's LAWN is busy or is 
already full, the software waits until the 
recipient's LAWN is available to receive 
new messages, and then sends them. 

Print spooling is also possible, by 
sending print jobs in the background. In-
stead of storing jobs in a mail-box, the 
LAWN software stores print jobs tem-
porarily in a printer spooler disk file. 
When `print spooling' is on, the LAWN 
software stores printer jobs on your disk 
until it can send the jobs to the printer (if 
it is already in use or turned off). Also 
LAWN need not be in use to receive 
mail messages, they are stored in the 
background on disk until they are 
viewed. 
LAWN transceiver units measure 180 
x 100 x 50mm, and weighs 453 grams. 
Power requirements are a modest 
250mA at 12V DC. 
To assist users in getting started with 

LAWN networks, Precision Images is 
offering a `LAWN Starter Kit' which 
comprises three LAWN transceiver units 
plus all necessary attachments and soft-
ware, for $2000 plus tax if applicable. 
Individual LAWN units are available 
separately for $850 each, plus tax. 
Further information is available by 

circling 201 on the reader service 
coupon, or by contacting Precision lin-
ages, 123 Camberwell Road, Hawthorn 
East 3123; phone (03) 811 9934. 
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Computer News 
and New Products 
Laser beam printer kit 
National Semiconductor has intro-

duced a new laser beam printer design 
kit that allows manufacturers to slash 
their time-to-market by two-thirds, ena-
bling an OEM to complete a new design 
in three months. Additionally, this 
design kit makes true PostScript perfor-
mance affordable for the personal printer 
market. It delivers NTX levels of perfor-
mance at the cost of an NT. 
The new solution, called SWIFT, is 

based on National Semiconductor's 
NS32CG160 embedded system proces-
sor. It offers a complete, in-printer plat-
form for evaluation, development and 
low-volume prototyping of laser beam 
printer systems in the four to eight page-
per-minute range. 
The SWIFT fits inside a Canon LX-

based printer and hooks directly to the 
power supply and front panel, providing 
a development platform as well as a to-
tally functional printer. 

Third party vendors including 
Microsoft and Phoenix Technologies 
have already ported fmished languages 
to SWIFT, including PCL 4, PCL 5 and 
PostScript compatible programs. 
The SWIFT also offers font/emulation 

ROM expansions headers and I/O ex-
pansion connector for user-defmed ex-
tensions such as SCSI, Ethernet or 
others and a font panel connector for 
local printer control. 
For more information, circle 163 on 

the reader service coupon or contact 
National Semiconductor Australia, 16 
Business Park Drive, Monash Business 
Park, Nottinghill 3168; phone (03) 558 
9999. 

Programmer's text editor 
Procon Technology is now an 

authorised reseller of an Australian 
software package called ED. 
ED is a professional programmer's 

text editor designed to enhance produc-
tivity by providing high power with ease 
of use. 
ED is easy to learn because it can 

emulate other editors. Currently sup-
ported are: Brief, Wordstar, Norton and 
VI. Other emulations are being 
developed, or you can develop your 
own, using the C extension language in-
cluded with ED. 
ED is also language sensitive with 

support for C, C++, Pascal, BASIC, As-
sembler, Clipper, dBase and DataFlex. It 
even supports error tracking, which 
positions you at each compiler error and 
lets you correct it. 
For more information, circle 162 on 

the reader services coupon, or contact 
Procon Technology, PO Box 655, Mount 
Waverley 3149; (03) 807 5660. 

High speed data acquisition 
Strawberry Tree's response to ultra 

high speed data acquisition applications 
is the FLASH-12 family. These boards 
offer a 12-bit, 1MHz throughput rate and 
an ultra fast front end. 
At these speeds it is not possible to 

transfer the data directly to the com-
puter, so onboard memory is used to 
buffer the incoming readings and also to 
set up the next reading. 
This allows the FLASH-12 to perform 
a host of convenient features including 
background and data acquisition and 
comprehensive, digital oscilloscope-like 
triggering. 
The FLASH-12 cards have a frequen-

cy synthesised pacer clock which allows 
the conversion rate to be set with 0.1% 

DO YOU NEED A FAX MACHINE AND A MODEM? 
GET IN THE PICTURE WITH THE 
MAESTRO 9600XR FAX /DATA MODEM 
$399 Incl tax Telecom approved 
price includes Fax Software for either PC or 
Macintosh 
Send and Receive 

Also the MAESTRO 2400 XR 
Here's a fully-featured, Hayes compatible 1200 & 

2400 bps full duplex modem for just 
299 (inc. tax). 

