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Metrix 50 Series 
• Comprehensive Display with 

Analog Bar-Graph 
• 5000 Count Digital Display 

•Patented Live-TremJrM Mode 
Shows Instant Values 
•Storage of Up To 5 

Different Readings 
• Surveillance Mode 

• Models with dBs and 
Frequency to 500kHz 

• VOE Approval (51 & 52) 
low Cost MX20 

• 2000 Count 
• Hold function 

• 1 OA fused range 

Metrix 40 Series 
•Exceptional All-Weather 

Performance 
• Four Year Warranty 

• 4000 Count Resolution 
• Autoranging with 

Manual Override 
• Hold & Peak Functions 

• True RMS AC or AC+DC 
• Safe to IEC348 Class 11 
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Metrix - Europe's Favourite Multimeters 
Metrix MX570/MX573 

• True Analog and Digital 
•True RMS ac 

• 25kHz Bandwidth 
for Vac 

• Auto-Polarity 
Switching 

• Taut Band Linear 
Scale Analog 

Movement 
• 4000 Count 

Digital LCD 
Display (2000 

on MX573) 
• Stores actual 

& max values 
(MX570 only) 

Metrix 
MX1200S & 

MX200 
Clamp-On 

• Power Measurements 
• Current Ranges to 

200A/100A 
• Frequency to 1 kHz 
• Resolution as low 

as 10mA 
• Analog Output 

Also ask about the MX545 Series and MX579 Benchtop Multimeters and a Wide Range of Probes & Accessories 
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How Toshiba won the 
1 Mb DRAM race ••. 

Back in 1981, Toshiba seemed to be 
lagging behind in memory techno
logy. But by 1990, it had become 
world leader in JMb DRAMs. How 
this dramatic turnabout took place is 
explained on pages 124-127. 

Historic amateur TV test 

Late last year, Aussat helped local 
amateur TV operators conduct a 
historic satellite test. See page 28. 

Entertainment Electronics 
6 WHAT'S NEW IN VIDEO & AUDIO Philips DCC stars at Las Vegas CES 

12 THE CHALLIS REPORT: Pioneer's Cf-M6R multi-cassette changer 

Features 
18 PEGASUS: WINGS INTO SPACE Low cost satellite delivery vehicle 
22 'SPREAD SPECTRUM' CELLULAR PHONES Promising new technology 
28 AMATEUR TV STARS IN HISTORIC TEST Satellite ATV broadcast ... 
36 DAVID PACKARD REBUILDING H-P Founder returns from retirement 
40 ICOM IC-R100 COMPETITION: The 'runner-up' entries 
56 WHEN I THINK BACK ••• 'Shadders on the Wall' - 2 
68 MOFFAT'S MADHOUSE The ultimate 'black box' 

Projects and Technical 
70 
76 
82 
84 
92 

108 
118 

THE SERVICEMAN Protection relays, satellite trackers and a 'wilful' CTV 
BASICS OF RADIO - 14 The Ratio Detector, phases and vectors 
CIRCUIT & DESIGN IDEAS In-line flasher, LED signal indicator 
NEW CRO ADAPTOR FOR MONITORS -1 Over I MHz bandwidth! 
THE FLEXITIMER Low cost, can time from a few seconds to 24 hours ... 
A NEW 2M FM TRANSCEIVER - 3 Wiring & testing three more sections 
VINTAGE RADIO Rewinding output transformers 

Workstation 
132 COMPUTER VIRUSES & HOW TO STOP THEM An expert explains 
138 PC ENHANCEMENTS FEATURE: New hardware, software products 
140 PC ENHANCEMENTS FEATURE: Boards & software turn PC into PLC 
144 COMPUTER NEWS & NEW PRODUCTS New JOOOdpi laser printer 

News and Comment 
4 LETTERS TO THE EDITOR Chip resistors, true 'hams', UPS and SPS 
5 EDITORIAL VIEWPOINT High technology and anti-social personalities 

44 NEWS HIGHLIGHTS Major advance in photonic switching 
48 FORUM Final words on fancy cables - at least for the present! 
54 SHORTWAVE LISTENING The world opens for disabled listeners 
66 SILICON VALLEY NEWSLETTER First superconducting transistor 

100 NEW PRODUCTS Solder station, timer with LCD readout, toroids -----------------11 104 INFORMATION CENTRE The rightdirectionforcurrentflow? 
117 AMATEUR RADIO NEWS FCC creates 'codeless' class of licence ... 
128 SOLID STATE UPDATE JO-bit A-D converters with serial interface On the cover 

Launching a satellite with Orbital 
Sciences Corp's Pegasus booster 
costs a mere US$6 million, compared 
with the $200 million or so of a con
ventional launch via the Space Shut
tle. Kate Doolan explains how 
Pegasus works, in our story starting 
on page 18. (Picture courtesy OSC) 

Departments 
102 BOOK REVIEWS 
115 EA CROSSWORD PUZZLE 
116 50 AND 25 YEARS AGO 
121 MARKETPLACE 

146 DIRECTORY OF SUPPLIERS 
146 ADVERTISING INDEX 

NOTES AND ERRATA 
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LETTERS TO 
THE EDITOR 
True 'hams' 

I refer to the item under 'Amateur 
Radio News' in December 1990, con
cerning the demise of Ham Radio and 
the true-brew (home, of course!) radio 
amateur. 

May I suggest that the proud term 
'ham' be restricted in future to those 
amateurs who make their own gear? 
And that mere button pushers of multi
thousand dollar gear be known as 
'Hamcocks'? 

The term derives, of course, from 
that funny - although wildly inac
curate - old episode of 'Hancock's 
Half Hour' in which Tony was every
thing that a good 'ham' shouldn't be. 

Alan Wright (VK2JOY), 
Parkes, NSW. 

Wrong apple 
I am writing to point out an error in 

your August issue. The computer 
shown on page 59 is not an Apple IIC, 
but either an Apple II Plus or II 
Europlus. 

The Apple IIC is a much newer com
puter, which is portable and much 
smaller and more expensive. 

Peter Fleischmann, 
North Sydney, NSW. 

Comment: You're quite right, Peter-it 
was an Apple II Plus. The editorial face 
is now the shade of a ripe Jonathon! 

UPSandSPS 
There appears to be a general 

misunderstanding in the marketplace 
between a true no-break UPS and a 
standby or SPS system. 

Unfortunately there are many so
called 'UPS' advertised in the 
Australian market place which are in 
fact not true no-break UPS at all. They 
are the standby or short break types 

Although it is possible for a standby 
SPS to switch over in a time so short 
that the computer does not respond to 
the interruption, it is misleading to 
claim that these backup power supplies 
are true UPS. 

A true no-break UPS by its very 
design provides complete isolation be
tween its output and incoming mains, 
and because it recreates its output 

sinewave it has no transfer time when 
battery operation is required. 

Furthermore its distortion specifica
tions are completely independent of 
the incoming mains, a feature which is 
not available with the SPS backup sup
plies. 

The quickest way to find out whether 
a unit is an UPS or SPS is to look at the 
product specifications for a transfer 
time, for example: transfer time= SPS. 

When looking for an appropriate 
power conditioning product for your 
equipment, make sure you know what 
you are getting and check with an ex
pert in the field if you are unsure. 

Victoria Maule, 
Marketing Manager, 
Critec Pty Ltd, 
Dowsings Point, Tas. 

Comment: Thanks for the clarification, 
Victoria. While from the manufacturers 
point of view, the difference may be sig
nificant, this may not be the case as far 
as users are concerned. 

Chip resistors 
It was not until I attempted to obtain 

the chip resistors for the new VHF 
Powermatch Mk2 that my problems 
arose. 

To find a retailer that would order 
the resistors from Crusader was met 
with a firm 'No'. One agent for 
Crusader was willing to oblige, the 
only problem was that their minimum 
order was one hundred units, and then 
to sell me four was just not on. 

A cry of help to Crusader was met 
with sympathy and the four resistors 
were graciously supplied at no cost. 
The project is approaching completion 
and I look forward to being able to put 
it to use. 

I had noted in the earlier articles that 
there may be a little more to come with 
the project, namely an impedance 
bridge and a dummy load. This was 
logical, as it would then completely 
update the original VHF Powermatch. 

Imagine my horror on reading the ar
ticle - all those chip resistors and the 
non-inductive potentiometer! 

I feel that I cannot go back to the 
person at Crusader and ask for the 
components that are now required. 
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I have rung Jaycar, Rod Irving and 
your reader service all to no avail. Can 
you please help? 

A great article that has undoubtedly 
given you a great deal of satisfaction in 
developing. 

Unfortunately I think it remains in 
the same category as the original 
project - just cannot be constructed 
because of the non-availability of 
specialised components to the average 
radio amateur. 

John Pinson B.Sc., VK2KBD, 
Taree,NSW 

Comment: Good news, John 
Crusader Electronic Components has 
now made arrangements to supply the 
components direct to readers. The firm's 
address is 81 Princes Highway, St 
Peters 2044; phone (02) 519 5030 or 
5196685. 

Ozfi story 
I am writing to thank you on behalf 

of the Ozfi Group for the article you 
wrote on Australian-made hi-fi, in par
ticular, ME, Orpheus and Audio 
Definition in the December issue of 
Electronics Australia. 

Ozfi, as you know, is a group made 
up of extremely knowledgeable and 
dedicated individuals each manufac
turing their own brand of hifi product 
in Australia to the highest standards 
achievable in this country. 

As a group we find that by working 
together using each other's expertise in 
the different facets of the industry, we 
are able to manufacture products that 
meet or exceed overseas competition, 
usually at a fraction of the cost. 

We feel that it is people like yourself 
who, by being prepared to give an 
honest unbiased review of our 
products, greatly assist us in achieving 
our goals. 

Publications such as yours better cre
ate an awareness in the hifi buying 
public, that the Australian product is 
generally a more than viable alterna
tive to that of our imported competi
tion. 

We look forward to giving you a 
preview of some of our other products 
in the near future. 

Lia Galante, MD, 
Audio Definition, 
Port Macquarie, NSW. 

DROP US A LINE! 
Feel free to send us a letter to the Editor. 
If it's clearly expressed and on a topic of 
interest, chances are we'll publish it. -
but we reserve the right to edit those that 
are over long. 

EDITORIAL 
VIEWPOINT 

High technology and 
anti-social personalities 

Remember the discussions we had last year in the Forum column, about 
computer viruses? At that time, there were some readers who were inclined 
to think that the whole subject was a figment of our over-active imagina
tions. Surely there were no such things, they suggested - if computers 
crashed, this was almost certainly due to hardware problems. Who on earth 
would deliberately write programs to make computers crash or destroy 
files? 

Well, since then I suspect there have been enough reports of disasters 
caused by viruses to convince even a skeptic of their existence and destruc
tive power. From what I've read, there now seem to be many hundreds of 
known viruses infecting the IBM-compatible family of PCs around the 
world, and at least 25 of them are confirmed as circulating in Australia. 
There have been many reports of serious infections, especially at schools 
and colleges of advanced education. 

Perhaps I'm still too much of an idealist (even nowt), but I find it sad, that 
the efforts of a few hundred anti-social programmers have forced us all to 
become suspicious and security conscious. 

When microcomputers and personal computers first became available, 
there was a wonderful spirit of cameraderie among the pioneering 'hackers'. 
Just as with the early days of amateur radio, people were happy to help each 
other by swapping programs and utilities they had written, along with any 
knowledge they had gained. It was a remarkably friendly and helpful atmos
phere, which undoubtedly played a major role in the almost explosive 
growth of personal computer hardware and software technology. 

But now that friendly, open atmosphere has all but gone - destroyed by a 
relatively small number of stunted and immature personalities, who 
presumably couldn't resist the temptation to 'show off' their programming 
prowess, by creating viruses and other destructive software. 

I guess it's just another demonstration of the fact that although the human 
race has the ability to create and develop impressive technology, it also has 
a nasty tendency to use that ability - and the resulting technology - for 
destructive ends. All the same it seems a pity that personal computers, with 
their enormous potential to help in the growth and management of our 
knowledge, are now tainted with the risk of data trauma. 

In this month's Workstation section, you'll find a very informative article 
on viruses by Roger Riordan, an acknowledged Australian authority on the 
subject. A former lecturer at Chisholm Institute of Technology, Mr Riordan 
explains not only how viruses work, but also what you can do to protect 
your computer(s) from them. I feel sure you'll find it as interesting and 
helpful as I did, despite the saddening aspects of our having entered the 
post-virus era. 

Jim Rowe 
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What's New in 
VIDEO and AUDIO I 

Philips 'Digital Compact Cassette' system 
star of this year's Las Vegas CES 
The undisputed highlight of this year's Consumer Electronics Show, held in Las Vegas in January, 
was the demonstration given by Philips Consumer Electronics of its new Digital Compact Cassette 
(DCC) system, to a group of journalists from many countries. The company also provided further 
technical details of the system. 

At the demonstration, Philips 
spokesmen stressed that the DCC 
equipment being premiered was still in 
the prototype stage. Commercial ver
sions of the system are not expected to 
be released until next year, so this was 
really a 'preview' (pre-audition?). 

As previously announced, the DCC 
system uses compact cassettes similar 
in size to existing standard analog 
compact cassettes, and is designed to 
be compatible with them - to the ex
tent that DCC recorders and players 
will also be able to play back analog 
cassettes. Philips has done this 
deliberately, in view of the enormous 
popularity of the existing analog cas
sette system, to ensure DCC's rapid ac
ceptance. 

However the new cassettes are more 
rugged, and have a sliding sleeve to 
protect the tape which would otherwise 
be exposed in the head/capstan open
ings - rather like the sleeve on 3.5" 
floppy disks (see pictures). The sleeve 
also covers the drive hub holes, 
making the new cassettes fully self
sealed against dust. 

A further feature of the DCC cassette 
is that it is single-sided, even though 
the matching decks record and play 
along both edges of the tape, as with 
existing analog cassettes. 

This has been achieved by making 
the decks bi-directional, with auto 
reversing and a 'flip-over' head sys
tem. The user is therefore freed from 
the hassle of having to stop, remove 
the cassette, flip it over and re-insert it 
to record or play the second side. 

The single-sided nature of DCC cas
settes also means that the top surface 
can carry a printed 'album cover', as 
on CD and compact cassette library 

cases. Of course the main feature of 
the DCC system is that it uses digital 
recording, to provide the same order of 
performance and operating con
venience as CDs and the DAT system. 
Yet it achieves this without using the 
complex helical scanning system used 
by DAT and video recorders. The tape 
used is relatively standard chromium 
'video' formulation, 3.78mm wide and 
moving at the same 4. 76cm/second 
used in analog cassettes. 

This is achieved by using a nine
track record/play head, fabricated 
using modern thin film technology. 
Each track laid and read back by the 
head is 135um wide, with the tracks 
spaced 195um apart. Eight tracks are 
used for the encoded audio, with the 
ninth for control and auxiliary display 
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information. At the effective audio bit 
rate of 384bps, the shortest registered 
wavelength is 990nm (0.99um). 

In addition to the nine digital track 
heads, the flip-over DCC head assemb
ly contains two conventional analog 
heads for playing standard analog 
tapes (see diagram). 

Like CDs, DCC cassettes offer auto
matic track finding and user program
ming facilities. Pre-recorded DCC 
tapes will feature a table of contents, 
and track-to-track accessing times are 
only a few seconds. DCC therefore of
fers a significant improvement in user 
convenience, over conventional analog 
compact cassettes. 

DCC recorders and players are ap
parently designed to operate at any of 
three sampling rates: the 44.lkHz used 
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by CDs, 48kHz as used for DAT or the 
32kHz proposed for satellite audio 
transmission. Quoted frequency 
response for the three rates is 5-
20,000Hz, 5-22,000Hz and 5-
14,500Hz respectively. Quoted 
dynamic range for all rates is greater 
than 105dB, with THD and noise 
below -92dBandwow/flutter down to 
'quartz crystal precision'. 

Special encoding 
The key to achieving this perfor

mance from a fixed head, eight data 
tracks and a tape speed of only 
4. 76cm/s, is a special encoding system 
which Philips calls Precision Adaptive 
Sub-band Coding (PASC). 

From the information made avail
able, PASC uses digital filtering tech
niques to split the audio frequency 
range into 32 sub-bands of equal 
bandwidth, which are then passed 
through a digital signal processor 
whose performance is modelled on the 

'dynamic threshold' behaviour of the 
human ear. As the signal varies in 
terms of level and frequency content, 
the PASC processor dynamically and 
continuously adjusts itself, allocating 
the number of encoding bits to each 
sub-band according to this model. 
Every sub-band is therefore allocated 
the number of bits it needs, with those 
bits not required by particular sub
bands being re-allocated on a dynamic 
basis to those that do. Philips claims 
that this allows PASC to provide the 
highest possible coding accuracy over 
the entire audio range. 

An 'eight to 10' modulation system 
is used to optimise the resulting data 
format for recording on tape. Error cor
rection uses the Reed-Solomon Cl/C2 
coding system. 

Although high quality replay of pre
recorded software was an important 
design goal with the DCC system, 
Philips has also designed it to allow 
home recording of similar quality on 

VMlldi 
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blank cassettes. The system includes 
the Serial Copy Management System 
(SCMS) as an integral part, to limit 
digital copying of pre-recorded 
software and thus avoid conflict with 
software producers. 

In view of DCC's inherent low cost 
and compatibility with analog casset
tes, coupled with its ability to deliver 
full digital audio quality, Philips is 
confident that it will become as suc
cessful as both compact cassettes and 
compact discs as standardised 
worldwide recording media. The firm 
has apparently been developing the 
system in partnership with Matsushita, 
Japan's largest consumer electronics 
manufacturer, and also has the support 
of major players in the music industry. 

DCC manufacturing licences will be 
offered to all interested hardware and 
software companies, as was done with 
compact discs. At CES, Philips an
nounced that the first licensee is Tandy 
Corporation. > 
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VIDEO AND AUDIO 
New compact speaker 
system from Klipsch 

Klipsch & Associates has introduced 
a new entry level loudspeaker system, 
the KG 1. Designed for bookshelf or 
stand placement, the KG 1 is a two-way 
system standing just 33cm (13") tall. 

Components include a new 16.5cm 
woofer, with a cone and dust cap made 
of carbon (graphite) filled 
polypropylene. The graphite additive 
increases cone rigidity for greater out
put and lower distortion. 

The motor structure of this woofer 
has a vented coil which increases 
power handling and output at frequen
cies below lOOHz. 

The system relies on a 'Dhorm' 
tweeter, the hybrid of horn and dome 
technologies long used by Klipsch. 
The tweeter motor is ferrofluid cooled 
for increased power handling, output 
and reliability. System sensitivity is 
90dB SPL/one watt one metre, with 
frequency response of 50Hz to 20kHz 
+/-3dB. Normal impedance is 8 ohms. 

The cabinet of the KG 1 is offered in 
oiled wooden veneers of either oak or 
walnut. Suggested retail price is $950 

per pair. Klipsch entered the market in 
1946 with its famous Klipschorn, 
which is still available today and con
sidered the 'benchmark' by audio en
gineers. 

For further information please circle 
200 on the reader service coupon or 
contact Legendary Loudspeakers, PO 
Box 206, Port Melbourne 3207; phone 
(03) 646 6956. 

ONLY THE HITACHI RANGE 

OF VCR'S KEEP HEADS THIS CLEAN 



Beard amplifiers now 
in Australia 

The name Bill Beard is a name well 
known to many British audiophies, 
with many credits to his name in the 
design of tube pre and power 
amplifiers including the classic PlOO 
amplifier. 

More recently Bill left Beard Audio 
after an association of some 12 years to 
form a new company, called British 
Built Audiophile Products (BBAP). 
Beard contends that although his new 
products will differ in many ways from 
previous designs, he will continue in 
the tradition established by such clas
sics as the PlOO. 

Thus the introduction of the PBlOO, 
a 50 watt/RMS, single chassis in
tegrated amplifier now available 
through Australian importer Kedcorp. 
The new amp boasts some 18 valves, 
12 of which are EL84 's - three pairs 
per channel in parallel push pull. 

The rest of the valve compliment 
comprises four EDD81 's (12AT7), and 
two ECC82's (12AU7), the ECC81 
being employed in the driver stage and 
as a phase splitter and the ECC82 as a 
cathode follower. 

All the tubes in the BBlOO (18 of 

Because only 
Hitachi offer a 
range of Video 
Recorders with a 
revolutionary Auto 
Head Cleaning 
.S~tem, to maintain 
superb picture 
quality. 

Dirty video heads can 
quickly lead to 'dirty' 
pictures (not that sort!). 
So Hitachi engineers 
designed a unique in-built 

them) are fully DC regulated - a new 
departure from just applying DC only 
to the more sensitive front end tubes. 
Beard contends that this approach at
tributes to the BBlOO's claimed total 
absence of any background tube noise. 

Beard claims his output transformers 
are wound and constructed to within 
1 % tolerance and are tapped at the 
35% ultra-linear tappings and as a 
result are understressed and require 
less feedback. 

The power supply section offers 

device to clean tne video heads, without head
wearing abrasion, automatically, every time a tape is 
played ... or by simply pushing a button. 
It's just one of the many features that convinced 
judges at the CESA Sound & Image awards to vote the 
Hitachi VTM748E 'VCR of the year'. 
If you're thinking of buying another brand of VCR, 
use y:our head ... think Hitachi. 
You can't buy a better VCR for the price. That's official! 

Victoria (03)5558722 •New South Wales (02)6663088 
Queensland (07) 2601344 •South Australia (08)3471234 
Western Australia (09) 2779855 •Tasmania (002) 72 5651 

1300uF reservoir capacitors for each 
output stage, and each driver stage 
employs its own dedicated DC power 
supply of 4700uF per channel. 

The BB 100 is available in either 
gold or chrome finish (gold finish 
slightly more expensive) and is 
covered by a two year parts and labour 
warranty (one year warranty on tubes). 
A phono module will shortly be avail
able. RRP is $5295. 

Further information is available from 
Kedcorp Pty Ltd; (02) 708 4388. a 
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@PIONEER® 
The Art of Entertainment 



You imagine your hearing is 

as sophisticated as your sound 

equipment. 

But a comparison with 

the Barn Owl could soon ruffle 

your feathers. 

Because the Barn Owl has 

one ear higher than the other 

enabling it to hear a 3-D "picture" 

of its surroundings. 

Meaning that even blindfolded 

it could pinpoint the smallest 

object purely by sound. 

· Which would logically make it 

a far better judge of Pioneer's 

revolutionary Dolby .Pro-Logic 

Surround Sound system. 

An audio/video system that 

brings the exciting directional 

sound of a movie theatre into 

your living room. 

With five distinct channels 

coming from five speakers, you 

are literally surrounded by the 

action on the screen. 

Which is why a Pionee~ 

Surround Sound system could 

prove terribly frustrating for any 

* "Dolby", "Dolby Surround" and ''Pro-Logic" are trademarks of Dolby Laboratories L1cens1ng Corporation. hungry Barn Owl. 

And, of course, why 

Pioneer leads the world in sound. 

READER INFO NO. 3 



The Challis Report: 

PIONEER CT·M6R 
MULTl·CASSETTE CHANGER 
Ever astute in spotting a significant potential market, Pioneer was the first to develop a 
multi-disc CD player. Now the same firm has developed a six cassette tape recorder/player, 
which look likely to set another trend. Louis Challis has been putting the unit through its paces. 

It was back around the year 1971 
when I last reviewed a multi-cas
sette changer. That particular cas
sette changer had been designed by 
Philips at Eindhoven and was 
regarded as 'avant-garde' by their 
marketing personnel. 

The cassette changing mechanism 
used what they described as a 'Ski 
Ramp' system and as I recall, I 
viewed it as being a relatively com
plex system with a degree of 
reliability which left something to 
be desired. 

I have strong recollections of 
having panned the unit, primarily 
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because of its perceived mechani
cal problems and it is interesting to 
note that Philips subsequently 
withdrew the cassette changer from 
the market a short while later. In the 
ensuing period, whilst there have 
been a number of commercial 
multi-cassette changers or players 
developed, surprisingly there have 
been relatively few (if any) units 
developed for the consumer market. 
It must be just as obvious to you, as 
it was to Philips 20 years ago, that 
there is a sizable market for such 
equipment, so one could be ex
cused for asking why has it taken so 

long for an enterprising manufac
turer to fill a breech which was 
clearly evident 20 years ago. 

Now the Pioneer Electronic Cor
poration of Japan has an enviable 
reputation for developing innova
tive and practical hi-fidelity 
products. Its development of the 
PD-M40 multi play compact disc 
player and subsequently the PD
M430 to PD-M730 series of later 
derivatives of the multi play com
pact disc players, has extended the 
market for CD players appreciably. 

Now surprisingly, in the ensuing 
period, following the development 



of the PD-M40, most of Pioneer's 
competitors have released what can 
best be described as a series of 'me 
too - look alikes', because of the 
very positive market response and 
general acceptance of the multi 
play compact disc players. 

The new CT-M6R multi-cassette 
changer is in practical terms direct
ly comparable with the PD-M40 
series and PD-M430 series multi
play compact disc players. 

It provides the capability of load
ing six conventional compact cas
settes for sequential unassisted 
continuous playing - or should 
you wish, for sequential and unas
sisted automatic recording, 
(provided the appropriate CD 
source and special control cable is 
connected). 

The real attribute of the CT-M6R 
multi-cassette changer is the degree 
of ergonomic convenience which it 
afforas the intending user, and I 
have no doubt that the CT-M6R sets 
the ground rules for the next 
generation of 'me too look alike' 
multi-cassette changers, which will 
hit the market in 1992. 

The CT-M6R has many really nice 
features, the most important of 
these being its simple tray loading 
system, which even lay-people . 
should take in their stride. 

·This is activated by the 
OPEN/CLOSE button on the front 
on the front of the deck. The desig
ners have also taken the trouble to 
provide a series of sensibly 
designed push buttons and 
switches, which are supplemented 
by a particularly convenient and ef
fective infra-red remote control. 

As I soon discovered, the large" 
plasma display panel provides com
prehensive and readily assessi ble 
graphic information on the opera
tional condition and settings of the 
multi-cassette changer and the six 
cassettes which have been loaded. 

An examination of the front 
panel reveals that the primary con
trols are contained in five groups 
with the main and most frequently 
used functional controls, STOP, 
FORWARD PLAY, REVERSE PLAY, 
FAST FORWARD AND FAST 
REWIND at the lower edge of the 
front panel. 

The second most frequently used 
;et of controls are those provided 
~or RECORDING MUTE, PAUSE, . 
RECORD and the CD SYNCHRO 
outton (requiring a CD player spe
:ially equipped to provide match-
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The replay frequency response obtained from the Pioneer CT·M6R multi cassette 
changer with four different tape formulations, and In each case, at three different 
recorded signal levels. 
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Pioneer CT-M6R 

ing capabilities), which are located 
immediately adjacent at the lower 
right hand edge of the front panel. 

The line of controls immediately 
above incorporates the cassette 
well OPEN and CLOSE button at the 
extreme left hand side with num
bered buttons corresponding· to 
cassette positions 1-6 immediately 
adjacent. Activation of any one 
of these buttons results in the 
loading of that specific cassette. 
The last of the eight switches in 
the row is provided for the 
return of the loaded cassette back 
to the loading tray. 

Three switches are provided im
mediately to the right, the first of 
which is designated RELAY, which 
is the title chosen for the automat
ic sequential playing or recording 
of the six tapes. 

The second switch is designated 
RANDOM, which provides a ran
dom track play function using all of 
the tapes loaded, up to the maxi
mum of six; and the last switch is 
SCAN, whose activation results in 
the first 1 O seconds on each of the 
tapes being played sequentially 
with simultaneous display of the 
words SCAN or the plasma 
graphics display. 

Other switches are provided for 
rewinding all the tape automatically 
ready for plar, for setting normal 
uni-directiona or full bi-directional 
play of each of the six tapes, for the 
selection of DOLBY 'B' or DOLBY 
'C' noise reduction, and for activat
ing an external timer, (if one is in
terposed between the changer and 
the mains). 

The front panel is fitted with a 
standard tip ring and sleeve 
('phones') socket, but regrettably no 
volume control has been 
provided for that socket. The rear 
panel of the unit has coaxial sock
ets for two line inputs and two 
line outputs, and three miniature tip 
and sleeve sockets for remote con
trol and CD Synchro control. 

An inspection of the internal con
struction confirms that the CT-M6R 
is neatly constructed, with two large 
motherboards - one located in a 
conventional bottom mounted 
position with relatively small 
numbers of transistors, but some 
rather significant special LSI chips 
and a number of normal dual in
line chips. 
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At top are the record to replay frequency response curves for the changer, first 
with the Dolby out and then for Dolby 'B' and 'C' operating respectively. Below 
these are the curves for channel separation and background noise after erasure. 



Above: An overall view Inside the changer with the two main PC boards on the 
left and the changer mechanism on the right. 

A closeup looking In from the side of the changer mechanism, showing the 
vertically mounted tape deck just visible under the transport mechanism. 

There Isn't much at the rear of the changer, apart from the audio Input and output 
connectors at lower left with the control input and output jacks alongside. 

The second comparably sized 
motherboard is located vertically 
on the side of the chassis, and 
provides the music search HP 
amplifier, Dolby playback amplifier 
and Dolby HX amplifier, as well as 
the recording amplifier and bias os
cillator circuits. 

These are neatly interconnected 
by simple direct wiring and some 
unusual parallel ribbon feeder 
cables, with plug and socket con
nections to simplify manufacture, 
servicing and maintenance. 

The front controls and display 
module are directly connected to a 
third printed circuit board all neatly 
interconnected with ribbon cables. 
My major reason for opening the 
cabinet was of course to examine 
the cassette drive and its special 
loading system. 

The mechanical system is par
ticuarly neat in its operation, and 
uses a series of ingenious slide ele
ments to withdraw the specific cas
sette selected, plus a separate 
motorised transverse loading arm 
system to insert the selected cas
sette into the cassette drive. 

This composite loading and drive 
system is based on a solidly con
structed metal box chassis, and it 
appears to be both ruggedly and 
sensibly designed and executed. 

Test results 
Objective testing revealed that 

the replay frequency response of 
the changer is quite good. 

Using our type '1' test tapes, the 
frequency response extends from 
37Hz to 13kHz, +0/-3dB. The test 
with the type '2' test tapes revealed 
that the replay frequency response 
is even better, extending up to 
16kHz at the -3dB roint, but no 
better with the meta test tape, as 
the frequency response is 
dominated by the accuracy of 
azimuth alignment of the CT-M6R. 

The 'record to replay' frequency 
response of the changer is par
ticularly good on each of the three 
tape formulations - significantly 
better than Pioneer claims in its 
literature. (In case there is any mis
conception, the specific machine 
which I evaluated was a stock 
machine, which had not been pre
checked by Pioneer's service per
sonnel). 

The frequency linearity over the 
critical frequency range from 60Hz 
to 10kHz is exceptionally smooth 
and this frequency linearity is com-
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Pioneer CT-M6R 

parable with the performance 
provided by my previous generation 
of instrumentation recorders. 

The measured signal to noise ratio 
performance is reasonable, but not 
outstanding when the noise reduc
tion systems have not been ac
tivated. However it is significantly 
better than 67dB(A) with Dolby B, 
and improves to 73dB(A) with 
Dolby C, relative to the 3% third 
harmonic distortion level at 333Hz. 

The wow and flutter figures are 
reasonable at .08% weighted RMS. 
This is marginally higher than 
claimed in the manufacturer's 
literature. 

The distortion figures are par
ticularly good at medium and low 
frequencies, but moderately high at 
high frequencies. 

Taking into account the type of 
tape drive system and its incorpora
tion of a six cassette changer 
mechanism, the electrical perfor
mance of the changer is impressive. 

Listening tests 
In order to evaluate its technical 

performance and overall musicality, 
I loaded the changer up with a 
series of six recently released pre
recorded cassettes. This was both to 
assess its over al I performance, and 
most particularly when the special 
functions including 'RELAY' and 
'RANDOM' were activated. 

The most impressive of the casset
tes that I used were Mozart's 
'Requiem', with Carlo Maria Guilini 
(Sony Classical Chrome tape ST-
45577), and John Williams con
ducting John Williams 'The Star 
Wars Trilogy' (Sony Classical 
Chrome Tape ST 45947). 

These really brought my music 
system to life and provided sound 
quality which is significantly better 
than I would expect from a 'back
ground music system', almost ap
proaching_ the performance of a 
compact disc. 

The only intrusive feature of the 
changer was the low level whirs 
and clunks that the mechanism 
made as it loaded and transferred a 
cassette into the internal cassette 
drive. 

Once loaded the changer makes 
no perceptible noise whatsoever, 
excluding of course, the amplified 
sounds out of the music playback 
system. 
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Measured Performance of Pioneer CT-M6R 
Serial No: KD8600097N 

1 . Record to Replay Frequency Response at -20VU 

Tape Dolby Lower-3dB Max Point and Upper-3dB 

Sony HF-60 B In 
Sony Metal-XR Out 
TDKAD90 Out 

Point Frequency Point 
38Hz +3dB 16kHz 17kHz 
37Hz +1.5 20kHz above20kHz 
35Hz +3.0 17kHz 20kHz 

TDKSA-X Out 37Hz 20kHz 

2. Speed Accuracy +0.6% 

3. Wow and Flutter Wow Average 0.08% P-P 
Flutter Unweighted 0.14% RMS 

Weighted 0.08% RMS 

4. Harmonic Distortion 100Hz 1kHz 6.3kHz 

ovu 2nd 51.1 50.5 45.3 
3rd 58.2 48.5 41 
4th 52.4 
5th 51.6 
THO 0.3 0.6 1.1 

-6 vu 2nd 50.6 49.3 42.1 
3rd 56.0 48.5 38.8 
4th 48.3 
5th 47.3 
THO 0.33 0.79 1.4 

5. Maximum Input Level 
(for 3% third harmonic distortion at 333Hz) 

Tape Sony HF-60 +8.5VU 

6. Dynamic Range 

Tape Sony H F-60 Dolby Out 
Dolby B In 
Dolby C In 

49.0dB(Lin) 
59.0dB(Lin) 
61.5dB(Lin) 

55.5dB(A) 
69.0dB(A) 
73.5dB(A) 

7. Erasure Ratio 
(for 333Hz signal recorded at 0 VU) 

Tape Sony HF-60 

Sony Metal-XR 

After two weeks with the CT-M6R, 
I have started to change my point of 
view that only a multi-disc player 
can replace my long since departed 
record changer. 

I believe that the CT-M6R is a 
potential contender for those 
people who prefer cassettes to CD's 
and particularly where they wish to 
play the same music in their car (or 
boat) that they play at home. 

For background music, the CT
M6R offers not only a logical alter
native, but based on my 

70dB 
Below noise 

70dB 

observations it is potentially more 
convenient than many of the multi
disc CD changers currently on the 
market. 

Dimensions of the CT-M6R are 
420 x 372 x 136mm, and it weighs 
7.5kg. It has a recommended retail 
price of $699. 

For further information contact 
your nearest Pioneer stockist, or al
ternatively, Pioneer Electronics 
Australia, 1 78-184 Boundary 
Road, Braeside 3195; phone (03) 
580 9911. • 



All CD changers change your music. 
· Ours let you change your mind. 

MTU 5 Yll\R Wl\RftANll. Sooth & Mier 'IAM 037 IR 
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$200 million. But a third and much cheaper method 1s now available, the brainchild of a 
Y.'ny started only 1 O years ago by three Harvard graduates. 

t<ATE DOOLAN 
on$Jf more prohi.bitiye barri~rs 

ntry or orgamzauon hopmg 
fo~t ch their own space payload has 
to 's been the high cost of either 
a g or building a launch vehicle. 
. ether the launch takes place aboard 

1 expendable launch vehicle or from 
le payload of NASA's Space Shuttle, 

Jle costs of a launch can run up to 
$200 million and success is not always 
guaranteed. 

Now, only three years after its con
ception Pegasus has become the new 
alternative to using expensive launch 

vehicles. Developed by the Orbital 
Sciences Corporation in the United 
States, Pegasus can deploy a satellite 
or payload into low Earth orbit for ap
proximately six million dollars. 

Orbital Sciences Corporation is the 
brainchild of three Harvard University 
graduates who met in 1981 ...:_David 
Thompson, Scott Webster and Bruce 
Ferguson. 

With the opportunities opened by the 
first launch of the shuttle in 1981, the 
three decided to pool their talents and 
formOSC. 

I 

Raising money from a variety of 
sources, the three men approached 
NASA with a design for an upper stage 
booster for the shuttle called the Trans
fer Orbit Stage. But they were turned 
down in favour of the liquid-fuelled 
upper stage, the Centaur - which was 
eventually cancelled as a safety risk 
following the Challenger accident in 
1986. 

Working on a suggestion of an OSC 
employee, the Corporation decided to 
build a low cost launch vehicle tc 
capitalise on the opportunities opeDe< 



A cutaway shot of Pegasus showing the Hrst flight payload. Visible at /eh Is the NASA satellite known as 'Pegsat'. 

after the Challenger accident when the only aerodynamic control surface. the first and second, then second and 
shuttle was taken out of the satellite These control the vehicle in three axes third stage motors. The thrusters can 
launch market. The vehicle built would during the first stage burn. also provide, if required, orientation or 
hopefully be able to launch satellites Powered by three solid fuelled en- spin following orbital insertion. 
and other payloads into space on a gines, Pegasus' first stage motor has a There is a forward fairing that covers 
regular basis. fixed nozzle; but the second and third part of the third stage motor as well as 

The Pegasus booster is 49 feet long, stages have moveable nozzles that can the payload. The fairing is designed to 
with a diameter of 4.2 feet and weighs be gimballed for directional control of be separated from the vehicle under a 
41,000 pounds. Pegasus was designed the vehicle. variety of conditions, including from 
to launch 900-pound payloads, which The seal in the second stage which zero gravity or at the end of the second 
are a maximum of six feet long and enables the nozzle to be flexed is the burn when the vehicle is experiencing 
three and a half feet in diameter into same as the one used in the MX mis- eight times the force of gravity. 
tow Earth orbit. sile, while a smaller version is used in One of the highlights of the Pegasus, 

Pegasus has a clipped ~elta w~ng the third stage motor. especially its electronics systems, is 
with a 22-foot span. The wmg, w~tch The two-nozzle thrust vector control that it uses subsystems that are already 
veighs less than 600 pounds and eight systems use the same control in mass production - cutting down 

nches th
"ck 

1
·s designed to carry more. electronics, providing increased com- further on development costs. 

~ nality of vehicle components The flight control system used by 
han 100,000 pounds of. aerodynamic mo · 11 Cold gas thrusters at the front of the Pegasus is the same as a fire control 
t>ads during the maximum pu -u~ vehicle provide roll control during the system used in American tanks and the 
tage - which occurs a~ a. ~peed 0 second and third stage burn and con- guidance system was originally 
1ach 2, 15 seconds after ig~uon. n vol all three axes during the 'coast' developed for the US Navy's Mark 48 
Pegasus has three all-movin~ ~s 0 ,ericds that occur during operation of torpedo. 
ie aft end of the vehicle, which is the r 

wlt~ny of Its components Identified. 
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Pegasus 

. the osc designers 
c:O~~ !d\~:i~~ted system compris:~ 
15 microprocessors scattered thro g 
out the vehicle. · 

The main flight computer communi-
cates with these through ad bus,1.c~~ arable to a system use to tn 
~omputer terminal to a mainframe 11s-

te~~ using this system, the ded$ners 
have lowered the cost of integnttmg a 
complex avionics system,,and also 
made it easier to test. 

Again, staying with the d~&11ers' 
wishes that the Pegasus be built from 
as many off-the-shelf parts as possi~le, 
the motor ignition, stage separation 
and flight destruct (abort) systems 
were adapted from the design of the 
same systems for the Peacekeeper bal
listic missile. 

The final assembly of the Pegasus 
booster currently takes place at the Ed
wards Air Force Base in California, 
with production currently geared 
towards building one booster a month. 
However if the needs of customers 
change, one booster a week can be 
built. 

But the most unusual difference be
tween Pegasus and a conventional ex
pendable launch vehicle is its means of 
launching. Instead of launching verti
cally from a stationary. launch pad, 
Pegasus is currently launched horizon
tally from under the wing of a B52 
bomber. In the future it could be 
launched from a conventional jet liner 
or cargo plane. 

Formerly used to launch the X15 
rocket plane in the 1960s, the B52 was 
used for the test flights and Pegasus' 
first launch. 

The test flights for Pegasus took 
place in late 1989 and were the first 
time that the booster had been air
borne. The first test flight was to verify 
the operation of all of Pegasus' 

guidance, navigation, control and 
telemetry systems, on both 

Pegasus itself and the B52 carrier 
aircraft. The Pegasus boo~ter w~ al
most identical to the orbital vehicle, 
btit had inert propellant rockets that 
could be ignited. Full-scale models .of 
the first Pegasus payload were also in
cluded, to simulate the satellites to be , 
used on the first launch. 

The second test flight was almost 
identical to the first, but with several 
differences. The flight followed the 
path that the first launch would take 
and flew the mission flight profile up 
to the point of releasing Pegasus. 

Several communication problems 
were experienced between ground con
trol and the carrier aircraft, but these 
were considered minor and were fixed 
in time for the first launch. 

The first launch of Pegasus occurred 
on 5 April 1990. The B52 carrier 
aircraft, piloted by former astronaut 
Gordon Fullerton, was flown away 
from populated areas to 60 miles off 
the Californian coast and then to an 
altitude of 43,000 feet. 

After checking weather reports, pilot 
Fullerton then pressed the release but
ton that saw Pegasus drop 350 feet 
away from the B52 aircraft before its 
booster was ignited. 

Pitching up sharply, Pegasus even
tually climbed to 232,000 feet and a 
speed of Mach 8 before the first stage 
burnout. Stages two and three then 
pushed the payload section to just over 
three hundred miles, where the 
payloads were released. 

One of the satellites launched was a 
Navy communications satellite and the 
other was a NASA scientific payload 
that would release barium chemicals 
over Canada, to study conditions in the 
Earth's ionosphere and magneto
sphere. 

Another part of the NASA satellite 
~~"".n as Pegsat, were several icien-' 
tiftc mstruments to study and melSure 

A ground view of Pegasus under the 852 carrier aircraft. 
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launch and spacecraft vehicle al
titudes, temperatures, pressure, struc
tural loading and vibrations. 

With the emergence on mini satel
lites in the space market, Pegasus will 
be very busy over the next couple of 
years launching up to (at first) four to 
six missions a year. There will probab
ly be more after that to keep up with 
demand. 

At this stage it is ex.tlected that 
Pegasus will eventually be launching 
weekly by 1995, to provide another al
ternative to conventional rockets. 

Pegasus is also seen at this stage to 
be the best chance for colleges, univer
sities and other small organizations as 
their best chance to get into space on a 
regular and cheap basis (at least in 
space terms). 

Another long-term client of Pegasus 
will be the United States Department 
of Defence, which has bought several 
Pegasus boosters to launch satellites as 
well as experiments for the Strategic 
Defence Initiative ('Star Wars'). 

These experiments are expected to 
be in the laser field, and as such very 
little of the results will be released. 

Apart from Pegasus, the Orbital 
Sciences Corporation will after all be 
building the Transfer Orbit Stage fo1 
NASA, to launch planetary payloadi 
- including the Mars Observer du1 
for launch in the next two years. ' 
. OSC is also in the process of buil<' 
mg other rockets, tracking and dal 
systems - and possibly in the far-o 
fut~re, a vehicle that will enab. 
tounsts to spend a weekend in spac 
for less than $50,0001 

But i~ ~e near future, Pegasus w 
~ ~onunwng to launch satellites A 
:::eas~cbe bthusiness, w~ere succ~ss 

Y e large size of boo 11 
th
and expense involved the meanm· sg 

e term • d th' ' 
packages' c:tak mgs come in sm 

'th . en on a new mean· 
'.N1 its successful d · J mg. esign and laun1 
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rechnology Update: 

'Spread spectrum' 
cellular phones 
One of the beneficial effects of all the recent hoop-la about restructuring our telecommunications 
systems is that the decision to introduce as~con~ and third.cellulartelephone ~perator into Australia 
has already been substantially delayed. This might well give us the opportunity to take advantage 
of a promising new technology. 

by STEWART FIST 

Given the Clayton's level of competi
tion being introduced into the fixed 
telephone network, the current delay 
might well be the main achievement of 
Labor's very-public ideological crisis. 
Australia may now have a chance to 
leapfrog a few intennediate stages of 
development, and get true mobile 
telephony right in one hit - rather than 
pass through interim non-evolutionary 
stages like the rest of the world. 

The Australian mobile phone debate 
really started over CT2, the 'Telepoint' 
pocket-portable concept imported from 
the UK, which was aimed at giving city 
pedestrians all the limited functionality 
of a coin-in-the-slot phonebox. If you are 
within 100 metres or so of a Telepoint 
base station, you can call out (but not 
receive calls) on your low-cost CT2 
pocket phone, although you can use 
them within your own home or office to 
both initiate and receive calls. 

CT2 is cheap in service costs also, be
cause it connects to the current fixed net
work and doesn't need much extra in the 
way of network infrastructure - which 
is why it lacks the ability to receive calls 
away from its own base-station. CT2 ser
vices provide no way of tracking the 
location of its users, and so they are un
able to handle incoming calls or to in
itiate 'hand-off' procedures if the user 
moves from one 'micro-cell' location to 
another. This is the essential difference 
between a cellular and a CT2 service. 

Also, in the interests of keeping the 
CT2 handset simple and cheap, the 
decision was made in the UK to stay with 
bandwidth- wasteful frequency division 
multiple access (FDMA) radio techni-

ques, and to use an off-the-shelf 32 
kilobit/sec adaptive differential (AD) 
PCM coder for the voice, even though 
16k.bps vocoders were available. 

It has been known for a long time that 
time division multiple access (TDMA) is 
preferable for digital mobile telephone 
operation, because time-division 
restricts the co-channel interference and 
allows more users to share the same 
bandwidth. 

For this reason, all cellular manufac
turers around the world have been unan
imous in accepting that the next 
generation of phones would use time
division digital techniques. The question 
is: which one? 

In the running were four main con
tenders - two best suited to the larger 
cellular systems for vehicles and wider
roaming in the suburbs, and two for the 
small 'micro-• or 'pico-cell' inner-city 
pedestrian and intra-office pocket port
ables. 

DECT, PCN, DAMPS ... 
The two intra-office/pedestrian sys

tems are DECT (Digital European Cord
less Telephone), which is also incorrectly 
called CTI, and PCN (Personal Com
municator Network). 

DECT was the European answer to 
CT2, but is digital and with two-way 
calling. The primary intention of the 
designers was to use radio links within 
an office complex to replace PABX and 
LAN wiring systems for voice and data. 
But as a secondary function, they ex
tended DECT's operations out into the 
streets with public base-stations, and 
provided for location tracing, authentica-
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tion and billing procedures just like cel
lular. 

DECT is due for release in late 1991 or 
early 1992. It is a low- power, pico-cell, 
digital system with small handsets 
having an in-built LCD pager and the 
ability to transmit computer-data and fax 
as well as voice. Normally, the handset 
would sit in a charging unit on your desk 
and operate like a normal phone, linking 
by radio to your office PABX. But when 
you go to lunch or go home, you will 
take the handset with you and remain 
contactable always on the same office 
number - provided that sufficient 
'intelligence' has been introduced into 
the fixed line telephone network. 

The low power output of most pocket 
phones limits their use from vehicles on 
the move. However the designers have 
anticipated that DECT can also provide a 
'satellite' link to more powerful public 
and private cellu1ar units. You may be 50 
metres away from your car, but the 
DECT hand-held will act as the last· 
stage link back to the car's more power
ful cellular unit. The planners als< 
anticipate that trains, busses and aircra1 
will also provide satellite services, t 
enable you to make outgoing DECT cal 
from your seat. 

PCN is the English version of DEC 
which is attempting to advance the tee 
nology even further and overcome sor 
of the compatibility problems inherent 
matching large-scale cellular netwOJ 
with the smaller micro- and pico-ce 
PCN may use GSM cellular technolc 
(see below), which would make it cc 
patible with the pan-European mo! 
network, but the latest news seems t< 



A 
1 2 3 4 

F 

FREQUENCY-DIVISION MULTIPLE ACCESS (FDMA) 

A TDMA Frame 
·1 1 2 3 4 

T 

TIME-DIVISION MULTIPLE ACCESS (TDMA) 

A 
X + Y Users 

------------.. ----.. --------.. --- -------.. --.. ---.. --.. -.... ----.. ---.. --, 

X Users 

CODE-DIVISION MULTIPLE ACCESS (CDMA) 

Frequency division, time division and code division systems of muftlp/e access 
compared. As the number of CDMA users grows, the noise level simply Increases. 

that they are branching out on their own. 
We should see PCN in 1993, which 
means that it will be a hot competitor to 
DECT. 

With the higher-powered mobile cel
lular systems, the Americans are 
ieveloping Digital AMPS (DAMPS), 
which is a digital version of Telecom's 
:urrent MobileNet. DAMPS is sup
JOsedly able to provide 3-4 times the 
Jresent capacity over the same 
)andwidth, and to allow a fairly seam
.ess evolution without replacing the cur-

rent base-station transmitters. The 
present analog AMPS and the new 
DAMPS can co-exist, using most of the 
same base-station equipment. 

... and GSM 
Clearly the leader at the present mo

ment, however, is GSM (Groupe Spe
ciale Mobile) which is the pan-European 
cellular standard. It is similar to 
DAMPS, but perhaps more complex and 
sophisticated. GSM uses time-division 
techniques which allow eight users to 

share the same frequencies, but it is tech· 
nically very complex, and the handsets 
will undoubtedly be expensive. 

The early versions of GSM in 1992 
will provide a three-fold improvement in 
spectral efficiency over the current 
analog cellular system. But at a later date 
when better vocoders come along, it will 
be possible to drop the voice-coding rate 
from the current 13kbps to 8kbps and 
effectively double the channel 
availability. 

Europe is clearly taking the lead in 
telecommunications recently, leaving 
both the USA and Japan behind - main
ly because modem telecommunications 
depends on designing standards that 
everyone can live with. The Europeans 
with their multitude of states, hates and 
rivalries, have more need for com
promise and compatibility than anyone 
else, and so more experience at getting 
these things right on the international 
scene. So assuming there is going to be a 
world standard, the wise money has been 
betonGSM. 

Enter CDMA 
But almost overnight, the scene has 

changed once more - and quite 
dramatically. Although GSM is still the 
favourite, an old technology called 
CDMA (Code Division Multiple Access) 
has suddenly reappeared as a likely chal
lenger. 

CDMA wasn't even considered more 
than a faint possibility until last year. It is 
a modulation technique used by small
aperture satellite services and by the 
military, dating back to World War Il, 
and it was widely held to have intrinsic 
problems that made it relatively useless 
for large-scale domestic terrestrial use. 

But less than six months after the 
American Cellular Telephone Industry 
Association (CTIA) decided unani
mously to introduce TDMA as the 
preferred standard, AT&T and the three 
largest of the seven US regional 
telephone companies (RBOCs) -
Nynex, PacTel and AmeriTech - are 
suddenly having second thoughts. 

A small San Diego company called 
Qualcomm has convinced them to sign 
agreements to develop CDMA cellular 
phones. And now after preliminary field 
testing, they are all enthusiastically 
promoting this technology as the way of 
the future. Although there are no work
ing handsets yet in production (these will 
come this year) both Nynex and PacTel 
have said it is likely that they will intro
duce CDMA, even if the rest of America 
stays with TDMA. If necessary, they will 
offer a dual service. 

Nynex, which takes its name from 
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Spread Spectrum 
New York and New England (Boston, 
etc) is probably the most enthusiastic 
proponent of CDMA, because it believes 
the technology offers a solution to the 
problem of spectrum over-crowding in 
New York city-a market that is already 
saturated and· yet seemingly needing to 
grow by massive amounts each year. 
PacTel has a similar problem in Los An
geles, as has AmeriTech in Chicago and 
Detroil 

So with this testimonial, CDMA is ob
viously a technology worth examining 
- even if it is too early to make a 
decision. Qualcomm's CDMA system 
should be in use by the middle of 1991 in 
New York and Los Angeles, and this 
coincides with Australia's timetable has 
for introducing the second and third cel
lular networks. 

Understanding CDMA 
If you look the term 'CDMA' up in a 

computer/communications dictionary 
you'll probably not find it - or only a 
passing reference. In the latest textbooks 
you'll probably not fare much better -
even if you try the generic terms 'Spread 
Spectrum' or SSMA (Spread Spectrum 
Multiple Access). In fact, if you go back 
through the technical literature you are 
forced to conclude that: 
• Spread spectrum/CDMA techniques 

have been of very little interest except 
in military and satellite communica
tions. 

• CDMA's main value has been in its 
inherent security. Defence considera
tions have kept the literature to a min
ium. 

• You need an advanced degree in 
higher mathematics to understand 
how it works, anyway. 

The last is certainly the easel And 
since you won't find out much about 
these systems in magazines and 
textbooks, it is worth spending a minute 
trying to grasp broadly how 'code
division' multiple access differs from 
frequency-division· and time-division -
and the implications of the difference. 

In frequency-division multiple access 
(FDMA) all users transmit at the same 
time, but they each have their own nar
row band of frequencies. With time
division multiple access (TOMA), all 
users occupy the same bandwidth but 
transmit in a rotating time sequence -
one after the other in a cycle, called a 
'frame'. 

The CDMA technique allows all users 
to share the full bandwidth available, and 
yet all can transmit at the same time -

which on the surface doesn't make sense. 
The idea seems to conflict with basic 
concepts of how radio systems operate 
- everyone transmitting at once across 
the full bandwidth must surely create a 
jumble of noise. 

Which is actually so. But in CDMA, 
each user's signal is separated from the 
total jumble by the identification of a 
unique code. It's a complex technique 
that I'm not mentally equipped to ex
plain except by the most simple of 
analogies. 

Think of a range (a bandwidth) of 
audio frequencies, such as that provided 
by a piano. With FDMA we could have a 
number of players each sending signals 
by each using one note (or a narrow band 
of notes). Some users will be only play-

,. ing at the treble end of the piano, others 
c in the middle range, and others at the 
bass end, but each will have a specific 
audio frequencies that they alone can use 
- and to avoid interference we would 
leave guard- bands (unused frequencies) 
between each adjacent player. 

TOMA allows a number of users to 
share a range of frequencies, but they 
must take their turn in using the band. 
Each receiver knows that his signal is, 
say, in the third (or fourth, or fifth) time
slot in each sequence and so he can iden
tify those meant for him, and extract 
those while ignoring the others. 

With CDMA, the senders are all simul
taneously playing notes - but they are 
playing chords, each of which consists of 
a number of notes spread across the key
board. One player may be playing minor 
chords, another major chords and so on 
- but in each case the receiver knows 
which chord to expect, so he can reject 
any that don't match his expectations. If 
you listen to the whole bandwidth, it 
would be a raucous cacophony of noise, 
but by listening only for certain 'coded' 
notes (your chords), you can identify the 
signals of a single player. 

On the surface, it appears that CDMA 
techniques are wasteful, because a multi
note chord needs to be played to transmit 
one bit of information. I.e., the signal 
rate must be much higher than the data 
rate - so the immediate reaction to the 
idea of code-division is to assume that 
this is a wasteful use of the bandwidth 
available. But it transpires that this is not 
the case and, in fact, in its practical ap
plication CDMA may prove to be very 
efficient 

Code-division is only one of the 
modulation techniques which uses 
spectrum-spreading techniques. Spread 
spectrum (SS) was originally devised for 
military use, to avoid jamming and 
detection and to allow the transmitter 
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signals to be hidden behind the general 
level of transmitted noise. 

Think of the piano analogy. If you 
were in a hall while these hundreds of 
chords were being played simultaneous
ly, it would be hard to discover where in 
that mess of sounds, the signals were -
unless you knew what to look for, and 
had a way of filtering the others out. 
Notice also, that it wouldn't matter if 
FDMA or TOMA users were using the 
piano bandwidth while others were using 
CDMA - you'd only occasionally get 
note conflicts, and these could be cor
rected by error checking schemes. 

The earliest spread spectrum technique 
used was frequency hopping, where the 
sender would transmit one 'bit' of infor
mation (analog or digital) at one frequen
cy, then hop immediately to another 
frequency for the second 'bit', then to 
another frequency for the third 'bit', etc. 
You could only listen in on this conver
sation if you knew in advance the se
quence of frequency changes that would 
be taking place. If you only listened on a 
narrow band of frequencies, the SS sig
nal would appear simply as transient 
noise. 

Similarly, even if a number of SS 
transmitters were frequency hopping 
within a certain bandwidth, they would 
only occasionally conflict with each 
other, and this interference would also 
appear as noise. As more senders used 
the bandwidth, the noise level would 
rise. 

CDMA is the direct-sequence (DS) 
version of the hopping approach, where 
a binary code is used to simultaneously 
spread elements of the signal 'code' 
across different frequencies within the 
bandwidth. 

The spread is decided by a special 
code (known to sender and receiver) and 
the changes are signalled by Binary 
Phase Shift Keying (BPSK). Forward 
error checking is provided and this al
lows correction of the data if bits are lost 
because of conflicts. 

Since each transmitter is independent 
of the others, the combined effect if yol' 
listened with a scanner, is a bandwidth ol 
seemingly random noise. But if yot 
know which 'chords' to watch for, yot 
can detect the correlation (or non-ran· 
domness) between the 'notes' in yow 
'chord' transmission, even if these an 
below the level of the random noise. 

There are many different approache: 
to DS CDMA but, as it is applied tc 
cellular radio systems, the base statim 
(the receiver) first generates a lon1 
pseudo-random binary number (PN 
which it transmits to the mobile (tht 
sender), so that both parties share i 
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With TOMA near/far problems stem from the additional time taken to reach and 
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signals received at the base station. 

single long binary code that is unique. 
There can be a very large number of 
these PN codes, so there's almost no 
chance that two mobiles will have the 
same one at the same time. 

By using a synchronised shift register 
in the sender and the receiver, a constant
ly changing binary sequence can be 
selected from the PN number and used as 
a constantly changing identification code 
for the data transmitted. 

In practice, the microphone output is 
processed then digitised through a 
vocoder. It is then modulated arithmeti
cally with the current PN number se
quence (the current PN sequence = 0, 
and the inverted PN sequence =1) and 
error checking is added. It is this com
bined code (now called for some incon
ceivable reason a 'chip') which is used to 
spread the spectrum across a 1.25MHz 
bandwidth. 

The receiver is synchronised with the 
sender and it listens for coherent changes 
that represent the expected PN code se
quence. By isolating this, it is able to 
correct any errors and extract the original 
digital signal. 

Big benefits 
My frrst reaction to this explanation 

was to assume that CDMA was an ex
tremely complex and bandwidth-hungry 
way to go about implementing a radio 
link. 

But I was wrong. Modern digital tech
niques have made these operations 
simple. Whereas in the years of World 
War II it would have required a room-full 
of electronics to do the coding and 
decoding. Qualcomm say that it now 
only takes four ASICs (Application 

Specific !Cs), which can easily fit into a 
hand-held portable. 

And the advantages seem likely to out
weigh the technical problems. Here are 
the claims that are being made as to why 
CDMA is the cellular technology of the 
future. I think you will agree there's a lot 
that deserves further investigation here: 
• Bandwidth sharing. Since a large 

number of users are sharing a single 
bandwidth, a CDMA cellular system 
doesn't need the complexity neces
sary (in both FDMA and TOMA) for 
finding available channels and al
locating them to a new caller. All 
mobiles and base stations uses the one 
(total) bandwidth. 

When a mobile moves from one cell to 
the next, TDMA and FDMA systems 
need complex 'hand-off' processes 
where the call is momentarily broken, 
then re-established from another base 
station. This is one of the problems with 
the current AMPS system when it is 
sending data (as distinct from voice). 
Bits are lost in the hand-off, and often 
call connections are lost if the new base 
station is already under peak load. 

CDMA uses the same frequencies on 
all cells (even those that overlap each 
other) and so a 'soft-handoff' is possible. 
1\vo base stations can each be comparing 
the signal strength from a mobile and, at 
a certain stage, they simply decide be
tween themselves which is preferable. 
So the hand-of;f can take place seamless
ly, witlJ no loss of bits; the mobile 
doesn't need to make a frequency 
change. 

In FDMA and TDMA, each cell can 
only use a small part of the total avail
able bandwidth (theoretically one-third, 

but in practice one-seventh) because ad
jacent cells would otherwise interfere 
with each other. CDMA doesn't have this 
problem because interference and noise 
are natural conditions. 

FDMA and TDMA also have 'hard' 
limitations of another sort. There's a 
fixed number of channels available in 
each cell, and if one extra user tries to 
gain entry, his call will be blocked. But 
CDMA degrades 'gracefully' under load: 
each additional user simply increases the 
noise level, and so there is no hard-and
fast limit to the number of channels. In 
effect, CDMA is 'self- adaptive': when 
the overload condition get too great and 
the noise level becomes disruptive, some 
users will simply discontinue non-essen
tial calls and wait for better conditions. 
• Multipath and timing problems. 

The cells on a large-scale cellular sys
tem can extend up to 25kms from the 
base station, and since not all radio 
waves travel directly between the 
transmitting antenna and the receiver, 
some secondary reflected signals will 
always be arriving late. The further 
the mobile is away from the base sta
tion, the worse this multipath delay 
problem will be - and it is always 
unpredictable and therefore difficult 
to handle. 
This is the classic multipath problem 

that creates ghosts on your TV set, but 
CDMA is particularly good at handling 
multipath delays because the receiver 
simply latches on to the most powerful 
signal, and treats the others as noise. 

TOMA also suffers from another 
timing problem, when the mobiles shar
ing a single base station channel are at 
different distances from the station. Out
going signals from the base are inter
leaved in the channel's frame-slots 
relatively easily and accurately but, be
cause of the finite speed of radio waves, 
each mobile is not in e;mct synchronisa
tion when it transmits. More distant 
mobiles are synced to a later-arriving 
signal, and the transmissions from these 
more distant mobiles will also take 
longer to reach the base station. Yet each 
incoming signal must be accurately in
terleaved with the others-each burst of 
data must accurately fit into one slot in 
each time-frame. 

This propagation delay problem with 
GSM and DAMPS time-division sys
tems is only solved by having special 
echo-back circuits in each mobile to 
measure the distance, and therefore cal
culate its synchronisation delay. The 
base regularly sends out a check- signal 
to each mobile, and this is immediately 
echoed back. The time taken for the 
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Spread Spectrum 
round-trip is then measured and trans
mitted back to the mobile, as an instruc
tion to advance the synchronisation so 
that incoming signals to the base will 
then interleave perfectly into their as
signed slots. 

It works, but it's a complex and expen
sive process. 

Without this provision, TOMA cellular 
systems would need to leave wide gaps 
between each time-slot to prevent signal 
overlap, and these gaps would substan
tially reduce the available data-rate (as 
guard-bands do in FDMA systems). This 
.s a problem that CDMA doesn't have. 
• Security. AS Andrew Peacock dis

covered when he discussed private 
matters over his car phone, cellular 
systems have little inherent security. 
Calls on analog FDMA systems can 
be detected by a simple off-the-shelf 
scanner, and TDMA is not immune to 
the efforts of a dedicated eavesdrop
per with the right equipment· 
Since CDMA was developed specifi

cally for military security reasons, it is 
almost impossible for anyone to detect or 
decipher the transmissions without 
knowing the code that will be used. And 
since this is generated by a pseudo-ran
dom code generator with millions of pos
sibilities, the system is about as secure as 
you can get 

Not only that, but since the signal 
amplitude is below the general noise 
level of the frequency band, it is almost 
impossible to track the source of the 
transmission without knowing the code 
as well. So both the location of the trans
mitter and the content of the messages 
are highly secure. 
• Variable bit-rate. The audio from 

Qualcomm 's handset microphone is 
fed to a variable bit-rate vocoder 
which has the ability to change sam
pling rates from 4.8 to 16kbps, 
depending on the demands of the 
speech. 

With interactive speech, we only use 
each channel for about one third of the 
time - so in these pauses Qualcomm's 
vocoder switches down to the lower bit
rate. It could cut out completely, but that 
would produce a disturbing 'deadness' in 
the sound. 

FDMA and TDMA systems hold their 
'slots' open at the full data rate even 
when no sound is being transmitted, so 
they can't gain from these adaptive chan
ges; but the CDMA world is statistical. 
The carrying capacity of the 1.2SMHz 
bandwidth depends on the 'average' 
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number of bits being transmitted, so 
lower bit-rates translate directly to more 
users. 

Good 8kbps vocoders will soon be 
available, and it is quite possible that 
4.8kbps voice with a dead pause is ac
ceptable for many users. With CDMA, 
this is only a code reconstruction prob
lem, so transmitters with these different 
data-rates could co-exist in the same sys
tem, with proportionally more users oc
cupying each cell. There is no reason 
why different users can't opt for a 
price/quality service trade-off that meets 
their needs. 
• Integration with current systems. It 

is possible that with CDMA, 1200 
voice channels can be provided in a 
cell which today holds only 57 users 
(US figures). Spread spectrum can co
exist in a given bandwidth with other 
types of transmission, and Qualcomm 
are working on a 'dual-mode' handset 
design that is switchable between 
CDMA and analog FDMA. This 
would allow an easy transition to take 
place from one technology to the 
other. 

Just as the complexity of the mobile 
units is simplified by the code-division 
approach, so is the base station. Only a 
single RF transmitter is needed in each 
rack of CDMA equipment, because the 
complex work is done at baseband for 
both send and receive. 
• Fading and power control. You 

rarely get something for nothing in 
this world, and with spread-spectrum 
the major problem in the past has been 
in controlling the power of the mobile 
transmitters. This is called the 
'Near/Far' problem, which is the 
result of nearby high-powered units 
swamping out the signal from more 
distant mobiles. 

Qualcomm's major patents seem to be 
in techniques to fine-control the power 
output of their mobiles, so that signal 
levels from all mobiles are much the 
same when received at the base station. 
The technique they use appears similar 
to the way GSM solved its synchronisa
tion delays, with regular control-signals 
exchanged between the base and the 
mobiles; but in this case they are modify
ing power levels, rather than transmis
sion times. 

By using this control, signal fading 
when a mobile passes behind a steel
framed building or a hill, doesn't appear 
to be a problem. But only time (and a 
thorough field test with production 
equipment) will tell. We'll know by 
about the middle of the year. • 



No prizes. No free gifts. 
Just Australia's best selling 
electronics magazine, at 
the best possible price. 
If you 're a regular reader of Australia's largest-sell

ing electronics magazine, taking out a subscription is 
always a good idea. It gives you the convenience of 
home delivery every month, plus a very healthy 
saving on the regular cover price. Most of the time 
the saving for subscribers is around 17%, with the 
added bonus of a small gift and the opportunity to 
win a valuable prize. 

However we know that many of our committed 
readers are really only interested in getting the 
magazine itself- at the best possible price. So from 
time to time, especially for these people, we make a 
special offer: no prizes, no gifts, just Electronics 
Australia with Erl at the lowest possible price. 

This is one of those times. From now until the end 
of March 1991, we' re making this offer: a full 12-
month subscription for only $38.50, or a 24-month 
subscription for only $77 .00. These figures are for 
subscriptions within Australia, and include postage. 

These prices represent a saving of over 35% com
pared with our current cover price. In other words, by 
accepting this offer you'll save over $20 for a 12-
month sub, and over $40 for a 24- month sub. Or if 
you like, you '11 be effectively paying for only eight 
issues in each 12, and getting the other four free! 

Subscribing also buys you protection against the 
inevitable rises in cover price that occur from time to 

time, with all goods. By subscribing now, you ensure 
that your next 12 or 24 issues will cost you only 
$3.20 each, regardless of what may happen to the 
cover price during the period concerned. 

Now is the time you've been waiting for, then, if 
you 're one of our readers who prefers our 'no frills' 
discount subs offers. But don't forget - this offer 
ends on March 29, 1991. Why not fill out the coupon 
and post it with your cheque, NOW! 

Incidentally, this discount offer also applies to 
renewals and extensions, as well as new subs. Here's 
your chance to renew or extend that existing sub, at 
the lowest possible price ... 

Australia's biggest, brightest and most informative 
electronics magazine - have it home delivered each month. 

BUT HURRY - THIS OFFER ENDS 
March 29, 1991 ! 

Been waiting for our next 
discount offer on EA subs? 
Your time has come again. 
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Amateur TV stars 
in historic test 

Australia's amateur television operators were able to take part in an historic event late last year, 
when a co-operative effort by AUSSAT, the Gladesville Amateur Radio Club and the Wireless 
Institute of Australia provided the first ever national satellite broadcast of ATV signals. 

by THOMAS E. KING, VK2ATJ 

Amateur radio operators are a lucky 
lot. Not only can they be heard, but an 
increasing number can be seen as well, 
during test transmissions of high 
resolution, fast scan video. If this 
sounds somewhat like conventional 
commercial television broadcasts, 
you're right. However, there are more 
than a few significant differences. 

Commercial television broadcasters 
are licensed to use high power levels 
in serving the public through educa
tional and entertainment programming. 
In the process they attempt to make a 
profit, which in this economic climate 
is often a difficult task. 

Amateur television (ATV) operators 
on the other hand are also licensed, but 
they are limited in power (to a maxi
mum of 400W 'PEP', or peak effective 
power). They cannot broadcast music 

or any commercial programming, and 
most definitely are not allowed to earn 
revenue or accept payment in any 
form. 

One major advantage that amateurs 
have over professionals is that they 
can build their own equipment and an
tennas, and set up their own studio. 
They can script, produce and even star 
in ATV transmissions. 

Learning experience 
Amateur TV, then, is a true hands-on 

learning experience - for enthusiasts 
· wanting a new challenge from an al
ready fascinating hobby, offering 
seemingly limitless opportunities for 
exploration and experimentation. 

While some amateur TV activity can 
be seen in most capital cities and even 
a few larger provincial centres in 

Australia (signals are viewable by 
anyone with a good antenna and a con
ventional UHF TV receiver, tuned be
tween channel 35 and 36 in a given 
coverage area). Sydney's Gladesville 
Amateur Radio Club has been a true 
pioneer in popularising fast scan, high 
resolution amateur TV in this country. 

The North Shore suburban amateur 
radio club is not a newcomer to ATV, 
having first introduced regular test 
transmissions to Sudney ATV'ers in 
mid-1983. 

Now, nearly 8 years later, the GARC 
conducts live weekly transmissions on 
Wednesday nights using its 20-watt 
ATV repeater on Channel 35+. (While 
new ATV repeaters are being placed in 
the 23cm and 70cm bands, there are 
still a number of established ATV 
repeaters located on the government-

Left: technicians from the ABC set up a microwave link In the 
shadow of the high-gain UHF antenna system normally used 
by the Gladesvllle Amateur Radio Club for A TV transmissions. 
The microwave link took the signals to the ABC TV tower at 
Gore HIII. Above: The professional looking test card which was 
transmitted before the live broadcast 
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At the start of the historic ATV transmission, AUSSAT managing director and 
chief executive Graham Gosewlnckel {left) was Interviewed by Doug Mackle 
VK2XGX. Later a number of Informative video tapes were transmitted. 

authorised amateur television alloca
tion between channels 35 and 36, at 
approximately 588MHz.) 

The format for Gladesville's three 
hour Wednesday test transmissions 
consists of a prerecorded lecture on 
NAOCP or AOCP amateur radio 
theory, followed by short technical or 
scientific items from sources such as 
NASA, AUSSAT and educational col
leges - as well as material from in
dividual ATVers and ATV groups. The 
emphasis at all times is on education; 
the medium of instruction is amateur 
television. 

Presenters for the live transmissions 
not only introduce each taped and 
studio item, but read news items from 
and about the Gladesville club, the 

Wireless Institute of Australia and the 
Australian National Teleprinter's 
Society. 

The three hour long tape from the 
live test transmission is retransmitted 
on Fridays. On Saturday evenings a 2-
1/2 hour test transmission is directed 
to those interested in computers and 
programming, with a series of pretaped 
lectures. On Sunday evenings the 
VK2WI broadcast is relayed, followed 
by a selection of technical and educa
tional materials. 

Test offer 
The frequent Gladesville ATV tests, 

which can be seen over much of the 
sprawling North Shore of Sydney and 
to the southern and south-western sub-

urbs and even to high points 40km 
west in the Blue Mountains were 
viewed by executives of AUSSAT, the 
company owning and operating 
Australia's national satellite system. 
The AUSSAT executives contacted 
Gladesville club officers to find out 
more about the club and its function. 

After learning of the committment to 
using amateur television in its exten
sive educational activities (GARC is 
recognised as the foremost teaching 
body for amateurs in the country) 
AUSSAT executives offered Glades
ville the use of a transponder on the 
national satellite system, to conduct 
ATV test transmissions over a greater 
area. 

Further discussions took place and it 
was decided that the test - a joint 
operation between GARC and the New 
South Wales Division of the Wireless 
Institute of Australia - would take 
place on the evening of Wednesday, 
November 14, 1990. Shortly after this 
Australia-wide publicity began to flow 
to clubs, noting that amateur radio was 
claiming a world's first: the use of a 
transponder on a domestic commercial 
communications satellite to relay an 
amateur TV test transmission. (It ap
pears that not even in the USA, with its 
nearly two dozen satellites, has such 
an event occurred!) 

Notes to help amateurs receive the 
test were dispatched in time so that as 
many enthusiasts as possible could see 
a new signal from the sky. 

Microwave link 
A technical crew from the ABC ar

rived by mid-afternoon of November 
14, and within an hour had established 
a temporary microwave link from 
Sydney's Lane Cove to the main ABC
TV tower at Gore Hill and on to the 
Film and Television Building at North 
Sydney TAFE. An existing microwave 
link between the TAFE and Belrose, 
northwest of the central business dis
trict, was activated. And from this sub
urban location, the site of AUSSAT's 
'Capital City Earth Station', a 
14.281GHz uplink ku-band signal was 
sent 36,000 km to the equator-orbiting 
AUSSAT 2, at 156° E. Instantaneously 
a 12-watt vertically polarised unen
coded FM PAL signal on 12.533GHz 
from AUSSAT 2's transponder 5 was 
covering much of the continent on 
AUSSAT's southeast Australia 
footprint. 

This blanketed a vast area, from 
Brisbane to Hobart and from Sydney 
to Adelaide. Also included was Can
berra and Melbourne, and a number of 
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Amateur TV 
country regions in southeast Australia 
involved in ATV activities - such as 
Orange, Wagga and the Central Coast 
ofNSW. 

A spot beam was also directed 
towards Perth. But a· sudden strike of 
Murphy's Law prevented most VK6 
amateurs from viewing the signal via 
their ATV repeater. 

On the air 
The first image that Australian en

thusiasts officially saw at 7pm EDT 
was a colour bar/test card, highlighted 
with distinctive computer-generated 
graphics (Fig.I). At 7.30pm the colour 
test card was faded to black, to be 
replaced with a prepared introduc
tion/identification video tape. A studio 
shot showing Doug Mackie VK2XGX, 
one of the evening's presenters, and 
Graham Gosewinckel, Managing 
Director and Chief Executive of AUS
SAT, was the first live ATV scene 
replayed by a commercial satellite in 
Australia. 

Following an introduction and sub
sequent interview, two pretaped tech
nical segments from Ron Bertrand 
VK2DQ wen~ aired, together with a 
series of five tapes produced by other 
ATV groups and designed to show in
terest in this special aspect of amateur 
radio. These came from the South-East 
Queensland ATV Group; the Central 
Coast Amateur Radio Club; operators 
using VK2RTS, the repeater of the 
Sydney Amateur Television Group; 
Melbourne's VK3RTV; and the South 
Australian ATV Group. 

Interspersed between tapes was 
another of the evening's presenters: 
the WIA liason, Tim Mills VK2ZTM, 
reading WIA news items. There were 
also interviews with Roger Henley 
VK2ZIG, President of the NSW 
Division of the WIA; well known 
amateur devotee and promoter, Roger 
Harrison VK2ZTB; and a bulletin from 
the Australian National Amateur Radio 
Teleprinter Society. 

At numerous intervals throughout 
the evening requests were made for 
signal reports, as facilities had been set 
up to take 'call backs' on 80m and 2m 
and by telephone. A total of 129 signal 
reports were received, either by radio 
on the night, by telephone and through 
the post. From VKl came six reports, 
while VK2 had the most with 66. Just 
four amateurs from VK3 sent a report 
saying they watched the test; 15 
reports came from VK4, 17 from VK5, 
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The Gladesvll/s Amateur Radio Club's 
UHFTVtransmltterwhlchputsout20W 
at 588MHz. n normally feeds Into a slot 
antenna system. 

and nine from VK7, while a sole VK6 
amateur sent in a signal report. 

Ten non-amateurs who monitored 
the test also filed reports, including 
Clive Robertson, the dry humoured 
newsreader/compere of Sydney TCN 
Channel 9's Robbo's World Tonight. 
Portions of the test transmission were 
taped by the station and included as a 
news segment, to give the amateur TV 
event Australia-wide coverage through 
a commercial network. 

At 10.38pm the historic AUSSAT 
test was over. The credits to recognise 
the many who were involved in the 
pioneering effort were read, and 
another page in Gladesville's diary of 
achievements was filled with a world
class success story. 

Need more info? 
The Gladesville Amateur Radio Club 

and the Wireless Institute of Australia 
are both keen to encourage people who 
may be interested in ATV but are un
able to locate like minded individuals 
and organisations. Write with an SASE 
to the NSW Division of the WIA, Box 
1066, Parramatta, NSW 2124 for the 
address of your nearest ATV group. 

The Gladesville Amateur Radio Club 
videotapes all its electronics theory 
lectures given by Ron Bertrand, and 
makes them available on loan for a 
nominal fee to other radio clubs and 
individuals. For more details write 
with an SASE to GARC, PO Box 48, 
Parramatta, NSW 2111. • 
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AUSTRALIA'S CHEAPEST DISK PRICES 

1·9 Boxee 10+ 

3 1/2"DD $19.95 $18.95 5 1/4"DD 
3 1/2"HD $45.95 $42.95 5 1/4"HD 

VERBATIM 
OATALIFE 

1-9 - 10+ 1-9 Boxes 10+ 

3 1/2"DD $28.50 $27.95 3 1/2" DD $23.95 $22.95 

3 1/2"HD $53.50$52.50 3 1/2" HD $39.95 $37.95 

51/4"DD $22.95$21.95 51/4" DD $12.95 $11.95 

5 1/4"HD $24.95 $23.9 51/4" HD $19.95 $18.95 

1-9 .... 10+ 1·9ao .. 10+ 
31/2"DD $19.95 $18.95 3 1/2"00 $39.95 $37.95 

31/2''HD $39.95 $37.95 31/2"HO $69.95 $67.95 

51/4"0D $9.95 $8.95 5 1/4"00 $19.95 $18.95 

51/4"HD $19.95 $17.95 51/4"HO $39.95 $37.95 

DY SAN 

1-9 ao- 10+ 1·9ao .. 10+ 
3 1 /2"DO $22.95 $21.95 31/2"DO $29.95 $27.95 

3 1/2"HD $39.95 $37.95 31/2"HO $49.95 $47.95 

5 1/4"DO $19:95 $18.95 51/4"00 $19.95 $17.95 

51/4"HD $31.95 $29.95 5 1/4"HO $29.95 $27.95 

ROD IRVING ELECTRONICS 

5 DIFFERENT COLOURS 
OR I SINGLE COLOUR! 
10 DS/DD 
COMES WITH A FREE 
PLASTIC DISK BOXI 

ONLY $9.99 

EXPANDED DYNAMIC 
RAM RANGE 

Speed (ns) 1-9 10+ I<XJ+ 

4164-10 100 (64K x I) $3.95 $3.50 $2.90 
4464-10 100 (4x64K) $4.50 $3.90 $2.95 
4464-08 80 (4x64K) $4.90 $4.50 $3.50 

41256-10 100 (256K x I) $3.95 $3.50 $2.95 
4°1256-08 80 (256K x I) $4.50 $3.95 $3.50 
44256-07 70 (256 x 4) 111.95 $10.95 $9.95 
44256-10 100 (256K x 4) 9.95 $9.50 $8.50 
44256.08 80 (256K x 4) $10.95 $9.95 $8.95 

IM-IO 100 (IM x I) $9.95 $9.50 $8.50 
IM-08 80 (IMx I) $10.95 $9.95 $8.95 

"""'''// -~~"" IJ4, ___: 
Speed (ns) SIMMS 1-9 10+ 

256K x 9 80 $35.00 $29.50 
IM x 9 80 $99.00 $95.00 
IM x 9 70 $109.00 1 $99.00 
IM x 8 70 SIOS.00 $95.00 

111111111 
wowm011011-

Speed (ns) SI PPS 
256 x 9 80 
lM x 9 80 
lM x 9 70 
lM x 8 70 

POSTAGE RATES 
$1 - $9.99 ....... $3.00 $10 - $24.99 .... $3.50 
$25 - $49.9 ..... $4.50 $50 - $99.99 .... $6.00 
$100 -$199 .... $7.00 $200 - $500 ..... FREE 
$500 PLUS ............................................. FREE 

The above pastage rates are for basic 
postage up to 5Kg in weight & does not 
include in•urance. Road freight bulky & 
fragile items will be charged at dtfferent 

rat••· 

1-9 10+ 

$35. 00 $29.50 
$99.00 $95.00 
$109.00 $99.00 
$105.00 $95.00 

All sales tax exempt orders & wholesale 
inquiries to: RITRONICS WHOLESALE, 

56 Renver Rd, Clayton, Victoria. 
Ph: (03) 543 2166. Fu: (03) 543 2648. 

MAIL ORDER & CORRESPONDENCE 
P.O BOX 620, CLAYTON, VICTORIA.3168 

Error• & ominlon• excepted. Price. & 
1peeltlcaUona -.uject lo change. 

'IBM, PC, XT, AT, •re regl•tared trldemark• Of 
lnternalonll llu91"-• MaetUnea. 

CITY: 48 A'BECKETT ST, MELBOURNE PH: (03) 663 6151 FAX: (03) 639 1641 
FREE CATALOGUE 

I WITHEVERY MAIL 
ORDER! 

NORTHCOTE: 425 HIGH ST, NORTHCOTE PH: (03) 489 8866 FAX: AS PHONE. • 
SYDNEY: 74 PARRAMATTA RD, STANMORE PH: (02) 519 3134 FAX: (02) 519 3868 p .- /) 
MAIL ORDER: 56 RENVER RD, CLAYTON PH: (03) 543 7877 FAX: (03) 543 2648 ·-·· ~ 
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B0281-12CpU 
1 MEG RAM EXPANDABLE TO 4 MEG 

•16Mhz LANDMARK SPEED TEST 
1.2M JAPANESE BRAND F.D.D 

42M HARD l>!SK DRIVE 28ma ACCESS 
101 EXTENDED "'CLICK"' KEYBOARD 
JAPANESE KEYBOARD SWITCHES 
MINI CASE & 200W POWER SUPPLY 

256K VGA CARD ' 
SUPA VGA COLOUR MONTOR (1024 x 768 ,_) 

SERIAL, PARALLEL, GAME PORTS 
12 MONTHS "'AUSTRALIAN"' 

PARTS & LABOUR WARRANTY 
DOS 4.01 IBM• COMPATIBLE 

$1,795 

RITRON • 

( 386SX-27) .:.:::=..::.~ 
80386SX-20 CPU 

1 MEGRAM 
27Mhz LANDMARK SPEED TEST 

1.2M JAPANESE F.F.D 
42M HARD DISK DRIVE, 28ma ACCESS 
101 EXTENDED "'CLICK"' KEYBOARD 
MINI CASE & 200W POWER SUPPLY 

256K VGA CARD 
SUPA VGA COLOUR MONTOR (1024 x 768 Reeolution) 

SERIAL PARALLEL GAMES PORTS 
1 YEAR AUSTRALIAN PARTS & LABOUR WARRANTY 

DOS4.01 
IBM• COMPATIBLE 

$2,795 

RITRON 
EXECUTIVE 

( 386-56) 
80386-33 CPU 

ii 
·~-~J 

f· -/-1 
• Ll , 

CACHE ON BOARD MEMORY 
1 MEGRAM 

56Mhz LANDMARK SPEED TEST 
85 MEG HARD DISK 1Bma ACCESS TIME 

1.2M JAPANESE BRAND F.D.D 
101 EXTENDED "CLICK" KEYBOARD 
SERIAL. PARALLEL. GAMES PORTS 

SUPA VGA COLOUR MONITOR (1024 x 768 Reeolution) 
512K VA CARD· DOS 4.01 

MINI CASE & 200W POWER SUPPLY 
12 MONTHS "AUSTRALIAN" PARTS & LABOUR 

WARRANTY IBM• COMPATIBLE 

200 MEG DRIVES 

AVAILABLE $3,995 

RI TRON 

( 286-20 ) 
80286-16 CPU 

'[.-~-: , I 

. 1t• 
~~:;;.w 

1 MEG RAM EXPANDABLE TO 4 MEG 
20Mhz LANDMARK SPEED TEST 
1.2M JAPANESE BRAND F.D.D 

42M HARD DISK DRIVE 2Bma ACCESS 
101 EXTENDED "CLICK"' KEYBOARD 
JAPANESE KEYBOARD SWITCHES 
MINI CASE & 200W POWER SUPPLY 

25SK VGA CARD 
SUPA VGA COLOUR MONITOR (1024 x 768 AH) 

SERIAL, PARALLEL, GAME PORTS 
12 MONTHS "AUSTRALIAN" 

PARTS & LABOUR WARRANTY 
DOS 4.01 IBM" COMPATIBLE 

$1,895 

RI TRON 
EXECUTIVE 

c 386-32 ) 
80386-25 CPU 

NO CACHE 
1 MEGRAM 

32Mhz LANDMARK SPEED TEST 
42 MEG HARD DISK 28ma ACCESS TIME 

1.2M JAPANESE F.D.D 
101 EXTENDED "'CLICK"' KEYBOARD 
SERIAL. PARALLEL, GAMES PORTS 

256K VGA CARD 
SUPA VGA COLOUR MONTOR (1024 x 768 Reeolution) 

MINI CASE & 200W POWER SUPPLY 
DOS 4.01 IBM• COMPATIBLE 

12 MONTHS "'AUSTRALIAN" PARTS & LABOUR WARRANTY 

$2,975 

RITRON 
EXECUTIVE lllP ~' 

( 486-115 ~.1· _I 

80486-25 CPU 
ON BOARD CACHE 

4MEGOFRAM 
115Mhz LANDMARK SPEED TEST 

85 MEG HARD DISK 12ma ACCESS TIME 
1.2M JAPANESE BRAND F.D.D 

3.5" 1.44M JAPANESE BRAND F.D.D 
101 EXTENDED "CLICK"' KEYBOARD 
SERIAL, PARALLEL, GAMES PORTS 

512K VGA CARD 
VGA COLOUR MONITOR (1024 x 768 Resolution) 

DOS 4.01 IBM• COMPATIBLE 
TOWER CASE & 220W POWER SUPPLY 

12 MONTHS .. AUSTRALIAN" PARTS & LABOURWARRANTY 

$6,995 wrrv:995E112ms1 

MAILORDER HOTLINE: 008 33 5757 
HEAD OFFICE: 56 RENYER Rd CLAYTON PH: 543 21116 FAX: 543 2648 

CITY: 48 A' BECKETT St. MELBOURNE PH: 663 6351 / 639 1640 FAX 639 1641 
NORTHCOTE: 425 HIGH St. NOR,.HCOTE, PH: 489 8866. FAX 489 8131 

SYDNEY: 74 PARRAMATTA Rd, STANMORE. PH (02) 519 3134 FAX (02)519 3868 
ALL PRICES INCLUDE SALES TAX. 

RI TRON 

( 386SX·21) 
80386SX-16 Mhz CpU 

42 MEG 2Bma HARD DRIVE 
1.2 MEG 5 114"' DISK DRIVE 

1MEG RAM 
16 BIT 256K VGA CARD 

SUPA VGA COLOUR MONITOR (1024 x 768 Rffolution) 
SERIAL. PARALLEL, JOYSTICK PORTS 

MINI CASE & 200W POWER SUPPLY 
101 KEYBOARD 
WITH DOS 4.01 

IBM" COMPATIBLE 
12 MONTHS PARTS & LABOUR WARRANTY 

$2,395 

RI TRON 
EXECUTIVE c 386-41 ) 

80386-25 CPU 
CACHE ON BOARD MEMORY 

1 MEGRAM 
41 Mhz LANDMARK SPEED TEST 

42 MEG HARD DISK 28m1 ACCESS TIME 
1.2MJAPANESE BRAND F.D.D 

101 EXTENDED "'CLICK"' KEYBOARD 
SERIAL PARALLEL GAMES PORTS 

SUPA VGA COLOUR MONITOR (1024 x 768 Reeolution) 
MIN CASE & 200W POWER SUPPLY 

256K VGA CARD (256 COLOURS) 
DOS 4.01 IBM• COMPATIBLE 

12 MONTHS "AUSTRALIAN"' PARTS & LABOUR WARRANTY 

$3,195 

RITRON 
EXECUTIVE.~: 

( 486-157 ~ j ) 

80486-33 CPU 
QN BOARD CACHE 

4MEGOFRAM 
157Mhz LANDMARK SPEED TEST 

200 MEG HARD DISK 14me ACCESS TIME 
1.2M JAPANESE BRAND F.D.D 

3.5"' 1.44MJAPANESE BRAND F.D.D 
101 EXTENDED "CLICK"' KEYBOARD 
SERIAL, PARALLEL, GAMES PORTS 

1 MEG VGA CARD 
VGA COLOUR MONITOR (1024 x 768 Reeolution) 

DOS 4.01 IBM" COMPATIBLE 
TOWER CASE & 220W POWER SUPPLY 

12 MONTHS" AUSTRALIAN" PARTS & LABOUR WARRANTY 

IDEALCAD $9,995 MACHINE! 
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I, NetComm FAX 
ARD 

Turn your 
computer into a 
Fax Machine. with the 
NetComm PC Fax Cardi 
Send and receive facimlle / 
documents over the phone. 
• Multi speed, multi standard. 
• PSTN Dial up 
• 12 months warranty 
·Australian design & manufactured 
•Telecom approved 
INCLUDED WTIH FAX CARD: 
• Users manual 
•Telephone cord 

I 
I 

.E\ ~.R POPLLAR LOW BLD<a. I' 

OU 
• Thrff buttons. user detln•ble 
· S1hcone coiled steel bait 
• High resolution movement ol 

195 dots inch Smaller !able 
space and less h1nd 
movement required 

• Optic1t rotary encoder 
• Mn. tracking speed: 200m sec 

"'~ ·Three 5 1/4 floppy disks containing " PC fax 
\ card "software. 
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· Mouse resident firmwue 
· Size 116 1 66 r 34mm 
· Mouse Driver Sottw1re 
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? 
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MOTHERBOARDS 

1 MHz 
LL IN ONE 
T MOTHERBOARD 
ITH THE LOTI 

386-33 CACHE MOTHERBOARD 

·--

CHECK OUT OUR HUGE RANGE 
OF IBM CARDS AVAILABLE. 

386SX 16MHz 
MOTHERBOARD 
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... • ... lf·""" 

SUPER eu,s ~ ~ MOUSE<(% 
The new Z-NIX Super mouse 2 1110- you to get 

the most out of your computer and enhance yo..-
•Processor: 80386SX-16MHz (0/1 wait elate) productivity. It gives you the ability to expand the 

•Processor 80386·33 •Co-processor: 80387SX-16 (optional) versitility of your computer through the use of 
• Cacha Controller 882385, 32 Bit Peripheral •CHIPS & TECH NEAT chipsets graghic software such as pain~ draw and CAD 
• Memory 32KB Cache memory (35 ns) • (SMT) Surface Mount Technology for chlpsets & CPU programa. The super mouse 2 allows you to run 
• Expansion slots: 1 x 32 bit, 3 x 8 bit, 4 x 16 bit • Supports up to 2MB on board, (Sixteen 44256 and Eight progrsms tike GEM and Windows which makeo al 
•Intel' Combo Chip set: 82230, 82231 41256 aockets) operations of the computer easier and faster. 
•Shadow RAM •Three 8 BIT slots •Five 16 BIT slot• Many popularSpreadaheets, databases, word 
• C&T 82C206 lntergrated peripherals Controller • Memory Expansion Slot processors and other programs can also be wor 
•LEO display for speed Indication •Optional 2-llMB memory card with the Super Mouse 2. 
•Ability to run OS/2, MS/DOS, XENIX •Supports LOTUS~NTEL-MICROSQ,FT (UM) Expanded • 100% Microsolt Compatible 

Memory Spec. (EMS) version 4.0 ·IBM or APPLE Family Computer Compatible. 

). 

• Real time clock/calender with battrey back up • Supports Page Interleave Mode using 100NS DRAM • Free Software with Pop.up Menus 
• Baby AT' size board • BIOS: AMI or PHOENIX , Life time War~ant'/ 

~ •Reset button Connector •Turbo Light and Hardware Reset connector Also supplied wilh lhe S;iper Bus Mouse 2 are 2 

X18112 ............................................ $1995 X18094. OK RAM .................. ~-~ $695 X19951 . .. ··-· ..... $119 j • Speaker connector • Power Good Signal on board • Baby size main board perform high resolution graphics with the- mouse. )' 
• Keylock button connector •Keyboard or Hardware Reset connector FREE Telepaint disks which allows the user to ~, 
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20 MHz DUAL TRACE OSCILLOSCOPE 
NOW $129.95 CTR DISPLAY:· 150 mm rectangular l-----------------------1 VERTIACAL DEFLECTION: 

-----------------------------------..... 

ANALOGUE/DIGITAL MULTIMETER 
HC-5050DB 3 1 /2 DIGIT 
BASIC ACCURACY: 0.5% DC 
DC VOLTAGE: 0·1000V 
DC CURRENT: 0-10A 
AC VOLTAGE: 0-750V 
AC CURRENT: 0·10A 4••• RESISTANCE: 0·20M OHMS 
DC AC RMS:·45dB ·+50dB 
TEMPERATURE: ·20C·1200C 

~ AC FREQ SPREAD: 50Hz-2KHz 
J' ~I CONTINUITY TEST, DIODE TEST 

~ jliil ~~~~c-·P·Rc;·;~ ;~s;·~;;~~ $149.95 

r USEFUL FOR TIL AND CMOS. 
· HIGH & LOW INDICATORS 

, . PULSE MEMORY. 
% FOR THE HOBBIEST OR SERIOUS TECHNllCIAN 

FOR TRACING THOSE HARD TO FIND FAULTS -M' ON LOGIC BOARDS. 

• Deflection Factor: 5mV to 20V I Div on 12 r~nges in 1 ·2-5 step with fine 
control 
• Bar.dwidth DC: DC to 20 MHz (·3dB) AC: 10Hzto 20 MHz (·3dB) 
•Operating modes CH-A, CH-B, DUAL &Ad ADD (ALTICHOP l202 only) 
• Chop Frequency: 200 KHz Approx . 
• Channel separation: Better than 60dB at 1 KHz 
TIME BASE 
•Type: Automatic & normal triggered in automatic mode, sweep is obtained without 
input signal 
•Sweep Time: 0.2m Sec to 0.5 Seel Div on ranges in 1-2-5 step with line 
control and X-Y • 
• Magnifier: X5 at all timea. CAO Probe to suit 
TRIGGERING $39.50 each - Cat. 012201 
• Sensitivtty Int: 1 Div or more Ext: 1Vp-p or more. 
·Source: INT, CH-B, LINE or EXT 
• Triggering Level: Positive and Negetive, continuously variable level; 
Pull for Auto . 
• Sync: AC, HF Rej, TV (each+ or-) at TV Sync. TV-H (line) and (frame) 
sync are switched automatically by SWEEP TIME/Div switch. 
HORIZONTAL DEFLECTION 
• Deflection factor: 5mV to 20VI Div on 12 ranges in 1-2-5 step with line control 
• Frequency response: DC to MHz (-3dB) 
• Max Input Voltage: 300V DC + AC Peak of 600V p-p 
• X-Y operation: X-Y mode is selected by SWEEP TIME/ Div switch. 
• Intensity Modulation Z Axis: TTL Level (3Vp-p-50V) + bright, ·dark 
OTHER SPECS:· Weight: 7Kg Approx •Dimensions: 162 (H) x 294(W) x 352(D)mm. 