This modem uses the latest in DSP chip set 
Technology and microprocessor 

control, bringing you the future today. 
Maestro Distributors - Calool St. South KIncumber, NSW 2258 Ph: (043) 2277 Fax (043) 2731 
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resolution, all the way from 1MHz to 
one conversion per day. The pacer clock 
is absolutely jitter-free and has an ac-
curacy of 0.01%. 
Strawberry Tree's new high speed 

boards never need to be calibrated. They 
have an EPROM (Electronically Erase-
able Programmable Read Only 
Memory) on the board to provide all 
calibration data for the card. 
Every time the card is initialised, the 

calibration information is read from 
the EPROM. No time is wasted on 
manual calibration and the readings are 
always accurate. 
For more information circle 161 on 

the reader services card, or contact APC 
Services, PO Box 584, Bayswater 3153; 
phone (03) 762 3000. 

Optical disks store 600MB 
Verbatim has extended its range of 

storage media products to include 5.25" 
optical disks. 
These disks are of 600MB (512 

bytes/sector) and 650MB ( 1024 
bytes/sector) for both PC and mainframe 
workstation applications. 
They are designed to fit 5.25" Sony 

and other TOS-standard optical disk 
drives. 
The main advantage of optical disks is 

their larger capacity with lower cost per 
megabyte compared to other storage 
mediums. They are also removable, 
which provides flexibility and security 
for stored data. Like floppies, many 
copies can be made easily. 
For more information, circle 165 on 

the reader service coupon or contact 
Verbatim; phone (03) 241 1361. 

AST ships EISA 
486 computers 
AST Research has announced volume 

shipments to Australia of desktop and 
tower versions of 486-based 33MHz 
EISA computers. The machines are the 
desktop AST Premium 486/33E and the 
AST Premium 486/33TE Tower. 
EISA is a high performance 32-bit 

I/O bus that provides complete com-
patibility with ISA expansion boards. 
Both machines feature the i486 
microprocessor with 8KB memory 
cache and floating point hardware in-
tegrated on the chip. 
RAM capacitity is 48MB, comprising 

4MB of memory standard, expandable 
to 16MB on the CPU card, to which two 
additional 16MB cards can be added. 
For more information, circle 166 on 

the reader services coupon, or contact 
AST Research, 51706 Mowbray Road, 
Lane Cove 2066; phone (02) 418 7444. 

ROM/RAM emulator 
APAU Electronics has released its 

Australian designed and manufactured 
EMU++, a universal low cost stand-
alone ROM/RAM emulator. 
The product is computer independent, 

with both serial RS232 and parallel 
Centronics ports to communicate with a 
host computer. Ideally suited for an em-
bedded system development, it can al-
most completely eliminate the step of 
'burning EPROMs' from the design 
cycle and needs only a fraction of the 
time required to download the code. 
The emulator is completely 

transparent to the target system, and al-
lows true execution of system software 
in the target system hardware environ-
ment. It can be used to emulate all 
popular 28, 32 and 40 pin 150ns 

EPROMs (a faster version is also avail-
able) from 8KB up to 51210 (4Mbits) 
in size. 

It can emulate a single 8-bit wide 
EPROM, a pair of 8-bit wide EPROMs 
in 16-bit wide configuration, or a single 
40 pin 16-bit wide EPROM. 
When used in 32-bit systems a pair 

of EMU-m-+ emulators is required. All 
of these features are completely 
programmable. 
The EMU++ software driver supports 

several of the most popular download 
formats: Intel Hex, extended intellec-86 
HEX, Motorola-S and Binary Image. 
For more information circle 164 on 

the reader service coupon or contact 
APAU Electronics, 226 Bambra Road, 
Caulfield South 3162; phone (03) 786 
6868. 

Infra-red data transmission 
Modular Technologies' Interlaser sys-

tems are designed for the transmission of 
data or video signals over comparatively 
short distances, between points within 
mutual line-of-sight, where the use of 
cables is impractical or inappropriate. 
The transmission medium is a beam of 

infra-red light which is generated by a 
low power laser diode, and focused 
through the atmosphere to reach the dis-
tant site. 
The beam is modulated by the signal 

to be transmitted, the information 
being recovered by the distant 
receiver. A transmitter, receiver and 
alignment aids are integrated into a 
weathertight housing. 
The Interlaser can interconnect com-

puters, data systems, or television sig-
nals, or provide up to 60 audio channels 
between buildings — without laying 
cables, seeking right of way or obtaining 
licences. It's transmissions are secure 
and are immune to electromagnetic in-
terference. 