012105 .......................... RRP $750 NOW $695 

100 MHz 3 CHANNEL 8 TRACE 
MODEL 5510 

Thia instrument meets the customers needs in quality of performance, efficiency, 
function, design, and cost! Being rugged, highly reliable and a multi-purpose 3. 
channel, 8 trace oscilloscope with a 6 inch domed mesh type 14kV post deflection 
acceleration cathode-ray tube and with a line red internal graticule. 
FEATURES: 
·Compactness, lightweight, ruggedness and simple design. 
• The diecast frame provides compactness lightweight and ruggedness. 
• Easy Operation 
light torque lever switches and pushbutton switches are used. 
• High Brightness CTR, high acceleration voltage and high beam efficiency of the 
150mm rectangular CTR ensures a bright high apeedaweep observation 
• Multi mode display system 
CH1, CH2, CH3, Add any combination or all the channels may be viewed 
simultaniously. Maximum 8 trace displaying is possible with the ALT sweep function. 
• High sensitivity and wide frequency bandwidth. 
The maximum vertical sensitivity is 1 mV/DIV (when x 5 MAG)at 20 MHz or greater 3dB 
and mV/DIV at 100 MHz or greater -3dB. 
• High input impendance 
The input impendance of CH1, CH2, CH3, is 1Ml~2%, 25pFt3pF 

Q12109 ......... RRP $2995.00 NOW $2795.00 

SCHOOLS & COLLEGES TAKE 
NOTE! ONLY $2395 tax exempt. ·-lill 011272 ............................ RRP$29.95 NOW $19.95 

~., ~j) .~ .. ~ 088 335.757 Tell FREE MAl~.,9RD,ER HOTLINE FOR C.REDIT ~~RD ORDERS! u ·~ 
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V I\ \~ mountingstudsot MICROPHONE & I Q. tr•n1i1tors •nd diodes. It 

;: ::> BNC MALE PLUG ~~~:i·~~~:,~~~~·· Lo~;;~:~;e IC MICROPH~~~!!:C~~ 
,' WZ P1051 4 ,; 5~ 11~ ;: s\~o timprotvhes .... ~e~I tr,onshter S.ve • sm•ll fortune on theae Tr1n1mitting Frequency: 
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1
MHz 

0 ® ~n•:,:~:~~h:.:erall :::,~1;"~;·~::i:~~~der Tr1nsmitting system: 
~ efficiency. 1111. All tin pl1ted phosphor Crystal oscillation. 

~ / ' H11800 10 $2 00 bronie or berrylllum and dual Microphone : Electret 
... ~ ·· g...... · wipt tor rell1bllity. condenser 

LEDS 

==1.-; 
==19; 
==tit 

QUALITY 3MM LEDS 
1 .. 1 .... 10Dt 

Zt0140(R) .... $0.t5 $0.12 $0.10 
Z10141(G) .... $0.20 $0.25 $0.12 
Z10t43(Y) .... $0.20 $0.15 50.12 

Z10145f01 ... $0.20 $0.15 $0.12 

1QUALITY 5MM LEDS 

DB25 CONNECTOR 
. SPECIALS 

Pt0885 DE9S S1
1oS s

1
8t,o 

P10890 DA15P $1.00 $0.70 
P10891 DA15S $1.00 $0.70 
P10892 DA15C $1.00 $0.80 
P1cmo DA15P $1.00 $0.80 
P10895 DA15S $1.00 $0.80 
P10902 D825C $1.00 $0.80 
P10905 D825P $1.00 $0.80 
P10905 D825S $1.00 $0.80 

P111180 DE9P $1.00 .., BNC PANEL H11810 .. 150g .... $14.95 Pow8' supply:9V battery 
1 .. 1 .... 11111+ 

Z10150(R)llCl.15 S0.10 I0.10 

'zQ SOCKET p C1t. No Deacrlplion Range: 300 feet in open field 
I H 10 ... HID+ RECIEVER SPECS: 

- p 05 ,
2
' 50

9 
5

'2°2 .. 51
100

50• P10550 Spin .... 15' 12t 10C Receiver freq: 37.1MHz ~ 

Z10151(Gl1111.:111 SO.IS I0.12 ~----------ll 
Z10152(Y) 1111.:111 1111.11 $0.12 1---..... .,..,. ....... ....,,...--_:I 

'""" 1 16 · · 1. P10560 14pin .. 20f 1k 15C O:..tput level: 37mV(max) 

CJ) ·. ···- P105l5 16 pin ... i!Of tat Me Receiving sys: Super crystal ~ 
W ULTRASONIC P10511 t1p1n .... "°" 25C 220 .oscillation FLA~DS 

~~ BNCCRIMPPLUG TRANDUCERS ::~= ~::~ : = ~= ~~~:.,S~~~!~1~~~~gLeo redSmm 1-9 10+ 

•. 1. t- t 9 t099 10Cl· Designed to transmit at :!:~ ~::.::::.: :! = Oimmensions:115x32x44mm Z10159 $1.10 $1.00 
· CJ) P1053D SUSS2.75 $2.00 40kH2 (l 19990) and p10575 40 pin. 45< 40< 3,. Weight: 220grams 

.;a: ~I recleveat40kHz A10452 ............... $99 
· ::> ~~ (l 19991)wl1h up to 20V 

.~O BNC l/P on 1he transmitter. ··rm,,-,,;· ....... ;1'i ~ These units can"t be f ' 
~ SOLOERLESS heard so are ideal tor 
z TWIST ON PLUG TV remote control's, 
- t-9 10 99 100. water levttl detectors, 

...,' o P10531 suos2.2ss2.oo burglar alarms, motion 

CC detectors and 
" S!2 Information carriers all 
' :I: they can be either 

~~Z f} .. J ~~~~:u:'s~S::ei~~. 
r W' Transmitter 1-9 10+ 

ii: CANNON TYPE 3 L 19990 •..•. $3.15 $2.11 j: PIN CHASSIS Receiver 

!l:o MALE L19991 •... '3-H $2-15 
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1-9 10+ 100+ 
P10H2 $3.50 $2.95 $2.50 

G>L:=-
CANNON TYPE 3 
PIN LINE FEMALE 

1-9 10+ 100+ 
P10H4 $3.95 $3.50 $2.llO 

~ 
CANNON TYPE 3 

PIN CHASSIS 
FEMALE 

1·9 10+ 100+ 
P1- $4.95 $4.50 $3.50 

<:::J1 
CANNON TYPE 3 
PIN LINE MALE 

1-9 10+ 100+ 
P1- $4.50 $3.50 $2.50 

COMPUTER 
CABLES 

PCB MOUNTING 
SCREW TERMINALS 

pNTERLOCKJNG ENDS) 
TheM termS\•I• fee.,,. 
interlodling endll to form 
•ny number of conectl.,.... 
Stend•rd 5-n epecing piM 
• P10520 2 w•y 

,.. , •• 100. 

, ..... 1111.50 S0.40 
• P1os21 3wy 

SOJIO 1111.70 11C1.10 

~~ 
9 PIN TO 25 PIN 
CONNECTOR 

ADAPTORS 
The perfect solulion! 

Feetures gold pl•ted pins 
X15668 089 Plug to 

D825 Socket 
X15669 089 Socket to 

0825 Plug. 

each $8.95 

WIRE WRAP 
IC SOCKETS 

These qualily 3 level 

wire wrap sockets are 
tin-plated phosphor 
bronze. 

P10579 
P10580 
P10585 
P10587 
P10590 
P10592 
P10594 
P10596 
P10598 

1-9 10+ 
8 pin 1.50 1.40 

14 pin 1.85 1.70 
16 pin 1.95 1.80 
18 pin 1.95 1.80 

20 pin 2.95 2.75 
22pln 2.95 2.70 

24 pin 3.95 3.50 
28 pin 3.95 3.50 
40 Din 4.95 4.50 

IDC PLUGS 
AND SOCKETS 

D 
1·9 10• 100. 

• DE9P 9 pin ptug 
P12166 $2.95 $2.50 $2.00 
• DAt5P t5pinplug 
P\2!68 $3.50 $3.00 $2.50 
• D825P 25 pin plug 

P12170 5'.50 $3.15 13.50 

D TYPE IDC SOCKETS 
• OE9S I pin •ocket 

1·9 10. 100. 

P12167 $2.95 $2.50 $2.00 

. OA1ss 15 pin eocket 
P12169 $3.50 $3.00 $2.50 

. DB25S 25 pin •o<*•I 
P1n71 $4.50 S3.t5 S3.50" 

~ 
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WAY PLUG & SOCKET 

DATA~ 
SWITCHES 

If you have 2 or 4 compalable 
devicn that need to sh•re a 
third or fifth, then lhHe 
inexpencivedala tranter will 
save youthe time and hassle 
of const•ntly ch•nging cab._s 
and leads around. 

No power required 
Speed and code tr•np•rent 
Two or four position rotary 

switch on front panel. 
Switch comes standard with 

female connector. 
RS232· 2 way ..................... $39 
RS232· 4 way ..................... $59 
RS232- X over .................... $69 
RS232- 2 way auto ............. $69 
Centronlcs- 2 way .............. $49 
Centronics- 4 way .............. $69 
Centronics- X over ............. $69 
Centronics- 2 way auto ..... $79 

TRANSFORMERS 

1·9 10+ 
2155 240V 6-15V 1A 
Cat Mt2155 $8.95 $7.95 
2156 240V 6- t 5V A2 
Cot M12156 $13.95 $12.95 
2840 240V 9VCT 
Cot M12840 S4.95 $3.95 
2851 240V 12-6V CT 250mA 
CotM1~t S4.95 $4.50 
2860 240 V 1 5VCT 250m A 
Cot M 12860 S4.95 $4.50 
6672 240V 15 30vc 1 A tapped 
Cot M16672 S12.95 $11.115 

H 
ia 

RECTANGULAR 
LEDS 
1-9 10-119 

RED 20c 15c 
GREEN 20c 15c 
YELLOW 20c 15c 
ORANGE 20c 15c 

rz=li 
~ 

100+ 
12c 
12c 
12c 
12c 

PANEL METERS 
GALORE 

We have a great range of 
panel meters at great 
prices! 

010500 MU45 0-1m A St2.50 
010502 MU45 50i50uA $12.50 
010504 MU450-100uAS12.50 
010510 MU45 0-5A $12.50 
010518 MU45 0-1A $12.50 
010520 MU45 0-1A $12.50 
010525 MU45 0-20V $12.50 
010530 MU52E 0-tA $14.50 
010533 MU52E 0-5A $14.95 
010535 MU45 VUP $14.95 
010538 MU65 0-50uA $16.95 
01'0540 MU65 0-1mA $16.95 
010550 MU65 0-100uA $16.95 
010560 MU650-20V $16.95 

2SJ49 
2SJ56 
2SK134 
2SK176 

MOSFET 
SPECIALS 

1·9 
$7.50 
Sto.oo 
$6.90 
$9.50 

10+ 
$7.00 
$9.50 
$6.50 
$8.90 

RECEIVED YOUR 
NEW 148 PAGE RO 
IRVING ELECTRON! 

CATALOGUE 
WITH 32 PAGES OF 
DATA. FREE WITH 

ORDERS OVER $100 

rnGG,JHES 
1·9 t0-99 

SttOtO D.P.D.T $1.20 $1.10 
Stt020 D.P.D.T $1.30 $1.20 

S.ve • fortune on expensive 
throw •way battertes with 
these quality Nlcads and 
Aechargers! 
Size Desc. 1-9 10+ 100• 
AA 450mAH $1.95 $1.75 $1 .SO 
C 1 2 A H SU.95 $9.50 $8.95 
D 1 2 A H $9.95 $9.50 $8.95 

-SUPER HORN 
TWEETER 

Requires no cro11over and 

h•ndles up to 100 Watts 

..,_..,, 
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David Packard steps 
in to rebuild H-P 
Hewlett-Packard was one of Silicon Valley's founding firms, and a pioneer of corporate democracy, 
true open-plan office areas and 'management by walking around' (MBWA). However the company 
has grown enormously in the last 50-odd years, and as with many others this growth has created 
problems. One of H-P's founders has now come out of retirement, to help it rebuild and return to 
'The H-P Way'. 

by LEE GOMES 

The company that David Packard 
helped build is struggling with a crisis of 
its balance sheet and its soul. In an at
tempt at redeeming it, Packard himself is 
back, managing - just like in the old 
days - by wandering around. 

At atime of life when most industrial 
legends are content with a venerated 
emeritus status, the 78 year old Packard, 
chairman of Hewlett-Packard, is in his 
office most workdays. He also regularly 
travels to H-P sites nationwide, talking 
to many of the company's 92,000 
employees. 

Several years back, Packard had given 
up such hands-on guidance at the firm he 
co-founded 51 years ago. He was pulled 
back in recent months, though, by a chal
lenge as big as any he had ever faced. 

The value of the Palo Alto-based 
company's stock has fallen by half since 
early in 1989. There are doubts about the 
firm's high-stakes strategies in the com
puter business. There are also worries 
about its long-term profitability and con
cerns about some of its leadership. 

And, in the development that as
sociates say is most troubling to Pack
ard, there are complaints, the company's 
growth and management style in recent 
years have caused the withering of the 
'H-P Way,' a set of benevolent attitudes 
towards employees and customers that 
somehow set H-P apart from other firms, 
making it Silicon Valley's great class act. 

A company once celebrated for being 
trusting and collegial has too often, some 
say, become suspicious and 
bureaucratic. A few years ago, H-P was 
the basis of an unflattering Stanford 
University business school case study of 
a company where employee experiences 

are often sharply at odds with lofty 
management rhetoric. 

Those were among the factors that 
early last October led H-P, with Packard 
calling most of the shots, to announce a 
major reorganisation. 

The shake-up eliminated some 
management layers in the computer 
business and gave special attention to the 
firm's non-computer lines, which con
tribute much of the company's profits 
but which some H-P-ers feel are 'bled' to 
subsidise the computer sectors. 

The sales force was split apart, the 
post of chief executive office was given 
to two occupants and a number of 
managers were put in position to one day 
succeed veteran President, John Young, 
who is 58. 

If it all sounds complex, it is. At a time 
when conventional wisdom maintains 
that companies are supposed to focus 
narrowly on their core business, 
Hewlett-Packard is a sprawling US$12 
billion industrial empire with scores of 
divisions, each with its own distinct 
products and personalities. Collectively, 
they made US$187 million in profits on 
revenues of $3.2 billion in the most 
recent quarter. 

H-P's roots, and most of its business, 
are in somewhat obscure technical areas, 
such as testing and measurement equip
ment. 

In these fields, H-P is celebrated for 
dominating scores of disparate niches 
with high-quality, high-margin products 
that are built, as the H-P saying goes, 'by 
engineers for engineers.' 

In recent years though, H-P has tried to 
expand out of these somewhat clubby, 
slow-growing markets by making a 
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charge at the computer business. But it is 
having trouble adapting to 
computerdom 's rough-and-tumble ter
rain, where profit margines are low and 
where copying someone else's crowd
pleasing design is often more important 
than your own finesse at engineering. 

H-P's minicomputers exist in a stale 
market, its personal computer offerings 
have been largely yawned at and its ef
_forts to expand in the high-prestige 
workstation market by purchasing Apol
lo Computer for $476 million in 1989 
have bogged down. It has had some 
computer-related triumphs, though, in its 

51 years aher starting H-P, Bill and 
Dave's workshop garage in Palo Alto is 
now an historical landmark. 



Dave Packard and Bill Hewlett take a 50 year look back at one of the first 
documents of company history - a ledger book listing cash payments from 
1938-1941. 

printer and engineering plotter line, most 
notably with the H-P laser printer. 

Some say that product is a model for 
other H-P successes because it shows 
how the company, when everything goes 
right, deftly combines innovative en
gineering with strong marketing. 

The fmn's potential is such that Scott 
McNealy, head of industry-leading Sun 
Microsystems, reportedly once said the 
work-station competitor he most feared 

John Young took the helm as H-P 
president in 1977 and was named Chief 
Executive Officer a year later. 

was H-P- but only if its many divisions 
started working together more closely. 
This then, is the company Packard is 
trying to renew. And its problems should 
not be overstated. H-P, even in troubled 
times, still has people and technologies 
- not to mention cash in the bank -
that most of corporate America would 
envy. 

While Packard routinely invokes 
Hewlett's name in discussing his current 
efforts, the 77 year-old Hewlett retired 
from management many years ago, and 
now no longer even holds an active 
board seat Packard, however, remains at 
the very centre of power. 

According to Forbes magazine, Pack
ard is the 46th-richest American. Last 
year he owned 40 million shares of H-P, 
or 16.6% of the company. 

But few people think Packard's 
remarkable return to H-P is motivated by 
concern about his personal finances. 

Instead, most say it is because he 
wants to steer the company that is his 
life's work back to the values he 
believed in, when he started it as a 
young man. 

"Bill (Hewlett) and I have not been 
very deeply involved in the company 
over the past few years. But recently 
we've recognised tluit some problems 
needed attention. So we've been work
ing directly with John Young. The pro
gram we've worked· out reflects the 
thinking of all three of us," Packard said 
in a rare interview recently. 

He emphasised that "We're not doing 
this in any way to be critical of John. In 

the 12 years he's been CEO, the com
pany has grown from US$ I billion to 
US$12 billion. Bill Hewletter and I think 
John has done an outstanding job. Now 
there are some problems that have 
developed. One of them has to do with 
the organisation of our computer ac
tivities. There has been a buildup of un
necessary bureaucracy. So we gave some 
attention to this. We've spent quite a bit 
of time working with John to design an 
organisation where he can devote his full 
time and attention to these important is
sues - with the organisation structure of 
the company and with getting a little bit 
of the 'H-P Way' back into the organisa
tion. I might suggest an analogy to foot
ball. John Young is our quarterback and 
star player, and Bill Hewlett and I are 
going to be coaching him from the 
sidelines. We're not going to be calling 
the plays, but we are going to give him 
whatever help and coaching he needs." 

1\vo things that H-P people who have 
left the company keep bringing up are 
that HP has become excessively 
bureaucratic lately, and that there seems 
to be less of the 'H-PWay,' especially on 
the side that deals with computers. 

Who's responsible? 
Packard agrees with these perceptions. 

"These problems were, in part, a reflec
tion of the economy in the last decade. 
There's been a lot of concern about hos
tile takeovers, about financial wheeling 
and dealing instead of about basic 
management. And there's been attention 
to a structure called 'matrix manage
ment,' in which responsibility and 
authority is so diffused that nobody 
knows who the hell is responsible for 
what!" 

"Now, unfortunately, some of our 
people have been carried away with 
some of those ideas, and we're going to 
get them back on track. I'm confident 
it's not going to be a very difficult prob
lem. We have a tremendous amount of 
enthusiastic support throughout the com
pany to do this. We have 90,000 people 
in the organisation. Bill and I feel a very 
solemn responsibility to those people. 
They joined the company, many of them, 
because of the H-P Way. We have a 
tremendous number of shareholders who 
became shareholders because they had 
confidence in our policies. We have a 
responsibility to make sure those things 
on which their faith was exhibited are 
satisifed with the continuation of those 
policies." 

Packard doesn't believe anyone in par
ticular is to blame for the problems. "I 
don't think it's any use talking about 
whose fault it is. It's probably Bill's and 
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Rebuilding H-P 
my fault for not paying more attention to 
this before. The important thing is that 
we've identified these problems, and 
we're going to fix them." 

First layoffs 
Beyond the most recent organisation, 

Packard indicated that many more ac
tions will have to be taken, including 
perhaps the first round of lay-off in the 
company's history. 

"There's no question we're going to 
have to cut the workforce. And one of 
the reasons it's important for Bill 
Hewlett and me to be in on this is that 
we're probably going to have to make 
some painful reductions in some places. 
But those will be made only to the extent 
we are sure they will benefit the 
majority of our employees in the long 
run ... I wouldn't want to make any 
projections on numbers at this time." 

Apollo deal 
H-P's computer business has taken a 

lot of money and certainly a lot of 
management mind share in the last 10 
years, but the division's performance 
hasn't been overwhelming lately. 

"It's mixed," Packard admits. "We 
have some very good things. Our 
peripherals business is strong, and Dick 
Hackborn (head of the operation that 
makes H-P's laser printer and a con
tender for the top H-P job) has done an 
outstanding job. The computer business 
is complex, and we haven't had quite the 
right reorganisation structure. This plan 
will enable John to give his attention to 
get those matters straightened out." 

Some analysts have criticised H-P for 
its decision to take over Apollo after 
IBM had already investigated the firm 
and decided not to acquire it, despite its 
desperate need to quickly become a 
major player in the workstations market. 

"So far, frankly, it hasn't turned out as 
well as we'd hoped. It's going to take us 
a little more time than we had an
ticipated. But we're going to take the 
steps necessary to make the Apollo 
people feel part of our team and take 
advantage of their technology. I'm sure 
that in the long run, we are going to look 
back and be glad we made that move. 
But I can't say it looks very good right 
now," said Packard. 

Wall Street pressures 
One of the reasons that has contributed 

to H-P's woes on Wall Street in recent 

years, is that the company has fallen vic
tim to the same short-sightedness of 
most public companies. 

"There's been too damn much con
cern in this whole industry about 
quarter-by-quarter profits. We're going 
to concentrate on those things which 
strengthen our company for the long run, 
and not pay as much attention to quarter
by-quarter profits as in the past. What 
this will do to the short-tenn price of 
stock, I don't know. But in the long run, 
it's going to get the stock price up where 
it should be," said Packard. 

"We won't reduce research and 
development We '11 concentrate on those 
things that will add strength in the long 
term, which may not reflect favourably 
on short-term earnings." 

Some analysts have suggested that H
p might split itself up into two or more 
independent companies or sell off some 
of the less desired product lines. 

But Packard quickly put any such sug
gestions aside. 

"I think the basic plan we're on is the 
right one for our company, and I don't 
see any likelikhood we'll make any 
changes in it. We 're going to stick to our 
business and do our job right. I'm confi
dent that in the long run it's the only way 
to win the ballgame." • 

WORLDWIDE For the servicing of Electronic 
Equipment with 

• • • the choice is crystal clear when you 
want custom made quartz crystals FAST! 

''THE AUSTRALIAN COMPANY'' - the choice is c.;sm.1 cletir 

Hy-Qin-ter1iational 
Be it a Jumbo Jet or a local courier Hy-Q appreciate that 
stand down time represents lost revenue - so we have 
tailored our operation for efficient, fast service as a world 
leader in crystal technology with 0111' bases on four 
continents. . in Australia, Singapore, Great Britain, USA 
. we have the resources and technology to 

unequivocally guarantee our quality and service. 
Hy-Q also manufacture and stock Crystal Filters, Oil 
Oscillators, MPU Crystals, Clock Crystals, SPXO and 
TCXO Oscillators etc. 

1 ROSELLA STREET, FRANKSTON, 
VICTORIA 3199 

EXPRESS Ill 
Our special em , •• 
service slips int ergency_ 
to despatch . ~·overdrive 
~ours in spec7~~ in •six 
circumstan 
for others ces - 24 hours 
Normald. 
custom q~!ftatch for 
ten work· Y crystals is 
• . ing days 

(P.O. BOX 2'i6, FRANKSTON) 
TELEPHONE, (03) 783 9611 
FAX,(03) 783 9703 

Prov1dingo 
before 1 Dam.rder received 

READER INFO NO. 6 

38 ELECTRONICS Australia, March 1991 

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:-

@ 
8 
® 
@ 
© 

1'9 ENDEAVOUR TOOLS PTY. LTD. 
liiii1iil 31 Cleeland Rd., 
ENDEAVOUR South Oakleigh, Vic 3167 

Ph: (03) 562 82&6 Fax: (03) 562 8363 
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wpoD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR CHIPS ... WOOD FOR: c 

Why pay up to $150 for a label? 
Take a close look at APPA 

multimelers. Look fam111ar? That's 
because they're sold under different 
brand names. Anrl that means you 
could pay a IN 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 1ust forthe brand label! 

L oak at ths tsatums -
• Largs high contrast display - Th• 

96 and 98 havs analog bar 
graphs too 

• Colour codsd Input IBnnina/s 
11nd lunctian switch /or suy 
SBlling 

• Probs storags clips bull/ in tor 
sasy two handsd msasursmsnts 

• Tbs 96 is watsr msistancs tor 
Industrial us• 

•Shockproof tor a drop of t.5m! 
• Bui//·in till stand 
• Automatic powsr·oll 
e Mui /EC 348 Class II and 

Ult244 standards for sat• 
opsralion 

MOds/93 
• 1999 count 
• Large 20mm high contrast LCD 

readout 
• 8 Functions - Vdc, Vac, Ade, A2£, 

Ohms, Diode, Frequency, 
Capacitance 

• 0.5% de accuracy 
Rangss 
Vdc 200mV, 2V, 20V, 200V, 1 OOOV 
Vac 2oomv, 2V, 2ov, 2oov, 750V 
Ade 200uA, 2mA, 20mA, 2u0mA, 

2A, 20A 
Aac 200uA, 2mA, 20mA, 200mA. 

2A, 20A 
Ohms 2000, 2kn, 20kfl, 200kn, 

2MQ, 20Mfl 
Frequency 2kHz 20kHz, 200kHz 
Ca~acitance 2ni', 20nF, 200nF, 2jlf, 

Also~ailable with transistor tester 
in place of capacitance ranjies, 
(Model 93T) $14t.80 

MOdB/96 
• 3 1/2 digit plus 41 segment 

analog bar graph 
• Autoranging or 11'.~ual selection 
• 6 functions - Vdc, Vac, Ade, Aac, 

Ohms, Diode 
•Water resistant 
•Data hold 
• Memory offset 
Rangss 
Vdc 200mV, 2V, 20V, 200V, 1000V 
Vac 200mV, 2V, 20V, 200V

0 
750V 

Ade 200uA, 2mA, 20mA, 2 OmA, 
2A, 20A 

Aac 200uA, 2mA, 20mA, 200mA, 
2A, 20A 

Ohms 2000, 2kn, 20kfl, 200kn, 
2Mn, 20M'1 

$166.80 

MOde/98 
• 3 112 digit plus 41 segment 

analog bar graph 
• Autoranging or manual selection 
• 8 Functions - Vdc, Vac, Ade, Aac, 

Ohms, Diode, Frequency, 
Capacitance 

• Data hold 
• Memory offset 
Rangsi 
Vdc 200mV, 2V, 20V, 200V, 1000V 
Vac 200mV, 2V, 20V, 20DV,]~OV 
Ade 200uA, 2mA, 20mA, 2uumA, 

2A, 20A 
Aac 200uA, 2mA, 20mA, 200mA, 

2A, 20A 
Ohms 2000, 2kn, 20kn, 200!<'1, 

2M'1, 20Mn 
Frequency 2kHz, 20kH;, 200kHz 
Ca~acitance 2nF, 20nF, 200nF, 2µF, 

OµF $214.80 
MOd1/ 76 Component Tn/Br 
Does the things your multimeter 
doesn't! 
• Capacitance 200pF to 20JJF 
• Resistance 200n to 20Mn 
•Transistor hie and lceo 
• Diode displays VI at 1mA 
•LED displays VI at 2Ma and 10mA 
• Battery tests 9V and 1.5V cells 
• SCA Pass/Fail test 

$142.80 

Save Problems and Cost with Handy Probe 
Multimeter 

-~ MEMOREX Ideal 
for 
tight 
spots 

GENUINE PREMIUM GRADE DISKS 
51/4 2S/20 $16.95per10 
5 1/4 25/HD $24.95 per 1 O 
31/2 25/20 $24.95per10 
31/2 2S/HO $49.95per10 

tests 
Logic ,/ 

AT &M KITS Comms Port 2? too! 
No need to tum your head to read 
this multimeter. The readout is nght 
there in tre probe! Auto and manual 
ranging, 3.5 digit large 14mm LCD 
display - all in a handy probe. Logic 
testing function for CMOSffiL. Data 
Hold 5utton, Diode test, Continuity 

We c;irry the lull range of these 
great kl1s. Locally designed and 
I/eve/oped. Top quality components. 
Comprehensive ms/ructions 
incl11ded. 
Why develop your own circuits 
When these building blocks are 
already available? 
Kit Description Price 
Ot 3 digit Counter $33.60 
02 4 digit Counter 50.4D 
03 3 112 digit DVM 59.4D 
04 1 Hz Timebase 22.4D 
05 Fibre Optic Modem 75.00 
06 Reciprocal Calculator 29.4D 
07 10MHzTimebase 45.60 
08 V!F Converter 42.60 
09 FN converter 42.60 
10 Ouad Power Supply 60.60 
11 10 Minute Controller 46.20 
12 6 dig Batch Counter 75.00 
13 3 Digit Counter 65.4D 
14 3 112 digit LCD DVM 42.60 
16 10kV Isolator 70.80 
17 Storage Adaptor 193.80 
18 8 bit UART 66.00 
19 6 dig Up/On Counter 69.60 
20 IA Transceiver 39.60 
21 Multi-Timebase 42.60 
22 16Ch Tranmitter 77 .4D 
23 16Ch Receiver 77.4D 
24 2213 Com ms PCB 34.80 
25 2213 Radio Modem 66.60 

AT&M Digital 
Storage Adaptor 

Kit 
Low cost accessory for your scope. 
Converts incoming analog signals 
up to 20kHz into a stream of'B-bit 
data words for storage in 2048 word 
memory. Ideal for one-shot 
observations. Replay as many times 
as you like. See description in E.A. 
December. Complete kit (AT&M17) 
with top quality components and 
full instructions is just $193.80 
Matching case (ATM17-01) $27.60 

SCOPES 
60MHz 3 Channel Scope 
• 5mV/div de to OOM Hz 
• 5ns/div lo 0.5s/div A and B 
COS50608 $1859.00 
($1593.90 ex tax) 

40MHz 2 Channel Scope 
• 5mV/div de to 40MHz 
• 20ns/div to 0.5s/div Main 
• 0.2JJS to 0.5ms/div Delayed 
COS5041 $1372.50 
($1176.50 ex tax) 

20MHz 2 Channel Scnpe 
• 5mV/div de to 20MHz 
• 20ns/div to 0.5s/div 
COS5020 
($756 .BO ex tax) 

$882.90 

Warning - These de~ices are 
definitery NOT for beginners 
If you're keen to add lhat second 
comms port to your PC then take a 
close look at... 

NS16550A UART ~~~fi~ie~~g1~MVows all functions. 

W"ith flfO'S •DC Voltage from 2oomv to 500V 
• AC Voltage from 2V to 500V 

•Runs all existinB 16450 software : ~gJ&ta2~~r~~t~o2~~~ 20M'1 
• 1~nS1~bn ~~~ftr~~~mitter and •Continuity check to 2kn 

· b H b •Logic Testing to 1MHzand lµs 
~1~b1~e[oa~du~ee~~~b~r1~rbyte • Diode Test 2V All this for just 
interrupts presented to CPU. $55 OO 

•Adds or deletes standard asynch 
comms bits to or from serial data -------~;..;...;.•~ 

•Holding and shift registers ~'ii't 
elimi~ate need for precise BNC ~~ 

• U~Je,\;'gontrol functions ·-·• "la 
• ~~l~rfa~g~~~~t~l~~~~a1 Terminators 
e lntemal diagnostics 51 Q $6.9 
•Programmable baud rate 

generator $5s.6o SerialTest serial 
~!~ ~~~ s~~'!ynch data PaCnalysis on 

comms bits to or from serial data JOUr 
• ~l~~J~H1:~~~i~(~%s~i~~ This. is an MS-DOS software and 

synching cablmg.package wh1_ch enables 
•Programmable baud rate technicians _and engineers to . 

generator pertorm sen al d_ata commf analysis. 
•Modem control functions It offers sop_h_1st1cated pro.olem 
• Line break generation and solving fac1.1111es at a fr..:non of the 

detection cos.I of dedicated hardware systems. 
•Improved specification version of SenalTest provides.a window onto 

8250 belo RS232 Imes operatmg either as a 
w s27 00 passive observer or actively sending 

INS8250 UART · d.ata or control signals to. simulate 
either at DTE or UCE device. 

Popular choice UART in most PC's 
$20.40 

DS1488 Quad 
Tnggers can be defined based on 
error conditions or data to initiate or 
terminate monitoring sequences. 

Line Driver 
• ~f g_~~~a~a~d rates up to 

e Converts TIL levels to RS-232C 
•Current limited output ±10mA typ 
• 300n power-off source 

impedance 

• View each byte In ASCII or 
EBCDIC, decoded to hex, decimal, 
binary or octal 

•Simple slew rate control 
• TIULS compatible 

DS1489 Quad 
Line Receiver 
• Four totally separate receivers/ 

package 
• Programmable threshold 
• Buill-in hysteresis 
•Withstands ±30V 

• Writes captured data directlv to 
disk to allow maximum capfure 
buffer 

• CRC checksum calculations 
•Auto-configuration to any of the 

· • r comms ports 1 to 4 
·" ' •Time-stamping (absolute and 
4 I> relative\ including delta time 
• calculafions 

e Split line DTE over DCE display 
$395 plus sales tax 

Send $10 for a demo disk, 
refundable on purchase. 

GEOFF WOOD ELECTRONICS PTY LTD 
229 Burns Bay Road, (Corner Beatrice St.) .INC IN Nsw 
Lane Cove West, N.S.W. P.O. Box 671, Lane Cove N.S.W. 2066 
Telephone: (02) 428 4111 Fax: (02) 428 5198. 
8.30am to 5.00pm Monday to Friday, 8.30am to 12 noon Saturday. 
Mail Orders add $5.00 to cover postal charges. 
Next day delivery in Sydney add $5.00. 
All prices INCLUDE sales tax. 
Tax exemption certificates accepted if line value exceeds $10.00. 
BANKCARD, MASTERCARD, VISA, CHEQUES OR CASH CHEERFULLY ACCEPTED 
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/com IC-R100 Competition: 

The 'runner up' entries . •• 
As promised, here are the 'funny antenna story' entries that we didn't judge to be quite as funny as 
the ultimate winner, but were still enjoyable enough to make us want to share them with you. They 
may not have won their writers an lcom communications receiver, but at least they'll attract a small 
publication fee! We hope you'll enjoy reading them as much as we did. 

Went with a bang! 
During my earlier days as a military radio technician, I 

served with a field communications unit. One innovation 
noted in a US Army engineering report was the use of a tree 
as an improvised HF antenna. The idea was to allow ground 
forces to move rapidly and avoid the need to erect and 
dismantle conventional HF wire antennas. 

It was decided to test the concept on a future exercise. We 
agreed on using a simple shunt feed into a tree trunk, since 
our HF antenna couplers would load almost any unknown 
impedance. Commencing with a power level of about 100 
watts, we noted a change in loading over time and with 

·frequency. The heating effect of the RF must have varied the 
tree's impedance. 

At the same time, a very smug and junior officer from 
another (rival) communications unit was watching curiously 
from a distance. He must have thought he was a whip 
(sorry!) on antenna theory as he approached our installation 
and began baffling us with mathematics. " ... you'll never 
receive clear signals using that arrangement. .. ", he added. 

We increased power to about 1000 watts CW to check the 
loading, when the officer moved toward the tree to inves
tigate any effects. When he was within a few feet of the tree, 

Overkill? 
The mast, which previously sported a large wind tur

bine, was now redundant. It was a beautifully designed, 
tilting type of some 25 metres high. It was the type of 
mast one always wanted for communications, but could 
never justify. It was just begging for a beam or two, and 
perhaps a heavy duty rotator. 

The one catch was it was over 100 metres from the 
house and even with the best and most expensive 'off 
the shelf coax', there would be considerable signal loss. 

Now it so happened I had an exact length of 'super 
low loss' 50-ohm coax, which was ex-US Navy and 
bought at a disposal sale. Unfortunately, the diameter of 
the cable was such that I was unable to acquire special 
'N' connectors which would fit. 

I guess I must have written at least a couple of dozen 
letters to suppliers without success until, with the help 
of an American friend, I tracked down a supplier in Los 
Angeles. 

Sure he had them, but didn't do mail order. This meant 
that I had to send a bank cheque to a 'friend of a friend' 
in the States, who had to drive some 200kms to pick up 
the connectors. There were quite a few further hassles, 
but eventually the last two available connectors arrived. 

The following day with the help of Peter, another 
enthusiast, we commenced to pull the coax through the 
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a gunshot-like sound rang out - which scared the daylights 
out of him! The RF power apparently created localised heat
ing of the tree's moisture, causing a pocket of steam to split 
the wood fibres. 

We rolled in hysterics for quite a while and reckoned from 
the expression on the officer's face and the way he was 
walking, the clearest signal we received was that he definite
ly needed a change of underwear! 

(Philip Smith, Chapman ACT) 

Wrong feeder 
Around 1970, I was being trained as a technician by the 

BBC in Evesham, England. The training was very com
prehensive and involved every facet of the television and 
radio industry, including short-wave transmission theory. 
One field day, I was drafted to Daventry, from where a part 
of the BBC's World Service was transmitted. 

The antennas were fed by open-line feeders, and to change 
the direction of the transmission, the feeders were lifted off 
one array and hooked onto another. 

Safety procedures were clearly outlined in the work-prac
tices manual, and so I duly banged the open-line feeders 
together before unhooking them. 

existing underground pipe - Peter one end, myself the 
other. 

Now I know there aren't supposed to be pythons in 
Tasmania, but I think the snake that slithered out was 
more python than tiger snake. By the time I found a 
40-foot stick, the wretched creature had returned back 
into the pipe. Peter in the meantime had recovered from 
an hysterical outburst, grabbed his 12-bore shotgun and 
was standing at the ready. 

Gingerly I continued to tug the 'pull through'. Which 
end would 'Monty' come out? Fortunately, or unfor
tunately, it came out Peter's end. With a sound reminis
cent of World War 2, Peter discharged five rounds in 
rapid succession. It was sufficient to dispatch 'Monty' 
- and perhaps the entire local animal population. 

At this stage it was getting quite late and I felt it 
wouldn't be a bad idea to shout the bar. Returning from 
the house with an armful of tinnies, I noticed Peter had 
gone several shades of grey. Excusing himself as not 
feeling well, he hopped in his ute and took off home. I 
was halfway through my tinnie when I decided to in
spect the remains of 'Monty'. 

It was now my turn to feel unwell. The reptile was in 
many pieces, but so was the end connector and coax! 

Anyhow, it makes a damn fine flagstaff. 
(Graeme Cuthbert, Wardlaws Point Tas.) 



I stood in amazement as an arc of RF travelled across the 
open wires from the antenna to the transmitter building, 
followed by a loud bang as the PA stage exploded. I was 
changing the wrong feeder! 

At the completion of my training, I was allocated to the 
Television Outside Broadcast Department ... 

(Nigel Williams, Annangrove NSW) 

Can whales fly? 
Humpback whales sing - not in the way that humans or 

birds do, but by putting together a variety of sounds, includ
ing moans, chirps, whistles and rumbles in a definite se
quence, which may last for 10 minutes or so before being 
repeated. Recording and analysing the resulting 'song' is of 
great scientific interest and may help in establishing com
munication between animals and humans. 

I was skipper of the research vessel the Dick Smith Ex
plorer and, with a group of scientists from the Australian 
Museum, was operating out of the northern NSW port of 
Coffs Harbour on a project to record the songs of passing 
whales. When migrating humpbacks were sighted by our 
observers on a nearby hill, we would put out to sea and 
position the ship across their intended track. We would drop 
the sails, lower the waterproof microphones over the side 
and wait with tape recorder and headphones for the sound of 
their songs as they passed. 

The scientist in charge was Bill, and one night he asked 
me if we could go out and listen for any whales passing 
during the hours of darkness. So we slipped out of Coffs and 
sailed gently along the coast, a mile or so out to sea. It was a 
beautiful black velvet night with a light breeze, so we 
reduced sail and moved calmly along at less than a knot with 
the microphone over the side, all quiet and enjoying the 
peaceful evening. 

I was at the wheel and Bill was in the wheelhouse with 
me, headphones on, his sensitive tape recorder in circuit and 
the microphone on its lead, dangling over the side in many 
fathoms of Pacific Ocean. 

Suddenly Bill broke the silence. "I think I'm going mad", 
he said. I didn't take much notice. Bill would sometimes 
make these wild statements. But he said it again. "I'm 
definitely going mad." 

This sounded serious. "Not mad, Bill" I said. "Over
worked perhaps, but not mad." He started to sob quietly to 
himself. "I can hear kookaburras!" he blurted out. I handed 
the wheel to Peter and started to look for the Scotch bottle. 

"Here, old chap", I said, "let's have a quiet one and you 
tell me all about it." 

Bill thrust the headphones at me. "Listen for yourself", 
he pleaded. "What do you hear?" 

I sighed and put the phones on. But there, sure enough, 
were the kookaburras - all singing their silly heads off, 
loud and clear. What on earth!? Here we were, out at sea, 
just on midnight, microphone in the water listening for 
whales, and what do we hear, KOOKABURRAS! 

There was silence in the phones, then a voice, well modu
lated and precise, said, "This is Radio Australia bringing 
you ... ", and so on. 

I sighed with relief. By some mysterious means Bill's 
microphone lead was acting as an antenna and picking up 
Radio Australia. The signal was being rectified in the sensi
tive tape equipment and we happened to be listening when 
they played the station theme of laughing kookaburras. 

I left the wheel to Peter, and Bill and I went off to find the 
Scotch. 

(Donald F. Richards, Ebenezer NSW) 

No problem! 
A friend bought a fann a long way up a valley, and 

when I visited him, he wondered about TV reception 
from town, some 150km away. I designed and built a 
multi-element, single channel Yagi aerial, and stacked 
four together on top of each other. 

When installed, the results were promising. There 
were a few small ghosts, but unfortunately one very 
large one, smack in the centre of the screen. Changing 
the location of the aerial did not improve it very much. I 
then suggested we try and find what it was causing the 
ghost. 

A large scale map of the area was produced and meas
urements made of the distance of the ghost from the 
screen edges. Knowing this, and the speed of the 
electron beam, we worked out how far away from the 
house the reflection was. Then we drew on the map a 
circle of the radius of the calculation. 

It turned out" that the reflection was probably from the 
top of a large outcrop of granite rocks, 30-odd miles 
away, on another property. Well, I thought, that was the 
end of the matter. I had tried hard, but there was no way 
I could shift a mountain, could I? 

Then my friend brought out the gelignite, and the 
neighbour gave permission. There was a very loud 
noise, and one ghost was exorcised! 

(Peter Laughton, Albion Park NSW) 

Magic rabbit ears 
This story goes back many years to when I had my own 

business, and one of the most reliable TV sets we sold was 
the HMV 'Braddon' 43cm set. We were located about 
160km from Melbourne, at a town called Dunolly and most 
of our clients needed a horizontal antenna for the Ballarat 
stations and a vertical antenna for the Bendigo stations. 
Some even had tall towers from the 1950/60 era to get the 
Melbourne stations. 

Many clients therefore bought the portable sized sets for 
their better gain and thus saved the cost of two antenna and 
switch, as the inbuilt antenna pulled in the local channels on 
the better portables. We used to recommend the Braddon in 
those cases as it was a good performer. 

At a Lions Club meeting one night I overheard a fellow 
Lion praising the set we sold him, and had him fined as an 
exaggerator for claiming his set got all the Melbourne sta
tions as well as the locals on the 'rabbit ears' antenna. I 
knew the set was good, but not THAT good. He then had me 
fined for being a 'Doubting Thomas'. 

To settle the matter several of us went to his house after 
the meeting and, sure enough, this set I had sold him proved 
me (and my radio theory) a liar. Admittedly Channel 0 was 
snowy, however 2, 7 and 9 (no IO then, in 1976) were good 
and in colour. 

I puzzled how this could be, and as a one time radio 
instructor felt compelled to solve the enigma. Early next 
morning back I went to investigate and in daylight soon 
spotted the culprit. 

The next door neighbour still had his unused tower erected 
and the broken 300-ohm downlead was hanging over my 
client's house and re-radiating the signal gathered by the 
antenna on top of the tower. I proved this by terminating the 
ribbon into a 300 ohm load and no more Melbourne stations 
on the portable. Naturally my life was in danger until I 
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lcom'runner up' entries 
removed the dummy load and restored Melbourne stations 
to the owner. 

Nowadays I don't say 'impossible' to unlikely tales, mere
ly calling them interesting. 

(Renny Williams, Mildura Vic.) 

Bird problem 
"Where's your 5/8 whip antenna?", I asked my Uncle 

George, a radio enthusiast. 
"Well a couple of days ago," he said, "I was standing in 

the timber yard next door with a policeman, checking a 
suspected burglary, when we saw a flock of galahs fly in and 
land on my shed roof." 

"One galah then flew on to the tip of the whip antenna, 
swung on it and flew off and on and off and on. When it got 
the whip swinging, two more galahs joined in with the first 
one and they all continued swinging together, flying off and 
on, etc., again making it really wave around." 

"When another two birds joined the other three, the whip 
wobbled and bent over at a fair angle. Then the rest of the 
flock flew on and with their combined weight, bent the whip 
over until it broke. As it crashed to the ground, they all flew 
away screaming and screeching." 

"All the time this was happening I yelled to the policeman 
'Don't just stand there - get your gun out and shoot them!'. 
We both laughed as they flew away." 

"Only God knows why they did it", mused Uncle George. 
"I almost think that some antenna company had trained the 
birds to go around and break as many antennas as possible." 

(Lyndon Schultz, Salisbury Qld.) 

'Antenna' - deceased 
During the airline pilots' dispute, whilst en route to Dar

win via bus, it was found necessary to stay overnight at a 
remote roadhouse in the Kimberley District, in north west 
WA. 

There was little else to do but ingest copius quantities of 
'singing syrup' in the bar with some of the locals, and it was 
there that I inadvertently let slip that I was by profession a 
marine radio officer, employed on an offshore drilling rig in 
the Timor Sea. Almost immediately an ancient, non operat
ing, valve driven radio receiver was produced with the 
symptoms described as 'stuffed'. 

After confirming this symptom, I decided to retire to my 
room for further investigation. On whipping the back off, I 
was confronted with what looked like a hairy decomposed 
body of some bush animal, which had somehow entered and 
subsequently expired. 

On removing the 'deceased', it was clearly visible that the 
mains cartridge fuse had blown. Not having access to any 
spares, this was jumpered with a piece of fusewire. The set 
immediately came to life, and, with the addition of a piece 
of scrap wire to the antenna socket, numerous signals were 
received - to the delight of the owner. 

On enquiring as to what the 'deceased' may have been, 
and how it had managed to enter the set, the owner advised 
that years before when he could get no signals, he dis

. covered that by touching 'this' (the antenna socket), the set 
came alive. 

Using bush logic, he reasoned that as a finger was a piece 
of meat-filled skin, a sausage would presumably produce the 
same results. So one was introduced - and I am assured 
worked perfectly for many months! 
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Quick fix 
Most people take pride in their work. This is par

ticularly true of professionals - engineers, technicians, 
right down to humble antenna installers of which skilled 
number I began my career. Later I graduated to that rare 
breed of TV technicians, who prefer to work on the 
basis of 'what it was last time', rather than assume the 
role of boffin in the field - time being the essence. 

I found myself confronted with a TV that produced a 
picture like the reflections in a muddy puddle in George 
Street on a windy day. Only I wasn't in the city, but way 
out in the bush about 10 kilometres this side of the 
Black Stump. All the same the signal strength was good 
which I discerned, and demonstrated with my infallible 
and nonchalant charm, by substituting the antenna con
nection with my wet finger. Also the fault was no longer 
present, so we all went outside to look up at the antenna. 

It was basically a three element Yagi, but half of the 
director was broken and lying back across the active 
dipole - reminiscent of the way a skinny aunt of mine 
used to cross her legs. It looked like a cheap job, which 
I remarked upon adding that I needed a ladder to get up 
there and remove the offending rod. 