Suitable for permanent use or tem-
porary use when awaiting cable laying, 
or as an emergency backup, the Inter-
laser transmits colour or monochrome 
pictures at up to 5.5MHz, data at a 
speedy 2.5Mb/sec, or Ethernet signals at 
10Mb/sec over distances up to one 
kilometre. 
For more information circle 167 on 

the reader services coupon, or contact 
Meteor Communications, 13 the High-
way, Mount Waverley 3149; phone (03) 
807 8126. 
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COMPUTER PRODUCTS 

SPICE SOFTWARE 
Analog Circuit Simulation from $149 

  Schematic Entry 

 • Device Models 

SPICE 
Simulation and 

Post Processing 

IsSpicE $149, the 
complete SPICE 

  program, runs on all 
PC's. 

IsSincE/386 $627 and IsSpnE/286 $304, Special 
protected mode versions of Spice. Virtually unlimited 
circuit size. IsSpice/386 runs 3 times faster. 
IsSincEhme, SPICE for any Macintosh, $304, (No 
Coprocessor version, $149) 
SincENEr $485, a schematic editor for any SPICE 
simulator. Generates a complete SPICE netlist. 
IfirecopE $510, a graphics post processor that 
performs all the functions of a digital oscilloscope. 
PRESPICE $325, extensive model libraries, Monte Carlo 
analysis and parameter passing/sweeping. 

Distributed in Australia by 

= Speaker Technologies 

intusott Tel.(065) 502254 fax. (065)502341 
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DNA 
For 10 years the major Australian 

supplier of 

DTMF Equipment 
We have the largest range of armF microphones and 
Prm F keypads in Australia. DNA stocks a hill range 
Id CES, and our own DNA MK II microphone 
conventional or high impedance. Microphones and 
keypads can be supplied with plugs to suit Philips or 
Motorola equipment. Call us tie your requirements 
regardless of the quantity you can 't beat our prices. 

AUSTRALIA's No 1 supplier of 
Cellular books 

I. The Cellular Radio Handbook: 
The best selling and most infirmative book on 
cellular radio fie professionals. In its second printing 
after only 6 months. It's a must tie anyone %%oho really 
wants to know the business. 520 ages S260: Revies.v 
EA Nov 1990. 

2. The Cellular Radio Almanac: 
A valuable reference tie the industry. A veritable 
who's who for the industry. SI60. 

3. The Cellular Installation Handbook: 
An invaluable guide to the installation of cellular 
phones. 220 pages S75. Review EA August 1990. 

NEW! 
4. The Useriguide to Cellular Radio for Asia Pacific 
A complete reference tie the cellular user. Covers in 
detail what you should' know if you are about to 
purchase a' cellular phone. WO pages S9.95. 
Attractive .quantity prices available. 
All prices include postage in Australia, NZ, Asia. 

DNA 
10 Welsh St Southport, 4215 

PH (075) 914 956 
FAX (075) 914 848 

READER INFO NO. 36 

Compact 4ppm HP laserjet 
Hewlett-Packard Australia has intro-

duced a compact four-page-per-minute 
(4ppm) HP LaserJet HIP printer, featur-
ing HP resolution enhancement tech-
nology and HP's PCL5 printer 
language for $2469. 
The HP LaserJet HIP printer rounds 

out HP's line of HP PCL5 laser printers 
and is compatible with the HP LaserJet 
III, IIID and IIISi printers. It is the 
company's second 4ppm laser printer. 
The new printer uses the same 4ppm 

engine as that of the HP LaserJet HP 
printer. 
However it features an increase in 

processor speed from 10MHz to 
16MHz; a new parallel port that can ac-
cept data four times faster, which allows 
users to regain use of their PCs more 
quickly (the printer also includes a 
standard serial port); and the ad-
vanced capabilities of the HP PCL5 
printer language for faster text and 
graphics printing. 
For more information ring Hewlett 

Packard on (008) 033 821. 

Upgraded version of ' LEAP' 
Audio Teknology Inc has released an 

upgraded and enhanced version of its 
Loudspeaker Enclosure Analysis Pro-
gram LEAP. Version 4.1 of the package 
offers many new features, and is now 
described as a 'complete professional 
electro-acoustic development system'. 
New features include an extended fre-

quency analysis range from 1Hz to 
100kHz; design of both passive and ac-
tive crossover networks, including con-
jugate matching; an `optimiser' function 
for crossover network design; modelling 
of sealed or vented, high-pass or band-
pass enclosures; large-signal and distor-
tion analysis; the ability to model 
passive radiators at any port, multiple 
speakers and ports, and series, parallel 
and series/parallel wiring; a much wider 
range of available graphs; and high 
quality printout to both HPGL and Post-

Script laser printers. Full price of the 
new version is $ 1050. 
For more details circlie 172 on the 

reader service coupon, or by contact 
Speaker Technologies, PO Box 50, 
Dyers Crossing 2429 or phone (065) 50 
2254. 