No ladder. I then remarked wistfully that I could pick 
it off with a twenty-two. My customer regretted that he 
didn't possess a '22' but, seemingly pleased at the 
prospect of an inexpensive and instant solution, offered 
me the use of his double barrelled twelve gauge, which 
he said was 'full choke' and wouldn't spread much at 
that range. 

I suggested he do it himself, since he was used to the 
gun, but he declined on the grounds that he wasn't sure 
which part to aim at. The whole family gathered nearby 
to witness yours truly neatly incise the offending limb 
and I lined myself up for a clear shot. 

I think I looked down the left barrel and honestly, only 
my target disintegrated, although the other half hung 
down which was immaterial. But unfortunately I pulled 
both triggers and the right hand charge took off both the 
junction box and the best part of the dipole. 

I was saved by the kids. I thought they were trying to 
help me, but it seemed they were rolling all over me 
with laughter. 

(Don Law, Tumblong NSW) 

After advising him on the magic of antenna and earth 
connections, I had no further need of cash that evening in 
the bar ... 

(Bill Cowe, Glen Forrest WA) 

Optical guidance 
Way back in the early 1950's, before we had TV, amateurs 

had the VHF I-metre band, at 288MHz. Yet another band 
taken away from us! All of the equipment was 'home brew', 
ex-disposals, as WW2 was only eight years behind us. 
Super-regen receivers and modulated-oscillator transmitters 
were the order of the day. 

Antennas were the most varied, from 1/4-wave whips to 
multi-element Yagis. It was in this field that my mate, the 
late 5JG and I experimented most. From 'Js', colinear arrays 
with chicken wire reflectors, up to stacked Yagis. 

Once you had a Yagi beam you had to have some idea 
where the other station was, to obtain maximum benefit 
from its characteristics. This is where John and I carried out 



an amusing experiment. It was in November, and in those 
. days fireworks were allowed - no one was worried about 

setting the dry grass on fire. We had a fair idea where to 
point the beams; it was 'over there'. My QTH was slightly 
elevated, and from my roof I could see the lights of John's 
suburb, about five miles away. One evening after it was dark 
we established contact on 288MHz, with '5 x 9' signals both 
ways. 

Both of us had a couple of sky rockets left over from Guy 
Fawkes' night, and we decided that it was an ideal way to 
indicate each other's QTH. With receivers running, John lit 
the 'blue touch paper' and stood clear. 

In the meantime I was sitting on my roof, complete with 
extended mic and PTT cable, gazing in the correct direction. 
Sure enough the sky rocket was seen to soar into the night 
sky, and burst into display. I wasted no time in informing 
John via 288MHz that I could see it. The procedure was 
reversed with John on his roof & I fired my Sky rocket, only 
to hear John's joyous reply, "I can see your rocket OK!" 

From then on we both knew where to point our beams, 
although with '5 x 9' signals it was hardly necessary. 

I believe that from all the practical experience gained in 
those days on one metre, we both passed our AOCP exams 
to become 'licensed amateurs'. 

(Steve Mahony VK5AIM, Elizabeth Downs SA) 

Slight misunderstanding 
An Australian woman, having to spend several months 

working in India, settled into an apartment in a large Indian 
city. Lacking a television, she purchased a used set but 
found the internal antenna needed replacement. She sum
moned the caretaker of the building, an elderly Indian whose 
English was not so good, and began the torturous process of 
communicating with him. 

"I need to get the evening service - I need an 
ANTENNA", she explained, holding out some money and 
indicating that he should make this purchase for her. 

He looked quizzically from her face to the money and 
back to her face, obviously not comprehending. "Antenna 

-----.. -----------·---

to help me raise into position next weekend. The drill 
whined and screeched as it broke through for each new bolt 
hole, but the ear .muffs helped protect my hearing for the 
faint voices I eagerly looked forward to tune into with the 
help of the new beam rotator. 

By Wednesday I thought I'd easily have it finished for 
Saturday, fully assembled and wired, but I didn't reckon on 
the 'Boys in Blue'! 

"Excuse me sir, what do you think you 're doing?" The 
voice startled me. I guess the ear muffs prevented my nor
mally acute sense of hearing from picking up his foot steps. 

"I'm building a radio antenna tower, officer." (No need to 
upset him by not addressing him by his correct rank.) 

"Do you realise what time it is, sir?" 
I checked my watch. "Nearly 10:30", I replied. "What 

seems to be the problem?" 
"Well sir, the neighbours were a bit concerned with all the 

noise and they couldn't see what was going on." 
That's strange, I thought, I hadn't noticed any bushes be

tween the back of their house and the tennis court where I'm 
working, when I've trod the well-worn path from their 
house to ours, over the years. 

Then I grinned. Of course - new neighbours, and there's 
no moon. 

"Sorry officer," I chuckled, "you don't need any lights 
when you're a blind ham radio operator!" 

This is a true story, told to me by the late Ian Nichols, 
VK7ZZ. 

(Bruce Champion, Mt Rumney, Tas.) 

More next month ... 
That's about all of the runner-up entries we have room for 

this month. We'll publish the rest of them next month. • 

Ahh?", he queried. 
"Antenna Ahh! ",he repeated in a sing-song tone, shaking Games 

his head from side to side. 
"Yes. I want antenna quickly", she explained, thrusting Educational Software 

the money into his hand. 
A wry smile slowly crossed his face. His eyes shone with Joysticks 

a mischievous sparkle. Comprehension at last. 
"Madam pay after, if service is good", he smiled, gently Sound Cards + Midi 

pushing the money back, and left in a hurry. 
Returning shortly after he informed her with a beaming Over 650 Games In Stock ' 

face that 'Antenna won't be long", and added that "The 
service will be very good. Very special for her." Computer Systems 

Not long after there was a knock on the door. On opening 
the door she found a handsome young Indian man with a CALL FOR THE BEST PRICES 
most charming smile, dressed in tight fitting jeans and un-
buttoned floral shirt. IN TOWN 

"Anton at your service, madam" he announced, confi- r~;;.~·~~ ' 
dently removing his dark glasses. :.:.· .":· ~;)mi: Send Large SAE for Full Lis 

"Anton?", she uttered in surprise. "I wanted a flaming ··· · · 
antenna" she said, shutting the door in the face of India's 
answer to Tom Cruise. 

(Odath Weerasinghe, Clayton North Vic.) 

No light job 
The lengths of steel angle iron were a bit awkward to 

maneuvre, and they clanged a bit as I positioned them for 
the legs of the new antenna tower that the boys were going 

HYPEC 
Electronics Pty. Ltd. 

34 Herbert Street 
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NEWS HIGHLIGHTS 
MAJOR ADVANCE IN 
PHOTONIC SWITCHING 

A polymeric integrated optics device, 
thought to be only the second of its type 
in the world, has been developed by a 
team from the Applied Sciences group at 
PA Consulting Group's Technology 
Division in the United Kingdom. 

The device, known as a Mach Zender 
interferometer, has been designed and 
built for AKZO, the Dutch chemicals 
group and will enable the company 
to supply large bandwidth optical 
switches for use in optical com
munications systems. 

The leaders of the development 
team, Dr Robin Godfrey, said PA was 
"working absolutely at the leading edge 
in this field. It is a technology of the 
future which will enable the full 
potential of fibre optic communica
tions to be exploited." 

"The interferometer serves to control 
the light signal of a communications 
laser diode and will enable informa
tion to be transmitted along fibre 
optic cables at a greater data rate than 
presently possible." 

"As a chemical company, AKZO had 
the expertise to design the special 
material, known as a non-linear optical 
polymer, needed for use in these sorts of 
active devices, but they needed our help 
in producing the actual device," Dr 
Godfrey said. 

The PA team called on sophisticated 
materials processing techniques per
fected in the superconductor industry, 
frrst producing thin films of polymer of 
about a micrometre in thickness and then 
creating patterns similar to those of an 
mtegrated electronic circuit, but with op
tical connections. The device is now in 
an early prototype stage and could reach 
the market in two to three years. 

BOSCH UPGRADES 
LOCAL MANUFACTURING 

Robert Bosch Australia has estab
lished a $36 million electronics and fuel 
injection manufacturing plant in the 
Melbourne suburb of Clayton. The ex
panded and upgraded dual-purpose plant 
is producing fuel injection and electronic 
control systems for both automotive and 
non-automotive applications. 

Bosch had previously imported fuel 
injectors from its parent company in 
Germany, and assembled the com
ponents (injectors, sensors and 
electronic control modules) to produce 
the systems used in many recent model 
Australian cars. 

The upgraded facility gives the firm 
the capacity to produce the entire fuel
injection system in house - apart from 
the sensor devices, which are still 
sourced overseas. 

Heart of the electronics plant is an in
line SMT system that is current placing 
surface-mounted components at the rate 
of more than 15 million per year. The 
new complex has also been designed for 

NEWS BRIEFS 

production in a 'clean room' environ
ment, to enable quality control manage
ment of the high-technology equipment. 
Another feature of the plant is what is 
believed to be the only automated opti
cal inspection system operating in 
Australia. The firm is also reviewing 
the use of a laser inspection system, 
which provides a more complete '3D' 
scan of the finished product for quality 
control purposes. 

In addition to producing automotive 
systems, the plant also makes handset 
boards for cellular phones, and 
television switching gear for TV sta
tions. At present it employs 130 staff, 
working in two shifts. 

• Philips Components has moved its Sydney office and warehouse from 
Artarmon to larger premises at North Ryde, now being located at the corner 
of Waterloo and Lane Cove Roads. The official address is 34 Waterloo 
Road, and the new phone number (02) 805 4455. 

• A topical two-day conference on ISDN is being held this month in both 
Sydney and Melbourne by Technology Training Corporation, of Suite 
403, 275 Alfred Street, North Sydney. Further details are available by 
phoning TTC on (02) 959 4229. 

• long established electronics firm AWA has announced its sale of sub
sidiary Dulmison - maker of electrical transmission and distribution equip
ment. The firm was sold by tender to 'a major international group', which 
paid $7 million but also accepted responsibility for Dulmison's liabilities of 
$19.4 million. Of this over $11 million had been borrowed from AWA. 

• A 'revitalised' electronics show will be run in Perth this year, titled Switched 
on Living 91 - The Electronics Expo. The show will be held at the Ascot 
Racecourse, from Friday September 13 to Monday September 16. The 
show has the endorsement of both the WA Consumer Electrical and 
Electronics Association. and the WA Music Industry Association, and will 
have an expanded music component. 

• Components distributor VSI Electron/cs has been appointed exclusive 
franchised Australian stocking distributor for General Semiconductor In
dustries (GSI), of Arizona. GSI makes Transzorb transient voltage sup
presspr diodes, data line transient protectors and switching transistors. 

• Optical Systems Design has moved to Unit 2, 5 Yuko Place, Warriewood 
2102. The new phone number is (02} 913 8540, fax (02} 913 8735. 

• Californian maker of SCSI-bus disk and tape host adaptors for computers 
CMD Technology has appointed Webster Computer Corporation as its 
Australian distributor. The firm's SCSI adaptors are made for DEC Unibus, 
Q-bus and Bl-bus computers. 

• Canon Austral/a has established a new joint venture company in New 
Zealand, called Canon New Zealand Ltd. The new company effectively 
rationalises affiliated firms Canon Business Machines (NZ} Ltd and Canon 
Optics New Zealand Ltd, and former CBM managing director Mr J. Enright 
is MD of the new company. 

• Melbourne-based communications specialist Oatacraft Computer 
Protocol has appointed Mr Bernd Rettinger, formerly of H-P Australia, as 
its new national customer support manager. 
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Hl·TECH MOTOR IN SOLAR PLACE GEnER 
Third place competitor in last year's Darwin to Adelaide 

world Solar Challenge, the University of Michigan Sunrunner, 
featured a high perfonnance electrically commutated per
manent magnet motor designed and built by American firm, 
MagnetTek. 

The motor features high strength neodymium -- iron -
boron pennanent magnets, low core loss lamination steel and a 
special finned aluminium shell for optimum cooling. Weighing 
in at 8kg, it is capable of producing two horsepower con
tinuously and six horsepower peak - giving the car a top 
speed of 88 kilometres per hour. 

The motor's electronic control system is a three-phase, 
pulse-width modulated inverter. Each phase consists of 16 
power MOSFET transistors to efficiently handle up to 45 
amps. The electronic control provides complete speed control 
and weighs only 4kg. Combined, the motor and control system 
provides a peak efficiency of 90%. 

The U-M Sunrunner was powered by 14,057 aerospace 
quality razor-blade-sized silicon cells which covered an area of 
140 square feet on the top and sides of the car. Operating at 
16% efficiency, the solar array produced up to 1400 watts in 
full sunlight (about two horsepower, or the equivalent power of 
a portable hairdryer). This output drops to 600 watts in cloudy 
conditions or as low as 100 watts in rain. 

AEDC OFFERS 
NEW COURSES 

The Australian Electronics Develop
ment Centre has announced a larger and 
broader program of training courses for 
the first half of 1991, following its first 
full year of operation in 1990. 

Two new 'How To' one-day courses 
are being offered this year, one titled 
'Advanced Protel for Productivity' and 
the other 'Meeting AS 3901 
Requirements'. 

In addition four- and five-day 
Workshop courses are being offered in 
Electronic Product Development, 
Printed Board Assembly Technology, 
Total Quality Management and Design
ing for Surface Mount. 

All programs are presented by in
dustry experts and are devised to meet 
the purpose and criteria for eligibility of 
the Commonwealth Government's 
Training Guarantee Levy. 

Courses normally run at the AEDC 
facility in Broadmeadows, Melbourne, 
but this year all of the courses are also 
being offered in NSW at a convenient 
Sydney location: the CIT Centre, in 
Crows Nest. 

AEDC is a joint industry-government 
non-profit training organisation. Sponsor 
firms and organisations include Ericsson 
(principal sponsor), AWA, DIEP, 
DITAC, H-P, IBM, NEC, SEC, Siemens 
and Telecom Australia. 

Further details on the courses are 
available from Matthew Wheeldon, 

AEDC marketing manager, by phoning 
(03) 3021422. 

NEW HONG KONG 
CENTRE FOR MOTOROLA 

Motorola Semiconductor's new high
tech electronics design and manufactur
ing'Silicon Harbour Center' has been 
officially opened by the Chief Secretary 
of Hong Kong, Sir David Ford. 

The highly automated 326,000 sq feet, 
three storey facility was developed by 
Motorola Semiconductors Hong Kong 
Ltd on the Taipo Industrial Estate, and 
has been built to service electronics 
manufacturers throughout the Asia 
Pacific region. 

Silicon Harbour Center contains 
Motorola's Asia Pacific headquarters 
ana IC design and manufacturing 
centres for state of the art semiconduc
tors such as ASIC, bipolar and MOS in
tegrated circuits. 

The multi-million dollar project is a 

calculated attempt to recreate the un
precedented success of California's 
Silicon Valley in the Asia Pacific region, 
according to the driving force behind the 
project, Mr C.D. Tam, Vice President 
and General Manager of Motorola's 
Asia-Pacific Division. 

"Like Silicon Valley, the Silicon 
Harbour Center will be a place where 
creative minds flourish for the good of 
the community." 

"For after all, when genius meets 
genius, the whole population shares 
in the higher energies awoken and 
radiated outwards" 

"This unseen ripple created Silicon 
Valley, and it will do the same for Hong 
Kong if everyone plays their art," added 
Mr Tam. 

Hong Kong was chosen as the site for 
the Silicon Harbour Center because of its 
abundance of technical talent, its excel
lent telecommunications lines with the 
rest of the region, and its strategic loca
tion as the gateway to China. 
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NEWS HIGHLIGHTS 

ELECTRONICS BUSINESS 
'STRESS SALES' UP 60% 

The electronic equipment industry has 
suffered a 60% increase in business 
stress sales over the last year according 
to a survey released by Ernst & Young, 
chartered accountants. 

The computer industry was the 
major contributor to the electronic 
equipment category. 

The overall incidence of stress sales of 
businesses across Australia in 1989/90 
has risen by 66% over the 1988/9 period 
- and the outlook for the current fman
cial year is worse. 

This is revealed in a special survey 
conducted by Ernst & Young which 
added further grim confirmation of 
the high rate of insolvencies striking 
both individuals and businesses 
through-out Australia. 

RAMTRON BUYS BACK 
FRAM LICENCES 

Ramtron Holdings has announced the 
purchase by its US subsidiary, Ramtron 
International, of the Ferroelectric Ran
dom Access Memory 9FRAMO technol
ogy manufacturing licences from Ramax 
Limited, which is owned by a division of 
the State Government of Victoria. 

Ramtron was the successful bidder 
for the FRAM licensees, which were 
put to international tender by the Vic
torian Government. 

An initial cash payment of A$935,000 
was made, with a further A$12.5 million 
payable from profit sharing of future 
royalty payments and technology licence 
sales when made by Ramtron Interna
tional Corporation, in areas relating to 
FRAM Gallium Arsenide applications. 

Ramtron International said it acquired 
the FRAM manufacturing licences 
primarily to remove specific exclusivity 
provisions contained in these licences. 

Ramtron is in the final stages of 
preparation for its FRAM product an
nouncement. Production of the initial 
FRAM products is underway at ITT 
Semiconductor's plant in Germany, also 
at Seiko Epson's semiconductor opera
tion in Japan and in Ramtron's own 
facility in Colorado Springs. 

Successful production of the Ramtron
designed family of 4-megabit DRAMs 
has also commenced at NMB 
Semiconductor's DRAM fabrication 
facility in Japan, and customer samples 
of these 4Mb DRAMs were expected in 
the first quarter of this year. 

VG Mlcrotrace of Cheshire In Northern England, has developed the GloQuad, a 
quadrapole-based 'glow discharge' plasma mass spectrometer which can be 
used to analyse the component elements In stee4 general metals, precious metals 
and other materials. Glow discharge plasma mass spectrometry is one of the 
most powerful and versatile analytical techniques to emerge In the last decade. 

MOTOROLA & APPLE LINK 
FOR HOME·BASED 
LEARNING EXPERIMENT 

A novel computer-based learning ex
periment is bringing new knowledge 
and skills into the homes of factory 
workers and their families around 
Phoenix, Arizona. Known as Project 
SALSA - Southwest Advanced 
Learning System for Adults - the 
programme is a collaborative effort of 
education and business. 

The project is being carefully watched 
by executives in business, government 
and academia, because it represents the 
first significant alliance between higher 
eduction and industry to apply satellite 
links and computers to adult education in 

the home on both a cost - and teaching 
- efficient basis. 

Project SALSA employs sophisticated 
earth satellite and telecommunications 
technology to link personal computers in 
the home with a large library of interac
tive educational software, located at the 
University of ffiinois. 

Employees of Motorola, at its Mesa 
and Tempe, Arizona, semiconductor 
plants are participating in the six month 
pilot project using Macintosh SE com
puters provided by Apple Computer Inc. 

The participants use the education 
software at these high-tech learning sta
tions in their own homes, supplementing 
traditional classroom instruction. 

Researchers at Rio Salado Community 
College, one of the Maricopa Com
munity Colleges, are conducting a study 
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Hewlett-Packard's new HP85109B network analyser system extends 
semiconductor on-wafer broadband measurements of millimetre wave devices 
from 45MHz to 62.SGHz. The system provides greater than 63dB of dynamic range 
right to 62.SGHz and high power (minus 12dBm) at the probe tip to measure 
active devices requiring high test port power. 

of the participants and a matched con
trol group to see what effect the home
based learning envvironment has on the 
rate of improvement of the worker's 
reading skills, directly applicable to their 
jobs at Motorola. 

In addition to Motorola, Apple and Rio 
Salado, project sponsors include the 
University of Illinois, which is providing 
free access to NovaNET, the U of I's 
satellite-based network for delivery of 
educational services; University Com
munications Inc., providing training in 
use of NovaNET and equipment for ac
cess to the network; Businessland Inc., 
providing surge protectors, special 
software and support services to the par
ticipants; and US West, providing 
private home phone lines for the com
puter link. 

Motorola has also supplied, through 
its Universal Data Systems division, 
over one hundred 2400-baud modems 
that are being used on the private 
telephone lines to the homes of the par
t ic i pati ng Motorola employees. 
Motorola University has provided 
guidance and overall project coordina
tion within the sponsor group. 

Karen Mills, SALSA Project Director 
and Associate Dean of Instruction at Rio 
Salado Community College, said, "We 
are overwhelmed and more than grateful 
for the interest and participation of these 
businesses in this very exciting project. 
The implications are tremendous for not 
only improving the skills of the 
American workforce, but also potential-
1 y impacting the learning process 
throughout the families of the workers." 

BOARD TO OVERSEE 
TELECOM/OTC MERGER 

The Minister for Transport and Com
munications, Mr Kim Beazley, has an
nounced the appointment of an interim 
Board of four Directors to oversee the 
merger of Telecom and OTC. 

To give effect to the merger, the 
Government will incorporate a new 
wholly-owned company to which the ex
isting assets and operations of OTC and 
Telecom may ultimately be transferred. 
The interim Board will be the initial 
Board of Directors of the new company. 

The interim Board will be chaired by 
the current Chairman of OTC, Mr David 
Hoare, and the Deputy Chairman will be 
the current Chainnan of Telecom, Mr 
Alex Morokoff. 

Other members are Mr Bill Dix (cur
rently Deputy Chairman of Telecom); 
and Mr Bill Mansifield (a current 
Telecom Board member and an Assistant 
Secretary of the ACTA) .. 

Mr. Beazley said that a further mem
ber of the interim Board would be ap
pointed in the near future. He added that 
the primary role of the interim Board 
would be to prepare Telecom/OTC to 
face a competitive environment. 

ALCATEL TCC WINS F·O 
CABLE CONTRACTS 
WORTH $500M 

Australia's Alcatel TCC (Tasman 
Cable Company) has been awarded con
tracts worth approximately A$500 mil
lion to manufacture and supply the 
PacRimWest optical fibre submarine 
cable system, as well as a significant 
portion of PacRimEast. The remainder 
of PacRimEast will be produced by 
AT&T in the USA. 

PacRim West will link Austarlia to 
Guam, with connections to Japan and 
Asia. PacRimEast will run between New 
Zealand and Hawaii, connecting to 
North America and Europe. The high
speed · digital systems will connect to 
TASMAN 2, the Australia/New Zeland 
link currently under manufacture by Al
catel TCC. Together, they will form the 
16,500km, US$650 million South 
Pacific Network and provide the 
ability to transmit voice, data, text and 
video worldwide. 

Tasman 2 will be operative by Decem
ber 1991, PacRimEast by March 1993 
and PacRim West by December 1994. 

The contracts were awarded to Alcatel 
TCC by OTC of Australia, 1NI of 
New Zealand, KDD of Japan and AT&T 
of the USA. • 
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FORUM Conducted by Jim Rowe 

Final words on fancy audio cables, 
at least for the present! 

My aim this month is to try rounding off the second of our current pair of 'subjects that won't go 
away' - the one about fancy audio cables, and whether or not they're worth the extra cost. 
Obviously there's no shortage of interest in the subject, judging from the letters that keep arriving, 
but all the same I think it's time we moved on ... 

I won't be able to quote from all of the 
letters that have turned up on the subject 
of fancy cables since we discussed it last, 
in the October 1990 issue - there have 
been too many. Nor will I be able to 
quote most of them in their entirety, be
cause they're often either too long or 
accompanied by a long reprint in support 
of the points made. But I'm hoping to be 
able to quote enough of each to give each 
cortespondent a 'fair go', and provide a 
representative sampling of the remaining 
points of view. 

To begin, then, here's an extract out of 
a letter from Mr Alan Jones, of City 
Beach in Western Australia: 

It surprises me that the most obvious 
way to resolve the argument doesn't 
seem to have been considered. After all, 
if (as some contend), a few metn:s of 
ordinary copper wire can audibly mutil
ate audio signals, then logically a few 
kilometres would make matters a thou
sandfold worse. Or take it further: why 
not try a really long line - say 4000km 
- which must surely destroy music ut
terly? 

Sounds absurd? But it's been done! 
For many years the PMG's Department 
relayed 5kHz-bandwidth ABC programs 
from Eastern capitals to Perth at audio 
frequencies, using open wires on poles. 
The conductors were single strand, hard
drawn copper of commercial purity, with 
thousands of compression joints. And 
their surfaces were thoroughly oxidised 
(billions of putative rectifiers to com
pound the skin effect!). 

Yet the results were acceptable to 
radio listeners and ABC staff. And the 
measured harmonic distortion (just afew 
percent) could easily be attributed not to 
the wire, but to a dozen or more valve 
amplifiers in tandem, plus the many iron
cored transformers along the track. 

I leave the conclusions to you. But I 

won't believe the advocates of 'super' 
cables are dinkum until they start wind
ing their voice coils and crossover induc
tors with the same kind (and size) of 
wire! 

Mr Jones has raised an interesting 
point, I think you'll agree. And even if 
one wished to discount his example of 
the East-West programme link, on the 
grounds that it belongs to an earlier era 
when technical sta.'ldards were lower, I 
suspect there's another that is more cur
rent and equally valid. 

When the ABC began its stereo-FM 
broadcasting only a few years ago, it was 
well known that all of the programme 
material originated in the Adelaide stu
dios, and was then sent by Telecom 
landline to the transmitters in Mel
bourne, Sydney and (I think) Brisbane. I 
don't recall having seen any announce
ment that this arrangement has been 
changed, so presumably it may still be 
happening. 

In any case, there was no noticeable 
degradation of the signals, which large 
numbers of FM listeners were quite 
happy to play through their stereo hifi 
systems. The general reaction was that 
the 15kHz-bandwidth signals were very 
similar in quality to those from a reason
ably good magnetic pickup playing a 
good LP record. 

I'm sure that the ABC engineers would 
not have used this landline system even 
initially, had they not been able to reduce 
the overall distortion to a very low level 
- even by today's standards. I'm also 
sure that the stereo-FM listeners would 
be a lot more critical in their listening 
than Perth's AM listeners might have 
been in an earlier era. 

So although the Adelaide-Sydney link 
would only be about 1200km, somewhat 
shorter than Mr Jones' Perth link, I think 
it would still back up his point. I'd be 
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very surprised if it used anything other 
than standard copper wire, with much 
the same collection of compression 
joints, etc. If the claims made by the 
'fancy cable' enthusiasts were true, 
you'd expect that the effect of passing 
the programmes along a 1200km line 
would be quite dramatic, wouldn't you? 
Presumably the degradation would be 
around 600,000 times that in a typical 
two-metre speaker cable, and surely 
much too severe to allow the ABC engi
neers to achieve the performance they 
did- and still do. 

As I seem to recall a certain fictional 
French (sorry, Belgian) detective saying, 
"Eet gives one to theenk, no?" 

I like Mr Jones' parting shot, too. Just 
imagine a tweeter voice-coil wound with 
Cardas Hex-link cable - or a crossover 
inductor (air-cored, of course) wound 
with the same stuff. The mind fairly bog
gles! I do remember seeing a reference to 
the use of OFC wire in crossover induc
tors and internal speaker wiring, and (I 
think) to tweeter voice coils wound in 
silver wire. But that's about all ... 

Anyway, thanks for your comments on 
the discussion, Mr Jones. 

And now to the next contribution, 
which came from Geoff Nicholls, a for
mer project development engineer with 
ET/ magazine. Geoff sent in a copy of a 
paper published in the May 1980 issue of 
the Journal of the Audio Engineering So
ciety, and written by Professor Richard 
Greiner of the University of Wisconsin. 
The paper is titled 'Amplifier- Loud
speaker Interfacing', and is essentially a 
report on a research study carried out to 
look at the behaviour of loudspeaker ca
bles, crossover network elements and 
other items in the typical amplifier
speaker interface circuit 

Geoff Nicholls comments in his cover 
note that the paper raises some interest-
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ing points, but that he doubts whether 
papers like that of Professor Greiner will 
cause anyone to change their opinion on 
the subject of fancy cables. This is, he 
says, " ... since adherents of expensive ca
bles seem to have an almost religious 
faith (and usually a complementary lack 
of basic electrical theory). Was it Lord 
Kelvin who said unless you can put num
bers to an observation, you have 
achieved nothing?" 

I won't try to quote at length from 
Professor Greiner's paper, because it's 
too long. However I'll try to summarise: 
the Professor and his colleagues looked 
at some nine different kinds of cables, of 
the type typically used for connecting 
amplifiers to speaker systems. There 
were three sizes of what the Americans 
call 'rip cord' (rather similar to our fig
ure-8 plastic power flex, I gather), two 
sizes of similar and conventional 
'speaker cable', a fancy 'braided' 
speaker cable, a special 'coaxial dual 
cylindrical' cable, conventional RG-9 
heavy duty coaxial cable, and a heavy
duty 'welding' cable. 

All of these cables were first carefully 
measured, to determine their electrical 
parameters. Then their performance was 
measured, using sensitive broadband dif
ference amplifier techniques and with 

both resistive, capacitive and real loud
speaker loads. 

Here are a few short quotes which give 
a reasonable idea of what they found: 

When considering cables as transmis
sion lines, thoughts come to mind of 
characteristic impedance, termination, 
matching, reflections and frequency dis
persion. All of these are valid concepts, 
but they are not usually considered for 
very short transmission lines. And in
deed; any reasonable-length loud
speaker cable is a very short line. The 
wavelength of a 20kllz signal is about 
16km; thus a JOm cable is 111500 of a 
wavelength. Any fluctuations in the sig
nal caused by reflections at the ends of 
this cable will take place at a frequency 
of 30MHz. or, to look at it another way, 
1500 iterations toward the final voltage 
distribution in the cable will take place 
every cycle, at 20kllz. One must con
clude that there are absolutely no audio 
frequency effects related to these reflec
tions, for cables of any reasonable 
length. 

Dispersion characteristics for selected 
cables are shown, for frequencies of 
lOOHz and JOkHz. From this it is appar
ent that/or a JOm cable the delay differ
ences are dnly a fraction of a 
microsecond, except/or the braided con-
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struction which is a little worse. In any 
case the delay time, or frequency disper
sion, is certainly not a problem/or loud
speaker cables of any reasonable length. 

The frequencies shown (for upper cor
ner frequency and resonant frequency 
with a 4uF capacitive load) represent the 
lowest possible values for about the 
worst possible loading one could con
sider driving. All of the frequencies are 
well above the audio spectrum. 

With most normal listening room situa
tions, the cables will be short enough so 
that no audio frequency problems arise 
from the loudspeaker cables. It is inter
esting to note that changing to larger 
wire has little effect on the high-fre
quency resonance or falloff frequencies. 
Those frequencies are controlled by the 
series inductance. Thus there is some ra
tionale for using cables that have low 
series inductance. Standard coaxial type 
construction of the cable seems to give 
all of the advantages of low series induc
tance without the serious disadvantages 
of high shunt capacitance. 

. . .It seems unlikely that for runs of 
under 30m and with normal loudspeak
ers, there is any reason to use wire larger 
than 12 gauge/or even the highest fidel
ity applications. 

(In our tests) ... electrical problems of 
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any kind (that is, phase shift, attenuation, 
dispersion, etc.) with 10-m long cables 
driving normal loudspeakers were just 
barely measurable using these refined 
measurement techniques. Absolutely no 
audible problems could be heard. 

When discussing cables used to con
nect amplifiers to loudspeakers, it would 
be wise to consider the residual effect of 
the wiring within the loudspeaker itself .. 

... With essentially all loudspeakers 
that have internal crossovers and/or 
level control pads, the internal resis
tance and inductance totally swamp out 
any possible small amounts due to the 
connecting cable. These internal resist
ances of the crossovers and pads in a 
typical loudspeaker generally obviate 
the usefulness of the high damping factor 
of a typical amplifier. The only way to get 
the amplifier signal directly to the voice 
coil is to use crossovers ahead of the 
amplifiers, and multiple amplifiers. 

Interesting comments, I think you'll 
agree. And they're certainly in line with 
the results of our own modest and less 
rigorous tests - as well as with 
'commonsense'. That final comment 
about the swamping effect of crossover 
resistance and inductance should please 
Alan Jones, too! 

Thanks to Geoff Nicholls for sending 
in the copy of Professor Greiner's paper. 
He's no doubt right, though, that many of 
those in favour of fancy cables will still 
not change their minds, as a result of 
reading either this or any other objective 
testing. 

And so to the next contribution, which 
came from Mr A.H. Freeman, a retired 
professional electronics engineer in 
Wollstonecraft, Sydney. Mr Freeman 
wrote at some length, so again it isn't 
really possible to quote him fully; but 
here are some representative extracts: 

I have watched the seemingly never
ending debate on loudspeaker leads with 
growing amazement. I don't know 
whether I am more fed up with the gull
ibility of the people who buy the fancy 
wire, the dishonesty of those who pro
mote it or the technical journals' timidity 
in debunking the whole nonsense. 

I really think it· is time to bring the 
whole subject down to earth. After all the 
basics have been known for nearly fifty 
years and most of the recent claims for 
OFHC copper, stranded wires etc. can be 
quantified and are amenable to experi
mental tests. 

The question of damping has been 
given artificial importance by the use of 
damping factor defined as the ratio of 
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the loudspeaker resistance to the lead 
resistance. It is as if the resistance of the 
voice coil plays no part in the damping of 
the loudspeaker. This is patently untrue. 
The damping of the loudspeaker is im
paired just as much by one ohm of (DC) 
resistance in the voice coil as by one ohm 
anywhere else in the loudspeaker circuit 
(not forgetting the crossover network). 
The relative damping effect with zero re
sistance leads is only 12.5% better than 
with one ohm in the leads. Using silver 
wire for the voice coil will do more for 
damping than saving fractions of an ohm 
in the leads, and would be cheaper. 

In any case 1 suspect that modern 
loudspeakers depend much less on the 
amplifier source impedance for damping 
than older types. The trend to compact 
designs has led to reduced efficiency, 
which means that there are other sources 
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struction are just as far fetched. There is 
some nonlinearity in almost any conduc
tor and it arises from many causes. For 
most metallic conductors these effects 
_are very small and can only be found by 
the most sensitive tests. To suggest that 
they are large enough in loudspeaker 
leads to produce audible distortion is ri
diculous. Again, if it were true, the voice 
coil winding and the crossover network 
coils would contribute far more distor
tion than the leads. There is more nonlin
earity in the resistors and capacitors 
used in the amplifier. 

It should be possible to design experi
ments that demonstrate the significance 
of these claims. The circuit shown (Fig.I) 
is effectively a bridge, which would 
allow the voltage drops and other perfor
mance parameters of two cables to be 
compared. It is necessary to use dummy 

DUMMY 
lOAD 

DUMMY 
UlAD 

Flg.1: Mr R.H. Freeman's suggested circuit to allow comparison of the 
performance of two speaker cables. It's effectively a bridge, giving high 
sensitivity for accurate measurements. 

of damping - mostly acoustic - and 
that the ability of the driving source to 
affect the loudspeaker dynamics is less. 

Stranded (Litz) wire has been pro
moted to reduce skin effect. the claim is 
that skin effect increases the resistance 
of a conductor at high frequencies and 
will effect the damping and frequency 
response. Quite true as far as it goes, but 
how big is the effect? For a conductor of 
1 mm diameter, skin effect increases the 
resistance by 1% at lOkHz. Who cares? 
Even for 2mm diameter wires, the skin 
effect is less than 10% at lOkHz. So, if 
one has leads this size, and each lead is 
80 metres long, the lead resistance is 1 
ohm at DC and 1.1 ohms at 1 Ok.Hz. The 
high frequency response will be down by 
a whole 1 /lOth of a dB! 

The improvement claimed for stranded 
wires, small as it is, will only be achieved 
if true Litz construction is used. Each 
strand must be insulated and the strands 
are woven, not twist~d. Simple stranded 
wire is no better than solid conductors ... 

Claims made for single crystal con-

loads in place of real loudspeakers, be
cause it would be difficult to get two 
identical loudspeakers. 

One thing that audiophiles often lack 
is a sense of proportion. As a profes
sional engineer, I learned the techniques 
of 'doing for ten bob what any damn fool 
could ckJ for a pound'. One part of this 
was to recognise that the performance of 
a system was usually controlled by one 
item, and if this could not be fued there 
was no point in doing too much about the 
other problems. The weak link in audio 
systems is still the loudspeaker, and im
provements elsewhere need to be judged 
against its.limitations. I note that in your 
August 1990 issue there was a review of 
a fairly pricey loudspeaker which had a 
distortion of 1.2% at lk.Hz and 7% at 
lOOHz. 

Thanks for your comments too, Mr 
Freeman. I'm not sure if you were lump
ing EA in with the technical journals that 
have been 'too timid to debunk the 
whole nonsense', but I hope not We've 
certainly been doing our best to bring 



some objectivity to the subject, and judg
ing from the response I believe we can 
claim reasonable success. 

Generally the points that Mr Freeman 
raises seem quite reasonable, as does his 
suggested method of comparing cables. 
In fact I suspect a similar technique was 
used by Professor Greiner and his col
leagues, with the results described. 

I like Mr Freeman's comment about 
the need to keep things in proportion, 
and his point that the loudspeaker itself 
is still by far the weakest link in the 
audio chain. This does suggest that we 
would achieve far more by spending ef
fort on improving the drivers them
selves, than by worrying about fancy 
cables - with the potential to provide a 
second-order improvement at best. 

Tongue in cheek 
The next contribution came from Noel 

Pierson, of Wagga Wagga in NSW. Mr 
Pierson wrote with his tongue firmly 
planted in his cheek, and was mainly 
commenting on George Cardas' letter 
which we reprinted in the September col
umn. Here's enough of his letter to give 
the gist of his comments: 

I am an avid reader of Forum, and 
enjoy the discussions you have. But Sep
tember 1990's Forum was truly inspira-

tional! I'm sorry, it wasn't your com
ments, but the letter of Mr Cardas. 

Wow - I mean WOWWEE! I knew I 
was ignorant, but he made me feel like a 
true dummy. Not the store dressing type, 
or the one you spit a long way when 
you' re a bit angry, but the real no- holds
barred nincompoop variety. I was glad 
when you said you were confused too ... 

Strands, strings, hmmm. Then it 
dawned- he was talking of the theory of 
super-strings. Yes, those n-dimensional 
wee- bitsy strings at the heart of a physi
cal theory. Yes, it all fitted - the wire 
strings need to be in proportion of 5-8-
13- 21-34-54 ... - up to whatever dimen
sion you could theorise upon. So I 
figured that he was talking at the sub-nu
clear level. 

Wow, being able to wind strands at this 
level must involve some pretty incredible 
technology! But I guess the CIA has been 
hiding this from us, all these years. 

But the more I read on, the more dumb 
I felt. Even Scientific American didn't 
mention that super-strings (strands?) 
had resonance and phase skew prob
lems. Oh well, just when I thought I had 
a pretty good stereo, I now find I am 
going to have to either figure out how to 
wind super-strings up into interconnect
ing leads, or shell out megadollars for 

some Cardas cable. That plus building a 
new home, with all the dimensions fol
lowing the 5-8- 13-... 'exponential' pro
gression, with a 21-times time factor, and 
it could be pretty expensive! 

Then I suppose I would need a bionic 
ear replacement, to be fully able to ap
preciate the 'difference' - maybe next 
century? 

And you said you were only confused ... 
Hmmm ... Here was I hoping that you 

readers would be able to explain what 
Mr Cardas' letter all meant, Mr Pierson, 
and you go and confuse me even more! 
Have you no pity on a poor magazine 
editor at all? 

Seriously, though, I'm glad that no
one did write in to explain how Mr 
Cardas' letter made everything crystal 
clear. If they had, I'd have been most 
embarrassed. Presumably the lack of any 
response (apart from Mr Pierson's) 
meant that everyone found it just as con
fusing as I did. 

To round off the subject, at least for the 
present, I'm proposing to quote from a 
letter and enclosure that turned up from 
Mr Doug Friend, of Annerley in Queens
land. Mr Friend first makes the following 
comments: 

I have found the controversy both 
amusing and frustrating - amusing be-
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cause of the several jargon-touting hifi 
salesmen with whom I have disagreed at 
times, and frustrating because as in all 
areas of life, not even rational argument 
will convince people determined to be
lieve otherwise. The hifi scene abounds 
with and capitalises on belief in not
well-understood physical principles and 
jargon. 

The main reason for my writing is to 
share with you the accompanying article 
from the English magazine 'Home and 
Studio Recording', based on an inter
view with the well-known person Peter 
Baxandall. I draw your attention to the 
section headed 'Rift Heresy', in relation 
to psycho-acoustics, etc. 

My experience is that people in the 
technical side of recording usually un
derstand the issues and avoid the hype. 
Perhaps your hifi readers would benefit 
from a short course in sound fundamen
tals. 

The article enclosed with Mr Friend's 
letter is indeed very interesting, being 
from the May 1988 issue of Home & 
Studio Recording and written by Paul 
White. I'm sure many readers will be 
familiar with the name of Peter 
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Baxandall, who is a highly respected 
British audio engineer and designer 
(among many other things) of the world
famous feedback tone conttol cin:uit that 
carries his name. 

It's obviously not possible to quote at 
length from the article, which in any case 
would be covered by H&SR copyright 
However I'd like to reproduce a couple 
of short sections from it, which are very 
much relevant to our present discussion. 
Hopefully H&SR and the author will 
allow this, on the grounds that it's a kind 
of 'review'. In any case, I'm happy to 
recommend that interested readers get 
hold of the original issue of the magazine 
at a library, and read the complete article. 

Here are the relevant sections. First of 
all, author White asked Mr Baxandall if 
he believed there was any validity in the 
belief that valve and semiconductor am
plifiers produced a different 'sound'. He 
apparently replied: 

"/ have never believed, even in the 
slightest degree, that valves produce 
audio that sounds in any way different 
from that produced by transistors or inte
grated circuits, providing you design ev
erything properly. I feel the audio 
industry has gone very sadly astray in 
recent years with its belief in 'the valve 
sound', 'the transistor sound' and the 
virtues of oxygen free copper loud
speaker cables with lead tubes over the 
ends of them - and making sure you 
connect them the correct way round. 
Then there's the desirability of putting a 
flux dumper on top of your amplifier; I 
think it's utterly pathetic. I don't think it 
does our excellent subject any good at 
all in the eyes of intelligent people." 

Mr White then asked him about the 
apparent concentration on speaker leads, 
when there are so many different metals 
elsewhere along the signal path - steel 
device pins, lead/tin soldered joints, cop
per PCB tracks, brass terminals and so 
on. Peter Baxandall's comment on this 
was: 

"/' m afraid that my conviction in all 
this is that science is involved, but it is 
the science of psychology, not electron
ics. I think it is a/act that human beings, 
when placed in a situation with other 
people who claim they can hear a subtle 
difference, can easily convince them
selves that they can too. They don't like 
to feel that their ears aren't as good as 
other peoples." 

Paul White then goes on to relate an 
interesting little story of the power of 
psycho-acoustics, which Peter Baxandall 
was happy to tell against himself: 

Peter then went on to describe a per
fect example of this psychological effect, 
which came about when he was experi-
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menting with a circuit incorporating a 
variable capacitor to make subtle 
changes to the high frequency response 
of an audio system. When the capacitor 
was turned clockwise, its capacitance in
creased and introduced a bit of high fre
quency cut. He adjusted the capacitor 
whilst critically listening to the output, 
and noted the slight change when the 
capacitor was turned clockwise, which 
seemed to bear out the theory of the cir
cuit. 

However on completion of the experi
ment, he noticed that he had forgotten to 
connect the lead of the variable capaci
tor - so it wasn't affecting the sound in 
the least. Because he was expecting an 
effect, he heard one, even though none 
was present. "If I can do this, anyone 
can", he added! 
· Paul White also gives the following 
quote from Mr Baxandall, specifically 
about fancy cables: 

" ... in the coils 'used for the delay lines 
in the Quad ESL63 electrostatic loud
speakers, there are several miles of per
fectly ordinary, crude copper wire. The 
signals that reach the outer electrodes 
have been through all these many miles 
of ordinary wire, and if people say that 
signals that have gone through only two 
or three feet of pickup lead sound better 
if you use these special cables.for which 
you pay around £70 for a two or three 
foot length, wouldn't you expect signals 
that have gone through several miles of 
ordinary copper wire to sound pretty 
dreadful in the end? And yet everybody is 
saying that these new Quad electrostatic 
loudspeakers are absolutely magnificent 
sounding." 

Did I just hear a faint cheer from Alan 
Jones, A.H. Freeman and all? Obviously 
they're in good company, with the fa
mous Peter Baxandall firmly convinced 
that fancy cables are of benefit only to 
hifi sales people, rather than providing 
any real improvement in the actual qual
ity of sound reproduction. 

And that has clearly been the general 
conclusion, from both our own tests and 
the evidence and opinions contributed by 
readers. It's dangerous to be dogmatic, of 
course, but there really is no firm evi
dence that any of these expensive fancy 
cables provide any significant objective 
improvement over good quality 
'ordinary' cables. 

Until such evidence is produced, I for 
one will certainly continue using my ex
isting ordinary cables. 

And with those comments from all 
concerned, let's give the subject a rest for 
a while. I hope you'll join me next 
month, when we romp in pastures new. • 
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Input Capacitance 16pF Wortcing Voltage 600Vdc in pk ac derating with frequency Cable Length 1.2m 
Includes Test Hook spring loaded, IC Test Clip, Insulating Tip, BNC Adaptor, Compensating Tool, 20cm Ground Lead, Probe Tip 

$75 ex tax $86 inc tax BS-750 RF Detector Probe 
Bandwidth 1 OOkHz to SOOMHz ± 1dB,1 OOkHz to 750MHz ±3dB Input Capacitance 7pF Working Input Voltage 50Vrms DC Isolation 200Vdc inc pk ac 
Turn On Voltage 250mV Cable Length 1.2m 
Includes Test Hook spring loaded, IC Test Clip, Insulating Tip, BNC Adaptor, 20cm Ground Lead, Probe Tip 

$60 ex tax $70 inc tax 

Silvertronic General Purpose Test Leads & Accessories 
High quality lead sets with flexible copper conductors encased in tough silicone rubber sheath and terminated with 

4mm safety plugs compatible with safety shrouded or conventional mullimeters etc. 
TLS200 Test Lead Set 
•High quality silicone rubber cable• Available with straight or right angled plugs• Flame retardent plastic• Packed in tough plastic wallet 
Max Ratings 1 kVrms. lOA 
Includes 2 each of 1.Sm silicone rubber cable assemblies, Test Prods, Sprung Hooks, Insulated Crocodile C1ips, Spade Terminal $42 ex tax $48 inc tax 

TL600 Fused Prod Test Lead Set 
•Full safety fuse housing makes fuse handling safe should equipment still be connected to a power supply• Double skinned, hign quality silicone rubber cable for 

protection against oil, chemicals etc• Available with straight or right angled plugs • Flame retardant nylon • Durable tips incorporating 4mm lantern spring 
Supplied with 4mm insulated crocodile clips Max Ratings 1 kVrms, 10A 

8, k*s.& British Made - Quality ac I ar at Very Affordable Prices 

Nova 10Hz-2.4GHz 
Counter /Timer 
e Mains/Battery 
e <± lOppm - l0°C to + 70°C 
e External Timebase 
e Single & Multiple Average 

Period 
e 8 1 /2 Digit LCD Display 
eAGC 20MHz Range 
e Display Hold & Reset 
eCount 

Apollo 100 
lOOMHz C/Timer 
eDC-lOOMHz 
e <± 1 Oppm -10°C to + 70°C 
e Full Signal Conditioning 
e 8 Digit Bright LED Displays 
e 0.1, 1. 10s Gate Times 
e Optional ± 1 ppm TCXO 
eFrequency Multiplier 

Call us for pricing 

$65 ex tax $75 inc tax 

Orion PAL TV /Video 
Pattern Generator 
eTests 1V, VCR, Monitors etc 
ePAL B. D, G, H. I, K 
eRF. Composite Video and 

IRGB Outputs 
eColour Bars, Greyscale, 

Crosshatch, Dots, Lines, 
Focus, Purity etc. 

eSeparate or Mixed Syncs 
elV or TTL IRGB 
e5.5, 6.0 and 6.5MHz Sound 

Carriers 
elnternal/External Sound 
•Trigger Output 
eMains Operated 

$725 (ex tax) $831 (inc tax) 

Fluke 80 Series ... it's a 
digital multimeter, an 
analog meter, a 
frequency counter, 
recorder, capacitance 
meter and much more! 
Fluke 80 sertes offers 
innovations like duty cycle 
measurement: or automatic 
storage of the highest, lowest 
and true average (mean) of 
readings for a few seconds or up 
to 36 hours: or recording 
maximums and minimums for 
days: or the audible MIN MAX 
Alertr"' that beeps for new highs 
or lows. There's also the 
supertor Touch Hold™ which 
automatically locks readings 
when the probe is removed. 
•Min/Max/Average recording stores 
highest, lowest and true average 
• Selectable response time to record 
turn-on surges or drift etc 
• lms peak Min/Max hold on 87 to 
capture elusive transients or half
sine surges to 400Hz 
• Splash and dust proqf and impact 
resistant case 

Fluke 87 
$580eztax 

$676 inc tax 
Same as Fluke 85 with 
additional features -
eHigh resolution analog pointer e True 
rms ac elms peak Min/Max e4 1/2 
digit mode eAuto-off. back lit display 

We Stock The Full Range Of Fluke Multimeters & Accessories 
Ask for our FREE 16 page 

Shortform Catalogue 

Special account facilities 
available for Education and 
Government Departments 
Express delivery throughout 
Australia and South Pacific 

Detailed brochures and spec(fi.cations available. We are factory trained to advise 
on your requirements for general purpose Test & Measuring Instruments 

©IIDII&'lf ~'lfW JL'lfJ]) 
129 Queen Street, Beaconsfield P.O.Box 37 Beaconsfield NSW 2014 
Tel : (02) 698 4776 Telex: AA71958 Fax: (02) 699 9170 
OLD : Electro Technical Systems Old, Tel (07) 356 2699, Fax (07) 356 0456 
W.A.: Leda Electronics, Tel (09)361 7821, Fax (09) 470 4641 VIS4 ES. 
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SHORTWAVE 
LISTENING by Arthur Cushen, MBE 

The world opens for disabled listeners 

Radio broadcasting is providing increasing services for the disabled, especially the visually impaired. 
Modern technology has provided keypad radio and voice chips which allow the visually and 
physically impaired to easily tune into the various broadcasts. This allows the impaired to retain 
their independence. 

Radio listening is essential for the dis
abled, and there are several stations 
providing a special service, in par
ticular reading services for the visually 
impaired. Many disabled listeners are 
tuning to radio broadcasts and this has 
often been their only means of news 
and information. Tliis is rapidly ex
panding in Australia and New Zealand 
as radio reading services have been es
tablished for this purpose. 

Radio for the Print Handicapped in 
Sydney, Melbourne, Brisbane, Canberra 
and Hobart have been in operation for 
several years and recently nave moved 
from their out-of-band frequencies of 
1620 or 1629kHz, and some stations 
have moved to the usual AM band. 
Their signals have been widely 
received throughout Australia and New 
Zealand, 3RPH Melbourne on 1179 
kHz and 4RPH Brisbane on 1296kHz, 
both using 5000 watts and operating 24 
hours a aay. 3RPH has 11 hours of 
readings from local newspapers in its 
sched-ule. In Sydney, 2RPH on 
1629kHz, which operates 24 hours a 
day, is expected to move to 1539kHz 
shortly, while 7RPH Hobart is 
scheduled to move to 1341 kHz. 

Radio is ideal 
In New Zealand 2XA Levin, Print Dis

abled Radio, uses 1602kHz and is 
widely heard throughout the South 
Pacific on its new shortwave frequency 
of 3935kHz. It broadcasts on Sunday 
0530-0800, and Monday, Wednesday 
and Thursday 0530-0900 UTC. 

Disabled listeners find radio listening 
ideal, as it becomes the newspaper for 
the blind and a means of entertainment, 
information and enjoyment for those 
who are shut-in. With modern keypad 
receivers, even the physically disabled 
can now tune their radio receiver to the 
station of their choice. 

Since 1980, when the keypad radio 
was introduced, it has meant a great 
deal of independence for disabled lis-

teners who, especially if they are visual
ly impaired, no longer have the prob
lem of trying to reaa the analog dial, 
the frequencies and the pointer, and 
trying to tune in a particular station. 

With memories built into the receiver, 
they can tune their favourite station 
with the touch of a button. The physi
cally impaired will find that only a light 
touch of the button is required. Even in 
the wider field, voice chips can now 
allow the frequency to which the lis
tener is tuned, to be spoken out loud. 

AROUND THE WORLD 

Radio stations are also helping the 
disabled listener with their schedules, 
and in the case of blind listeners, Radio 
Canada International makes their 6 
monthly schedules available on cas
sette, free of charge. Various radio clubs 
are also helping tlieir disabled members 
by providing recordings of their bul
letins on tape. Two of tile leaders in this 
field are the Ontario DX Association of 
Toronto, Canada, and the National 
Radio Club of Poquonock, Connec
ticut, U.S.A. 

BRAZIL: Radio Braz, Brazilia, on 15265kHz was heard closing at 1920 UTC after 
broadcasting in English to Europe. They indicate that they are using 11745kHz to North 
America and request reception reports to Box 040340, Brazilia, Federal District, Brazil. 
ECUADOR: HCJB Quito DX Partyline, which is broadcast on Saturdays to the South 
Pacific, has been extended to 45 minutes. The new compere is Richard McVicar and the 
session is heard from 0735-0820 on 97 45 and 11925kHz. 
FRANCE: Radio France International has dropped its English broadcast to North America 
which we used to hear at 0315 and now has three sessions 1230-1300, 1400-1500 and 
1600-1700. The earlier transmission is heard on 21635kHz. 
GERMANY: Deutsche Welle now use the studios and transmitters of the former Radio 
Berlin International, and the staff of the old RBI of over 2000 have been dismissed. The 
Berlin Studios are used only for 5 language programs and all other transmissions originate 
from Cologne. The transmission in English to Australia 0900-0950 is on 21465 and 
21540kHz which are former RBI transmitters. The transmissions originating from 
Deutsche Welle at thattime are on 6160, 11740, 17780, 17820, 21650 and 21680kHz. 
SWEDEN: Sweden Calling DXers, which was established by Arne Skoog in 1948 and 
broadcast each Tuesday on Radio Sweden, has been reduced to a release on the first and 
third Tuesday of each month. The transmission to Australia is 1230-1300 on 11715, 
17740 and 21570kHz. A repeat to North America on Wednesday 0330-0400 is on 9695 
and 11705kHz. 
USSR: Radio Tashkent broadcasts in two daily transmissions in English 1200-1230 and 
1330-1400 on 7325, 9600, 9715, 11860 and 15470kHz. Reception on 7325kHz is the 
better signal here in the South Pacific area. 
VATICAN: Radio Vatican Four Voices program is heard 0700- 0800 with English 0730-
0745. The other transmissions are in Italian to 0715, French to 0730 and Spanish to 
0800. The new frequency in use is 1521 OkHz, while the program is also available on 
9645 and 117 40kHz. 
YUGOSLAVIA: Belgrade has introduced a new interval signal used to open and close 
their transmission. The English broadcast 1300-1330 is on 17725, 21635 and 21715kHz. 
Reception on the first two frequencies is good, but there is severe interference on 
21715kHz. Radio Yugoslavia is also operating in English 0100-0130 on 9620 and 
11735kHz. Other transmissions are 1930-2000 on 6165, 7165, 15165, 17840kHz, and 
from 2200-2245 on 5955, 6100 and 15165kHz .. 
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Radio for Peace International 
Broadcasting from Costa Rica, Radio 

for Peace International is located at the 
University in Santa Ana and has been 
operating for the past 3 years. The sta
tion has increased its transmitters from 
one to three, and a new transmitting 
building is now under construction. 
New antennas are being erected and 
higher power lines are oeing fed into 
the area. 

Most of the programs in the past have 
been transcribed, mainly from peace 
groups in the United States, but an ex
pansion of local programs is expected 
shortly. Radio Peace International is a 
project of the University of Oregon, 
Eugene and the UN affiliated University 
of Peace in Costa Rica. The address is 
Box 88, Santa Ana, Costa Rica, and 
reports could be sent to the Station 
Manager, Mr. Graham Laytham. The 
latest schedule is Monday-Friday 2000-
0300 on 13630 and 21567kHz; 2330-
0300, 0315-0645 on 7375kHz; 
weekends 1800-0030 on 13630 and 
21567kHz; and 0045-1345 on 
7375kHz. 

Ring the Vatican Radio if you wish to hear a recorded message from the Pope. 
China. While the transmitter is on site which should cover two thirds of the 
in Guam, the station is still negotiating world's population, will be possible 
with the Government for a suitable from these sites. • 

Voice of hope expands 
The Voice of Hope has transmitters in 

Lebanon and near Los Angeles and is 
expanding into the Pacific with trans
mitters to be located on Guam. Their 
main transmission will be directed to 

piece of land. The transmitter is 1 OOkW 
and will use a curtain antenna. Though 
the station KHBN is not yet operatin&, it 
has been used on a test basis, havrng 
leased time from KSDA of Adventist 
World Radio to carry initial broadcasts. 
High Adventure Ministry, the operator 
of KSBN, plan to link by satelfite the 
transmitters in Lebanon and Guam with 
the key station in Los Angeles. This 
means that simultaneous broadcasting, 

for the LARGEST ELECTRONICS CONVENTION 
in the SOUTHERN HEMISPHERE 

• 
For further information contact : 
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 
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When I Think Baik ... · 
by Neville Williams 

'Shadders on the wall' - 2: 
the country picture show goes 'talkie' 
If last month's story about an old-time country picture show emphasised the primitive side of such 
an enterprise, this month's sequel is similar. The difference is that it was enacted about 1 O years 
later, when the same show had to be re-equipped for the 'talkies'. 

As I indicated last month, my 
grandfather A.P. ('Alf') Hicks 'pulled 
the plug' on the original show around 
1930, when interest in silent features and 
their ready availability diminis.hed 
sharply with the introduction of sound 
films. Besides that, the novelty of nm
ning his own picture show had long since 
waned, and the prospect of spending 
Saturday evenings by the family fireside 
was more inviting than the hassle and 
expense of installing the new projection 
equipment that would be needed. 

How practical it would have been at 
the time, also had to be considered. The 
projectors would have to be driven at a 
higher and constant speed, free from 
'wow' - which ruled out the existing 
80V DC drive motors and slipping belts. 
In the continued absence of AC mains, 
that could have meant installing a cus
tom- built DC/ AC rotary converter and 
running it from a well regulated supply, 
unaffected by the projection arcs. 

The amplifier system would also need 
a 240V AC supply, or else be custom 
built to operate from 80V DC. 

By comparison, a crackling log fire in 
the living room grate looked just too in
viting and he accordingly threw an oil
stained dust cover over the existing 
projectors, locked the projection room 
door and settled back to ponder his pend
ing retirement. 

About that time, the proprietor of the 
theatre in nearby Picton invited him to 
drive down one evening and have a look 
at the sound equipment he had installed 
some time previously. Mu~h to my 
delight, I was invited to go with him and, 
as well, see my first-ever talkie -
featuring, as I remember, Janet Gaynor. 

Still attending high school, my 
knowledge of electronics at the time was 
limited to the superficialities of a crystal 

set and what I had picked up from my 
father's strictly hobby interest in 1920s
style battery sets. I knew enough, how
ever, to feel cheated when I realised that 
the sound system in the Picton theatre 
was sound-on-disc rather than the 'real 
thing': sound on film. 

Sound on disc 
These days, I have only the vaguest 

recollection of seeing two otherwise 
conventional projectors with a bulky 
structure bolted to their blind side sup
porting an enormous (16", or 40cm in 
diameter) turntable and pickup. The 
operator explained how he had to load 
the film with a particular frame in the 
gate and place the pickup at a given spot 
in a particular track. Sharing a common 
drive, both would start together and 
would remain synchronised - provided 
no break occurred in the film and no- one 
bumped the turntable. 

Much more recently, I had a most en
lightening conversation with a friend, 
who was related to the former operator 
of a similar sound on disc show in a 
small town in the NSW Blue Mountains. 
As his unofficial assistant, he saw some 
of its problems at first hand. 

Sound films did break on occasions, he 
said, for precisely the same reasons as 
did silent films. Everyone just had to be 
that much more careful with them to 
keep out of quite horrible trouble. 

If the film broke after the first sprocket 
the operator could switch off the drive 
without losing sync. Then, without 
touching the pickup, he could carefully 
nudge the whole thing forward sufficient 
to re-thread the loose end of the film and 
start again. If, on the other hand, the 
break occurred ahead of the first sprock
et, the operator could only 'guesstimate' . 
how much film to pull through to match 
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the position of the pickup on the disc. If 
he got it wrong, he had to make a 
decision whether to put up with the error 
or try nudging the pickup this way or 
that, a groove at a time. 

Said my informant: "Some operators 
were more adept at this than others. The 
remainder were just lucky or unlucky on 
the night!" 

In repairing a damaged film, it was 
important not just to snip out the affected 
frames and join the remaining ends, be
cause that could shorten the film enough 
to prejudice synchronisation after the 
splice. The appropriate procedure in the 
field was to replace any damaged frames 
with an equivalent length of opaque film. 

But the problems didn't end there. Ac
cording to my friend, the hall in the Blue 
Mountains town, where his relative acted 
as operator, was on the same subter
ranean rock shelf as a segment of the 
main western railway line which passed 
close by. When a huge 57 type goods 
loco chugged past, the whole hall would 
vibrate. So also did the pickup arm -
which, on occasions, would jump a 
track, again posing the operator the ques
tion whether to accept the situation or 
'have a go' at correcting it. 

Back at Bargo 
One other aspect mentioned by my 

friend was new to me. In those days, he 
said, shows equipped only with sound
on-disc were sometimes supplied with 
versions of new films along with discs 
dubbed from optical soundtrack prints. I 
quote: "Adding the limitations of a 
dubbed disc to those of an early optical 
print, the end result was often pretty 
lousy." 

For what it is worth, my lasting im
pression of the sound from that ancient 
Janet Gaynor film was that it was any-



A Western Electric sound projector of the early 1930's, fitted with both an optical 
sound head for sound-on-film (beneath the picture head) and a synchronous 
turntable tor sound-on-disc (beneath the lamphouse, at lower left). 

thing but crisp. And that to a lad from the 
bush, whose hearing was still unblunted 
by loud noise or the passage of time. 
Mind you, the problem could well have 
been due to the acoustics of the theatre 
itself. 

I am reminded of a report by the late 
Don B. Knock, in Wireless Weekly for 
February 8, 1929. Commenting on opti
cal sound films being shown at the once 
proud Sydney Regent theatre, he com
plained of a difficulty in following the 
words being spoken. He was uncertain 
whether to blame the acoustics of the 
theatre, muffling of the louspeakers by 
the screen or the actors' "very American 
intonation". 

Fortunately, in hindsight, my 
grandfather's initial reluctance to get in
volved in talkies saved him from any 
involvement with the ill-fated disc sys
tem. In the meantime, my immediate 

family had moved to Sydney and I had 
taken a job in the electronics industry -
building, testing and servicing radio sets. 
In the new situation, my boyhood ex
periences in Bargo were rapidly becom
ing but a memory. 

It so happened, however, that one of 
the operators from the 'silent' era at 
Bargo had heard about a rundown subur
ban theatre that was being remodelled 
and re-equipped. In the process, its 
original projectors, which had been con
verted for sound, were being replaced 
and would probably 'go for a song'. 

The operator's own situation had 
changed and, if Alf Hicks would buy the 
surplus gear, he was sure that it could be 
married to what Alf owned already, to 
provide acceptable results. No less to the 
point, reticulated AC was now available 
in Bargo and that would make the 
changeover much easier. 

Samples showing the two main types 
of optical sound-on-film track. Above 
Is a 'variable area' track, while below Is 
a 'variable density' track. 

The course of events in the next few 
weeks I can only guess at, because I was 
lOOkm away and the people directly in
volved are no longer with us, to speak for 
themselves. 

All I learned, by letter, was that they 
had bought and installed the surplus 
equipment and advertised a show for 
'last Saturday'. Unfortunately, it had to 
be cancelled at the last minute because 
they couldn't get the sound system to 
work. They had postponed the show for a 
week so: could I possibly come up next 
weekend in time to fix whatever was 
wrong? 

'Youth rushes in .. .' 
Such is the optimism - and im

petuosity - of youth that I duly turned 
up at my grandfather's place on the 
Friday evening. Complete with tools, 
meter and an assortment of wiring parts, 
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WHEN I THINK BACK 

I was all set to 'fix' the amplifier next 
morning, ready for the advertised show 
in the evening. 

Yes, I was told, they had picked the 
best out of their old equipment, and the 
'new', and got it all working fine as far 
as the picture was concerned. It was just 
that they didn't know how to connect up 
the amplifier. To someone who built and 
tested radios all day, it should just be a 
matter of checking things over, connect
ing this to that and away it should go. 
After all, they reasoned, it had been 
working right up to the time it was dis
mantled. 

Apprehension on my part may have 
been allayed by the fact that, some time 
previously, a senior member of the staff 
at Reliance Radio, where I worked, had 
been involved in setting up another do-it
yourself picture show in one of Sydney's 
northern coastal suburbs. 

In reply to his many questions, mem
bers of the technical staff had been dis
cussing things like projection lamps, 
transarcs, photoelectric cells, 
preamplifiers, power amplifiers, 
loudspeakers and so on. It was all pretty 
straightforward and even without a cir
cuit, it shouldn't be too hard to spot what 
was wrong. 

So, next morning, without undue ap
prehension, I accompanied my 
grandfather up into the projection booth 
- the first time I had been in there for 
several years. 

Things had certainly changed. Gone 
was the wooden bridge between the 
projectors and the sliding lamphouse. 
Each projector now had its own arc -
still operating from 80V DC, I was told, 
because it was available and easier to 
cope with at short notice than having to 
worry about AC arcs or lamp optics. 

The DC drive motors bracketed to the 
front wall had also gone, to be replaced 
by AC motors attached to the projectors. 
Bolt-on sound heads and extended drive 
trains were in position and, I guess, dif
ferent film gates to match the slightly 
smaller images on sound film. 

How much else had been interchanged 
was lost on me because, after all, the 
projectors had been checked out and 
pronounced optically okay. My by-now 
urgent task was to check-out and 'fix' the 
amplifier. 

Ah yes, the amplifier! 
The amplifier was standing forlornly 

in one rear comer of the projection box 
- about the only place it could go in the 

restricted space. But even back in the 
1930s, it looked like a relic of the 
electronic stone age! 

It occupied two shelves in an angle
iron frame, about twice the size of a large 
filing cabinet and faced on all sides with 
steel wire mesh. The whole lot had been 
sprayed with so-called gold paint, long 
since faded and coated with grime. 

On the top shelf, mounted on some sort 
of a plate and with exposed wiring, stood 
a couple of what looked like type 50 
power triodes. They had input and output 
transformers, and were presumably 
driven by a 27 type triode and a 24 pen
tode voltage amplifier. On the lower 
shelf was the power supply - the whole 
thing with interconnecting leads and 
sundry other wires that appeared to have 
been cut when the gear had been 
removed. 

Lying on top of the cabinet were two 
12" (30cm) loudspeakers, the like of 
which I had never seen before. They 
were assembled on a pressed metal back 
plate, with holes that suggested that they 
were intended to hang on the wall like a 
picture. In the front was a heavy paper 
cone, with apex pointing outward, and 
also sprayed with gold paint 

At first glance they looked like rug
gedly built old-time moving armature 
cone speakers, but closer inspection 
showed them to be back-to-front 
dynamics with the magnet and voice coil 
assembly accommodated inside the 
cone. Their age, their impedance, sound 
quality, sensitivity and condition could 
only be a matter for speculation. 

But that was only half the story. I 
couldn't imagine a cabinet that size fit
ting between the two projectors in an 
average projection booth. In most cases, 
it could only stand where it was at the 
moment: right at the back. That meant 
that the shielded leads from the PE 
(photo-electric) cells would have been 
several metres long, with a prohibitively 
large shunt capacitance for the high 
natural circuit impedance. 

What's more - and here was the killer 
- there was no sign of input connectors 
or controls of any kind on the amplifier. 
It was painfully obvious that the 
preamplifiers and controls must have 
been in one or two control boxes fixed to 
the front wall, or overhead, in the 
original projection booth. Where they 
were now was anybody's guess - but 
they were certainly not in Bargo! 

A quick peep into one of the 
soundhead assemblies revealed a grimy 
looking interior and a PE cell about the 
size of an ordinary valve, fitted with a 
standard 4-pin UX base: almost certainly 
an RCA 868 or one of its many 
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equivalents. The exciter lamps were also 
in place, apparently with their own supp
ly transformers and wired to come on 
simultaneously with the associated drive 
motor. That was fine, but where was the 
missing link? 

Having summed up the situation, I 
could only shake my head sadly and sug
gest that tonight's show would have to be 
cancelled also. It would have been job 
enough to get the basic amplifier work
ing, without having also to contrive a 
~ontrol preamplifier from literally noth
mg. 

The inevitable questions followed: If 
the original control system could not be 
located, could I build another one to suit? 
Was the old amplifier worth salvaging 
anyway? 

In response to the last question, I ex
plained that I would really need to check 
through the amplifier, extract the circuit 
and see whether it could be restored to 
working order. That would not be easy, 
with me employed full time in the city 
and the unwieldy old amplifier in a 
projection booth lOOkm away. 

What about a new one? 
Then would it be simpler to build a 

new amplifier? How much would it cost 
and how long would it take? This called 
for a bit of figuring on my part, but I 
reckoned that it would not be too costly a 
project if I used receiver type com
ponents, which were available over the 
counter and relatively inexpensive. It 
would take me about three weeks, built 
in a wooden rack to stand between the 
projectors and with a turntable on top to 
play records as part of the show. 

Looking back now, I must have been 
crazy to stick my neck out that far. Yes, I 
had built, tested and serviced numerous 
receivers in a small factory situation -
but I had never devised and built a 
private project of any kind, let alone a 
complete talkie sound system! 

Back at home, I worked out the dimen
sions for a wooden rack that would be 
sufficiently deep and wide to accom
modate a compact record player on top, 
and tall enough to bring the controls to a 
convenient height for the operator. My 
plan was to assemble the rack progres
sively over the period, allowing time for 
glue to harden and paint to dry. 

The chassies and panels for the 
amplifier and power supply were bent up 
from 16-gauge aluminium - separate to 
minimise any risk of hum injection into 
the sound head preamplifier stage. They 
were then punched, drilled, lacquered 
and lettered in the way we did things in 
those days. This done, it was a matter of 
fitting the major components and getting 



-00 with the wiring, working out the 
details on a stage by stage basis. 

Unfortunately, I have no photographs 
of the finished amplifier, being blithely 
unaware that, for me, it would one day 
become an item of personal history. I 
didn't even draw layout and circuit 
diagrams, on the assumption that I would 
be the only person likely to service the 
gear in the forseeable future and, having 
built it in the first place, I wouldn't need 
them. 

But that is a long time ago and, if I'd 
had to rely purely on memory, 50-plus 
years on, I'd have been hard put to do 
more than recall a few salient points 
about the design. 

Circuit configuration 
By sheer good fortune, however, when 

looking through an old lab notebook 
from my subsequent stint at the Amal
gamated Wireless Valve Co, I came 
across an entry dated June 26, 1941. At 
the time, we must have been trying to 
cross-check the signal level to be ex
pected from a PE cell in typical 35mm 
sound film projectors. 

One entry, endorsed 'From FLS', 
records information that must have been 
obtained by Fritz Langford-Smith, pos
sibly direct from Ray Allsop. Itself a 
fragment of history, it indicates that the 
valve line-up in one of Ray Allsop's cur
rent 'Raycophone' talkie amplifiers 
comprised a 1603 pentode preamplifier, 
1603 triode connected amplifier, fol
lowed by another 1603 triode driving 
push-pull 2A3s through a 1:2.5 step-up 
transformer. (If memory serves me cor
rectly, the 1603 was a low-noise 
equivalent of the 6C6, 6J7, etc). Calcula
tions suggested an input sensitivity of 
3m V RMS at full gain for full output, 
indicating an anticipated cell output 
comfortably above that figure. 

More to the point in the present con
text is that, pasted into the notebook was 
a rough pencilled circuit endorsed 
'Original amplifier for APH built about 
1934/5'. As a further example of a func
tional amplifier, it was sketched only 
about six years after the event and would 
have been substantially accurate. 

Built in 1934/5, the amplifier (see 
diagram) was obviously based on an 
RCA configuration which specified a 
triode-connected type 42 (6F6-G) driv
ing two 42 pentodes in class AB2, 
through a step-down (class-B type) 
transformer; there was no provision for 
negative feedback. Maximum power 
output (5% distortion) into a 10,000 ohm 
P-P load was given as 19 watts -
nominally higher than for either push
pull 2A3s or 50s. 
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WHEN I THINK BACK 

Ahead of this I had added two type 76 
triodes which, with hindsight, could 
probably have been replaced by a single 
6C6 (6J7-G) pentode, fed from the 
volume control and film/pickup switch. 
In those far-off 78rpm days, the pickup 
could either have been an old-style mag
netic or - preferably - a then-new 
crystal type. 

Ahead of this again was a 6C6 pentode 
preamplifier, boosting the signal from 
the PE cell to an appropriate level for 
volume control and switching. The resis
tive network supplying the cell is in
tended to provide an HT voltage at the 
lower end of the 2- meg cell load resistor 
of marginally less than 90V. If it were to 
exceed 90V, the gas in the PE cell could 
ionise, preventing normal operation. 

A rough calculation suggests that, for 
typical half-power output (lOW) and the 
C-taper volume control at half physical 
rotation, the PE cell would need to be 
delivering about 8mV RMS. 

Because the purpose of the lab exer
cise was to derive just such a 'ballpark' 
figure, my pencilled circuit did not show 
the exact configuration of the original 
input system; whether it provided 
separate preamplifiers for the respective 
PE cells, with changeover switching or 
mixing for the individual projectors. 

To the best of my recollection it did 
not, with the amplifier panel carrying 
only a two-way film/pickup selector 
switch and separate volume controls for 
records and films. This was with a PE 
cell input socket in the lower corners 
with short, shielded leads to the projec
tors on either side. 

'Optical' switching 
Based on this recollection, the PE cells 

would most likely have been wired as 
shown. Both would remain connected to 
the amplifier at all times, their cathodes 
being activated optically by switching on 
the exciter light along with the drive 
motor of the respective projector. 

According to my lab notebook, exciter 
lamps at the time were commonly rated 
at lOV /7 .SA, the high-current filament 
being meant to minimise temperature 
variations at the half-cycle rate, when 
driven with AC. The purpose of the 
deliberately small coupling capacitors to 
and from the 6C6 preamplifier, and the 
small cathode bypass capacitor would 
have been to attenuate residual lOOHz 
hum from the lamp filament and, as well, 
to assist speech clarity by attenuating 
possible bass boom in the auditorium. 

As already indicated, it was essential 
to use short, low capacitance connecting 
leads to the PE cells to minimise loss of 
treble response - especially speech 
sibilants. Because some loss was in
evitable, a top-cut tone control was con
sidered neither necessary nor desirable. 

Back in '1934/5, with the projectors 
lOOkm away, I had no way of checking 
out the preamplifier circuit, apart from 
verifying that it had enough gain to get 
well down into the hiss level, without 
any evidence of hum or power supply 
feedback. It also seemed to work nor
mally when fed from a low output home
made ribbon microphone. 

To make the best use of the available 
audio power, I remember shopping 
around for two reliable permanent-mag
net 12" (30cm) loudspeakers, which was 
not an easy quest at a time when 
manufacturers were still concentrating 
on electrodynamics, with a field coil that 
needed to be energised. They also had to 
be fitted with 'line' transformers, instead 
of the usual 5000-10,000 ohm variety to 
match a valve output stage. 

Setting it up 
All too soon the fateful day arrived and 

I loaded the new system into the car, 
conscious that, on Saturday evening, the 
patrons would be assembling to watch
and hear - the first local talkies. To 
have had to cancel for a third time would 
have been unthinkable! 

On the Saturday morning, we set about 
to instal the system - beginning with 
the loudspeaker cable which had to be 
run by the most direct route from the 
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projection box, through the ceiling 
rafters to the wall behind the screen. 

I left that job to someone else, while I 
mounted the loudspeakers on a baffie 
board. This was bridging a hole which 
had been cut in the wall backing the 
screen and separating the 'supper room' 
from the hall proper. I had specified that 
the rear had to be enclosed with a large 
padded box, both to confine the noise 
and to prevent the cones from being 
blown out of their housing by a blast of 
westerly wind through the open back 
door! 

That done, I set about checking and 
connecting the leads to the loudspeakers 
and to a terminal strip and cable plug
ging into the rear of the amplifier. A 
monitor loudspeaker also had to be set 
up in the projection box, with its own 
preset level control. 

The amplifier was duly 'fired up' and 
the building re-rechoed to the promising 
sound of Reginald Dixon at the Black
pool organ playing Blaze Away - a 
Regal-Zonophone record that seemed 
appropriate for the occasion. In those 
days of 78rpm discs, the music sounded 
clean, with volume to spare. If the films 
sounded like that, we'd all be happy! 

The next job was to attach new cables 
to the soundheads for connection to the 
amplifier - and here progress slowed to 
a crawl. The existing cables were 
'gooey' with oil, as also was the inside of 
the PE cell enclosure and the anti-vibra
tion foam rubber pad supporting the 
socket. Over the years, oil had obviously 
seeped into the soundhead from the opti
cal projection mechanism above. 

The thick layer of oil and grime may 
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A diagram of an early Western Electric 'pull through' sound head similar to the 
kind of head fitted to the Bargo projectors. In some units the s~und 'aperture 
plate' took the form of a curved guide, making a pressure shoe unnecessary. 

60 ELECTRONICS Australia, March 1991 

I i 



well have affected the optical path, as 
well as making it difficult to attach the 
new leads. No less to the point, in a high 
impedance device like a PE cell, with an 
anode load of 2 megohms and an anode 
current of a few microamps, a leakage 
path of grease and grime could have a 
devastating effect on the output signal. 

There was nothing for it but to dis
mantle and degrease the entire PE cell 
assembly, and substitute a length of new, 
low capacitance microphone output 
cable to conserve as much as possible of 
the top-end frequency response. I was 
also uncomfortably aware that cables 
carrying low-level DC polarised signals 
can be microphonic. 

By the time I had cleaned, re-as
sembled and connected up both 
soundheads, the sun was dipping rather 
low on the western horizon and there 
was some urgency about the final step of 
loading up a spool of film, starting the 
engine out the back to provide an ade
quate DC supply for the arcs and check
ing to see whether the whole system 
would run. 

No time to spare 
Fortunately it did. But by the time we 

had checked both projectors, decided on 
typical settings for the volume control 
and set everything up ready for the 
night's entertainment, there was time 
only for a quick scrub-up and meal 
before it was on with the show. 

Instead of a solo pianist of the silent 
era, this one opened with Blaze Away on 
Wurlitzer organ, followed by Parade of 
the Tin Soldiers - or was it Teddy Bears' 
Picnic? Then the lights suddenly went 
out and on the screen flashed a real talk
ing picture. 

A few minutes later, I left the operators 
to it and sank on to (not into) a wooden 
seat in the auditorium. For one day, I'd 
had just about enough. Suddenly an ex
press loco appeared on the screen roaring 
straight towards us. Roaring? Yes, roar
ing - and with a deafening blare from 
the steam horn atop the boiler. 

It was the sweetest sound I'd ever 
heard. Perhaps because of it, I dido 't hear 
the sigh of relief from my grandfather in 
his favourite spot, just inside the door
way leading to the ticket office. After 
two cancelled shows, one could scarcely 
begrudge him a sense of relief. 

The amplifier continued to work 
without a hitch for months - with one 
amazingly fortuitous exception. On a 
particular weekend, I visited my 
grandparents on a purely social call and 
volunteered to have a quick look at the 
amplifier while on the spot. Imagine my 
surprise to find that it was completely 

dead, even though it had been operating 
normally right up to switch-off the pre
vious Saturday. Fortunately, it proved to 
be a minor fault, easy to correct - but 
the experience came as a shock to Alf 
Hicks. He commissioned me on the spot 
to build a standby amplifier, which was 
duly fitted into spare space in the 
amplifier rack. It was essentially an 
electrical duplicate of the original and 
was run interchangeably with it, to en
sure that both amps remained operative. 

Problem with trains 
In the mid 1930s, without the competi

tion of television, the sheer novelty of 
local talkies ensured their success. But 
gradually, the patrons became more criti
cal regarding the presentation. 

The main southern rail line to Mel
bourne ran right past the front door, com
plete with two goods sidings, a steep 
grade, water towers for the steam locos 
and an ash pit where the crew cleared the 
gratings. Passing trains were problem 
enough, but when shunting and water 
stops coincided with tender moments in 
the film, the effect was distracting to say 
the least 

So also was a thunderstorm and/or 
pelting rain on the galvanised iron roof 
overhead. Even at the best of times the 
sloping roof posed an acoustic problem, 
with echoes picked up from the 
loudspeakers and reflected back to the 
audience with just enough delay to com
promise the diction. 

I suggested to Alf Hicks that some 
form of ceiling would ease all these 
problems, but the idea was much easier 
for me to suggest than for him to ex
ecute. 

These days, I would have recom
mended a line source loudspeaker sys
tem - a four-driver vertical array - to 
beam the sound out over the audience 
but, if line source systems had been con
ceived at the time, I didn't know about 
them. 

Some time later, for an entirely dif
ferent reason, Alf Hicks built a decora
tive proscenium over the front of the 
stag~. about four metres (10-12') in front 
of the screen. I suggested that the 
loudspeakers could logically be accom
modated in the top face of this, where 
they would be that much closer and in
clined downwards towards the the 
audience. The echo effect frnm the roof 
might well be reduced. In fact, the rear
rangement did help quite significantly. 

One other problem led to a rather star
tling result. As described -in the last ar
ticle, the silent pictures had always been 
shown against the background of a 
regular 'born-born-born' of the single 

cylinder engine driving the generator. 
With talkies, it was just one more sonic 
distraction, especially when Alf Hicks 
elected to use the larger diesel. Minor 
modifications to the exhaust system 
made little difference. 

Dramatic solution 
Irritated by the complaints, Alf Hicks 

decided to fix the problem once and for 
all. He dug a large hole just outside the 
engine shed and buried in it a 40-gallon 
drum, as used for bulk storage of fuels or 
other liquids. Into it he led the exhaust 
pipe from the diesel engine, along with a 
separate pressure relief pipe into the 
open air. The hole was then filled and 
tamped down. 

On thP, following Saturday, the engine 
was started as usual and cycled from 
petrol to kerosene and then to diesel. It 
certainly was much quieter. 

One can only assume that, part way 
through the evening, the engine picked 
up speed - causing the governor to in
terrupt normal operation. Presumably, 
the engine pumped a number of unburnt 
charges of fuel-air mixture into the drum, 
which were then triggered by the next 
active exhaust discharge. 

Sufficient to say that the night was 
suddenly rent by the most enormous ex
plosion, followed by an open exhaust. 
The 40- gallon drum had been blown 
apart and its overburden of earth scat
tered to the winds. Thereafter the smaller 
engine did most of the work on Saturday 
nights! 

Final intermission 
Hicks' Bargo talkies have long since 

closed down, but what happened to the 
equipment, I don't really know. 

My grandfather really did retire, long 
after the calendar said he should. He 
ceased to be active in the picture show, 
sold his home and hall and spent his clos
ing years in suburban Sydney. The 
projection equipment, I was told, was 
bought by one of his former operators, 
who had ideas of either setting it up else
where or taking it on the road as an 
itinerant show. Either way, it would long 
since have fallen silent. 

My direct involvement with 35mm 
movies began and ended with that show, 
but it left me with a hands-on feeling for 
the technology which I could never have 
obtained from books alone. It has also 
left me with an appreciation for the 
refinements that have found their way 
into the art - ranging from widescreen, 
stereo sound films in your local cinema 
to the enveloping sight and sound of the 
specialised hi-tech theatres dotted 
around the world. • 
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Telephone Amplifier 
This telephone monitoring system is battery operated and needs no 
electrical connection with your telephone. Simply attach the magnetic 
pick-up near the earpiece and friends or business associates will be able 
to hear conversations as they happen. This is a complete kit with pre
punched and silk screened front panel. 
Cat K-3104 QQ s3995 

@ 
Nov'90 

Transistor Tester 
This tester is capable of checking most discrete semiconductor devices, 
especially bipolars and FETs. It's also an excellent way of becoming 
familiar with the basic operation of these components. The circuit features 
an overload indicator and battery check plus a quality meter. 
Cat K-7220 

DEC '90 

With Instructions & Parts Listi 
Assorted Circuit Boards 

Q 
s3995 

Here's a great way to use up leftover components! These assorted 
projects include 3 to 4 boards with detailed instructions and parts list 
- parts which you may already have! Some projects even include 
front panels. 

Cat K-9090 s1915 Cat K-9095 More complex boards 529'5 
MAJOR DICK SMITH ELECTRONICS AUTHORISED STOCKISTS: 
N.S.W.: ARMIDALE: New England Electronics 711655 BALLINA: Ballina El9ctronics 867022 BEGA: OZTECH Electronics 
923933 BOWAAL: F.R.H. Electrical 611000 BROKEN HILL: Hobbies & Electronics 884098 COOTAMUNDAA: Cootamundra 
Music & Lite 422561 COFFS HARBOUR: Coifs Harbour Electronics 525684 DENILIOUIN: Deni Electronics 813672 DUBBO: 
Chris's Hi Fi 828711 FORSTER: Forsrer Village Electronics 545006 GLEN INNES: John Sommerlad Electronics 323661 
GRAFTON: AepairsandSvares421911 GRIFFITH: Miatronics624534 INVERELL: lnverell Electronics221821 KEMPSEY: P&L 
Leonard 631134 LEETON: Leeton Audiotronic 532800 LIGHTNING RIDGE: Cycle & Sound 290579 LITHGDW: Douroy 
Photographies 513173 LISMORE: Decro Electronic Services 214137 MOREE: Moree Electronics 522091 MUDGEE: Headware 
n3895 NARAABRI: Narnoi Computor Service 923274 NELSON BAY: Nelson Bay Elect & Hobbies 813685 NOWAA: Nowra 
Electronics 210722 ORANGE: Central West Electronics 626491 PARKES: Strad Music Centre 623366 PORT MACQUARIE: 
Hastings Computor Service 834574 RICHMOND: Silicon Crafts 784101 TAAEE: Brads Electronics 526603 WAGGA WAGGA: 
Phillips Electronics 216558 WELLINGTON: Wellington Service 452325 WINOOA: Silicon Crafts 776722 VASS: Wrumington 
Electrical 261116 YOUNG: Keitt1 Donges Electronics 821279 VIC: BAIRNSDALE: LH & LM Crawford 525677 COLAC: Colac 
Electronics 312847 MILDUAA: Pullman Auto Pro 232882 MORWElL: Mmwell Electronics 346133 SHEPPARTON: Andrew 
Guyatt Electronics 219497 SWAN HILL: Nvah Distr1ct TV Service 329303 TAAAALGON: Traralgon Electronics 741699 
WARAAGUL: Aoylaine 234255 WARANAMBOOL: Koroit St Elec Services 627417 OUI: AYR: Delta Electrix 8315ti6 BOWEN: 
Bowen Electronics 661656 BUNDABERG: Bob Elkin Electronics 521785 CALOUNDRA: Electro-mart 918533 DYSART: Dysart 
Videotronixs 582107 INGHAM: Masons Electronics 763168 INNISFAIL: lnnisfail Hi-fi 612014 MACKAY: Stevens Electronics 
511723 MARYBOAOUGH: Keller Electronics 214559 NAMBOUR: Nambour Electronics Shop 411604 PIALBA: Keller 

~ri:1::~~~.:gJ'2~A~~~PEGAflrJ~:~RBe~=:.'s':,nn~~~~~~C:o~~~n~~'WJ&~ec~~icLf~~7::=.~1 
Comp Wo~d 822768 WHYALLA: Eyre Electronics 454764 WA: ALBANY: Micro Electronics 412077 SUNBURY: Micro 
Electronics 216222 GEAALDTON: Batavia Lighting & Electrical 211278 KALGOORLIE: Today's Electronics 215212 
KAAAATHA: Daws CB:itronic 854836 MANOAAH: Mi:ro Electrorii:s 5812206 POAT HEDLANO: Ivan Tomek tre Elect 732531 

2M VHF FM Transceiver 

Features like -
• Full PLL frequency synthesis 
• 24 memory channels with repeater shifts 
• 25W or 5W switchable output 
• 5kHz or 25kHz tuning steps 
• Microprocessor control system 
• Excessive SWR safety shut-down circuitry 
• 0.15uV sensitivity at 12dB SINAB 
• 30kHz selectivity at -60dB 
• -60dB image rejection 
At this price you can afford to take the challenge! Kit includes all 
components, hardware, heatsink and a pre-punched silk screened front 
panel. Microphone is not supplied. VAESU D-2110 or D-2105 are 
recommended. 
Cat K-6400 

~Jan, Feb, 
~ Mar'91 

12VDC 100 Watt Converter 
Ever wished you had the power of your home stereo in the car? Well now 
you can! This compact inverter will power equipment up to 100 watts. 
That makes it ideal for our 50 watt and 100 watt amplifier modules. It has 
temperature & current overload protection plus low voltage shut down to 
prevent your car battery going flat. This kit is supplied complete including 
case. 
Cat K-3235 

QQ 

s129 

1.5V to 9VDC Converter 
Frustrated at how quickly your 9 volt batteries go flat? Then switch over to 
more cost efficient 1.5 volt cells with this 1.5 to 9 volt converter. It uses 
just 3 components and fits on a small PC board. This is a short form kit -
PCB and components only. 
Cat K-3230 

NOV '90 

Q 

s1495. 

Kits marked with this symbol involve mains power wiring. Take 
extreme care when working with this equipment. 

Q QQ QQQ 
Degree Of Simplicity Simple Intermediate Detailed 



6-24V VOLTAGE TESTER 

With true RMS/ 
COMBINED ANALOG/ 
DIGITAL MULTIMETER 
If you've ever wished for an accurate digital meter with the 
readability of an analog meter then here is the solution-- a digital 
multimeter with a larQe 3% digit display combined with a full 
sized analog meter with mirrored scale! Unit comes complete with 
probes and soft carry case. 
Ranges: 
• DCV 200mV, 2V, 20V, 200V, 1000V 
• ACV(rms) 200mV, 2V, 20V, 200V, 750V 
• AC(rms) & DC current 20uA, 200uA, 2mA, 20mA, 200mA, 2A, 10A 
• Resistance 200, 2k, 20k, 200k, 2M, 20M ohms 
•dB -45d8 to +50d8 (4 ranges) 
•Audible continuity $199 
• Diode check 

Cat 0-1700 

With Built-in Logic Tester/ 

PROBE TYPE 
Checks both AC and DC voltages within the range of 6, 12, 
or 24 volts. DIGITAL MULTIMETER 
Cat Q-1532 $695 

110-500V VOLTAGE TESTER 
Checks for voltages in the range of 150, 300, and 500 volts 
DC or 110, 220, and 380 volts AC 
Cat Q-1534 $695 

It doublss as a Flashlight! 
CONTINUITY TESTER 
Made from solid steel, this handy continuity tester can 
check for short circuits and circuit breaks, test diodes plus 
it doubles as a handy flashlight! 
Cat Q-1536 

This would have to be the smallest, handiest DMM you'll 
ever have the chance to buy! It features Data Hold, fixed 
and auto Ranging, plus a full 31/2 digit LCD display. 
• 200mV to 500V range 
• 40 to 400Hz frequency range 
• O to 20M Ohms 
• Auto Polarity indication 
• Diode and continuity testing 
• AC/DC Current up to 200mA 
• Soft carry pouch 

Cat Q-1560 
s59es 

WATERPROOF FUSE HOLDER 
This in-line fuse holder suits 3AG(6.35x31.8mm) fuses and 
is ideal for auto and marine work or in any harsh 
environment. Crimp connections make wiring a breeze and 
the large eyelet is designed to anchor the fuse holder to the 
wiring loom. 
•Rated (max) 32V@ 30A 
• Resistant to water, salt spray and ultraviolet light 
• -40 to 150 deg.C temperature range 
•Withstands· many organic solvents as well as rigourous 

shock and vibration 
Cat P-7917 
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are at Dick Sinith Electronics! 
IN-SITU NICAD 
BATTERY CHARGER 
You don't have to pull the batteries out of 
your equipment every time they 
need recharging. Will ~ 
recharge 7.2 to 12 volt 
cells. -
Cat M-9517 

s1795 
2oomA AC TO.DC 
POWER ADAPTOR 
This battery eliminator produces 3, 6, or 9 
volts and includes a universal connector to 
suit most appliances 

Cat M-9525 F::J (;jlft 
'18

95 1::~3J , '"' 
300mA AC TO DC 
POWER ADAPTOR 
300mA of current switchable 
from 3through to 12 volts 

Cat M-9526 

s1995 
500mA AC TO DC 
POWER ADAPTOR 
500mA switchable through 
3, 4.5, 6, 7.5, 9, & 12 volts 

Cat M-9527 

s2195 
THE DSE CHARGING 
CABINET 
8 batteries at once! Charges AAA, AA, C, D, 
and 9 volt batteries. 
Indicator lights for each 
cell, reverse polarity 
protection, and test 
meter. 