Notebook PC's with 
plasma displays 
Toshiba has announced the introduc-

tion of four new models of the 
company's popular 'Dynabook' 32-bit 
portable computers in the Japanese 
market. These notebook-size com-
puters feature battery driven gas plas-
ma displays. 
The gas plasma display is a significant 

advance on liquid crystal displays, as it 
responds to instructions faster than 
LCDs. It also offers a wider screen view-
ing angle and a higher contrast ratio 
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32-ch PC based 
logic analyser 
The PCL-512 is a PC-based logic 

analyser that turns your PC into a 
100MHz timing/state analyser with a 
maximum 32 channels. When it is 
adapted to a laptop computer, the com-
bination becomes a portable logic 
analyser station. 
The PCL-512 samples up to 100MHz 

with the internal clock at eight channels 
and 8K memory depth. It can also 
sample up to 25MHz with either internal 
or external clock at up to 32 channels 
and 2K byte memory depth each. The 
500 ohm, 5pF input impedance will en-

Display ( 14661 - C15931 

CLX/ AO 
LX 816 Al Lill, 
LX 83/ AZ 
LX 822 A3 

61U23QA A4 
61U23Q8 AS   
61U23QC A6  
61U23QD A7 

(100:1) between the screen's back-
ground and text and graphics displayed 
on it, making it highly suitable for use 
with the mouse devices that are now 
widely used. The four new J-3100SX 
models are based on the 32bit i386SX 
(20MHz) microprocessors. All incor-
porate an internal floppy disk drive, with 
removable 20MB, 40MB or 60MB hard 
disk drives. 
For more information contact your 

nearest Toshiba dealer. 

Internal UPS for PCs 
The = PowerSystems VIP Poswer-

save is an uninterruptible power supply 
(UPS) which provides an internal, cost-
effective solution for the power protec-
tion needs of XT/AT, 286, 386 and 
486-based personal computers operating 
in MS-DOS. 

It installs entirely within the PC, 

sure no loading to the testing circuit. The 
acquired data can be displayed as a 
timing diagram or state format. 
The PCL-512 can record data 

before/after trigger. It also offers over 
4000 multilevel-combinational-trigger 
conditions and eight data qualification 
channels. The analyser records the data 
you really want and presents cursors on 
timing mode for precision time interval 
measurement. All of the above functions 
are provided as a cost effective test tool. 
For further information circle 170 on 

the reader service coupon or contact 
Priority Electronics, 23-25 Melrose 
Street, Sandringham, 3191; phone (03) 
521 0266. 

Window Move 2561 S@ ne/elk 

— "MWIJUUUUUVUIAIIAJUUIAIIMMU' 
7.11./111.11.1111.11Str 

eliminating the bulk and inconvenience 
of many external UPS systems. 
Powersave guarantees that an infor-

mation network and its valuable data 
remains unaffected by power disturban-
ces. If a power interruption occurs 
Powersave instantaneously provides 
backup power, automatically saves a 
complete image of the PC state to disk 
and shuts down the entire system.Once 
AC power resumes, Powersave auto-
matically restores the computer's state. 
The VIP Powersave UPS includes a 
single full-length I/O card, internal 
power supply, hardware and software. 
The internal software uses no com-
puter memory. 
For more information circle 173 on 

theReader Services Coupon or contact 
Crusader Electronic Components, 73-81 
Princes Highway, St.Peters 2044; phone 
(02) 516 3855. 

A. 
Data Acquisition 

Solutions 
Reliable, Affordable and Flexible 

--, --, iat• ti r— 
amie 

,,,,,, -”,.. ••.... 10 13 , 
"... w  
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PCL-711S 12 Bit A/D + DIA 

• 8 single-ended 12-bit analog inputs, 20 KHz 

• 1 DIA, 16 digital inputs, 16 digital outputs 

• Wiring terminal board and cable included 
• QBASIC driver, utility and complete manual 

PCL-812 12 Bit A/D,D/A,D10 

• 16 single-ended 12-bit analog inputs, 30 KHz 
• A/D with multiple ranges, DMA, interrupt 

• 2 DIA, 16 D/I, 16 D/O, 1 counter, pacer 

• QBASIC driver, utility and complete manual 

• 

PCL-818 High Speed A/D 

• 16 S.E. or 8 differential 12-bit A/D, 100 KHz 
• Programmable ranges, auto channel scanning 

• A/D with direct I/0, interrupt, DMA 

• 2 DIA, 16 DI!, 16 D/O, 1 counter, pacer 

• Supported by most popular DAS software 

• QBASIC driver, utility and complete manual 

PCL-726 6 Ch. 12-Bit D/A 

• 6 12-bit analog outputs, voltage or 4 - 20 mA 

• 16 digital inputs and 16 digital outputs, utility 

PCL-722 144 Ch. Digital 1/0 

• 144 channel digital 1/0, interrupt handling 
• Emulating 8255 in mode 0 with higher driving 

capacity, programmable input or output 

• Compatible with OPTO-22 mounting racks 

PCL-720 D10 and Counter 

• 32 D/I, 32 D/O, 3 programmer counters 

• User selectable counter clock source 
• Breadboard area for customized circuits 

Signal Conditioning & Accessories 

• Wring terminal, isolated D/I, relay output, 
relay driver, scanner, multiplexer, amplifier 

• Modules for thermocouple, au), strain gage 

, 

NU Free 120-' page r ''  reference guide 

..1..,40 ., for your system 
and OEM needs 

UP Priority 
...%„. 