Cat M-9505 

s3995 

DSE HIGH GRADE NICAD 
RECHARGEABLE BATTERIES 
Cat S-3300 AA $3.95 
Cat S-3301 C $9.95 
Cat S-3303 D $9.95 
Cat S-3305 AAA $3.95 

12V PLUG PACK 
Supplies 12 volts DC at 1 amp 
Cat M-9570 

s2495 

900mA 16V POWER 
SUPPLY 
Now there's no need to fit a power 
transformer inside your project! Suitable for 
most 12 volt DC applications. , 
Cat M-9567 

s1&95 

CAR VOLTAGE 
CONVERTER 
Mains adaptors are fine but what do you do 
in the car? This converter plugs into the 
cigarette lighter and produces 6, 7.5, and 9 
volts at 800mA. ~ 
CatM-9584 ~ 

s1&95-t~ 

MULTI-VOLTAGE 
POWER PACK 
A hefty 1 amp supply at 3, 6, 9 & 12 volts. 
Ideal for use with alarm systems. 
Cat M-9530 

s3995 

HIGH PERFORMANCE 
POWER INVERTOR 
Converts 12 volts DC to 240 volts AC at 600 
watts. Attach it to your car battery to run 
TVs, VCRs, or even a small refrigerator. 
Cat M-5000 

s525 

4-WAY POWER BOARD 
With built-in overload protection. Top value 
at this price. 
Cat M-7114 

s1295 ~~~--------'~ 

JUNIOR SURGEBUSTER 
POWER FILTER 
Protect your sensitive computer and Hi-fi 
gear against harmful power surges and 
spikes 
Cat M-7152 

s3995 

6-WAY SURGEBUSTER 
POWER FILTER 
Now you can save by plugging all your 
sensitive equipment through one power filter 
without double adaptors 
Cat M-7156 

s5995 
~ 
• ./ \. I \ 

I I 

CORD STICK 
Pop out the extension rod and winding up 
long power cords is no longer a weight on 
your shoulders 
Cat M-7090 

5m EXTENSION LEAD 
10 amp beige coloured lead 
Cat M-7074 

s795 

91100/PB 



TANTALUM CAPACITORS 

Save over 40010 
on BULK BUYSI 

50 VOLT MONOLITHIC 
Cat No. uF Volts Each 10+ Bulk Buy CERAMIC CAPACITORS 

Each 
R-4700 0.1 35 80 40 
R-4705 0.22 35 80 40 
R-4710 0.33 35 80 40 
R-4715 0.47 35 80 40 
R-4720 1 35 80 40 
R-4730 2.2 35 $1.10 55 
R-4735 3.3 35 $1.15 55 
R-4740 4.7 35 $1.25 55 
R-4745 6.8 35 $1.45 65 
R-4750 10 25 $1.45 65 
R-4752 22 25 $5.95 $2.95 
R-4754 33 25 $6.95 $3.55 
R-4756 47 25 $9.95 $4.15 
R-4758 68 25 $12.95 $5.35 
R-4760 22 16 $1.75 65 
R-4762 100 16 $6.95 $3.55 
R-4765 33 10 $1.75 65 
R-4770 47 6.3 $1.75 65 
R-4775 100 3 $2.25 90 

250V 
POLYSTYRENE CAPACITORS 
Cat No. pF Each 

R-2807 33 90¢ 
R-2809 39 90¢ 
R-2811 47 90¢ 
R-2813 56 90¢ 
R-2815 68 90¢ 
R-2817 82 90¢ 
R-2819 100 90¢ 
R-2821 120 90¢ 
R-2823 150 90¢ 
R-2825 180 90¢ 
R-2827 220 90¢ 
R-2829 270 90¢ 
R-2831 330 90¢ 
R-2833 390 90¢ 
R-2835 470 90¢ 
R-2837 560 90¢ 
R-2839 680 90¢ 
R-2841 820 90¢ 
R-2843 1000 

PHONES 

SECURITY 
AUDIO 

COMPUTERS 

Cat No. pF Each 10+ Bulk 
Buy Each 

R-1981 10 30¢ 15¢ 
R-1982 15 30¢ 15¢ 
R-1983 22 30¢ 15¢ 
R-1984 33 30¢ 15¢ 
R-1985 47 30¢ 15¢ 
R-1986 68 30¢ 15¢ 
R-1987 100 30¢ 15¢ 
R-1988 120 30¢ 15¢ 

n 
R-1989 150 35¢ 20¢ 
R-1990 220 35¢ 20¢ 
R-1991 330 40¢ 20¢ 
R-1994 470 40¢ 20¢ 
R-1995 680 45¢ 25¢ 
R-1996 1000 30¢ 15¢ 
R-1997 1500 30¢ 15¢ 
R-1998 2200 30¢ 15¢ 
R-1999 3300 30¢ 15¢ 
R-2002 4700 30¢ 15¢ 
R-2003 6800 35¢ 20¢ 

tr 
R-2000 0.01uF 35¢ 20¢ 

~~ 
R-2004 0.015 40¢ 20¢ 
R-2005 0.022 40¢ 20¢ 
R-2006 0.033 40¢ 20¢ 
R-2007 0.047 45¢ 25¢ 
R-2008 0.068 50¢ 25¢ 
R-2001 0.1 50¢ 30¢ 
R-2180 0.15 35¢ 20¢ 
R-2181 0.22 45¢ 25¢ 
R-2182 0.33 55¢ 30¢ 
R-2183 0.47 60¢ 35¢ 
R-2184 0.68 65¢ 35¢ 
R-2185 1uF (25v) 70¢ 40¢ 

3mm LEDs 10+ Bulk 10+ Bulk 
Each Buy Each 10mm LEDs Each Buy Each 

Z-4077 Red 35¢ 20¢ Z-4060 Red 95¢ 55¢ 
Z-4079 Green 35¢ 20¢ Z-4061 Green 95¢ 55¢ 
Z-4081 Yellow 35¢ 20¢ Z-4062 Yellow 95¢ 55¢ 
Z-4083 Orange 35¢ 20¢ 

5mm LEDs 2x5mm LEDs (Rectangular) 
Z-4085 Red 50¢ 30¢ 
Z-4087 Green 50¢ 30¢ Z-4093 Red 60¢ 35¢ 
Z-4089 Yellow 50¢ 30¢ Z-4095 Green 60¢ 35¢ 
Z-4091 Orange 50¢ 30¢ Z-4097 Yellow 60¢ 35¢ 
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Silicon Valley 
NEWSLETTER 

First superconducting 
transistor claimed 

Researchers at the University of Wis
consin have announced the development 
of what is claimed to be the world's first 
functional high-temperature supercon
ducting transistor. 

The transistor was developed in co
operation with the Sandia National 
Laboratory in New Mexico, and the US 
Department of Energy. It operates at 
about -207°C, so that it will function at 
the temperature of liquid nitrogen. 

The researchers created the tranSistor 
by etching it into a thin film of thallium 
and superconductive copper oxide. The 
main difference between the new device 
and conventional transistors is said to be 
that it uses an input current to control 
output voltage, rather than output cur
rent. 

If the new devices prove reliable and 
able to be mass produced, they could 
revolutionise the design of many 
electronic systems - including super
computers, military communications 
systems, ultra-sensitive sensors and 
analytical instruments. 

Toshiba first to 
sign with Tl 

In what is expected to be the first of a 
series of major chip royalty agreements, 
Toshiba has signed a 10-year semicon
ductor technology licensing agreement 
with Texas Instruments - following the 
decision earlier last year by Japan's· 
Patent Office to grant Tl's patent for the 
invention of the IC (in 19581). The 
Toshiba agreement is expected to gross 
TI between US$60 and $100 million a 
year in royalty payments. 

Industry observers were surprised at 
the relative speed with which Toshiba 
came to terms with TI. The agreement 
sets the stage for similar agreements with 
all of the major Japanese chip com
panies. When completed, Tl's DRAM 
and IC chip patents are expected to bring 
the firm as much as US$1.l billion an
nually. 

During the past three years, TI ~ ag
gressively pursued royalty payments 
from companies using its DRAM and 

A US sold/Br checks his position using a Trlmpak GPS receiver, thousands of 
which are now being used by troops deployed In the Saudi desert. The size of a 
pair of binoculars, the receiver can pinpoint Its location on the globe to within 50 
feet. Trimble Navigation also sells a civilian version, 'Transpak~ for US$4000. 

other technologies. The effort began in 
1986, when the US International Trade 
Commission ruled in Tl's favour on a 
complaint that the Japanese were in
fringing on the company's DRAM 
patents. One by one, the Japanese firms 
quickly settled with TI to avoid having 
their products barred from the vast US 
market. 

The DRAM agreements have since 
netted TI more than US$650 million in 
royalties. 

In Tokyo, a spokesperson for Toshiba 
commented that 'the new agreement with 
TI "hurts, but it won't affect our 
competitiveness". 

Justice Dept. tries to 
block Semi-Gas sale 

For the second time in history, the US 
Government has moved to block the sale 
of a high-tech company to Japan. The US 
Justice Departmen~ hi)S announced that it 
will file an anti-trust suit to block the 
proposed sale of tiny San Jose-based 
semiconductor equipment maker Semi
Gas to Nippon Sansa. 

The controversy over the sale of Semi
Gas has been brewing for just on a year. 
Semi-Gas is the dominant supplier of gas 
containment systems which are used in 
the chip manufacturing process, and the 
company is playing a critical role in ef
forts by the Sematech chip manufactur
ing consortium to develop advanced chip 
production technology. 

Early in 1990 President Bush refused 
to block the sale. But the Justice Depart
ment has been conducting its own inves
tigation since then, and has decided that 
the sale violates US anti-trust laws. Nip
pon Sansa already owns Matheson Gas 
Products, which is Semi-Gas's closest 
competitor in the market for gas-contain
ment systems. 

The Justice Department's decision is 
seen as signalling a new direction in Ad
ministration policy .. Presumably the 
Government will use anti-trust laws to 
prevent any further 'hollowing out' of 
critical high-tech industries such as chip 
equipment manufacturing. 

"This sends a signal to foreign com
petitors that the US Government is inter
ested in keeping American companies 
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American", said Sematech's chief ad
ministrative officer Peter Mills. 

National Semi 
reports profit - at last 

Santa Claus delivered a long and very 
eagerly awaited Christmas present to 
National Semiconductor's president 
Charlie Sporck: a quarterly operating 
profit, the first one in Sporck's 18-month 
effort to return the company to 
profitability. 

National has announced a second
quarter net profit of US$3.5 million, a 
huge turn-around from the whopping 
US$165.5 million loss in the first 
quarter. Sales for the quarter rose from 
$417 million a year ago, to $427 million. 

"The significant improvement in 
operating performance in this quarter 
reflects the benefits resulting from the 
restructuring activities the company un
dertook in August. We continue to 
reduce fixed costs, in order to further 
improve the company's financial 
performance", Sporck said. 

Frisco passes 
toughest VDT law 

In what is easily the toughest VDT 
safety law yet introduced in the United 
States, the San Francisco Board of Su
pervisors has voted 8: 1 in favour of 
sweeping legislation, likely to be fol
lowed in many other cities across the US. 
The law will be applied to any worker 
within the city's boundaries who uses a 
computer for a large proportion of their 
daily activities. 

The law will require the use of 
detached keyboards, ant-glare screens 
and special lighting. It mandates the use 
of ergonomic workstations, including 
adjustable chairs and rests for feet, arms 
and wrists. It will also forbid workers to 
work on a computer for more than two 
hours without a 15-minute break for 

relaxation or performing non-computer 
related job activities. 

Violators of the ordinance face fines of 
US$500 per day. 

The local business community had 
strongly opposed the measure. It is es
timated that the law will require local 
businesses to spend between US$40 and 
$60 million to comply with the law. 
Some will face a particularly high cost if 
they have to replace a large number of 
monitors that don't currently feature 
anti-glare screens. 

City Supervisor Nancy Walker, who 
initiated the legislation, said the bill 
reflects concern for an alarming increase 
in the number of VDT-related worker ill
ness and injury reports. "We are once 
again on the cutting edge, and we are 
taking some heat for that from 
business", Walker said, referring to the 
tough anti-smoking ordinance adopted 
two years ago. 

Go-Video seeks to 
block MCA merger 

Go-Video, 'the mouse that roared' 
once before, has again stepped into the 
spotlight with an effort to block one of 
the biggest corporate take-overs in 
American history. The tiny Scottsdale, 
Arizona company has filed an anti-trust 
lawsuit with a Federal court in Phoenix, 
seeking to block the proposed US$6 bil
lion acquisition of MCA by Japan's Mat
sushita. 

The world's first and as yet only 
manufacturer of a dual-deck VCR, Go
Video filed an anti-trust suit earlier last 
year against six of Japan's largest con
sumer electronics firms (including Mat
sushita), claiming that they had 
conspired to keep its product off the 
market. The latest suit is a spin-off from 
the earlier one, with Go-Video claiming 
that the acquisition of MCA (which in
cludes Universal Studios) is part of a 
conspiracy by Matsushita and Sony to 

monopolise the consumer electronics 
entertainment market 

The suit asks the court to block the sale 
on the grounds that such a strategy vio
lates US laws designed to encourage 
competition. 

Several of the companies defending 
the original suit have apparently agreed 
to out-of-court settlements, including the 
Electronics Industry Association of 
Japan and Korea's Samsung. The latter 
firm is now producing the Go-Video 
VCR, which retails in the US for around 
US$1!00. 

Space-based 'hacker' 
NASA astronaut Ronald Parise has 

qualified for the title of the first space
based computer 'hacker', after using his 
Grid laptop computer to communicate 
with earthbound computer hobbyists, 
during a flight of the Columbia space 
shuttle in December. The laptop was 
hooked up with a transceiver on board 
the shuttle, allowing Parise to exchange 
messages directly with other hobbyists 
equipped with ham-radio equipment. 

Unfortunately problems with the deep
space observatory being carried by the 
shuttle kept Pari8e and the rest of the 
crew far more occupied than had been 
anticipated, limiting his opportunities to 
spend time 'hacking'. The laptop is nor
mally used for a number of non-critical 
flight functions, including indication of 
the shuttle's current orbital position. 

More Trimpacks 
for the Gulf 

With very few geographic features to 
tell US troops where they are in the 
Saudi desert, the Trimpack portable 
global positioning system from small 
Sunnyvale-based company Trimble 
Navigation has apparently been a big hit. 
The finn has received its third order from 
the Pentagon, this time for another 2300 
units - worth a total of US$12 million. 

The small system is about the size of a 
pair of binoculars, and uses the signals 
from three orbiting GPS satellites to tell 
a soldier his exact location on the globe, 
with an accuracy of closer than 50 feet. 

The current Pentagon order follows 
one for 1200 units, placed shortly after 
the Kuwait invasion last August. The 
military had already purchased 1000 
units before that. 

With all the attention that his product 
has received in the media, company 
president Charles Trimble says his 
product will now become more readily 
used in commercial markets - includ
ing trucks, cars and boats. • 
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Moffat's 
Madhouse ... by TOM MOFFAT 

The ultimate 'black box' 
How amateur is amateur radio? Less 

and less with every day that goes by, I'm 
afraid. For years now, died-in-the-wool 
amateur operators have bemoaned the 
fact that hams have turned into a breed 
of 'appliance operators' - masters of 
the black box. 

There are arguments for and against 
this trend. For, in that amateur operators 
can now buy, off the shelf, technology 
that wouldn't have been available to 
even the best-heeled commercial or 
government operators as recently as five 
years ago. The argument against black 
boxes is that so-called 'technically 
competent' amateurs have now lost.the 
ability to repair their own equipment, let 
alone build it. 

Modem amateur technology has fol
lowed commercial practice. There's less 
reliance on HF frequencies and direct 
communication, and more on VHF and 
repeaters. And waiting in the wings -
satellites. Amateurs have been in the 
forefront of satellite technology for 
years, even building special satellites 
for amateur use only. But late in 1989, 
for the first time on a national basis, 
amateurs relied on commercial circuits 
on a government-owned satellite to 
carry out amateur communications. 

Jamboree on the Air 
The occasion was the annual get

together between scouts and radio 
amateurs - the Jamboree on the Air. 
Traditionally this has involved setting 
up HF radio gear in scout halls or at 
bush camp sites, so scouts and guides 
could speak with. their counterparts all 
over the world. This was real steam
radio stuff: fading signals, noise and 
whistles and "could you repeat your 
name, please?". Successful com
munication was a chore, but there was 
the thrill of the chase and satisfaction 
when contact was made. 

This time Aussat chipped in with free 
satellite circuits, to interconnect two
metre amateur repeaters with those of 
other Australian capital cities and with 
New Zealand. This eliminated com-

pletely the need for all those messy HF 
antennas, the need to climb trees to 
string wires or to erect temporary masts. 

Contact could now be made to a city 
thousands of kilometres away with a 
simple one watt walkie-talkie, or a 
mobile rig in a car that looks much like 
(dare I say it?) a CB set. 

My goodness, didn't the band go 
wild! The scouts had the time of their 
lives - but even more so, the amateurs 
in charge of the stations. Many held 
limited licenses, meaning they could 
only use VHF or UHF over short ranges. 
Now they could talk to a fairly good 
chunk of the South Pacific. 

Real discussion 
This was fascinating to listen to, and 

to take part in. On the HF bands over
seas contacts many times amount to lit
tle more than exchanging callsigns and 
signal reports, and maybe a quick 
weather report. They last just a few short 
minutes, or when a contest is on, a few 
seconds. But on this temporary two
metre link via Aussat, people wanted to 
talk like people, instead of radio hams. 
What's it like where you live? What are 
the industries there? What's the climate 
like? What do you like best about the 
place? Tell me about your family. How 
far are you from Sydney/Perth/Bris
bane? 

The Aussat link was meant to be for 
the Jamboree, but once the scouts had 
bedded down for the night the hams 
'went at it' until the early hours of the 
morning. 

It all reached a climax here in Tas
mania when we were patched through to 
New Zealand - the whole of the 
country, since they have a permanent 
UHF linking system to interconnect 
their major repeaters. I've always felt 
deep down inside that Tassie might be 
better off as part of New Zealand, and 
this experience reinforced that: hams on 
both sides of the Tasman, particularly 
those VHF- bound, hit it off like long
lost friends. 

The Kiwis all seemed so proud of 
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their home areas, and so happy to talk 
about them. Same went for the Tas
manians, and there were lots of 
promises made to tour each other's is
lands sometime in the future. On this 
end there was one fellow who was ob
viously re-living a New Zealand holiday 
he'd had a couple of years earlier. 
Another Hobart amateur of many years 
standing said the whole Aussat link 
business was the most thrilling thing 
that had happened to him since he put 
his first signal on air. At the other end of 
the scale was a charming Kiwi lady 
named Jane, who'd just got her VHF
only licence and suddenly found she 
could make new friends all over Tas
mania. 

The fun came to an abrupt halt at 10 
o'clock on the Monday morning, when 
the temporary link was to be pulled 
down. The fellow in charge of it gave a 
few minutes warning, and that set off a 
flood of cheerios and goodbyes and 
promises to meet again. It reminded me 
of a ship sailing away, with passengers 
throwing streamers to those on the dock 
and both holding onto them until the 
bitter end. Then the Kiwis were gone. 

A breakthrough? 
The general opinion: what a great 

technological breakthrough! But was it? 
In reality, what we were doing was 

talking on a telephone circuit. Any of us 
could have done the same thing 
(provided we were willing to pay, of 
course) by simply picking up a phone 
and dialling a few numbers. 

This bothers me somewhat. A lot of 
people said "wouldn't it be great if we 
could have this all the time". If we did, 
it would most likely signal the end of 
amateur radio as we know it. The JOTA 
weekend was significant because it was 
the first time as far as I know that one 
form of amateur radio depended upon a 
commercial facility, the Aussat satellite, 
in order to operate. 

An important principle of amateur 
radio is being able to provide com
munications totally independent of 



anyone else. Such communications 
should be able to continue regardless of 
whether a satellite is working or not. 
Amateur communication should exist 
despite loss of phone lines, mains 
power, or in times of flood, cyclone, 
bushfire, or earthquake. If our antennas 
fall down in a storm (a la Cyclone Tracy 
in Darwin) we should be able to get 
them back up again forthwith and carry 
on with battery power. 

San Francisco quake 
By pure coincidence, the ABC 

showed a documentary about the big 
San Francisco earthquake of 1989, at the 
same time the JOTA-Aussat link was in 
full cry. The earthquake caused great 
fissures in the streets and tore many 
telephone cables to shreds, including 
those feeding police radio bases. The 
police radio network fell to bits at the 
time it was needed most, and television 
broadcast stations became the only way 
to disseminate essential information. 
And of course that was one-way only. 

What happened to the radio amateurs 
in San Francisco? Surely they had some 
disaster plan set up. Even amateurs in 
piddly little Hobart are prepared to step 
in if the radio networks here go bung. 
There's a register kept of who has what 
equipment, who can operate battery 
power, and who can operate on HF or 
VHF from their cars. There are periodic 
exercises just to make sure all this stuff 
works. 

The point is that all this amateur gear 
can work independently of anything -
no power supplies, no phone lines, no 
satellites. Providing both can still stand 
up and they haven't been nuked or 
something, operator A will be able to 
talk to operator B within minutes of any 
disaster. 

l wonder what did happen in San 
Francisco. I've seen a lot of training 
films over the years, showing what great 
and modem 'public safety' communica
tions they have in America, and par
ticularly California. You press a button 
here, a car gets dispatched there. There 
are radio bases and repeaters on every 
hilltop, with in-car polling systems so 
you always get to communicate through 
the strongest station - a bit like cellular 
phones. 

But when the crunch came, literally, 
the whole thing went haywire. Maybe 
they just technologied themselves to 
death. On reflection it looks like San 
Francisco's police simply couldn't talk 
with each other directly, since all signals 
had to go through some kind or repeater 
or other. In normal times a cop with a 
handie-talkie could talk to his mate 

several suburbs away. But with the 
repeaters kaput, they could be standing 
50 metres apart and still be unable to 
communicate. 

Their radios should have had some 
simplex channels - simple one-fre
quency operation where you can talk 
directly to someone else nearby. But did 
they have simplex channels? And if they 
did, did the police users know enough to 
switch to them when the main network 
went down? Or did they just say "the 
radio's not working" and give up? 

'Direct' communication used to be the 
only choice. When I first moved to Tas
mania many years ago, the Hobart 
police headquarters had two big towers 
on top, with a wire antenna strung be
tween them. This was connected to an 
HF transmitter and receiver within the 
building that could communicate around 
the state, or with Melbourne, by - wait 
for it! - Morse code. That system 
would have been just about indestruc
tible - no repeaters, no phone lines, no 
nothin'. But now it's gone. 

Common channels 
The police and other emergency net

works in Tassie all have their links and 
repeaters now, but they have also ar
ranged simplex channels so cars and 
hand-portables can communicate direct
ly. They've even gone further and put 
common channels in units of the police, 
fire brigades, the forestry commission, 
State Emergency Service, and any other 
services that will come into play if 
there's a natural disaster. 

This scheme came about as a direct 
result of the 1967 bushfires that devas
tated the southern half of Tasmania. 
Back then every service had its own 
channel, jealously guarded. And when 
the police car on one side of the fire 
wanted to talk with the fire unit on the 
other side, it just wasn't on. Nowadays, 
a quick flick of the channel switch and 
everybody can talk with everybody else, 
free of repeaters or any other aids. Are 
other states thinking this way? 

The experts tell us terrestrial repeaters 
will eventually be replaced with direct
access satellites. On the surface this 
sounds great, but what happens when 
the satellite goes bung? It does happen, 
you know, regardless of what satellite 
promoters say. How many times have 
you been trying to watch something on 
SBS television which is 'satellited' all 
over Australia? Suddenly the program is 
cut, to be replaced with the satellite link 
desperately trying to switch itself to ·a 
new working channel. 

One night I videotaped a session when 
the SBS satellite channel was having 

one of its periodic fits of apoplexy. Then,S 
I played it back frame by frame to see 
what was actually going on. Among 
other things the link was producing 
quick flashes of message frames saying ' 
something like 'This is an illegal 
decoder' and then giving a 008 number 
to ring if you wanted more information. 
Illegal decoder? Golly - is that an ex
ample of satellite reliability? 

Yes, satellites are great, repeaters are 
great. But no, let's not put all our eggs in 
one basket. We might find our whole 
communications capability comes 
crashing down around our ears at the 
time we need it most! Despite all the 
technological advances we should never 
lose sight of the fact that we must al
ways retain the ability to communicate 
with one another without depending on 
any outside help at all. • 
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THE SERVICEMAN Iii@@ 
••• @@ 

Protection relays, satellite trackers 
- and a set that threw itself out of whack 
In the September 1990 edition I appealed for contributions from 'non-domestic' servicemen -
workers in the industrial or commercial fields. The appeal bore fruit almost before the ink was dry, 
and the two of the items I have for you this month are the result. The third is from my own bench, 
with the tale of an ordinary colour TV set with a very strange set of symptoms ... 

The first of my contributed stories 
comes from Mr K.V., of Kallangur, 
Queensland. K. V. works in an in
dustrial situation, and his contribu
tion introduces an immediate conflict 
of definitions. He writes about a 
'protection relay' which turns out to 
be not an electro-magnetic switch 
such as we might find in domestic 
equipment, but the electronic sensing 
and drive networks that operate a 
large circuit breaker. 

Well, I asked for material from 
other fields, so I'll just have to live 
with what I get. I hope you find it as 
interesting as I did. K. V. writes: 

I work in the industrial field, but 
the principles of fault finding and 
repair are basically the same as in the 
domestic field. 

One job encountered recently was 
to repair a protection relay, with two 
faults in it - one intermittent. The 
relay had been in service for a num-

What do these people 
have in common? 

Spencer Gulf Telecasters, Gerard Industries, Lilydale TV 
Serv1ce1 Racal N.Z., Amos Antenna's, Moun) Isa Mines, 
Alan Seobens, Snowy Mountains Hydro Ele<:tnc Authority 
Tele Wire Cabling, Rodney Floyd, A.G.L. Sydney' 
Mt.Evelyn TV services, Double T Radio, Terry LeR: 
ougetel, Central V_ictorian Antenna's, Tom Guilford, State 
Transport Authority of S.A., Chaven TV Service, C. L. 
James, Radio Parts Group, Alan Caddy, The Produ=s Co., 
R. Ankers, DJ. Coulter, Eastern Antenna's, Nationwide 
Antenna Systems, Satellite Services Australia, and a host of 
technicians who need to measure R.F. energy levels. 
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74 Fulton Rd. Mt. Eliza 3930 Tel:03 787 2077 
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her of years before the problem 
showed itself. 

These units are on continuously, 
monitoring the power flow in a high 
voltage transmission line. They can 
make a decision to trip the line in 20 
milliseconds in the event of a fault. 

The relay contains 20 plug-in 
cards, with up to 43 transistors on 
each card. Knowing the operation of 
the unit, it is relatively easy to locate 
the faulty card. 

The first fault was simply a section 
that would not work. A quick check 
over the card with a CRO revealed 
one input signal disappeared after 
entering a resistor. Replacing the 
open circuit resistor put this card 
back in operation again. (How I wish 
all jobs were that easy! - Ed.) 

The intermittent fault showed itself 
during this time by another section 
failing to operate correctly. The 
power was switched off and the 
suspect card put on an 'extender' to 
check its operation. Of course, when 
the relay was switched back on, it was 
OK. 

This card was the odd one out. All 
the other cards were neatly made with 
solder masks over the PC tracks. The 
boards had been cleaned thoroughly 
and then varnished. The faulty card 
was obviously a prototype. It had 
been hand soldered, with plenty of 
flux and no solder mask, and then 
varnished without cleaning. 

When first switched on, this card 
did its job OK. Various signals mixed 
at the input and produced a 50Hz 
square wave at Tl. But after a time 
the signal became noisy and gradual
ly dropped in amplitude until it disap
peared. 

"Tl must be faulty", I thought. But 
after replacing it, the fault showed up 
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again. To save time, T2, T3 and T4 
were also replaced; but again the 
fault soon reappeared. It appeared as 
though the collector of Tl was being 
pulled to the common rail. 

Each time I looked at the underside 
of the board, I thought "What a mess! 
Flux everywhere under the varnish". 
I remembered one of the Serviceman's 
stories about leakage between tracks 
caused by impurities in the circuit 
board material. The track from Tl 
collector to R13 ran parallel with the 
common rail and seemed to be a like
ly spot for trouble. 

Out came the solvent, toothbrush 
and scraper! After much scrubbing, 
the board was eventually cleaned of 
all traces of flux and varnish and then 
dried. This time it tested OK, even 
after a few days of being left switched 
on. A coat of varnish was applied to it 
and the ·relay was returned to service. 

I later tried bridging the collector 
of Tl to the common rail with a 20 
megohm resistor. This was enough to 
stop the relay, so the flux bridge must 
have been of this order. Such a high 
order of impedance is unusual in 
transistor circuitry, but it must be 
considered in any case of unexplained 
failure. 

It is also advisable to always clean 
off a circuit board assembly after 
repair. Metho and a tooth brush kept 
expressly for this job are quite effec
tive. 

Thanks, K.V., that little story shows 
that production faults are not the sole 
prerogative of cheap domestic equip
ment. 

I have often knocked dollops of 
flux and other foreign material off 
circuit boards, not so much to cure a 
fault but more to prevent them hap
pening in future. I feel that the track 
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azimuth (2) drives used vacuum tube 
servo amplifiers (3), powering the 
split field windings of the 
motorltacho (4) units. Naturally I 
decided this was a bit archaic, so I 
built solid state amplifiers to replace 
the original units. 

The schematic diagram for the 'lndustrlsl protection relay' sensing clrcu.lt, which 
forms the subject of this month's first contributed story from K. V. 

Being a bit shaky on servo theory, I 
made everything adjustable: velocity 
and acceleration feedback, gain, 
motor bias current and DC balance. 
The control system consists of a VAX 
computer program that looks every 
half second at the current elevation 
and uzimuth, via synchro-to-digital 
converters (5 ); compares this to the 
predicted positions, and using a 
model of the servo response, sends an 
appropriate analog voltage via D/A's 
to the servo amplifier inputs, to mini
mize the pointing error. 

side of a circuit board should consist 
of copper, solder and varnish. Any
thing else is foreign matter and 
should be removed. Besides, a clean 
board looks better than a messy one! 

Satellite tracking 
Our next story is rather more in

volved than K.V.'s. It introduces new 
terms and concepts that have never 
been used in these pages before. In 
fact, it's all about a semi-professional 
satellite tracking system. It comes 
from Mr T.B., of Wellington in New 
Zealand. (For the benefit of non-tech
nical readers, I will include a glossary 
of terms at the end of the story. The 
terms to be explained are followed by 
numbers in brackets.) 

T.B. is an officer of the NZ Depart
ment of Scientific and Industrial Re
search (DSIR), the Kiwi equivalent of 
our CSIRO. Like so many organisa
tions these days, the DSIR is strapped 
for cash, so when they wanted to do 
some research into weather forecast
ing, they looked around for ways to 
interrogate the weather satellites that 
pass overhead every day. But they 
couldn't afford the quarter-million
odd dollars needed to buy a new 
satellite receiver. 

It so happens that T.B. is also one 
of a group of radio amateurs who had 
bid for and won an obsolete weather 
radar antenna, from another Govern
ment organisation. Unfortunately, the 
amateurs couldn't afford the com
puter and software needed to operate 
the antenna. 

So a deal was reached. The 
amateurs would provide the antenna 
and the manpower to install and 
operate it, while the DSIR would pro-

vide the computer and pick up the 
day-to-day running costs. 

(That background material is not 
part of the story, but was necessary to 
set the scene for the problems that 
follow. The full story is quite interest
ing and T.B. has agreed to tell it on 
another page, at another time.) He 
takes up the story: 

This tale is about a satellite track
ing antenna and a fault in its servo -
one that really had me going round in 
circles. 

The antenna in question was a 
1960's vintage radar which I came by 
and modified for tracking weather 
satellites transmitting on 1700MHz. 

The original elevation ( 1) and 

Because of all the variables in the 
amplifier, it was decided to set all the 
pots to midscale and use a 'demand 
step' program to measure the servo 
response. 

This resulted in a curve of the style 
shown in Fig.1. Apart from a rather 
large deadband in the centre and 
rather steep response when the motor 
got going (i.e., not too many DIA bits 
between 'creep' and 'flat out'), the 
system worked quite well. And since 
the data received was of reasonable 
quality, that's how the system ran for 
about 18 months. 

I always felt that I should revisit the 
servo amplifier and do it better, as the 
azimuth channel always rocked back 

The servo motor/tscho generator unit from the satellite antenna system 
discussed In T.B. 's contributed story. The larger main section st left Is the motor, 
while the smaller unit attached to its rear end (right) Is the tacho generator. 
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and forth a degree or so during a 
pass, and with a 5° beam width and 
2dB link margin, there were oc
casional noise bursts on the data. But 
because this was more of an aesthetic 
than a practical problem, things were 
let be. 

Anyway, after 18 months or so we 
noticed the signal becoming more 
noisy, in an erratic and intermittent 
way. In a system like this the pos
sibilities are: 
• Pointing errors due to ephemeris (6) 

errors or servo response; 
• The LNA (7) or other stages of the 

receiver going noisy; 
• Problems in the bit synchroniser; or 
• As a remote possibility ,problems in the 

rest of the control or image processing 
software. 
The problem seemed to get worse 

from the first of January, so the 
ephemeris error: was a logical 
suspect. 

At this point of course you have the 
classic standoff, between the 
hardware person (me) and the two 
software people - Dave who did the 
antenna control, and Stephen who 
worries about tracking. 

Because of the '1st of January' fea
ture in the problem, and because I 
could not find any electronic 
problems - even though the antenna 
did seem to be rocking a bit more 
than usual - it was decided that 
there was an ephemeris problem. So 

-3 -2 

VELOCITY 
(Degrees I Second l 

cw 
5 

3 

2 

2 

3 

l. 

5 
ccw 

Steven delved into any software that 
bore on the problem and finally found 
a subtle bug in the sidereal (8) time 
routine that caused about a 1 minute 
time offset. 

At the same time he implemented a 
process to decode and use the 'time 
slip' values, sent down in the satellite 
data stream. This means that we know 
to a kilometre or so where the satel
lite is at any moment. 

Unfortunately, the noise problem 
got worse, if anything. 

The next thought was that maybe 
the synchros were out. A re- survey of 
the antenna's sighting settled that 
one. It was right on. 

Maybe the receiver was noisy? This 
was not easy to check, as I did not 
have any suitable test gear. 1700MHz 
signal generators with wideband 
phase modulation capability are a bit 
thin on the ground. 

I decided to do what I could with an 
old radiosonde (9) and a calibrated 
attenuator. From a hilltop at known 
range, and a value of CW output 
measured on a spectrum analyser, the 
beamwidth of the antenna was 
measured and an estimate of sen
sitivity calculated. 

Unfortunately the measurement er
rors are very much in the same range 
as the link margin (2 or 3dB), so this 
test was inconclusive. 

About this stage the noise problem 
had got to the point where the 
received data was considered consid
erably degraded. 

I decided to build a new pair of 
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servo amplifiers and see if I could 
come to terms with the inertial 
response of the antenna and 'do it 
properly'. 

A circuit was put together based on 
my original design, but with only one 
pot (the motor steady-state bias cur
rent), and a single op-amp at the 
input - around which would be the 
velocity and acceleration com
ponents. 

I had a spare motor/tacho and 
power supplies, and I built up a func
tion generator that can provide 
pedestal, ramp and steady state sig
nals to test it. 

The first test on the bench after op~ 
timising gains and so on seemed OK, 
except for an odd phenomenon with 
the output transistors (BUY69C's). If 
the 180 volt supply for the motor field 
windings was applied after the +/-
12V op-amp power, the standing cur
rent increased to about three times its 
set value. The effect was to make the 
response of the amplifier 'soggy', (,JS 

if it had low gain. 
All five BUY69C's I had showed 

this effect. Changing to BU208A's 
eliminated the effect. Presumably the 
BUY69A's were leaky; they behaved 
as if they had a collectorlemitte_r 
resistor, as the current went up 
steadily with increasing HT voltage. 

Having sorted all this out, the 
various components around the input 
stage were adjusted until the motor 
response (as measured by the tacho 
voltage output) was a good copy of 
the input driving function (control 

. 20 30 t.O 50 60 
TIME !Seconds) 

Fig.1 (left): The measured response of the antenna drive system, comparing slewing velocity against demand voltage. Note 
the central 'dead band'. Fig.2 (right): The measured response as a function of time, for an input azimuth step of 34 degrees. 
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A close-up of the drive motor and tacho generator when unboned, showing the 
method of coup/Ing. A spare plastic Insert Is shown at lower front. 

voltage). Now to try it out on the real 
antenna. 

Disaster - it was worse than the old 
amplifier! 

A plot of the synchro rate against 
an input step is shown in Fig .2. This 
kind of response was evident at all 
values of input step, with very poor 
control at low values. This is the most 
important area, because you need to 
be able to 'creep' a satellite antenna 
reliably- it spends most of its active 
time going very slowly. 

The maximum azimuth slew rate of 
7°/sec occurs very briefly, on passes 
that go 'right over the top'. 

At this point much discussion en
sued, about the inertial response of 
the antenna's mechanical component 
and how to measure it. A lot of star
ing at thick books on servo theory 
only led to the conclusion that we 
needed numbers that were almost im
possible to measure. 

The long time constant involved 
seemed very hard to explain. At this 
time I tried many variations of 
velocity and acceleration com
ponents, to no avail. 

A servo expert's view was 'cut and 
try, and when it works figure out the 
theory afterwards'. Of course, with 
hindsight, the answer to the problem 
was staring right at us, in Fig.2. 

I saw this as a long time constant, 
combined with a non- linear effect in 
the amplifier. But while measuring 

the tacho voltage I noticed it seemed 
intermittent. Ahah! An intermittent 
winding or bad brushes. I cleaned up 
the brushes, but there was no change. 
So I changed the tacho. The mechani
cal arrangement of the coupling be
tween the tacho and motor is shown 
in the accompanying photo. 

This was done, but there was still 
no change. Then the penny (sorry -
cent!) finally dropped. I had reused 
the plastic sleeve that connects the 
tacho to the motor shaft, and that was 
the root cause of the problem. 

The outer surface had worn to the 
point that it was only coupling to the 
motor shaft some of the time. When a 
step voltage input signal was applied, 
the motor would run flat out for a 
second or so until the coupling 
'caught', and then the negative feed
back from the tacho made the motor 
slow down. Hence the curve of Fig.2. 

Because of the machined surf aces 
aligning the motor and tacho, you 
could not feel the tightness or other
wise of the coupling. A small piece of 
plastic tape around the coupling 
proved the point. Suddenly we had 
perfect pictures and zero bit error 
rate! 

I think I would give myself no more 
than 2 out of 10 for finding this fault. 
We dived off into many tangents and 
tidied up some loose ends along the 
way, but what a trail to find a tiny 
piece of worn plastic! 

Well, T.B., I don't know about the 2 
out of 10 for fault finding, but your 
story is worth 10 out of 10 for inter
est. 

Like many lay-persons, I imagined 
that a satellite antenna was pointed in 
the right direction to acquire the bird, 
then moved to maintain the best sig
nal strength as the satellite passed 
across the sky. I didn't think that it 
had to be constantly repositioned ac
cording to some pre-calculated table. 
We live and learn, don't we? 

As for the fault itself, just how 
many times have these pages revealed 
a purely mechanical problem as the 
reason for a malfunction in complex 
electronic equipment. You can think 
of volume controls, switches, 
mechanical linkages of one kind or 
another, even the ubiquitous dry joint. 
All are mechanical in one way or 
another, and all of them can give us 
headaches at least, and ulcers at 
worst. 

Thanks, T.B., I'm glad that your 
ulcer can now have a rest for a while. 
And now, as promised, here is the 
glossary of terms used by T.B. in his 
story: 

(1) Elevation: the angle of an ob
ject, above the horizon, as seen by the 
observer. 

(2) Azimuth: the direction of an ob
ject from the observer, in a horizontal 
plane. 

(3) Servo: a system used to ac
curately control a mechanical item -
i.e., a motor, in both direction and 
speed. 

(4) Tacho: a device attached to a 
motor shaft to relay details of its 
speed to a controlling mechanism. 

(5) Synchro: a device attached to a 
piece of equipment to relay details of 
its position to a controlling servo sys
tem. 

(6) Ephemeris: A table or list of 
figures representing the position of a 
satellite (or heavenly body) at any 
time or date. 

(7) LNA: Low noise amplifier -
the first stage in a satellite receiver. 

(8) Sidereal (Time): The time at 
which a star passes over a particular 
meridian. A sidereal day is about 4 
minutes longer than a solar day. 

(9) Radiosonde: A small balloon
bome radio transmitter that can send 
high altitude weather details back to 
the ground. 

Blame the cleaner? 
Now back to my own bench, and 

while we are on the subject of 
mechanical rather than electronic 
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problems, I'd like to tell the story of 
one set that came into the workshop 
recently. It was a National TC2202 
colour TV, fitted with an M7 chassis. 

The customer claimed that the set 
had been working OK until his wife 
was poking around near it with the 
vacuum cleaner. Then 'all the colour 
went' and the picture shifted to one 
side. 

Now I've heard of cleaners destroy
ing the purity of the picture, but that 
usually results in wrong colour - not 
NO colour. Then again, there has 
never been any suggestion that the 
cleaner could shift the picture off to 
one side. 

Just as he'd described 
When I got the set on the bench, it 

was almost exactly as the customer 
said. The picture was a purplish· 
monochrome, with a green patch in 
the top right comer. · 

And the picture had really shifted. 
There was a 75mm band of black 
down the right hand side of the 
screen, and both both top an~ bottom 
corners of the left hand side were 

UV MATERIALS 
3M Scotchcal Photosensitive 

Pack Price Pack Price 
250x300mm 300x600mm 

8001 Red/Alum. 86.00 98.00 
8003 Black/Alum. 12mm 95.00 106.00 
8005 Black/Alum. 86.00 98.00 
8009 Blue/Alum. 86.00 98.00 
8130 Black/Gold 109.00 130.00 
8006 RedfTransp. n.oo 88.00 
8010 Green/Transp. n.oo 88.00 
0011 Red/White n.oo 0aoo 
8012 Black/Transp. n.oo 88.00 
8013 Black/Yellow n.oo 88.00 
8014 Blue/Transp. n.oo 88.00 
8015 Black/White n.oo 88.00 
8016 Blue/White n.oo 88.00 
8018 Green/White n.oo 88.00 
8060 Black/Silver n.oo 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 
24 x 18 $48.00 $ 62.00 
18x12 $24.00 $ 31.00 
12x 12 $16.00 $ 20.80 
12x6 $ 8.00 $ 11.00 

KALEX UV LIGHT eox_ 
KALEX ETCH TANK .a. 

All prices plus sales tax if applical'lle II 
Ex 40 W&llls Ave 

East Ivanhoe 3079 
(03) 497 3422 

4973034 
Fax (03) 499 2381 

ELECTRONIC COMPONENTS & ACCESSORIES 
• SPECIALIST SCHOOL SUPPLIERS 

masked out, as though the beam was 
clipping the inside of the tube neck. It 
was a real mess. 

In most other respects, the set was 
working normally. There was no sign 
of distress in the line output stage, 
which is the only place in which I 
would have expected to find a prob
lem that could produce symptoms 
such as those on this set. 

My first test was to check the rail 
voltages, starting with the output of 
the regulator. This produced the first 
surprise, because it was delivering 
280 volts instead of the 230 shown on 
the circuit diagram. 

Then I realised that this set has two 
regulators - one on the bridge rec
tifier board, and another just ahead of 
the line output stage. And this secon
dary regulator was producing the cor
rect output voltages. (It turned out to 
be of no importance anyway, because 
the circuit diagram figures were given 
for a 220V input and I was driving the 
set with 240V. Thus all the input vol
tages had to be high and the second 
regulator was doing its job properly.) 

To shorten a long story, I spent an 
hour trying to find out why the pic
ture was shifted to the left. Only un
wanted DC in the yoke could cause 
the fault, but there was no sign of any 
such current. So if it wasn't DC, it 
had to be a permanent magnet effect 
- and the only magnets around about 
were the shift magnets in the static 
convergence assembly. 

The penny dropped ... 
And this put me on the right trail. 

All four static magnets had been 
twisted 180° out of position. In just a 
few moments I had perfect conver
gence 3t centre screen, and the pic
ture had come across to eliminate the 
black band on the right. 

Next I tried the dynamic conver
gence controls, and found each of 
these to be a long way out of their 
proper position. 

Then I tackled the purity controls, 
and this led to quite a bit of frustra
tion because I couldn't get a green 
image to work on. (In these in-line 
tubes the green gun is the centre one 
and is used for purity adjustments.) 

I checked the screen voltages and 
found them to be all within 
reasonable levels. Certainly not so far 
out as to cause the complete loss of 
green. 
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So I decided to check the voltages 
on the output transistor collectors. I 
expected to find a wrong voltage on 
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the green collector, but nothing like 
the fault that I did uncover. 

As I put the meter probe on the col
lector pin, something moved and 
there was a 'tinkle' on the main chas
sis, underneath the picture tube base 
board. The tinkle turned out to be 
caused by the output transistor land
ing on the chassis. It had been un
soldered for some reason, and had 
never been resoldered. It was loose in 
the board, on all three pins! . 

Resoldering the transistor restored 
a green image and the purity adjust
ment was soon completed. Then after 
a quick once- over the focus and ver
tical adjustments, the set was deliver
ing a picture as good as any I've seen 
on a set of that age. 

When the customer called to pick 
up the set, he told me that he had only 
recently bought it, second hand, from 
a dealer. He seemed certain that the 
picture had been good to start with, 
but I wonder. 

I could accept one control being out 
of position, but not a dozen or more. 
And transistors do NOT unsolder 
themselves. Somebody is being 
liberal with the truth, and it isn't me. 

But should I worry? I was paid to 
put the set right and if that only meant 
restoring maladjustments put there by 
somebody else, I've still done my job. 
But see what I mean about mechani
cal problems? There wasn't a single 
'electrical' fault in the whole job! 

Cheers for now. I'll be back with 
more next month. • 
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Basics of Radio Transmission & Reception - 14 

The ratio detector, 
phases & vectors 
The ratio detector is an excellent FM demodulator. It extracts the audio signal from the frequency 
modulated carrier but ignores any unwanted noise, interference or AM which may be adulterating 
the signal. But to see how the ratio detector works we first must investigate waveforms, phase 
angles and vector diagrams ... 

by BRYAN MAHER 

At the FM transmitter the audio signal 
is impressed upon the RF carrier wave 
by varying the carrier frequency propor
tionally to the audio amplitude. The 
transmitted signal has constant overall 
amplitude. 

Unfortunately this nice clean trans
mitted signal may be adulterated along 
the way to your receiver by radio fre
quency interference (RFI) caused by 
lightning, storms, electric trains, trams, 
arcs or thyristors. As well the receiver 
front end RF amplifiers and mixers will 
generate some electrical noise signals of 
their own. 

All these interferences tend to change 
the amplitude of the received signal, but 
have no effect on its frequency. 

Each FM receiver must contain an FM 
demodulator stage to extract the audio 
from the received RF signal, aiming to 
reproduce the music and speech by 
responding only to the RF frequency 
variations. It should ignore completely 

C21 I 
L1 L2A 

IF···-- L2B (FMJ 
V1 
I 
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~ 

any unwanted amplitude variations in 
the RF signal. 

Ratio detector 
The ratio detector, Fig. I is one type of 

FM demodulator which achieves this 
aim very well. This circuit was a 
favourite for many years in TV receiver 
sound sections and FM radios. 

Exhibiting quite good linearity in its 
response to frequency modulation, the 
ratio detector in ideal form has no 
response at all to RFI, noise or AM. 

This last point is important in the 
sound sections of TV receivers, where 
the picture signal is in the form of 
amplitude modulation. Misadjustments 
or very low received signal level can 
cause AM picture, sync or sweep signals 
to appear in the sound IF signal. 

This factor is accentuated in fringe 
area TV reception, where the weak FM 
sound carrier competes against the TV 
receiver's own powerful line and frame 

R21 + 

01 x 

02 y 

signals. Wonderful! Now let's see how 
this clever little ratio detector, Fig.I, 
works. 

In either an FM receiver or TV set 
sound section, QI is the final inter
mediate frequency amplifier whose out
put signal is V 1. L2C2 is a tuned tank 
circuit, with L2 centre tapped at H. We 
denote the top and bottom halves of L2 
as L2A and L2B respectively. L1 is the 
primary winding of this little IF trans
former, the whole of L2 forming the 
secondary. 

The IF signal V 1 is magnetically 
coupled by LI into the tank L2C2. As 
L2C2 is accurately tuned to the IF centre 
frequency fc, circulating current i2 flows 
continuously around the path L2A, L2B 
andC2. 

As we recall from chapter 3 of this 
series (EA Aug.88,pI02) circulating cur
rent i2 is always at the tuned frequency 
fc. That last observation is vital to under
standing the circuit's operation. 
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Flg.1: The ratio detector, an FM dem()du/ator which was used for many years In FM receivers and TV sound circuits. 
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Vectors 
To see how the ratio detector works, 

we must first see how RF and IF signals 
can be described by vector diagrams. 

We can represent any AC voltage or 
current by just drawing a straight line on 
paper, calling that line a vector. Some
times it's called a phasor. (No, no - not 
the kind used by the Star Trek crew!) 

How can a straight line denote RF 
voltage? Does this description make 
sense? Yes it does, for AC sine waves 
only, at any frequency, low or high, from 
mains 50Hz to UHF. But first some .. 
background. 

Let's reiterate some facts we have seen 
before in this series and elsewhere, talk
ing only about sine waves. We know 
that, at least for low frequencies, AC vol
tages can be generated by rotating 
machines. r 

A basic single turn, two-pole AC gen
erator is shown in Fig.2(a). N and S,are' 
the permanent magnet poles which set up 
a magnetic field. ~ithin this field the 
tum of wire K rotates, generating AC 
voltage which varies in instantaneous 
value as the -turn goes around and 
around. 

Figs.2(b) and 2(c) are end-on views of 
Fig.2(a). The generated voltage has peak 
value when the turn is moving across the 
middle of the magnet pole face, at S in 
Fig.2(b). This is because at that moment 
the turn K is moving at right angles to the 
magnetic field direction, and hence at the 
highest rate relative to the field flux. 

After rotating another 90° to W in 
Fig.2(c), the turn of wire is moving in the· 
same direction as the magnetic field so at 
that instant no voltage is generated. 