Suite 

Phone: 
— 

4, 

Electronics 

MELBOURNE: 
1, 23-25 Melrose St., Sandringham 3191 

(03) 521 0266 
Fax: (03) 521 0356 
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EA DIRECTORY OF SUPPLIERS 
Which of our many advertisers are most likely to be able to sell you that 
special component, instrument, kit or tool? It's not always easy to 
decide, because they can't advertise all of their product lines each 
month. Also some are wholesalers and don't sell to the public. The table 
below is published as a special service to EA readers, as a guide to the 
main products sold by our retail advertisers. For address information see 
the advertisements in this or other recent issues. 

Supplier 

All Electronic Components 
Altronics 
Dick Smith Electronics 
Electronic Component Shop 
Ernona Instruments 
Geoff Wood Electronics 
Jaycar Electronics 
RCS Radio 
Rod Irving Electronics 
Scientific Devices 
Sheridan Electronics 
Tandy Electronics 
Wagner Electronics 

StateABCDEFG 

VIC • • • • • 
WA • • • • • • • 
ALL • • • • • • • 
VIC • • • • • 
NSW • 
NSW • • • • • • 
Eastern • • • • • • • 
NSW • 
VIC • • • • • • • 
VIC • 
VIC • • • • 
ALL • • • • • 
NSW • • • e 

KEY TO CODING 
A. Kits and modules 
B. Tools 
C. PC boards and supplies 

D. 
E. 
F. 
G. 

Components 
IC chips and semiconductors 
Test and measuring instruments 
Reference Books 

Note that the above list is based on our understanding of the products sold by the 

firms concerned. If there are any errors or omissions, please let us know. 

Electronics Australia Reader Services 
"Electronics Australia" provides the follow-
ing services: 
SUBSCRIPTIONS: All subscription en-
quiries should be directed to: Subscriptions 
Department, Federal Publishing Co, PO Box 
199, Alexandria 2015; phone (02) 693 6666. 
BACK ISSUES: Available only until stocks 
are exhausted. Price $5.00. 
PHOTOSTAT COPIES: When back issues 
are exhausted, photocopies of articles can be 
supplied. Price $5 per project or $10 where a 
project spreads over several issues. 
PCB PATTERNS: High contrast, actual size 
transparencies for printed circuit boards and 
front panels are available. 
Price $5 for boards up to 100 square cen-
timetres. $10 for larger boards. Please specify 
positive or negative. 
PROJECT QUERIES: Advice on projects is. 
limited to postal correspondence only, and to 
projects less than five years old. Price $5. 
Please note that we cannot undertake special 

research or advise on project modifications. 
Members of our technical staff are not avail-
able to discuss technical problems by 
telephone. 
OTHER QUERIES: Technical queries outside 
the scope of 'Replies by Post', or submitted 
without fee, may be answered in the 'Infor-
mation Centre' pages at the discretion of the 
Editor. 
PAYMENT: Must be negotiable in Australia 
and made payable to 'Electronics Australia'. 
Send cheque, money order or credit card 
number (American Express, Bankcard, 
Mastercard or Visa card), name and address 
(see form). All prices include postage within 
Australia and New Zealand. 
ADDRESS: Send all correspondence to The 
Secretary, 'Electronics Australia', PO Box 199, 
Alexandria, NSW 2015. 
Please note that we are unable to supply 
back issues, photocopies or PCB artwork 
over the counter. 

Name.  

Address.  

 Postcode.  

Back issues.  

Photostat Copies.  

No. of issues required. x$5.00 —  

No.of copies required .....x$5.00 —  

No.of copies required:...x$10.00 —  

TOTAL PAYMENT ENCLOSED —  

Signature.  
(Unsigned orders cannot be accepted). 

METHOD OF PAYMENT: (Please circlecorrect method). 

Cheque Money order Credit Card: 

Expiry Date.  

Mastercard American Express 
Visa Bankcard 

[1[111111111111111 

Siemens 
Speaker Technologies 
Transformer Rewinds 
Yokagawa Australia 

ADVERTISING 
INDEX 

Altronics 
AVO Systems 
Circuit Works 
Data Instrumentation 
David Hall Electronics 
Dick Smith Electronics 
DNAConuounications 
EA subscriptions offer 
EEM Electronics 
Elmeasco 
Endeavour Tools 
Federal Book Sales 
Geoff Wood Electronics 
Heinemann Electric 
Hewlett-Packard Aust. 
Hitachi Sales 
Hycal Electronics 
Hy-Q International 
Icom Australia 
IREE (Aust.) 
Jaycar 
JED Microprocessors 
Kalex 
Kepic 
Kingsley Electronics 
Mc Van Instruments 
Mac Service 
Maestro Distributors 
Music Lab 
Nucleus Computer Services 
Oatley Electronics 
Obiat 
Peter Lacey Services 
PP Components 
Priority Electronics 
Procon Technology 
Protel Technology 
Queensland Exhib. Services 
RAE Industrial Electronics 
Reader Service Card Insert 
RCS Radio 113/4 
RMIT Electrotechnology 23 
Rohde &Schwarz Aust. 131 
Rod Irving Electronics 43-47,105-107 

123 

90-91 
96 
57 

122 
53 

68-71 
144 
34 

113/4 
IFC 
53 

58-59 
IBC 
31 
25 
9 

113/4 
31 

OBC 
15 

78-81 
121 
17 
31 
57 
15 

113/4 
142 
57 
33 
64 
137 
54 
130 
145 
122 
131 
8 

130 

144 
113/4 

129 

This index is provided as an additional 
service. The publisher does not assume 
any liability for errors or omissions. 
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TDA1520 
Complete 20Watt 
Hi-Fi Audio 
Amplifier IC 
• Ideal for mains powered 

applications using a 44Vdc 
supply, but operates down to 15V. 
Quiescent current 54mA (tY.P). 
• Power bandwidth from 20Flz to 
20kHz giving 22W into 4n. 
• 74dB open foop voltage gain 

gives 260mV input sensitivity for 
16W output 

• Signal to noise of 80dB (typ) 
• Suits symmetrical or 
aSymmetrical power supplies 
• Thermal protection 
• Very low intermodulation and 

transient intermodulation 
distortion 
• Built-in output current limiter 
• Low input offset voltage 
• Low crossover distortion in 

output stage 
• AC short circuit protection 
• Minimum number of external 
components 

Comes in SOT-131A 9 lead SIL 
package 

ONLY $8.35 

TDA7000 FM 
Radio Circuit 
Monolithic IC for mono FM portable 
radios. Uses absolute minimum of 
external components yet has 
frequency-locked-loop system with 
70kHz ii. with selectivity obtained 
by RC filters. Oscillator is only 
function which needs alignment. 
Spurious reception is automatically 
muted. The IC contains RF input, 
Mixer, Local Oscillator, IF amplifier/ 
limiter, Phase demodulator, Mute 
detector and mute switch. 

ONLY $3.40 sSee FM Radio Intercom article in 
ilicon Chip Oct 89 for more details. 

National CMOS 
LOGIC Data 
Books 
Covers CD4000, 74HCOO, 74HCTOO 
and 74C00 families. II you're quick 
you'll get one. We can never get 
enough— So Hurry $15.00 

Crimping Tools 
Take your pick! We also have the 
connectors to suit 
Modular Telephone Plug Crimper 
4way, 6 way or 8 way 129.95 
0- Sub Crimper 88.00 
Cou CrimperforRG58/59 88.00 
Lug Crimper 
for Red, Blue and Yellow $88.00 
We stock a wide range of high 
quality tools suitable for the 

professional serviceman through to 
hobbyists 

Squeeky Clean 
Mains Filters 
Provide comprehensive protection 
for PC's, videos, tv, office 
equipment etc against surges and 
interference. Response time is less 
Man 2Ons! Peak impulse current is 
2500A for 20usiClamps at 
250Vrms. 10A continuous rating. 
Will not thp earth leakage devices. 
Made in Australia and fully 
approved. Two models — 
LE-2 built into a double switched 
power point $110.00 
LF-4 has 4 independent filtered 
augets and 10A breaker $235.00 
Variable Transformers 
Easy way to "adjust the mans. 
1.2A open $97.70 
2.5A open 122.20 
5A enclosed • 1159.60 
7A enclosed 187.30 
13A enclosed 314.65 

Save Problems and Cost with 

À 
MEMOREX  

GENUINE PREMIUM GRADE DISKS 
5 1/4 2S/2D $16.95 per 10 
5 1/4 2S/HD $24.95 per 10 
3 1/2 2S/21:1 $24.95 per 10 
3 1/2 2S/HD $49.95 per 10 

r\ree 
Why pay up to $150 for a label? 