Time and angle 
At some constant rotational speed, ob

viously angle of rotation and time from 
the start really mean the same thing. · 

So Fig.3(a), showing the rise and fall 
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Flg.2: At top Is a basic one-turn generator, which can generate low frequency AC 
whose Instantaneous value depends on the angle of the coll with rpspect to the 
magnetic field. The two lower diagrams show the coll positions corresponding 
to the output waveform's peak (left) and zero (right) voltage points. 

of voltage V during rotation, has its 
baseline calibrated in both angle and 
time. The vertical scale is in voltage or 
current. These drawings are the familiar 
sine curves. 

If a resistor is connected to this toy 
generator, sinewave current i(R) flows in 
the resistor as in Fig.3(a). The current 
wave reaches its maximum value at the 
same time as does the voltage wave. We 
say that in a resistive circuit the current 
and voltage are 'in phase'. That expres
sion means 'reaching peak value at the 
same time'. (The word phase originally 
meant an increment of time). 

TIME OR ANGLE 
I IN DEGREES I 

Now, instead, if we connect an induc
tive circuit to our ·baby generator, the 
current i(L) cannQt rise as fast as the 
voltage, as shown in Fig.3(b ). We find 
that the voltage has always gone a whole 
90° beyond the maximum voltage posi
tion S, all the way down to W, before the 
slowly rising current reaches its max1-
mum. -

We then have the strange situation that 
at time (or angle)· W, the current has 
reached maximum when the voltage has 
fallen to zero value. As time (and angle 
through which the rotor K has turned) 
increases, the..,. voltage and current 
waveforms continually rise and fall 
sinusoidally (i.e., in sinewave form), but 
the current is always 90° behind the volt
age. We say that: 

In purely inductive circuits, the current 
LAGS the voltage by 90 degrees. 

Vector diagram 
That was a piece of cake, wasn't it? 

Now we will make it easier still! As these 
are sine waves, we know their shape. All 
that needs to be said is the maximum 
value of voltage and current, and the 
relative angle between them! 

Flg.3(a): In a resistive circuit, the voltage and current waveforms are In phase. 

Thus Fig.4(b) gives us as much infor
mation as Fig.3(b). Wow - How simple 
can you get! In Fig.4(b), from an origin 
or starting point 0 we draw the first 
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Basics of Radio 
straight line V(L) in any direction we 
like. Its length is made proportional to 
the peak of voltage in Fig.3(b) and we 
put an arrow on its extremity. We call 
this line the voltage vector (or phasor) 
V(L). 

To show that the current lags the volt
age by 90° we draw, at right angles to 
V(L), a second line labelled i(L). This 
represents the inductive current, so we 
make its length proportional to the peak 
value of current in Fig.3(b). That was 
easy, eh? 

One question remains to be answered. 
On which side of V(L) should i(L) be 
drawn - left or right? You, most astute 
reader, can see immediately that with 
only two vectors it really doesn't matter 
(after all it's only a picture on a sheet of 
paper!). 

..... 
z 
LJJ 
0:: 
0:: 
::'.) 
u 

0:: 
0 

LJJ 
(.'.) 
<{ ..... _, 
0 
> 

..... 
z 
LJJ 
0:: 
0:: 
::'.) 
u 

LJJ 
(.'.) 

<{ 

':i 
0 
> 

V(LI 

+ 

TIME OR ANGLE 
I IN DEGREES l 

TIME OR ANGLE 
I IN DEGREES I 

But clearly it would be advantageous 
if everyone used some common practice. 
True! In vector diagrams like Fig.4, rota
tion is equivalent to the progression of 
time and angle in Figs.2 and 3. The 
universal convention is to assume that 
time and angle progress in anticlockwise 
direction, indicated by the arc drawn 
above Fig.4(b). 

Flg.3(b,c): In an Inductive circuit (top), the current lags behind the voltage, 
whereas In a capacitive circuit (above) the current leads the voltage. 

As inductive current lags circuit volt
age, we therefore draw current vector 
i(L) in Fig.4(b) on the right side of the 
voltage vector V(L). 

Rotating diagram 
We imagine that as time and angle 

progress, the whole diagram continuous
ly rotates anticlockwise on the paper, 
around the origin 0. Now if we sit on the 
sheet of paper and watch, the voltage 
vector will go past us before the current 
vector does, indicating that current lags 
the voltage in this circuit. (Like slow 
horses you back on Saturday). 

Now it is obvious what a vector 
diagram to represent Fig.3(a) would look 
like. As Fig.3(a) depicts a purely resis
tive circuit, here voltage and current rise 
and fall in step, ie in phase with each 
other. No angle difference at all. There-

~ 

I VIRI 

~ itRJ 

,;-----... 

V(LI 
~ 

fore Fig.3(a) is described by vector 
diagram Fig.4(a) in which the voltage 
and current vectors are drawn in the 
same direction. 

In a capacitor, the current depends on 
the rate of change of voltage. A sinewave 
voltage changes fastest while rising 
through zero value, as at J in Fig.3(c). 
Here the voltage wave V(C) has greatest 
slope, therefore here the current i(C) has 
maximum value. Thus capacitive current 
is always 90° ahead of the voltage which 
causes it We say that: 

In a purely capacitive circuit, current 
leads voltage by 90 degrees. 

It's easy to see how to draw a vector 
diagram to represent voltage and current 
in a capacitive circuit, giving the same 
information as does Fig.3(c). In Fig.4(c) 
vector lengths are proportional to peak 
value and current vector i(C) is drawn 
90° ahead of voltage vector V(c). This 
indicates the leading current of a capaci
tive circuit 

~ 
V(C) 

0 

~ 0'_....__ ___ !Ill ilCI ____ ......_~90-.i0 O 

Flg.4: Vector diagrams for a resistive circuit (a, left), an inductive circuit (b 
centre), and a capacitive clrcuit(c, right). Visualise each as rotating antlc/ockwlsi 
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Multiple sources 
How would we draw diagrams f0r a 

circuit containing multiple voltage sour
ces? For example if in a system two 
separate sources each contribute dif
ferent voltages Vl and V2, as in Fig.5(a), 
where (a) Vl is not equal to V2; (b) both 
are sinewaves; (c) they're of equal fre
quency; and (d) Vl and V2 are not in 
phase with each other. 

For example say Vl leads V2 by 60°. 
In the time (or angle) domain diagram, 
Fig.5(a), we draw sinewaves Vl and V2, 
each to scale proportional to their respec
tive amplitudes. As both sinewaves are 
of same frequency but with a 60E lead 
between Vl and V2, we just begin the 
sketch of V2 60° to the right of the start 
ofVl. 

If in the circuit the two voltages are in 
series, they will add together to form a 
sum or resultant voltage VS. Being out 
of phase with each other the resultant is 
not :- repeat NOT - the arithmetic 
sum. 

VS will be a sinewave at the same 
frequency as Vl and V2. But w~ still 
have to determine the maximum 
amplitude of VS, and also its phase rela
tive to Vl and V2. 

Using the time domain diagram of 
Fig.5(a) we can do that, but it's a lot of 
work! The method is to draw lots of ver
tical ordinates, such as A, B, and C as 
shown. Along these ordinates we mark a 
point Al where sinewave Vl intercepts 
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Flg.S(a): A time domain diagram showing two vonages V1 and V2, wllh the latter delayed by 60 degrees, and their sum 
voltage Vs. Each point on the Vs waveform can be plotted laboriously, as In examples A, Band C. 

the ordinate. Similarly we mark the point 
A2 where V2 intercepts. Then add the 
lengths (AO - Al) and (AO - A2) 
together, giving a sum we call AS. Then 
starting at AO mark this length AS along 
the ordinate. 

All that work gives us the location AS, 
which is a single point on the voltage 
sinewave VS, the sum ofVl and V2. 

By repeating the process we add (BO 
- Bl) and (BO - B2) together to ob
tain BS, another point on the sum voltage 
waveform VS. Repeat again using CO, 
Cl, C2 to get CS. Continue this process 
for more and more ordinates, ad 
nauseum. 

If we don't go stark raving mad first, 
we will have enough plotted points of 
voltage waveform VS. Then joining 
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Fig.S(b): On the other hand, vector 
addition gives the answer much faster. 

them up we have the final waveform 
result This will show that: 
(1) VS is indeed a sine waveform voltage 
(2) VI, V2 and VS all have the same 
frequency 
(3) VS is not in phase with either Vl or 
V2 
(4) The amplitude of VS is given by its 
peak value in Fig.S(a) 
(5) The phase relation of VS, relative to 
V 1 and V2, can also be found from 
Fig.S(a). 

Just look at where each crosses the 
baseline of time and angle. Of the above 
five results, the first three could have 
been shown by elementary trigonometry. 
So what did all that excruciating process 
achieve? All that construction of VS in 
Fig.S(a)? It simply gave the amplitude 
and phase relation for VS! 

There must be an easier way, I hear 
you say! True. You could (a) buy an ex
pensive computer and software to do it 
for you; or (b) do it yourself, in two 
minutes at no cost, simply by drawing 
one little picture like Fig.S(b). 

Now we see the true value of vector 
diagrams! They greatly simplify our un
derstanding of how circuits operate. And 
what are the conditions? Simple vector 
diagrams are valid provided: 
(1) All voltages are sinewave 
(2) All are at the same frequency 
(3) All components are linear 
(4) Currents are sinewave also 

Actually if the first three of the above 
are true, then the fourth must follow. 

Subtraction of AC voltages can also be 
done using vector diagrams. That's not 
surprising as (A-B) simply means (A+ 

(-B)). We know that if vector B repre
sents a voltage, the (-B) means vector B 
rotated 180°. (Remember sinewaves 
reverse polarity every 180°). 

Multiplication? 
What about multiplication? Sorry, 

multiplication of vectors, though pos
sible, does not yield a vector, but gives a 
sc~ar (i.e., an ordinary number). E.g., 
for vector voltage V, the product V.V in
dicates power, which is not a vector. 

The addition of three equal or unequal 
AC voltages, all at different phase 
angles, is straightforward. To find 
(Vl+V2+V3) we use vector addition to 
first obtain (Vl + V2). Then we vectorial
ly add that result to V3 to give the final 
vector sum. Simple! 

By repeating this recursive process 
any number of vector voltages may be 
added. 

Back to the detector 
Now after all that groundwork, we are 

at last ready to proceed with the analysis 
of the ratio detector FM demodulator, in 
Fig.I. 

But in case you're flaked out and think 
that's enough for one month, OK - take 
a break; we will continue the analysis of 
Fig. I next time. 

Readers overcome with frenetic zeal 
and frantic enthusiasm may while away 
the time by adding any number of vol
tages at any old phase angles. You could 
construct your own equivalents of 
Figs.S(a) and S(b) if you like- a good 
cure for insomnia! 

'Bye until next time. • 
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16 CHANNEL REMOTE CONTROL 
(TX) TRANSCEIVER 16 CHANNEL REMOTE CONTROL 
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ATM12$62.50 
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ATM07 $42.00 ATM16 $S9.00 
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Includes 2 mounting 
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J1J2 Dig. LED VOLTMETER 
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ATM28 $56.00 
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• 
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drain lSmA Easy 
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ESKA EXTRA F/0 
cable. 

ATMOS $62. 0 

8 CHANNEL TEMPERATURE 
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n~g~W @1smA 
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work. Each kit has an instruc
tion manual with full schematic 
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·--·-----------···-----------------· . ------------------

Circuit & 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. 

ln·line flasher 
Most lamp flasher circuits require a 

supply for the electronics, as distinct 
from the lamp supply. As a result they 
are usually three or four-wire devices. 
This flasher is designed to be simply 
connected in series with the lamp, and 
requires no separate supply. 

The main disadvantage of this ap
proach is that the lamp has to be 
designed to operate on a lower voltage 
than the supply, to get full brightness. 
The circuit shown was designed to 
flash an alarm light and sound a 
Sonalert in a 24V circuit, and accord
ingly a 12V lamp was used. 

However it is easy to adapt the circuit 
to other voltage; I have built a version 
which operates from 6V and uses a 
4.8Vlamp. 

The operation is as follows. On 
switch-on of the supply, Cl charges via 
R3 until the emitter voltage of Ql is 
high enough for it to turn on. Cl then 
discharges into the base of Q2 via R4, 

LED slgnal Indicator 
I designed this circuit to monitor the 

output of each channel of a mixing 
desk. It is a simple form of LED level 
indicator, which gives an indication of 
not only whether or not an input signal 
is present, but also broadly how it com
pares with those from other channels. 
The interesting feature is that it uses 
only a single LED - of the dual 
red/green type. This is normally green, 
but goes through shades of yellow and 
orange to red, as the input level in
creases. 

This is achieved as follows. When 
there is no input signal, Ql is off and 
current flows through Rl, Dl, LEDl 
(lighting it green) and to the negative 
rail via R4. When an input signal is 
present, Ql is switched on during posi
tive half cycles and current flows 
through R3, LEDl (lighting it red), R2 
and down to the negative rail via Ql. 
This process switches the green LED 
inside LEDl off when the red LED is 
conducting, and vice-versa. 

There is always a small amount of 
green glow present even at high signal 
levels, because the claimping action of 

FLASHER 

ov 

Rt. 
47k 

turning it on and passing enough cur
rent to light the lamp. When the voltage 
on C 1 drops below the tum-on level for 
Ql, this transistor turns off and with it 
Q2. The cycle then repeats. 

The flashing frequency is controlled 
mainly by R3 and Cl, with R4 control-

RS 
47k 

Cl, RS and the base emitter junction of 
Ql will always result in the transitor 
dropping out of conduction for a short 
period during each cycle, at the nega
tive peaks. However by careful choice 
of component values I have achieved 
an attractive range of colours. 

D 1 and R2 allow adjustment of the 
voltage level at which the transition be
tween green and red takes place. The 
value of RS may also be adjusted to set 
the volume level at which the display 
works most effectively. For use with 
low signal levels the circuit may need 
to be provided with a pre-amp stage. 
LEDl is a two-lead rectangular dual-
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RS 
470 

02 
2N3568 

R6 
100 

ling the mark-space or 'on-off' ratio. 
Resistors RS and R6 determine the 
lamp current in the 'on' state, with R6 
also having an effect on the on-off 
ratio. 

Philip Andrews, 

Hawthorn, SA. $35 

SHORT LONG 
LEAD LEAD 

SHORT 
LEAD 

LE01 
GREEN 
RED 

LONG 
LEAD 

colour LED, as sold by Dick Smith 
Electronics for 7S cents. 

Julian Phillips, 
Temuka, NZ. $40 



Mods to August 1990 
logic probe 

After building up my kit for the DSE 
logic probe, as described in the August 
I990 EA, I decided to make some chan
ges. 

In use, a pulse was only indicated 
when the input went from a high to a 
low to its complement, or to' off. No 
pulse indication was given when there 
was a transition from an off state to a 
high or low. 

I also felt that there was a need for an 
audible indication of a state change, 
and preferably to indicate a good con
nection to the circuit under test. 

The modifications shown here permit 
the probe to give both a 'pulse' indica
tion and an audible indication when
ever an indicating LED goes on, in 
contrast with the original design in 
which the pulse indication occurred 
when a LED was extinguished. 

The audio indicator chosen was a 
piezo unit (PKMI I-6AO}, in a 30mm 
plastic housing with two 'wings'. 

These needed 'pruning', and some 
plastic and part of the metal diaphragm 
removed from the opposite sides, 
reducing the dimensions down to 
20mm so that it fits inside the probe 
housing. 

The main point to note is that the 
piezo unit's crystal element must not be 
twisted or deformed, if it is still to 
operate correctly. The only other chal
lenge is to fit the additional transistor 
and other parts indicated. 

Briefly, the main change necessary 
involves reversing D3 and D4, inter
changing RI6 and RI 7, then cutting the 
PC track to isolate RI 7 (now I20k). 

Then a hole is drilled to allow con
nection of the now-lifted cathode of D5 
to the track connecting the anode of 
D6, C5 (now 0.IuF) and R2Q. 

Track cuts are also require(f to isolate 
pin 5 of UI and between the junction of 
D3, D4, D5 and RI4. 

Then all that is needed are three 
jumpers to connect up the separated 
portions of the circuitry. 

Obviously these mods require some 
familiarity with electronics, but I found 
them to be well wonh the trouble, 
making this unit a much more function
al tool. 

The next improvement I'd like to see 
is a high or low-pitched audible indica
tion of high and low logic levels - but 
I'll leave that step to another ex
perimenter. 

M.R.McGregor, 
Dunedin.NZ. $40 
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Construction Project: 

NEW CRO ADAPTOR 
FOR MONITORS • 1 
Imagine a fully featured oscilloscope that uses a low-cost conventional computer monitor as the 
display. This is not your average sort of TV-CRO adapter, this is a whole new concept. It can display 
waveforms of over 1 MHz, and can even measure a DC voltage. Yes, measure- not just display. 
We think this is a really exciting project; read on and see what you think ... 

by PETER PHILLIPS 

I was prompted to develop this 
project in response to a number of 
reader requests concerning the TV
CRO adapter published in May 1980. 
This simple project was obviously still 
popular, despite its shortcomings, and 
my first reaction was to examine it 
with a view to possibly improving it. 
But the more I looked and thought 
about it, the more I realised that its 
very simplicity was the basic problem. 
It's a case of you 'gets what you pays 
for'. 

This is not a criticism of the project, 
as quite a number have been built. 
However, it was never a replacement 
for a conventional CRO, and that is the 
goal I sought. 

So armed with the idea, I had to 

think of how to do it. The story behind 
the development of this project is a 
long one, extending over at least 20 
months of effort. It was never easy, and 
the fact that it's now a reality still 
amazes me. But enough rambling, and 
let's look at the project itself! 

This TV-CRO provides virtually all 
you'd expect in a CRO. It can display 
signals as low as 5m V, both AC and 
DC; it has a genuine bandwidth of over 
lMHz, it can measure frequency and 
peak to peak voltage; it gives a rock 
steady display; and, wait for it - it is 
also a storage CRO. In fact, this is the 
basis of its operation. 

The fundamental problem with pre
vious TV-CRO adapters is that the dis
play device they've used, the TV set, 
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only has two scan frequencies: 
15,625Hz and 50Hz. 

Basic maths will quickly tell you that 
a signal frequency of lkHz will show 
around 15 cycles across the screen. A 
lMHz signal is shown as 64 cycles! 
The ideal is to be able to show one or 
two cycles of any frequency, so being 
limited by two scan frequencies is the 
basic problem of the simpler adapter 
devices. 

So that a range of scan frequencies 
could be provided, it was essential to 
scan the waveform into a memory at 
the selected sweep frequency, then 
read it out again at 15.625kHz. Sounds 
simple in theory, but it's not quite so 
easy to implement. There is a need for 
an analog to digital converter, the 
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The circuit tor PCB 1. The 23MHz output from IC1c Is divided by /C2 and 3 to give a range of sweep frequencies for storing 
the Input signal. The horizontal and vertical sync pulses are produced by /C41 combined by IC6a and then fed to the video 
output stage of Q1. The output from the 2K memory IC on PCB 3 Is converted to give a trace on the screen by IC9 and 
various timing signals are produced by /C7a and b, ICBa and /C10d. 

memory itself, all the logic to drive it 
as well as circuitry to make the whole 
thing capable of measuring rather than 
simply displaying a signal. 

So to say this project is simple would 
be untrue, as it isn't. Why else did it 
take over 20 months to develop? How
ever to make it seem simple, we are 
presenting it over three issues. There 
are three PCBs associated with the cir
cuit, and each one is self standing. 

This way you can construct and fully 
test each board, rather than try and 
debug one large, complex board. The 
setup procedure for each PCB is rela
tively simple, and if nothing goes 
wrong all you will need is a voltmeter 
and the usual construction tools. Ac
cess to a conventional CRO will be 
useful, mainly for faultfinding and 
testing. 

Having whetted your appetite (I 
hope), here's an overview of the 
project. 

An overview 
The basic principle of operation is 

that an input signal, after amplifica-

tion, is converted to a digital signal for 
subsequent storage in a 2K byte static 
RAM IC. Once the waveform is stored 
it is then read out to the TV screen. The 
unit can be set to automatically read 
and display, or the waveform can be 
stored and locked for display as long as 
you wish. 

The resolution is 128 pixels across 
by 128 lines down, giving a total of 
16K pixels. A conventional CRO has a 
greater resolution, but when you con
sider that the waveform can be up to 
the full height of a monitor screen, the 
loss of resolution is compensated by 
the size of the display. 

To allow voltage and frequency to be 
measured, a graticule is also displayed. 
The whole circuit is based around a 
12MHz master oscillator, and the 
calibration is therefore limited only by 
the crystal. The 12MHz oscillator is 
used to generate all the synchronising 
pulses for the TV set, the timing sig
nals and also the sweep signal that 
stores the input signal. How this is 
achieved will become clear, and if I do 
say so myself, it's clever. 

The A to D converter is probably uni
que in the annals of electronic cir
cuitry, and is really very simple. It uses 
the good old DAC0800 chip, plus a 
comparator. 

That's all, believe it or not! It works 
by scanning the input signal 128 times, 
one sweep of the input per display line 
on the TV screen. The TV monitor uses 
128 lines of the available scan lines to 
show the input signal, although by way 
of some sneaky switching, 256 lines 
can also be used. 

Because of the 12MHz timebase, the 
vertical scan frequency is actually 
around 60Hz, rather than the 
Australian standard of 50Hz. Virtually 
all computer monitors can handle a 
60Hz vertical scan rate, as this is the 
standard in the US. The number of 
lines per frame is therefore around 
256, rather than the usual 312.5 lines 
as per the Australian standards. Inter
laced scanning is not used, as there is 
no benefit. 

The ·project comprises three circuit 
boards, and the first, described in this 
article generates the synchronising put-
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TV CRO Adaptor 
ses for the video monitor and all the 
timing signals for use by the other two 
boards. 

The second board contains the 
amplifier for the input signal and the 
circuitry that generates the graticule. 
The third board, which is the most 
complex, contains the A to D converter 
and the circuitry that stores the input 
signal into the RAM IC for subsequent 
display. 

Your question now is probably, "Is 
this project really a replacement for a 
conventional CRO?" 

The limitations 
The first point to make is that the 

bandwidth is limited to lMHz. At this 
frequency, some 10 cycles are dis
played, which although adequate for 
display purposes, is not as good as a 
conventional 20MHz CRO - which 
can resolve a lMHz input to around 1 
cycle on the screen. But then, the cost 
of this project will be far less than pur
chasing a 20MHz CRO, and many 
users don't require such a bandwidth 
anyway. 

The other limitation is that low fre
quency signals (less than 300Hz) take 
quite a while to be stored. For ex
ample, a 50Hz signal takes around six 
seconds to be stored, if the sweep set
tings are adjusted to give a display of 
one cycle or so. 

The solution to this is a one-shot 
ADC, but the problem of 'creeping 
specifications' kept me from resolving 
this minor difficulty. After all, the cir
cuit is complex enough, and adding 
another type of analog to digital con
verter for low frequencies would put 
the project into the 'too complex' 
category for many constructors. 

But is this project good enough to 
replace a conventional CRO? Well, 
that depends on your needs. 

If your main use for a CRO is in 
audio applications, then this project 
will probably fulfill your needs. If you 
don't have a CRO of any sort, then this 
unit will definitely fill a gap in your 
line-up of test equipment. 

If you already own a CRO you will 
find this project an excellent addition, 
as it can provide yet another means of 
examining waveforms. And being able 
to store a waveform must be useful as 
well. 

So whether to build or not or to build 
is a question only you can answer. But 
a CRO for less than $100 (without the 
case) is probably attractive to most 
readers, hence our reason for saying 

This photo shows the display of a 10kHz slnewave on a composite monitor. The 
graticule can be switched off If required, or the number of horizontal lines 
changed from seven to three. 

this project is one of our most exciting 
for some time. 

The display device 
Most TV-CRO adapters usually 

operate with a conventional TV set via 
a modulator. However, this project is 
designed for use with a computer 
monitor. 

There are several reasons for this, in
cluding the ready availability of such 
monitors. It will work with a com
posite monitor or a TTL type monitor, 
and the photos in this article show both 
types in operation. 

The main reason for not using a con
ventional TV set is the quality of the 
display. The bandwidth requirement is 
around 4.SMHz, which is almost the 
limit for a normal TV set. 

Most computer monitors have a 
bandwidth of lOMHz or so, giving a 
much sharper display. Anyone who has 
tried using a TV set to display com
puter text will know the limitations of 
this sort of arrangement, particularly if 
the input signal is fed into the antenna 
terminals via a modulator! 

However if a conventional TV set is 
supplied with a video signal directly to 
the video amplifier, rather than having 
to run the gamut of the tuner, the IF 
stage and the video demodulator, the 
display will be improved. It's probable 
that many readers have operated a TV 
set from a computer using direct video 
and this project could be connected in 
the same way. 

Because all TV sets differ on how to 
cut into the video section, I'm not 
going to describe how this can be 
achieved, but simply say that if a com
puter can drive the set directly, so can 
this project. 

There are two video outputs from the 
adapter: composite and TTL. The TTL 
connections are compatible with the 
IBM MDA standard (and CGA without 
the colour), as these monitors use 
standard scan frequencies. 

The standard polarity for the vertical 
sync for a TTL monitor is negative, 
although the monitor used with the 
prototype worked fine with positive 
sync. If you have problems, a pad has 
been included on the PCB design to 
take the vertical sync to the DB9 sock
et from pin 12 of IC4. This output 
gives negative-going vertical sync. 

The composite output has positive
going video (like a computer), in 
which an increase in output voltage 
produces an increase in brightness. 

This is the opposite to the Australian 
broadcasting standard, which uses a 
negative polarity, in which the sync 
pulses are 'on top' of the video signal. 

So really, any type of video monitor 
is suitable, except the project does not 
support signal input via the aerial ter
minals of a conventional TV set. How
ever we recommend a computer 
monitor of some sort, as the linearity 
and bandwidth are generally better 
than most conventional TV sets. 

Having given you a broad descrip-
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Flg.1: Th. display you should see when SW3a Is set ta the x1 position, SW4 Is 
set to 'black' and the sync frequencies are correctly set. A TTL monitor Is being 
used In this shot 

tion of the project we can now get 
down to the first section, referred to as 
PC board 1. First a look at how this 
section works, then how to construct it 
and get it going. 

PC board 1 
This board contains several inde

pendent sections of the whole TV
CRO circuit, but its main task is to 
produce the synchronising signals for 

the video monitor. A 12MHz crystal 
oscillator is formed around ICla to 
IClc, and its output is applied to the 
first of two counters (IC2 and IC3) 
which act as frequency dividers. A 
number of outputs from these two 
counters are connected to SWl, which 
is the equivalent to a Time/Div switch 
on a conventional CRO. 

To produce a frequency of 
15.625kHz from 12MHz requires 

Flg.2: If the TTL video Input point Is connected to the 47kHz output of IC2, you 
should see this display when SW4 Is set to trace. Adjusting VR3 and VR4 will set 
the width of the lines. 

division by 768. As this is not a num
ber in the binary series, it needs to be 
achieved in two stages. Output Q7 of 
IC2 represents a division of 256, 
giving 12MHz/256, or 46.875kHz. If 
you divide this frequency by three, up 
comes the required 15.625kHz. The 
46.875kHz signal is fed to IC4, which 
is a dual timer IC (74LS 123) in which 
timer 1 is used to produce the 
15.625kHz output. 

The feedback from Q 1-bar to input 
B 1 and correct settings for the timing 
components make this timer respond to 
every third pulse at input Al, and the 
required 15.625kHz output appears at 
output Ql. However there is a glitch 
midway between the output pulses, and 
R5 and C4 are required to eliminate 
this unwanted pulse. 

The output QI of timer 1 (pin 13) is 
used to trigger IC5, a 555 timer wired 
as a monostable and it also eventually 
ends up at the output of the video buff
er Q 1 as the horizontal sync pulse. The 
555 timer is used to produce a variable 
width horizontal sync pulse called Hd, 
where d stands for delay. The effect of 
varying the width of this pulse is to 
move the display on the screen 
horizontally, giving an X-shift control 
which allows the waveform to be 
moved across the screen to align it 
with the graticule. 

The output of IC5 is connected to 
several points in the circuit, including 
the DB9 connector for the TTL 
monitor and the clock input of counter 
IC3. It is also inverted by IClOd for 
use in other sections of the circuit, yet 
to be presented. 

To obtain the vertical sync pulse, 
output Q7 of IC3 is fed to timer 2 
within IC4. This signal is a 61.035Hz 
square wave, and the timer is required 
to set the mark-space ratio to give the 
correct width for the vertical sync 
pulse. Output Q2 of timer 2 (IC4 pin 5) 
is then connected to the DB9 socket, 
and is also EX-ORed with the horizon
tal sync pulse to give the composite 
sync signal required. 

The next section to describe is the 
function of IC9. The video output sig
nal derived from the memory IC on PC 
board 3 is not directly suitable as a 
display. Without IC9, a waveform is 
displayed with the area under the out
line of the wavefonn 'filled in'. With 
IC9, only the outline of the waveform 
is shown. 

The reason is that the output of the 
memory is either a high or a low, in 
which a high lights the screen and a 
low doesn't. If a high appears at line 1 
on the screen (outline point of the 
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TV CRO Adaptor 
wavefonn) it will also be present at 
line 128 and all lines between. To ob
tain the outline of the wavefonn, only 
the changes in the data are required. 

To achieve this, the digital data from 
the memory is used to trigger the two 
timers of IC9. On the rising edge of a 
logic 1, an output pulse from timer 1 
(pin 4) will occur. On the falling edge 
an output will be produced by timer 2 
at pin 12. These are NANDed by 
IClOa, then fed to the video output 
transistor. The width of the pulses are 
both adjustable, to set the pixel width 
on the screen. 

However not all wavefonns are con
stantly changing. For example, the top 
or bottom of a square wave has a con
stant value, and because IC9 only 
produces an output when there is a 
change, the effect is a square wave on 
the screen with no top or bottom. 

To overcome this, SW4 is used to 
select either the outline of the 
waveform (trace) or the 'filled in' 
(block) version. 

SWEEP 
F"R£Q 

------ ·-------------·--- --·------------

The circuitry around IClOd, IC8a, 
IC7a and IC7b is rather complex to 
describe and its purpose is to produce 
the signal that clocks the data out of 
the memory IC. Remember that the 
signal is scanned in at a rate deter
mined by the setting of SWl, but the 
signal is always scanned out at the 
same frequency (3MHz). 

Although the circuit of the memory 
section is not shown, the read-out fre
quency is used to increment two 
counters connected to the address lines 
of a 6116 static RAM IC on PC board 
3. Because the display has to be sta
tionary and located in the centre of the 
screen, the clock to the address 
counters needs to be gated so that the 
read-out occurs at the same time for 
each frame. 

It works like this: there are 256 lines 
in each frame (15625/61.0352), and 
128 of these are used to display the 
wavefonn. 

To obtain a central image, the first 
64 lines are blanked out, then 128 lines 
are used for the display, after which the 
remaining 64 are blanked out. Thus the 

TTL Vld4to 1n 

PCB3 

VRS 

HCIRIZ SHIF"T 

data from the memory is clocked out 
during lines 64 to 127, assuming line 0 
is the first after vertical retrace. 

There are 128 pixels used in each 
line, and to prevent overscan, only a 
section of each scan line can be used. 
Clocking for each line occurs follow
ing a suitable delay after each horizon
tal retrace, and then only for 128 clock 
cycles. 

The delay before clocking commen
ces on each line is controlled by pulse 
Hd, and the scan lines that have to 
missed are controlled by the output of 
EX-OR gate IC6b. This gate produces 
a signal derived by combining signals 
related to the vertical sync frequency. 

To ensure there are only 128 clock 
cycles per scan line, feedback from 
one of the address counters on 'PC 
board 3 is also included in the gating . 
circuit. This signal sets pin 6 of the 
type D flipflop (IC8a) low, and pulse 
Hd sets it high. 

The final result, produced by IC7b, 
is a clock signal to the address counter, 
referred to on the circuit as the gated 
3MHz signal. The clock frequency is 

The layout diagram for PCB 1. To make things easier the component values as well as their.designators are Included. A 
pad is Included on the PCB that connects to pin 12 of IC4 which outputs negative going vertical sync pulses, In case your 
TTL monitor won't work with the positive vertical sync supp/led by the layout as shown. 
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This shot shows PCB 1 fully assembled. The wiring connecting It to the other two 
boards has not been fitted at this stage. An IC socket pin fitted to the point marked 
'TTL Video In' w/11 be useful for test purposes. 

3MHz, as 128 cycles take 42.67us, confirming there are no faults in the 
which is less than the available scan way of shorts between adjacent tracks 
time of 54us (64us period less the or open circuits in some of the thinner 
retrace time of lOus). I know it sounds tracks. If not already present, drill the 
complicated, but the end result is a dis- four mounting holes to a size that fits 
play that doesn't extend beyond the the mounting hardware you intend 
available width of the monitor picture using, such as nylon PCB supports. 
tube. To allow all 256 lines to be used Fit the 12 wire links first, then solder 
to display the waveform, SW3A is all the IC sockets in place. Sockets are 
used to disable the 61Hz gating signal not essential, but their additional cost 
from IC6b. The second half of this will be well justified in the event of a 
switch is connected to the address fault occurring. Then stock the PCB 
counter on PC board 3. Also, a gating with the passive components as per the 
signal from this section is fed to layout diagram. The only polarised 
IClOb, to blank out the unwanted part components are the tantalum 
of the screen when the 'block' display capacitors C12 and C13, and as usual 
is being used. take care with their orientation. 

Finally, IC8b is used to give a The trimpots are all 10-turn types ex-
divide-by-two function for the sweep cept VR7, which can be a conventional 
frequency. There are thus 20 available vertical mount type. The PCB pattern 
sweep frequencies to read the signal allows either type to be fitted for both 
into the memory. VR7 and VR6, as neither of these are 

ICll is a SY regulator used to power highly critical. Fit the trimpots and 
the circuit. The video output is taken then solder Ql in place. This transistor 
from the wiper of VR 7, and VR6 sets has four leads, (one lead is the case, 
the relative height of the video signal which connects to ground), so take 
to the sync signal. care to orientate it correctly. 

The setup procedure mainly requires At this stage, don't fit the ICs or the 
the timers of IC4 to be set to produce crystal as the switch wiring needs to be 
the correct sync signal and the timers completed first. There are four 
of IC9 to be adjusted to give a suitable switches and one panel-mount poten
pixel width. The adjustments around tiometer connected to the PCB, and the 
Ql are not critical and are set to suit wiring to these should be as short as is 
the monitor being used. reasonable. The PCB is intended to 

Construction 
Construction of the first board is 

relatively straightforward. Start with 
the usual check of the PCB itself, by 

mount about 30mm from the front 
panel holding all the controls, and 
some of the wiring can be routed as a 
loom. 

Use a lOcm length of 10-way ribbon 

cable to connect SWl, with the 61Hz 
frequency output from IC3 connected 
to the most anti- clockwise position of 
the switch. A conventional wafer 
switch, rather than the totally enclosed 
type was used in the prototype, as it 
was found to be more reliable for this 
application. The sweep multiplier 
switch, SW2 connects to the common 
of SWI and this wire also connects to 
the PCB at pin 11, IC8. The lead 
lengths for SW2, SW3 and SW4 will 
be around 16cm, and the wires for 
SW2 ~nd SW3 can be routed along the 
centre of the PCB. Connect VR5 using 
two wires cut to approximately 20cm. 

An RCA socket can now be con
nected to the video output pads of the 
board with a 20cm length of shielded 
cable. The DB9 socket for a TTL 
monitor can also be connected if this 
sort of monitor is being used as the 
display. There are several more wires 
that connect this board to the other two 
PCBs, but these are best fitted once the 
other boards have been constructed 
and tested. 

Now is the time to insert all the !Cs 
and to fit the regulator ICll and the 
crystal. Fit a small heatsink to the 
regulator, arranged so it doesn't foul 
any components or wires. Two wires 
are also needed to supply power to the 
board, and both of these should be I 
amp hookup wire rather than unused 
wires from the ribbon cable. 

Now spend five minutes examining 
the board for any construction errors, 
particularly for solder bridges between 
adjacent tracks. 

Testing 
Support the PCB in a holder, or place 

it on the workbench free of any scrap 
wire and connect a DC supply of 
around IOV. The current consumption 
should be in the order of I OOmA, and 
the voltage output of the regulator 
should be measured to confirm it is 5V. 

If everything seems OK so far, con
nect a computer monitor of a type 
described previously (must operate 
with a line frequency of 15.625kHz 
and a field rate of 60Hz). Set VR7 to 
give a maximum output and don't be 
surprised at the display. It could be 
anything from a fully lit screen to noth
ing. 

The first thing to adjust is VRI, 
which sets the frequency of the 
horizontal sync pulses. The frequency 
will range between various divisions of 
the 46kHz input signal to IC4, from a 
quarter (11. 72kHz) to a seventh 
(6.7kHz). The correct setting will give 
the required 15.625kHz, which is one 
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TV CRO Adaptor third of the input frequency to IC4. The 
easiest way to obtain the correct set
ting is to monitor the video output sig
nal with a CRO and to adjust VR 1 until 
the required frequency is obtained. 

However, if the PCB is otherwise 
working, you may be able to perform 
this adjustment by first setting the 
height switch (SW3A) to the xl posi
tion and the display to 'block' with 
SW4. Also, adjust VR6 to its maximum 
resistance. When the sync frequency is 
correct, you should obtain a single rec
tangular block in the centre of the 
screen as shown in Fig. l. When SW3A 
is set to the x2 position, the screen will 
be almost fully lit. 

Trim the vertical sync pulse width 
with VR2 to obtain the best and most 
stable display. Also the width of the 
horizontal sync pulse can be adjusted 
by fine tuning VR 1, again to get the 
best stability. The display may exhibit 
tearing, but this will not affect the final 
operation. Toggle between the xl and 
x2 settings until the two displays are 
both stable and correct. 

You should also find that the display 
can be shifted horizontally with VR5. 
As a guide, the horizontal sync pulse 
width will be between 8 to 12us, 
spaced by 64us. A vertical sync pulse 
width of around lms will be typical, 
and the spacing between these pulses 
should be 16ms. 

The next step is to set the timers that 
convert the block signal to a trace. ,To 
achieve this, connect the point marked 
as '1TL video in' to the point referred 
to as 4 7kHz. When the display is set to 
xl and 'block', the previously obtained 
rectangle should be divided into three 
blocks. When the display is set to 
'trace', five vertical lines should ap
pear as shown in Fig.2. These will run 
the full height of the screen, and the 
width of the lines can now be adjusted 
with VR3 and VR4. 

It is likely that the adjustments will 
be reasonably correct in the first place, 
and final adjustment is best performed 
when the whole project has been com
pleted. Confirm that VR3 adjusts the 

Continued on page 107 

The artwork for the PCB Is reproduced full size. This artwork, the circuit diagram 
and the layout diagram were all done using Prate/. 
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Running a small business, at times 

can be a bit like walking through a 

mine field. With government 

regulations, bureaucrats, unions, 

~~··'t taxes, you name it. Sometimes it 

feels as though everyone is out to 

get you! Let's face it , whilst the 

rewards are great for those who 

make it, you need all the help you 

can get. 

AUSTRALIAN SMALL BUSINESS 

. REVIEW is cram packed with 

useful information and practical 

Jdeas, that can help you with your 

:,ismall business. whether you're a 

<battle scarred veteran or a new 

recruit, you'll find helpful hints and 

inspiration to soldier on. 



Construction project: 

The 'Flexitimer' 
This handy little gadget uses just a handful of components to accurately time intervals from a few 
seconds to a whole day. It can switch a number of different output devices, and may be powered 
by a battery or mains plugpack. 

by ROB EVANS 

While you've probably noticed that 
this new project has a very simple cir
cuit, don't be fooled into thinking that it 
has a limited number of uses. On the 
contrary, it's an example of how a basic 
'open-ended' circuit can be used in a 
wide range of applications, by simply 
tailoring the end result to suit the job at 
hand. Although the actual schematic 
shows the timer in a specific arrange
ment, its delay time for example can be 
adjusted over a very wide range by just 
altering a couple of component values 
and board connections (more of this 
later). 

So when the need arises for a timing 
circuit, be it a simple parking meter 
reminder or the basis of a full-blown 
watering system, the idea is that you can 
configure this design to suit. In fact it's 
the flexible nature of the circuit that 
prompted us to dub this project the 
'Flexitimer'. 

How it works 
As you can tell from the schematic 

diagram, the Flexitimer 's circuit really is 
quite simple. Basically, it consists of a 
'clock' oscillator (ICl), a 14-stage ripple 
counter (IC2) and an output switching 
transistor. 

The clock circuit is based on the ubiq
uitous 555 timer IC, which is arranged in 
a standard astable configuration. With 
the values shown for Rl, RVl, R2 and 
Cl, the circuit oscillates at about lHz 
when pin 4 (reset} of ICl is high, and 
RVl is set to around its maximum resis
tance. The resulting squarewave at the 
555's output (pin 3) is then applied the 
counter's clock input (pin 10 of IC2). 

The counter chip is a 4020 CMOS 
device which advances its count on each 
negative transition of the clock pulse, 
and can be set to the zero state (all out
puts low) by a high logic level on the 
reset pin (pin 11). In the Flexitimer, C3, 
R3 and Dl are arranged as a power-on 

reset circuit so that the counter will al
ways advance from its 'zero' state. 

Since Cl is initially in a discharged 
state, pin 11 will be pulled high and the 
counter reset when power is first applied 
to the unit. Cl will then charge via R3, 
allowing the voltage at pin 11 to fall -
this reaches a low logic level in around 
50ms, and the counter is enabled. 

IC2 then counts clock pulses from ICl 
until the selected counter output goes 
high, which in turn biases Q 1 hard-on 
via R4. If the Ql4 output is used as 
shown in the schematic, tj1e clock fre
quency is divided by 21 

' or 16,384. 
Now, if the clock is running at exactly 
lHz, we will have a frequency of around 
60 microhertz (1/16384) at the Q14 out
put - or in more realistic terms, a cycle 
period of 16,384 seconds. Since this fig
ure represents a full cycle (low-high-

low), the output will change to a high 
state in half of the period, or 8,192 
seconds. 

At the end of the above period, the 
high level at Q14 will force Ql into 
saturation, which in turn energises the 
output relay RLA. Since the clock reset 
pin (pin 4 of ICl) is tied to the collector 
ofQl, the 555 will be enabled during the 
timing period (pulled high via RLA's 
coil), and disabled after the time has 
elapsed (pulled low by Ql 's collector). 

As you would expect, the Q14 output 
will remain high at the end of the timing 
period since IC 1 is no longer providing 
clock pulses to the counter. Therefore, 
with the circuit components as shown, 
the relay will be energised 2 hours, 16 
minutes and 32 seconds (8,192 seconds) 
after power is applied to the unit. The 
relay's closing contacts (normally-open) 

The new timer forms a very flexible 'building block' module, which lends Itseff to 
a wide variety of timing applications. 
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- D2, D3: IN4002 
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The schematic for our new Flex/timer. As you can see it uses only two /Cs-a trusty 555 as the timing clock, driving a 4020 
mulll-stage binary counter. Transistor 01 drives the output relay, or other output load. 

may then be used to connect power in an 
external circuit, or the opening contacts 
(normally closed) used to disable (dis
connect) an active circuit. 

The timer's overall delay can be 'fine 
tuned' by altering the value of the trim
pot RVl. In the above example, if RVl 
one is moved towards the centre of its 
travel for a resistance of 55.7k, the clock 
would be theoretically running at 
1.1378Hz and the delay time reduced to 
exactly 2 hours (7200 seconds). This is 
indeed theoretical however, since in 
practice the value of the circuit com
ponents won't exactly match their rated 
values - for a specific time delay, RVl 
will need to be adjusted on a trial and 
error basis. 

The remaining parts of the circuit are 
included to protect the semiconductors, 
and provide a stable supply rail for the 
4020 counter chip. For example, D3 is 
connected in series the positive supply 
rail to prevent any current flowing in the 
circuit if the power supply connected the 
wrong way around - that is, with a 
reversed polarity. The associated 
capacitors, CS and C4 help to filter low 
and high (respectively) frequency inter
ference from the supply rail. Also, D2 
damps the back EMF of RLA's coil, 
while Dl provides a discharge path for 
C3 when the unit's power supply is dis
connected. 

Options 
With the circuit connected as shown in 

the schematic, the Flexitimer will latch 
the relay in around 2 hours (depending 
upon the adjustment of RVl). However 
if the counter's Q13 output is used, the 
circuit will reset after 4096 clock pulses 
or 3600 seconds (1 hour). Similarly, the 
Q12 connection corresponds to 2048 
counts or 1800 seconds (30 minutes) -
and so on. Finally, the Q4 output (the 

Flg.1: A simple BASIC program which can be used to estimate the final delay time 
of the Rexltlmer, given the values for R1, R2, C1 and the output from IC2 that Is 
being used to drive 01. 

smallest division in our circuit) will reset 
the circuit in just 7 seconds. 

However the uAit can easily be 
programmed to cover a wide range of 
other time delays by simply changing 
the ICl clock rate, which can be set be
tween fractions of a hertz up into many 
kilohertz. This yields an overall (practi
cal) timing range from a few seconds to 
about 24 hours. 

To help with the calculations we have 
included a simple BASIC program 
(Fig.I), which estimates the fmal delay 
time of the Flexitimer as determined by 
the circuit components. The clock fre
quency is calculated at line 70, the clock 
duty cycle at line 80, and the overall 
time in seconds at line 90. If you haven't 
the facilities to run the program, you can 
use a calculator and the equations at the 
abovementioned line numbers. Note that 
'Rl' in the program represents the total 
resistance between pin 7 of ICl and V+ 

in the circuit diagram. In the practical 
sense, this would be the actual resistance 
of RVl at its current setting, plus the 
value ofRl. 

To try out the program, try typing in 
the component values mentioned in the 
'how it works' section where the circuit 
has been 'fme tuned' (the total value for 
'Rl' will be 325.7k). 

Rotary switch 
If you fmd that a number of different 

· time delays are necessary for your ap
plication, a 12-position rotary switch 
could be wired into the circuit between 
the counter outputs and R4. As you 
would expect, the time is then reduced 
by a factor of two (halved) as each 
lower-order Q output is selected. 

Also, you may like some visual in
dication that the timer is operating -
the circuit normally appears quite pas
sive until the relay is pulled in. The 
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Flexible timer 
simplest solution here is to wire a LED 
and an appropriate limiting resistor (say 
lk) in series between the clock output 
(point X), and ground. The LED will 
then flash in sympathy with the clock 
pulses until the relay is engaged. 

Other loads 
Note that the circuit will operate quite 

happily with output loads other than the 
relay coil. If you only need an audible or 
visual indication that the delay time has 
elapsed, an electronic buzzer or 12V 
lamp (or LED/resistor combination) 
could be installed in place of RLA. 
These can be connected to the PCB at 
points Y and Z, or RLA's coil connecting 
pads. 

When the Flexitimer is driving these 
types of loads (say a buzzer or LED) 
instead of the relay, the circuit may be 
battery-powered since the overall cur
rent consumption is quite low. While the 
schematic diagram shows a voltage 
source of 12 to 15 volts, the circuit is 
quite suited to a standard 9V 216-type 
battery. To reduce the unit's size even 
further, you could cut off the section of 
PCB that normally supports the relay 
and use the Y and Z pads to connect the 
load. 

If you are intending to use the relay on 
the other hand, we can't recommend that 
its contacts are wired to the 240V mains 
supply - combining low-powered cir
cuitry and mains voltage on such a small 
PCB is just too risky. 

If experienced constructors still wish 
to use the circuit in this manner, the 
relay should be mounted off the PCB 

'° ,. 
~Jll -1-

Here Is the artwork for the timer PCB, 
reproduced actual size. 

:t 
.. ·······§ 

1 

RLA 

-1-
POWER 

At top Is the PCB overlay diagram, showing where everything goes and the 
orientation of the polarised components. Above Is a shot of the prototype timer 
- note that RV1 was at that stage a little too close to IC1, and similarly with Q1 
and C5. These spacings have been fixed In the artwork shown at lower left. 

and the complete unit housed in an insu
lated case. Naturally, any exposed mains 
wiring should be thoroughly insulated, 
and any switches used must be rated for 
240V mains applications. 