Take a close look at APPA 
multimeters. LOOK familiar? That's 
because they're sold under different 
brand names. And that means you 
could pay a lot more than you need 
to. We've seen the top of the line 
model selling at around $150 more 
than our price. So you're paying that 
much extra just br the brand label! 

Mu • 

.9.313 

[OF 

8.0 MM/ IMPOIO IIF 

MA 

4.. ;. 
, 
APPA 040 

COI. et. 

Look al the features — 
• Large high contrast display-

The 96 and 98 have analog bar 
graphs too 

e Colour coded input terminais 
and function switch lor easy 
setting 

• Probe storage clips built in For 
easy two handed irxeasurements 

• The 96 is water resistance for 
industriel use 

• Shockproot for a drop of 1.5m! 
• Built-in tilt stand 
• Automatic power-off 
w Most IEC 348 Class Il and 

!IL1244 standards for sale 
operation 

Model 93 
• 1999 count 
• Large 20mm high contrast LCD 

readout 
• 8 Functions - Vdc, Vac, Adc, 

Ohms, Diode, Frequency, 
Capacitance 

• 0.5% dc accuracy $142.80 
Ranges 
Vdc 200mV, 2V, 20V, 200V, 1000V 
Vac 200mV, 2V, 20V, 200V, 750V 
Adc 200pA, 2mA, 20mA, 200mA, 

2A, 20A 
Aac 2001u.A, 2mA, 20mA, 20OrnA, 

2A, 20A 
Ohms 200R, 2kn, 20kn, 2ookn, 
2MR, 20MR 

Frequency 2kHz, 20kHz, 200kHz 
Capacitance 2e, 20nF, 200nF, 2p1, 

2011F 
Also available — 
Model 93T with transistor tester in 

place of 2A range $142.80 
Model 96 
• 3 1/2 digit plus 41 segment 

analog bar graph 
• Autoranging or manual selection 
• 6 functions - Vdc, yac, Adc, Aac, 

Ohms, Diode 
• Water resistant 
• Data hold 
• Memory offset 
Ranges 
Vdc 200mV, 2V, 20V, 200V, 1000V 
Vac 20OrnV, 2V, 20V, 200V, 750V 
Adc 20011A, 2mA, 20mA, 200mA, 

2A, 20A 
Aac 2000,, 2mA, 20mA, 200mA, 

2A, 20A 
Ohms mon, 2kn, 20ko, 200kn, 
2Mn, 20MR 

$166.80 
Model 98 
• 3 1/2 digit plus 41 segment 

analog bar graph 
• Au toranging or manual selection 
• 8 Functions - Vdc, Vac, Adc, Aac, 

Ohms, Diode, Frequency, 
Capacitance 

• Data hold 
• Memory offset 
Ranges 
Vdc 200mV, 2V, 20V, 200V, 1000V 
Vac 20OrnV, 2V, 20V, 200V, 750V 
Adc 200u.A, 2mA, 20mA, 200mA, 

2A, 20A 
Aac 200u.A, 2mA, 20mA, 200mA, 

2A, 20A 
Ohms 2000., 2kn, 20kR, 200kn, 
2MR, 20MR 

Frequency 2kHz, 20kHz, 200kHz 
Capacitance 2nF, 20nF, 200nF, 2g, 
zog 

$214.80 
Model 76 Componen( Tester 
Does the things your multimeter 
doesn ' t! 
• Capacitance 200pF to 2014F 
• Resistance non to 20A4i1 
• Transistor hfe and lceo 
• Diode displays \M at 1mA 
• LED displays Vf al 2Ma and 10mA 
• Battery lests 9V and 1.5V cells 
• SCR Pass/Fall test 

$142.80 

"When it cames to using Serialles1 
to diagnose a practical sedal 
communications sel-up, most users 
will find the package easy- to- drive, 
yet a powerful diagnostic tool..." 

Rob Evans LA. May 91 

SerialTest serial 
data analysis on 
your PC 
This is an MS-DOS software and 
cabling package which enables 
technicians and engineers to 
perform serial data comms analysis. 
It offers sophisticated problem 
solving facilities at a fraction of the 
cost of dedicated hardware systems. 
SerialTest provides a window onto 
RS232 lines operating either as a 
passive observer or actively sending 
data or control signals to simulate 
either at DTE or DCE device. 
Triggers can be defined based on 
error conditions or data to initiate or 
terminale monitoring sequences. 
• Handles baud rates up to 

115.2kbaud. 
• View each byte in ASCII or 

EBCDIC, decoded to heu, decimal, 
binary or octal 

-ZIEMES21 —: • - • 

• Writes captured data directly to 
disk to allow maximum capture 
butter 

• CRC checksum calculations 
• Auto-configuration to any of the 
comms ports 1 to 4 

• Time-stamping ( absolute and 
relative) including delta time 
calculations 

• Split line DTE over DCE display 
$425 ($395 ex tax) 

Send $10 for a demo disk, 
refundable on purchase. 

n...I net ceeer eapus te. coe losow 

PORTASOL 
PROFESSIONAL 
SOLDERING KIT 
See EA. April 88. No cords or 
battenes yet it gives the equNalent 
of a 10 to 60W iron. Up to 90 
minutes continuous use from a 
sulle Tip temperatures as high 
as 00°C can be set The kit 
includes one soldering lip, a hot 
knife, blow torch and hot blow. Cap 
contains a flint lighter. Comes in a 
handy case ( with stand for the iron) 
almost fits in your pocket. $69.95 
PORTASOL STANDARD 
SOL GERING IRON 
We've sold hundreds of 'em to 
servicemen and technicians. 
Complete and ready to use witht39ju5st 
the iron and bit 9 
Spare nos are each $12.95 
Ponasol gas specifically designed 
for PORTASOL 150g $ 5.05 a, 

 Or 

Geoff Wood Electronics Pty Ltd (inc ln N S W) 
229 Burns Bay Road, (Comer Beatrice Street), Lane Cove West N S W 

Mail Orders to — P 0 Box 671, Lane Cove N S W 2066 
Telephone : (02) 428 4111 Fax : (02) 428 5198 

8.30am to 5.00pm Monday to Friday. 8.00am to 12 noon Saturday 
Mail Orders add $5.00 min to cover postal charges 

Next day delivery in Sydney add $5.00 
All prices INCLUDE sales tax unless stated otherwise 

Tax Exemption Certificates accepted if the line value exceeds $ 10.00 
BANKCARD, MASTERCARD, VISA, CHEQUES or CASH cheerfully accepted. 

111M11 
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r ide Band Receivers... 

I.n . Cr)c 

ICOM 

USA 

!MI 

AF GAIN 

I( has broken the barriers with its new 
line of wideband receivers built to go the distance. 
Introducing the IC-RI handheld receiver, the 
IC-R72 HF receiver and the IC-R100 
multipurpose receiver. 

IC-R 1 The smallest wideband handheld 
available today, the IC-RI continuously covers 
100kHz - 1300MHz (Specifications Guaranteed 
2-905MHz) with AM, FM and Wide FM modes. 
This tiny receiver measures just 241mmW x 
94mmH x 229mmD. 

Easy operation is a snap with the IC-RI's 
Dual Frequency Selection ( direct keyboard and 
rotary tuning). 100 memories and a 24-hour clock 
completes the world's smallest full-featured 
handheld receiver. 

IC- RI Install the IC-R100 at home or in 
your car. Listening pleasure is guaranteed with 
continuous coverage from 100kHz-1856MHz 

CFMMt OtSPMeg 

PL 

AFC 

11-111 
I Ill. 41111 

SIIP 
AUTO 

rif'- 

AWN 0W/II FM 

COMMUNICATIONS RECEIVER IC-R72 

SQUELCH SPCH MHz kHz 

(Specification Guaranteed 500kHz - 1800MHz) in 
AM, FM and wide FM modes. Monitor VHF air 
and marine bands, emergency services, government 
as well as amateur stations. 121 fully 
programmable memory channels, multiple scanning 
system, an automatic noise limiter, built-in 
preamplifier and attenuator, clock with timer, and 
built-in backup lithium battery make the IC-R100 
the perfect package for mobiling or base operation. 

The IC-R72 continuously receives 
100kHz - 30MHz in SSB, AM and CW modes 
with very high sensitivity. An optional UI-8 
provides FM reception. Additional features 
include: Noise blanker, five scanning systems, 
AC/DC operation, internal backup battery, built-in 
clock and ICOM's DDS System. The IC-R72 
boasts a 100dB wide dynamic range while an easy-
to-access keyboard provides convenient 
programming versatility. The easy to operate 

IC-R100 

rin 

BUSY TUNE 

• 

MEMO>VFO VFO/MEMO 

SCAN 

SEL 

1.11 

MAN 

ENT 

MEMORY- CFI 

DOWUP 

IC-R72 is superb for short wave listeners. 
The IC-R1, IC-R72 and IC-R100 join 

ICOM's current line of professional quality 
receivers... the IC-R71A, IC-R7000 and 
IC-R9000. ICOM... expanding the horizons to 
bring you better technology, today. See the 
complCt line of quality ICOM receivers at your 
local authorized ICOM dealer today. 

For u brochure 
on this or any 
other ICOM 
product, call 
our Toll-Free 
Literature 
Request Hotlin, 
008 338 915 
Melb Callers 
(03) 529 7582. 

ICOM 
First in Communications 

...That Go The Distance. 