Construction 
Building the Flexitimer is a very 

straightforward process, since all of the 
components fit on one small printed cir
cuit board (PCB) coded 9ltm3. This 
measures only 69 x 38mm. 

Commence construction by first 
checking the PCB for any etching 
anomalies, such as shorted or broken 
tracks. Then install the components onto 
the board as shown in the component 
overlay, working through from the low 
to high profile parts - pay particular 
attention to the orientation of the 

polarised devices such as electrolytic 
capacitors and semiconductors. 

The 4020 IC is a CMOS device, and 
should be protected against static vol
tages by earthing the PCB ground track, 
the soldering iron (which should already 
be grounded) and the handling tools. 
Solder the 4020's power supply pins first 
- these are pin 8 (earth) and pin 16 
(V+). Don't forget to install the link at 
your chosen Q output. 

The final construction stages will 
depend upon the options you have 
selected, and the final use of the 
Flexitimer. For portable use with a buzz
er or LED output, simply wire an on-off 
switch in series with the positive battery 
lead and install the complete unit in a 

. small plastic case. In a fixed application 
using the relay as an output device, you 
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PARTS LIST 
1 PCB 69 x 38mm, coded 91tm3 
1 Standard 12V DPDT relay, 200 

ohms or greater. 

Semiconductors 
1 555 timer IC 
1 4020 14-stage binary counter 
1 BC338 NPN transistor 
1 1 N4148 (or similar) diode 
2 1 N4001 (or similar) power diodes 

Resistors 
All 0.25W, 5%: 
R1 270k (see text) 
R2 470k (see text) 
R3100k 
R439k 

Capacitors 
C1 1uF25V PCB-mount electrolytic 

(see text) 
C2 1 OnF metallised polyester 
C3 1 uF 25V PCB-mount electrolytic 
C4 0.1 uF metallised polyester 
C5 470uF 25V PCB-mount 

electrolytic (or similar) 

could mount the timer inside the case of 
another unit - this might be a watering 
system, vehicle (it has a large easel), 
house alarm, etc. 

However, it may be advisable to check 
that the timer is operating correctly 
before commencing an ambitious insta1-
lation job. Fortunately, this is quite 
simple - just apply power to the circuit 
and note that the relay is energised by 
Q 1, after the intended time delay. If Q 1 's 
collector doesn't go low on the other 
hand, check that the clock is delivering 
pulses at point X and the chosen Q out
put is being driven high after the correct 
number of counts. 

If the clock chip (ICl) is not running, 
check the level at pin 4 - this should be 
pulled high via the load during the 
timing period. The reset pin (pin 11) of 
IC2 is worth checking if there is no ac
tivity at any of the counter's Q outputs 
- this is normally at a low level, except 
for a brief high-going pulse when power 
is first applied to the unit. 

Note that if the timer is powered by a 
plug pack that has a high source resis
tance, the supply rail may initially rise 
quite slowly (due to the charging action 
of CS). This means that IC2's reset c.ir
cuit (C3, R3 and Dl) may not function 
correctly and the counter will not ad
vance from its cleared state, leading to 
erratic or inaccurate time delays. If this 
is the case, try increasing the value ofR3 
to say 330k; this will allow the slower 
rising edge of V + to be transferred to the 
counter's reset pin. • 

Analyzer 488 
Benchtop or 

PC operation. 

. ~se the compact Analyzer488 to develop, debug, and op
t1m1ze your IEEE systems from the benchtop. Or connect it 
to your PC or PS/2 and use the powerful analysis software 
included with the unit. 

Only the Analyzer488 lets you do both. 
The built-in 32 Kbyte memory and comprehensive trigger

ing let you capture bus transactions at a full 1 Mybte/sec. 
And because the memory is non-volatile you can transport 
the Analyzer488 to your PC for further analysis and save the 
data to disk. 

IBM PC. AT. 386, and PS 2 IEEE Products 

Macintosh IEEE Products 

Sun and DEC Workstation IEEE Products 

Serial IEEE Converters and Controllers 

Analog and Digital t 0 Converters to IEEE 

IEEE Analyzers. Converters. and Extenders 

. 

lOtech 
SCIENTIFIC llE\ ICES 1\llSTHALL\ !'TY LTD 

READER INFO NO. 19 

Melbourne (03) 579 3622 
Fax (03) 579 0971 

Sydney (02) 344 5200 
Fax (02) 349 2602 

Adelaide (08) 281 3788 
Fax (08) 281 4194 
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HUGE STOCK CLEARANCE 
PRICES DRASTICALLY 
REDUCED ON MOST ITEMS 

See Altronlc's new 1991 catalogue for our full range. If you haven't received your 
copy yet, send $1 to cover postage and packing to: 
AL TRON I CS MAIL ORDER, PO BOX 8350 PERTH STIRLING ST, W.A. 6849. 

Jack O'Donnell 
Managing Director 

Redford High End Poly Emulsion Coated Cone Woofers at Direct 
Import Prices 
Altron1c Distributors announces the release of a new generat1or, of high end woofers. The development of higr1 grade driver 
components 111 Japan, such as Barium ferrite magnets and specially formu1ated paper cones impregnated with poly 
emulsion, have enabled us to offer our customers drivers of quite remarkable power handi1ng. performance and extremely 
low distorition. 
We b.elieve the performance exceeds that obtainable from many Eurorean ·name' brands. and the direct import prices Cone 
Materials. This series of loudspeaker features a specially selected f1ore impregnated paper cone wh1cn is coated w·th a layer 
of polypropylene to ~dd the desired rigidity. An added benefit of tt11s coating 1s its resistance to water and rn01sture ingress. 
Voice Coil Construction .. All voice coils are wound on aluminium. the magnet pole pieces are vented for heat d1ss1pat1on. 
Bump back plates are employed to allow extra voice call excursion. 

&'h'' PECC Woof11r 

~t~~::~~w Max. 
Max. Power. .. 60W 
Impedance .... Bohm 
Freq. Resp ... FO-SkHz 
Res. Freq ...... 70Hz (+/.14Hz) 
Sensitivity .... 96d8/W(0.5m) 
Magnet ......... 567 gml20oz 

c 3022 $49.95 

C.B. Power 
Microphone 
For professional 2 Way 
radios on aircraft. 
boats, vehicles and 
also industrial PA 
systems. 

C0336~ 
$20.oo 

21st Century entertainment -
fascinate your friends! 

PLASMA LAMP 
DISPLAY 
Amazing! Pulsating high voltage 
plasma discharge continually 
changes shape and direction. Mode 
selectable to either fingertip control 
or sound activated. For example, 
from voice or sound system. 

•1 Provides endless fascination as it 
sizzles and arcs. 
Supplied complete with AC mains 
adaptor. 

A 0120 Normally $199.oo 
SAVE $50.00 
Up ti/I now slm/lar lamps have sold 
for $1000 and morel/ 

8" PECC Woofer 
~gt~!~::\JWW Max. 
Max. Power ... 100W 
Impedance Bohm 
Freq. Resp ... F0-4kHz 
Res. Freq ... 60Hz (•1· 12Hz) 
Sensitivity ... 98d8/W(0.5m) 
Magnet 848g m/30oz 

c 3024 $69.oo 

THIS MONTH ONLY $149. 00 

10" PECC Woofer 

12" PECC Woofer 

~t~cf~~::\J~OW Max. 
Max. Power. 160W 
Impedance .. Bohm 
Freq. Resp. F0·3kHz 
Res. Freq ...... 25Hz (•1-Srlz) 
Sens1tiv1ty 98d81W(0.5m) 
Magnet ........ 1408gmio0oz 

c 3030 $125.oo 

15" PECC Woofer 

~gt~~:~\JaPW M ... ~gfJ~~!,~rMiM8.JIW Max. 
Max. Power. 130W 
Impedance .. Sohm 
Freq. Resp .. F0-4kHz 
Res. Freq .. 28Hz (•/-SHz) 
Sens1t1v1ty . 97d8/W(0.5m) 
Magnet 1170gm;41oz 

c 3026 $99.95 

Max. Power 200W 
Impedance BOhm 
Freq. Resp ... F0-3kHz 
Res. Freq .25Hz (•/·SHz) 
Sensitivity 98d8/W(0.5m) 
Magnet 1835gm/65oz 

c 3032 $198.oo 

Micron SOLDERING STATION 
Electronic Temperature Controlled-Temperature Selectable, 
Soldering Station. Now this is really quality and versatility! 
Now supplied with long life ceramic cartridge· heater. 

The MICRON T2440 
~ soldering station offers the 
..,. ultimate in controlled 

temperature, hand 
soldering. Simply rotate 
detained rotary switch 
freely to selectable fixed 
temperatures of: 320° C 
(608° F), 350° C (662° F), 
380°C (716°F) 410°C 
(770° F), 440° C (824° F) 
without changing heater or 
tip. 
Packed with features: 
Temperature readout & 
control: Zero voltage 
switching: Grounded tip; 
Low voltage element: 
Chrome plated, iron clad 
tip. 



BAG YOURSELF A KIT BARGAIN! 

K 1120 

$~o $39.50 

AC/DC Millivolt 
Meter 
(See Ea Dec '87) 
Precision measure critical circuits. 
• AC/DC range 
• ?M Ohm input impedance 
• 10mV to 301/ ranges in 8 steps 
• Zero position 
• Battery Test position K 2670 $_551)0 $45.oo 

Door Minder 
(See SC Feb '88) 
This project will sense a door opening in a 
large or small room and will sound a two-tone 
chime. It does not have to be anywhere near 
the doorway as it uses an ingenious sensor to 
detect the pressure change caused when the 
door opens. 

K 1915 $~o $34.so 

24V to 12V DC 
Converter 
(See SC Dec '87) 
This supply was designed ·""' 
to er.able 12V appliances ~ 
like stereso. 2 Way Radios. • r· 
CB's etc. to operate from a ic 
24V battery s_upply as used 

1
... · . • 

in trucks. 4WD's and boats --
without causing expensive 
damage to the vehicle 
battery system •cOll'I:. $

49 K 3255 $~.00 .00 

SOMHz Digital 
Frequency Meter 

(See EA May '88) 

Easy to build & construct this 
fantastic meter measures to well over 
50MHz in 5 ranges. Features high 
input impedance, overflo_w LED 
indicator. KHz & MHz LED 
indicators. All componenets mount 
onto single PCB, even the selector 
switch. 

K 2510 ~o $89.oo 

Low Cost Temperature Probe 
Here's an easy to build 
probe which adapts a 
multimeter or electronic 
voltmeter into a general 
purpose thermometer. It's 
iust the shot for measuring 
heatsink temperatures, how 
hot it gets inside your car, 
or where little Johnny has a 
fever! 
Meaaurers accurately from -
20 deg.C to =120 deg.C. 

K 2570 $21.95 

Bench Top Power Supply 

FEATURES: 
• Output variable between 3 
and 30V • Short circuit 
protection • Full 1 amp output 
over entire voltage range • 
Load switching • Current 
limiting fully variabletwin 
selectable ranges-dual scale 
meter • Separate earth 
terminal provided • Housed in 
our Deluxe "ABS" instrument 
case. 

K 3210 $.:J,m(oo $99.oo 

The Electronic Canary 
Get that atmosphere of 
tranquility that only birds can 
give. The realism of this 
project is remarkable. 
Sounds for all the world like 
two trilling canaries. 
• Saves the mess of birds 
• Battery powered 
• Easy to build 

K 1130 ~5 $19.95 

Automatic Charger 
for NiCadS(See EA July '89 

K 1650 

~o $29.9s 

Telephone Off 
Hook Indicator 

Get 100's more recharge cycles from 
your nicads. 
Its now well known that correctly 
charging nlcad cells greatly extends 
their service life. ! 
Here is a fully automatic NiCad 
battery charger tt1at enables d1ifering 
charge rates as appropriate for AAA, 
AA. C. D cells or cells in series up to 
9V. Once the battery 1s charged. the 
unit automatically switches to trickle 
charge until you switch it off. It is 
fully featured. yet surprisingly 
sirnpie ···M 

Use where 2 or 3 phones are connected 
on one line. !f one extension is in use a 
LED will flash in each of the other 
extensions. Requires no external supply. 

Speech Synthesizer 
Here is a self contained Speech Synthesizer that 
does not require a computer to control it. 

(ETI March '88) 

This small. simple c1rcu1t contains 
all the necessary components to 
make your favourite possessions 
speak. It can be connected to 
almost any appliance, vehicle or 
home remote control system to let 
you know when the kettle has 
switched off, the doors are locked 
or the water in the radiator is 
boiling. The inputs are coded and 

$89 
priority message reading means 
warnings are heard instead of K 9500 $_ji-:OO .00 greetings etc if two messages are 
sent at the same time. Blank 

K 9502 Pre-Programmed Eprom included to allow you to 
E rom for K 9500 $20.00 program the messages you want. 



Terrific 18 Range 
Digital Multimeter 
• 3.5 Digital LCD • Compact Design 
128x75x24mm • DC Voltage 5 
Ranges: 100uV to 1000V • Input 
Impedance: 1M Ohm• DC Current 6 
Ranges: 0.1 uA to 10A • Overload 
Protection • Resistance 
Measurement 5 Ranges: 0.1 Ohm to 
2000k Ohm 

a 1054 $,,n5 $32.95 

Q 1057 Carry Case $12.50 

Two Brilliant Multitesters From 
Altronics at Low Direct Import Prices 
Multimeter with 
Temperature Meter, 
Capacitance, Diode 
and Transistor Tester 

Logic Tester, 
Frequency Counter, 
Capacitance and 
Transistor Tester 

; = i 

a 1010 

$"8'-oo 
$159.oo 

Q 1067 Temp. Probe $29.95 
Logic Te1t (0 1070 only) Logic 1 

Temperature Range: -20'C to 750'C 2.4V +/- 0.2V. Logic 0: 07V +7- 0.2V 
O'F to 1400° F Frequency Range: 2kHz. 20kHz. 
Accuracy:+•- (3' • 1 dgt) up to 200khZ. 2MHz, 20MHz 
150'C +i- 3% rdg over 150'C •/- Input Senlltlvlly: 20MHz range 1V 
(15' + 2 dgts) up to 225'F rms. Other ranges 35mV rms. 

DC Voltage Range: 200mV. 2V. 20V. 200V. 1000V 
Accuracy: All ranges f/~ 0.5% rdg ..- 1dgt 
Input Impedance: 10M Ohm 
AC Voltage Range: 200mV. 2V. 20V, 200V, 750V 
Input Impedance: 10M Ohm 
DC Current Range: 200uA, 2mA. 20mA, 200mA, 10A 
AC Current Range: 200uA, 2mA. 200mA, 10A 
Reol1tance Range: 2000hm. 2k Ohm. 20k Ohm, 200k Ohm. 2M Ohm. 20M 
Ohm, 2000M Ohm 

~:.,a.~:t~~c:F~a&::~ :gig0£~;r~~~; i t~tvJ~J2 g0~~ oA v 
General: Dl1play: 3 1/2 digit liquid crystal with maximum readinG of 1999 
Overrange Indication: Highest d1g1t of (1) or (-1) 1s displayed 

"Vlatel" (now "Discovery") Sensation! 
UNBELIEVABLE VALUEI (AROUND $250) FROM $30 

Altronics has recently 
purchased this quality stock 
auctioned by the liquidator 
of DTX Australia L TO. 

You can use this 
equipment to gain limited 
access to the "Viatel" 
information system. Each 
unit contains a Telecom 
approved modem and 
1nformat1on decoding circuits. 

The single PCB is a goldmine of quality components for the 
enthusiast, including the fantastic valuable SAA SOlO and SAA 5050 chips. 

ALL STOCK BRAND NEW Sorry no warranty at this price. 

~:Si~! ~:=~~~~~~:~~~:S..~m~~~ 300ma •Line isolation Transformer -
Telecom approved 600/600 Ohm or 600/150 Ohm impedance• Video/HF 
Modulator (Channel 0) •Low profile 12V SA SPOT Relay• Capacitor - 2.0uF 
440V AC • Crystals - 6MHz and 4.43MHz • TTL, CMOS, Liniar and LSI /Cs -
SAA 5020, SAA 5050, 2516 and many more • Voltage regulators • Bridge 
rectifiers • Trimpots and capacitors• Filler capacitors • Flatpack heatsink 1 
Plus much, much more! 

VIATEL VIDEOTEX MODEM DECODER 
Three models to choose from: Each with a numeric keypad. 

X 1000 with AF output Sar.fs $25 
X 1002 with AF o/p & telephone hllndMI $~ $29 
X 1004 with AF •nd AGB Video o/p ~ $29 

Passive Infra-Red Lite 
Guard Floodlight 
Control s 5350 . 
Fantastic value 
and security for 
only $69.00 
Was $135.00 
The !ite 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 as pre-adjusted. 
Specifications: Detector: Dual element pyroelectric PIA sensor 
• Raintight outdoor all weather operation. • Photocell to 
deactivate sensor during daylight •Operating Voltage: 240V 
AC, 50Hz • Operation lime: Adjustable 1-20 minutes• 
Sensitivity: Adjustable 20'-50', 30 beams• Aimable desired 
direction with 2 ball joints • switching Capability: 500W max. 
incandescent • Operation Modes: Off. Auto. Test Manual Ont. 

Passive Infra-Red 
Movement Detector 
Features: Lens simply 'snaps' to either wide 
angle (rang8 40ft.) for normal use or 
Normal an9le (range 80ft plus/ for corridor 
appl1cat1ors. • Snazzy integra mounting 
brackets allows corner 90 deg. mounting as 
well as normal surface mount. • "Pulse 
count" circuit to eliminate false-triggering. 
•"Tamper" contact. • 12V DC Powered.• 
Built-in test lamp. • Alarm output SPOT 
30V 1a. 

This Month Buy 3 for $180 
save $50.00 s79.oo 

High Energy Siren 
With Swivel Bracket 

Aboslutely ear splitting SPL 
120dB. Handy bracket for 
wall mounting etc. 12V 
300mA. . 

s 5177 

$29.95 

Micro Piezo Siren 

· Massive 11 OdB operated 
from 6-12V DC 150mA 

s 5170 $24.95 

even the kids can operate this system. • 
Facility for external siren.• Battery back
up (battery 8 'C' cells not included) 

Syetem Contenta: 
• Master Control unit • Front Door Bell 
Switch • Panic/Emergency Switch 
• Three Window/Door Reed Switches 
• Mounting Hardware • 20 Metres Wire 
• ln&ttuction Manual. 

BATTERY OPERATED 
PORTABLE P.1.A. 

INTRUSION ALARM 
Ward off thieves and intruders at home 
and when travelling. 

This super 
nandy, go 
anywhere 
P.l.R. alarm 
system is 
great for 
shop, office, 
caravan, boat, 
garage and 
whenever you 
are travelling. 
Extremely 
nay to /net.II. 

FEAT~RES: ./ 
• Exit delay • Entry C1e1ay • Large 
coverage - up to 100 square metres • 
Low battery LED indicator• 9V 
Alkaline battery (not supplied) lasts 
many months. 

85305~$49 -' ·~-. ..~ v ~~ -... 
-~~. 

tA• 

Complete Syatem S 5415 only 

$Jaf' now $85 



Why Pay A Commercial Security Firm A Fortune To Wire Your House Or Office. This Fantastic System 
Installs In An Hour Or Two And Uses No Wires 

Hurry-Stocks Limited At This Price/ Specials This Month Only 
Features: 
•Wireless reception of external or internal sensors or detectors. 
•Selectable home or away modes for selecting internal and 
external arming or just external to allow movement inside the 
building. • Built in Piezoelectric siren gives different signals to 
indicate different functions. • Sends signal down power line to 
activate one or more remote sirens. • Programmable arm/disarm 
switch buttons. 
The main control receiver runs on 240V AC with a 12V 1.2AH 
battery for emergency backup. All other units with the excepion of 
the line carrier, run on a 9V battery each. The average life expec
tancy is approximately one year. System works around 305MHz 
frequency where there is less chance of false alarm. The range of 
the unit is normally 80 metres in open space. 

Main Control 
Receiver 

Take It With You If You Move 

s 5265 $~ $289.oo 
Complete System Special Package Price 
One S 5265 Main Controller S 5260 rc~OO One S 5270 Reed Switch "..i>C';,·' 
g~: ~ ~~g~ ~aii~~~~~Pu~ftor $489.oo 

Accessories 

6tl.ill.•.' .·' ~11111.:£.) ,..,~, ,~\llJ',~_, ~ 
174 Roe St. Perth W.A. 6000 

PHONE TOLL FREE 008 999 007 
Perth Metro (09) 328 1599 

ALL MAIL ORDERS 
Altronlcs Mall Order P.O. Box 8350 Perth Stirling Street W.A. 6849 

STANDARD DELIVERY & PACKING CHARGE $5.50 to 1Kg, $8 1Kg-5Kg 
AUSTR.ALIA WIDE - We process your order the day received and despc::;tch via 
Australia Post. Allow approx 9 days from day you post order to when you receive 
goods 
OVERNIGHT JETSERVICE Up to 3Kg 1s $10.00. 3Kg to 5Kg is $28 00 - We 
process your order the day received and despatch via O~ernlght Jetawrvlce 
Courier for delivery next day Country areas please allow add1t1onal 24-48 hours 
HEAVY HEAVY SERVICE - Ari orders of 10Kgs or more musttravel E,press 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 at 
consignees nsk. Should you require comprehensive insurance cover against loss 
or damage please add $1.00 per $100 of order value (minimum charge $1 ). When 
phone ordering please requ~st "Insurance" 
TOLL FREE PHONE ORDER - Bankcard. Visa. Mastercard Holders can phone 
order tali free up .to 6pm Eastern Standard Tr me. Remember with our Overnight 
Jetaervlce we deliver next day 

Passive Infra Red Movement 
Detector 
Ideal for the loungeroom, family 
room or hallways. Mounts up on the 
wall or on top of bookshelves etc. 
Detects movement within area of 9M 
by 9M. 

s 52so $J.w.6o $89.oo 
Hand Held Control 
Transmitter Unit 
Keep it at the bedside table - allows 
you to arm the house perimeters 
when you retire or you can take it 
with you when you go out, arming 
your system after you lock the door. 

s 5275 ~o $45.oo 
Remote Piezo Alarm 
This unit is an optional line carrier 
receive~. Receives signal through 
'AC' line i.e. it would ideally be 
located in, say, the roof space and 
plugged into mains power. 

s 5290 $,l.25".0o $89.oo 
Detector/Transmitter Unit (Reed 
Switch) Suitable for Windows and 
Doors 
This consists of an enclosed reed 
switch and compact UHF transmitter 
and a removable enclosed magnet is 
mounted on the door or window 
frame with the magnet on the moving 
door or window. 

s 5210 $.?81>0 $45.oo 

MORE AL TRONICS DEALERS WANTED 
If you have a Retail Shop, you could Increase your Income 
significantly by becoming an Altronlcs Dealer. Phone Brian 
Sorensen (09) 328 2199 for Details. 

Altronlcs Resellers 

Chances are there 1s an Altron1c Reseller right near you - check this list op 
phone us for details of the nearest deal13r 
Blue Ribbon Dealers are highlighted with a• These deaiers generally carry a 
comprehens1Ye range of Altron1c p;oduc~s and kits or will order any requtred 
item for you 1 
Don't forget our Expre11 Mall and Phone Order Service - for the coat of a 
local call, Bankcard, Viii or M11tercard hofdero can Phone Order for aame day 
deapatch. 
Pie••• Note: Rese1lers have to ;:>ay the cost of freight and insurance and 
therefore the prices charged by 1nd1v1dual dealers may vary s!1gntly from this 
Catalogue - m many cases, however. Dealer prices w1it still represent a 
significant cost saving from prrces charged by Altromcs Competitors 

Blue Ribbon Dealers are highlighted with a • The&e Dealers generally carry a 
comprehensive range of Altron1c products and kits or wtll order any required item 
for you. 

WA COUNTRY ALBANY BP Electronics • (098) 412661 Micro Electronics (098) 412077 SUNBURY Micro Electronics (097) 216222 ESPERANCE Esperance 
Commun1cat1ons (090) 713344 GERALDTON Batavia Lighting & Electronics (099) 211278 KALGOORLIE Toda:£!' Electronics• (090) 215212 MANDURAH Micro Electronics 
(09) 5812206 PORT HE OLAND Ivan Tomek Electronics (091) 732531 ROCKINGHAM TV Joe'1 (09) 5271806 NT ALICE SPRINGS Farmer Electronics (089) 522388 DARWIN 
Ventronics (089) 853 622 ACT CITY CANBERRA Bennett Comm Electronics (062) 805359 VICTORIA CITY All Electror11c Components (03) 6623506 The Electronic 
Component Sh'1P • (03) 6706474 SUBURBAN BORONfA Ray Cross Electronics• (OJ) 7622422 CHELTENHAM Talking Electronics (O;JJ 5842386 CROYDON Truscott 
Electronics• (O;J) 7233860 MOORABBIN Talking Electronics Shop (03) 5320236 PRESTON Preston Electronics• (03) 4840191 COUNTRY BAIRNSDAl.E LH & LM 
Crawford (051) S25677 BALLARAT Balla rat Electronics (053) 311947 BENDIGO KC Johnson• (9541. 411411 MILD URA McW1lliam Electronics (050J 236410 WARRNAMBOOL 
Koro1t Electronics (055) 627417 QUEENSLAND CITYDelsound PL• (07) 8396155 SUBURBANcAPALABA Kingsway Electronic~lQU3902399 NEWSTEAD ECO 
Electronics (07) 2541153 WEST END BAS. Aud1otronics (07) 8447566 WOODRIDGE David Hall Electronics• (07) 8082777 COUNTMY BUNDABERG Bob Elkins 
Electronics (071) 721785 GLADSTONE Supertron1cs (079) 724459 MACKAY Philtron1cs • (079) 578855 MAROOCHYDORE MALS Electronics • (071) 436119 
MARY BOROUGH Keller Electronics (071 I 214559 PIALBA Keller Electronics1071) 283749 ROCKHAMPTON Access Electronics (East St J (079) 221058 TOWNSVILLE Super 
Solex • (077) 724466 SA CITY Force Electronics• (08) 2125505 SUBURBANBRIGHTON Force Electronics• (08) 3770512 CHRISTIES BEACH ForceJ;~c;,tn;>rus;.§..• 
(08) 3823366 ENFIELD Force Electronics n (08) 3496340 FINDON Force Electronics • (08) 3471188 LONSDALE Force Electronics • (08) 3260901 COUNTHY 
MT.GAMBIER South East Electronics (087) _250034 WHY ALLA Eyre Electronics (086) _454764 TASMANIA HOBART George Harvey• (002) 342233 LAUNCESTON 
George Harvey• (003) 316533 NSW CITY David Reid Electronics• 102) 2671385 SUBURBANcABRAMATTA M & L Electronics (02) 7274431 CITY SOUTH Sheridan 
Electronics (02) 2817727 SMITHFIELD Chantronics (02) 6044595 COUNTRY COFFS HARBOUR Coffs Habour Electronics (066) 525684 GRAFTON East Coast 
Electronics (066) 431250 NEWCASTLE Novocastnan Elect.Supplies (049) 621358 RAYMOND TERRACE Alback Electronics (0491 873419 WAGGA WAGGA PHILLIPS 
Electronics (069) 216558 WARNERS BAY V1lec Distributors (049) 489405 WINDSOR M & E Elect. and Communications (045) 775935 WOLLONGONG Newte• Electronics• 
042 271620 Vimcom Electronics (042) 284400. 



NEW PRODUCTS 
New Scope 
solder station 

Scope has announced a new version 
of its 60W 'zero cross' solder station. 
Model ETC60L-1 has a new circuit 
designed to allow the LED bar 
temperature display to be used for both 
setting and reading the selected 
temperature. 

Other features include a 'floating 
earth' option for soldering sensitive 
devices, a time out or 'Auto switch off' 
version which can reduce tip corrosion 
and a useful add-on solder dispenser 
which reduces bench clutter and 
frustration when someone has 
'borrowed' the solder reel! 

For more information, circle 241 on 
the Reader Services Coupon or contact 
Scope Laboratories, PO Box 63, Nid
drie 3042; phone (03) 338 1566. 

Vacuum pen 
Emulation Technology's new 

product, the Vacuum Pen, has been 
designed specifically for the insertion 
and extraction of plastic quad flat pack 
and small outline integrated circuit 
chip packages. 

The hand held pen has a vacuum 
'built in'; no external hoses or equip
ment is required. The exterior <;>f the 
pen is stainless steel; the plunger is 
plastic. It comes with three rubber cups 
to fit a variety of chip sizes. The 
Vacuum Pen solves the problem of 
bending the fragile and closely-spaced 
pins on modern chips. 

For more information, circle 242 on 
the Reader Services Coupon or contact 
P P Component Sales, PO Box 580, 
Bayswater 3153; phone (03) 764 5199. 
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Wire-to-board system 

Recently released by Utilux is a min
iature wire-to-board, insulation dis
placement interconnect system from 
Molex. Using 1.27mm spacing ribbon 
cable, the system can be used in single 
ended, double ended and daisy chain 
applications. 

Known as 'Picoflex (PF50)' the sys
tem offers substantial space savings of 
up to 50%. It is designed for the 
telecommunications, security, data and 
consumer markers and is available in 
several circuit sizes. 

For more information, circle 244 on 
the Reader Services Coupon or contact 
Utilux; phone (02) 50 0155. 

Smart timer with 
LCD readout 

Einail Electronics has added a new 
timer to its range of SMART series 
relays. The 2T361 version is charac-

terised by a high contrast LCD on the 
front panel with 8mm digits. Informa
tion regarding pre-set time, 
countdown, relay status, mode selec
tion and time units are displayed for 
easy interpretation. 

In all other respects the Australian 
designed and manufactured 2T361 is 
identical to the 2T360 model released 
last year. 

Both series are suited for OEM ap
plications and service requirements. 
Virtually any eight pin timer relay in 
the field can be replaced without the 
need for time consuming arid expen
sive re-wiring. 

For more information, circle 245 on 
the Reader Services Coupon or contact 
Email, 15 Hume St, Huntingdale 3166; 
phone (03) 544 8244 or 008 331 386. 

Electronic blocks 
Blan Schaltelemente GmbH 

manufactures a comprehensive range 
of electronic block switches for 
various applications. 

These contact blocks function on the 
light-barrier principle, by means of 
photoconductive cells and luminescent 
diodes with practically unlimited life. 

Connected to the photoconductive 
cell is a transistor switching amplifier 
with a Schmitt trigger characteristic, 
so that signals of high edge steepness 
are emitted. 

For all 'on' switching instructions, 
the light path is only exposed when the 
aperture plunger is depressed, so that 
no unintentional instruction can be in
itiated, for example as a result of diode 
failure or on account of any other mal
function. 

On application of the supply voltage, 
a momentary signal lasting a maxi
mum of 50ms is present at the output. 
The electronic contact element has 
high reliability and long life as no 
mechanical or electrical wear takes 
place. 

The unit is protected against extreme 
environmental conditions such as dust, 
corrosion and pronounced shock. 

For more information, circle 249 on 
the Reader Services Coupon or contact 
Crusader Electronic Components, 73-
81 Princes Highway, St Peters 2044; 
phone.(02) 516 3855. 



Australian toroids 
Selectronic Components has in

stalled a high speed, automatic toroid 
winding facility. It can now offer a 
wide range of coils with competitive 
costing and short lead times on large 
volume production runs. Prototyping 
and smaller production requirements 
can also be negotiated. The company 
can also provide mains power trans
formers, switch mode power supply in
ductors and transformers, and filter 
and switch inductors. 

For more information, circle 243 on 
the Reader Services Coupon or contact 
Selectronic Components, 25 Holloway 
Drive, Bayswater 3153; phone (03) 
7624822. 

New generation sub-rack 
Bice-Vero has launched its new sub

rack called the KM6-11. The new sub
rack complies fully with the IEC 297-3 
and is the first of a series of new 
products to be released in coming 
months. 

The KM6- l 1 offers the user the 
benefits of new features while remain
ing fully compatible with all existing 
accessories, front panels and plug-in 
units. 

The new design has made the guides 
considerably easier to assemble and 
remove, and where required, they can 
be fixed more securely and rigidly. 

The universal version of KM6-11 
remains available · in piece parts for 
special configurations, but a new 
benefit is that by using a simple, low
cost conversion kit, customers can 
convert the universal subrack into a 
high-performance EMC subrack when 
circumstances or conditions demand it. 

For more information, circle 24 7 on 
the Reader Services Coupon or contact 
Il~.H Components, 32 Parramatta Rd, 
L1dcombe 2141; phone (02) 748 4066. 

Troubleshooting 
TV signals 

A new application note has been 
released by Lecroy regarding the ad
vantages the 9420/24/50 oscilloscope 
series offers TV engineers. 

These scopes are equipped with 8-bit 
ADCs, advanced triggering, signal 
processing and long 50K acquisition 
memories. 

The. advanced triggering techniques 
enable the user to trigger on PAL, 
SECAM, NTSC and HDTV signals. 
Up to 1500 lines and 8 colour fields 
can be selected. 

Automatic pul~e parameter measure
ment and precisiOn cursors are ideal 
for typical TV measurements, includ
ing colour-burst frequency, rise and 
fall times, white level, pulse width, 
horizontal and vertical blanking, line 
frequency, front and back porch time 
intervals and timing jitter. 

-------------

With the addition of a firmware 
package (WP02) the scopes can also 
perform FFT spectrum analysis on in
coming signals. 

Cursors can be used directly on the 
spectrum to provide frequency, power, 
phase and magnitude readings. 

For more information, circle 248 on 
the Reader Services Coupon or contact 
Scientific Devices, 2 Jacks Rd, South 
Oakleigh, 3167; phone (03) 579 3622. 

Chosen under contract by 
TELECOM AUSTRALIA 

as the preferred meter 
PE-007 (140/90) PE-747 (140/133) 

e AC Volts e DC Volts e Ohms e AC Amps 
e DC Amps e Diode Test e Hfe Test 

• Capacitance • Continuity (PE-007) 
• PE-007 0.5% Accuracy (B/A) 
• PE-007 0.1% Accuracy (B/A) 

Supplied with: 
Battery - Probes - Case - 2 year warranty 

Priority Electronics 
MELBOURNE: SYDNEY • 

Suite 1, 23-25 Melrose St, Suite 2 25 Chard Rd 
Sandringham 3191 Brookvale 2100 ., . -

Phone: (03) 521 0266 Phone: (02/ 905 6024 ' . ..:.;:._\ 
Fax: (03) 521 0356 Fax: (02 939 6348 l'·- 'eoc 'J 

READER INFO NO. 20 
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NEW BOOKS 
PC servicing 
FIX YOUR OWN PC, by Robert 
McLaughlin, Susan Sasser and Mary 
Ralston. Published by MIS Press, 
1990. Soft covers, 214 x 277mm, 255 
pages. ISBN 1-55828-066-9. Recom
mended retail price $55.00. 

This is not a book for the service tech
nician as such, but a 'do it yourself' 
guide for the reasonably intelligent and 
'handy' PC owner/user. The aim is to 
show you how to fix many of the simple 
problems that often seem to plague PCs, 
so that you can avoid the cost and hassle 
of sending them away to the 
manufacturer's service workshop. Along 
with this it also covers things like fitting 
additional plug-in cards, disk drives and 
soon. 

Author McLaughlin is an experienced 
software developer, with more than 10 
years' experience in mainframe, mini 
and personal computers. Of his two co
authors, Susan Sasser is a professional 
computer technician who teaches PC 
troubleshooting and repair, while Mary 
Ralston is an award-winning technical 
writer with extensive experience in com
puter hardware. So they're all well qual
ified to write this kind of a book ... 

The book is divided into four main 
sections, headed 'l: Diagnosing and Fix
ing Your PC'; '2: Data Pages'; '3: Trou
bleshooting Charts'; and '4: 
Appendices'. The first two sections and 
divided into 10 and five chapters respec
tively, with those of the first section deal
ing in turn with a rundown on the basic 
parts of a PC, using diagnostic programs, 
common problems and their solutions, 
maintaining floppy drives and hard 
disks, diagnosing memory problems, 
printer and serial port problems, upgrad
ing your hardware, and data protection 
and recovery. 

The chapters in section 2 then cover 
general basics such as elementary repair 
skills, system component identification 
and removal/replacement, the various 
video display and mass storage options, 
and how the various system components 
work (in basic terms). 

Section 3 then provides some 15 trou
bleshooting charts, to assist in tracking 
down the exact cause of a large number 

FIX 
'VOUROVIN 

PC 
!E.l<f.i~F.C'ITO: 

:JwMfln!'ilt!ll. 
IM~~!.~Ws. 

of possible faults. And finally the appen
dices of section 4 provide information on 
numeric, text and 'beep' error codes, 
standard I/O addresses, and a list of US 
suppliers. There's also a glossary. 

The text is written in a friendly, down 
to earth style that should make it accessi
ble to just about any PC user - even 
those with very little hardware familiar
ity. It's also provided with many illustra
tive photos, although some of these are 
rather dark and murky, and look as if 
they've suffered somewhat in the print
ing process. 

On the whole, though, my impression 
is that it should be of considerable value 
to PC owners and users, whether they 
want to tackle simple repairs or just need 
a bit of guidance when they're adding 
things like expansion boards or another 
disk drive. 

The review copy came from the Aus
tralian distributor for MIS Press, 
Woodslane Pty Ltd, of 2/315 Barrenjoey 
Road, Newport 2106. However I've also 
seen copies in larger bookstores. (J.R.) 

Control systems 
ADAPTIVE OPTIMAL CONTROL, 
by Robert R. Bitmead, Michel Gevers 
and Vincent Wertz. Published by 
Prentice Hall of Australia, 1990. Hard 
covers, 243 x 177mm, 244 pages. ISBN 
0-13-013277-2. Recommended retail 
price $55.00. 

This is basically a book for the gradu
ate EE student specialising in control 
systems, and the practising engineer who 
designs computer-controlled feedback 
control systems. The aim of the authors 
has apparently been to present a unified 

approach to the design of such systems, 
linking currently popular applied meth
ods such as generalised predictive con
trol or 'GPC' with recent theory dealing 
with closed-loop adaptation and control
ler robustness. 

The authors are all highly qualified 
specialists in this area. Bob Bitmead is 
Senior Fellow in the Department of Sys
tems Engineering at ANU in Canberra, 
while Michel Gevers and Vincent Wertz 
are respectively Professor and FNRS Re
searcher at the Automatic Control Labo
ratory of the University of Louvain in 
Belgium. 

It's quite a while since I had to plough 
through control system theory, I must 
confess. In those days it was largely just 
simple linear servomechanisms, with a 
bit of differentiation and integration 
thrown in to improve performance. 
Pretty archaic it was, by comparison 
with modern digital systems and their 
ability to adapt and 'tune' themselves for 
optimal performance. All the same, most 
of us found it pretty heavy going. 

What this means is that I'm not really 
qualified to judge if this book is 'up to 
scratch', as far as its content is con
cerned. But we can probably assume 
that, given the qualifications of the au
thors. For what it's worth, it certainly 
seems to combine theoretical rigour with 
a clear exposition and friendly style. 

In short, it seems likely to be a valu
able up-to-date addition to the control 
system engineer's reference shelf. 

The review copy came from Prentice 
Hall Australia, of 7 Grosvenor Place (PO 
Box 151), Brookvale 2100, but it should 
also be available from larger and techni
cal bookstores. (J.R.) • 
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THE ELECTRONIC COMPONENTS SHOP 
MAIL ORDER 
HOT UNE 
008335901 

I 
I 
I 

CERTIFIED I 
NO BRAND 1000/o ERROR FREE I 
CHEAPER THAN BEFORE DATALIFE I 
(ALL PRICES PER 10 DISKS) (ALL PRICES PER 1 o DISKS) 

5.25 OS/DD $4.95 5.25 OS/DD $23.95: 
5.25 DS/DD $10.50 5.25 OS/HD $25.95 I 

• 3.50 DS/DD $9.75 3.50 OS/DD $28.95 I 
3.50 DS/HD $19.50 3.50 OS/HD $54.50 ............ ·······---~ 

i:f i:f SUPER SPECIAL 'k i:f 
This Month Only 
Super VGA Card 

MVGA-2000 
Features: 

-Trident Chipset 
-256K RAM 
-EXP. to 1 M using 
44256 
-Driver for windows 3.0 
- 1024 x 763@ 256 
colours (for 1 M option) 

DYNAMIC RAM CHIPS !>:} 256K fitted $215.00 

DESCRIPTION 1 9 512 fitted $235.00 
. 10+ $ 

4164-10(64Kx1) $3.5o $3.oo * .___ __ 1_M_f_itt_ed_2_7_5_.o_o __ _J 

4464-10 (64K X 4) $4.50 $3.90 l} 
41256-08 (256K X 1) $3.95 $3.50 l} . .....-,-D-' R_A_N_G_E_ 
44256-08 (256K X 4) $10.95 $9.95 ""'-
411000-08 (1MEGx1) $10.95 $9.95 * CONNECTORS 
1 MEG X 9 SIM SIP $99.00 $95.00 l} Description 1-9 10+ .--------*-*-**--*****----. ***T:fi:fi:fi:fi:fi:f'f;(i:f'f;('f;(i:f l} 1 DB9 PLUG .90 .60 

COMPUTER INTERFACE BOARDS QUALITY 74LS 1' DB9 SKT .90 .60 

XTMULTI l/0(1S,1P,1G,FDC) 
AT MULTI l/0(2S,1P,1G) 

$59 
$49 
$75 
$90 
$90 
$190 

JAPANESE BRAND DESCRIPTION HI 1o+ DB15 PLUG 1.00 .80 

FLOPPY DRIVES 74Lsoo · · · · '°·25 so.~ DB15 SKT 1.00 .80 
74LS04 .... S0.25 $0.2 

AT MULTI 1/0 (1S,1P,1G,FDC) 
XTHDC (2 HD) 

74LS06 .... s1.20 S1.1o DB25 PLUG 1.00 .80 
5.25" 360K. ....... $130 74LS08 · · .. S0.25 $0.20 DB25 SKT 1.00 .80 

ATHDC (2 HD) 
5.25" 1.2M ........ $150 74LS14 .... S0.70 $0.85 

74LS27 .... so.15 so.10 Backshells to suit above 
AT HOC MFM 1:1 (2HD,2FD) 3.5 Auto Switch 

720K/1.44M 

74LS32 .... S0.55 S0.50 (All size) 1.00 .80 
74LS123 ... $1.20 $1.10 

MEMORY EXPANSION CARD 
-EXP TO 6M (OK FITIED) 

74LS125 ... $0.90 S0.80 SPECIAL 
Inc. 5.25" Bracket $155 74LS12e ... so.es so.90 HIGH DENSITY 

-LIM 3.214.0 COMPATIABLE 
74LS132 ... so.es S0.90 VGA CONNECTOR 

- SUITS XT/AT/386 $210 Call or Wr~e to us for our 
complete range of 
computer products 

74LS138 ... so.ss so.so Description 
74LS139 ... S0.75 S0.70 1-9 10+ 
74LS173 ... $1.20 $1.10 

ADLIB SOUND CARD $250 74LS174 ... s1.oo S0.90 PLUG 6.95 5.95 

VOLTAGE TRANSISTORS LINEAR 
74LS175 ... so.10 S0.60 SOCKET 6.95 5.95 

REGULATOR DESCRlPTION.1-11 10+ DESCRIPTION1-11 10+ 
74LS194 ... s1.20 St.10 8/SHELL 1 00 .80 
7 4LS240 ... $1.40 $1.301 . 

BARGAINS BC547 ......... so.10 $0.08 TL061 .......... $0.115 $0.llO 

1
0+ BC547C ....... $0.20 $015 TL072 .......... $1.10 $1.00 

DESCRIPTION .1.e •n.
45 

BCS48 ......... $0.10 $0.08 TL084 .......... $1.80 $1.70 
7805UC ....... $0.50 .,. • 1458 ............ $0.50 $0.45 
7812UC ....... $0.50 $0.45 BC548C ....... $0.20 $0.15 1488 ............ $0.50 $0.45 
7815UC ....... $0.50 $0.45 BC549 ......... $0.10 $0.08 1489 ............ $0.50 $0.45 
7905UC ....... $0.60 $0.55 BC549C ....... $0.20 $0.15 XR2206 ....... $8.00 $7.50 
7912UC ....... $0.60 $0.55 BCSS? $0 10 $0 08 XR2211 ....... $6.SO $6.00 
7915UC ....... $0.60 $0.55 BC557C········· •n.20 •n.15 LM324 ......... $0.60 $0.55 
LM317T ....... $1.00 $0.90 ........... .,.. LM339 ......... $0.60 $0.55 
LM337T ....... $2.10 $2.00 BC558 ......... $0.10 $0.08 LF353 .......... $0.llO $0.85 
LM723PC .... $0.50 $0.75 BC558C ....... $0-20 $0.15 LM358 ......... $0.45 $0.40 
L296 ............ $10.50 $9.50 BC55e ......... $0.lO $0.08 LM3900 ....... $1.20 $1.10 

80139 ......... $0.40 $0.35 555 .............. $0.40 $0.38 
80140 ......... $0.40 $0. 35 741 .............. $0.50 $0.45 

TIP31C ........ $0.80 $0.75 
TIP32C ........ $0.80 $0.75 
2N3055 ........ $1 .25 $1.15 DIODES 

7 4LS244 ... $1. 10 $1.00 
7 4LS245 ... $1 .10 $1.00 

74HC 
DESCRIPTION 1-9 10+ 
74HCOO ..... $0.75 $0.85 
74HC02 ..... $0. 75 S0.85 
74HC04 ..... $0.75 S0.85 
74HC08 ..... $0.75 $0.65 
74HC10 ..... $0.75 $0.65 
74HC14 ..... $1.50 $1.40 
74HC20 ..... $0.85 S0.80, 
74HC30 ... $0.60 S0.50 
7 4HC32 ... $0.80 SO. 75 
74HC42 ... $1.20 $1.10 
74HC73 ... $1.20 $1.15 
74HC74 ... $0.75 S0.85 

10+ 2SJ56 .......... $11.50 $8.50 =:: 2SK176 ........ $11.50 $8.50 
CMOS 74HC75 ... s1.20 $1.10 

DESCRIPTION 1·9 1o+ 74HC76 ... $1.10 $1.05 

DESCRIPTION .1.e 
IN4148 ......... $0.04 
IN914 ........... $0.05 

=:~ 6800 MICRO 
$0.21 DESCRIPTION 1·11 10+ 

6809P .......... $10.50 $11.50 
6809EP ........ $11.50 $8.50 
6821 ············ $5.50 $4.50 
6850 ............ $3.50 $3.00 

40018 ...... $0.25 $0.20 74HC85 ... $1.40 $1.30 
40118 ...... S0.25 S0.20 7~HC86 ... $1.10 St.col 
40130 ...... so.25 so.20 7'4HC123 ... s1.30 st.ts 
40168 ...... $0.40 $0.30 74HC125 ... $1.20 $1 .10 
40268 ...... S0.90 SO.BO 7 4HC173 ... $1 .20 $1.10 
40428 ...... SO.SO $0.45 74HC174 ... S0.90 S0.80 
40448 ...... $0.80 $0. 75 7 4HC221 ... $1.45 $1 .35 . 
40498. · · . · · $0.50 $0.45 7 4HC240 ... $1 .1 O $1.00 

IN4004 ......... $0.05 
IN5404 ......... $0.15 
IN5408 ......... $0.25 

BRIDGES 
DESCRIPTION . 1.e 10+ Z80 

40538. · · · · · $0.60 SO. 75 7 4HC244 ... $1.1 O $1.00 
40608 ...... S0.70 S0.85 74HC245 ... $1.10 $1.00 
40698. · · · · · S0.40 $0.35 74HC273 ... $1.20 $1.10 

W04 ............ $0A5 $0.40 DESCRIPTION 1-11 
8R64: ZBOACPU .... $3.00 
6A 400V ....... $1 .50 $1.30 ZOBCPU ..... $4.50 

WIRE WRAP 
IC SOCKETS 

DESCRIPTION 1-9 1o+ 
8 pin ....... $1.50 $1.40 
14 pin ...... $1.85 $1.75 
16 pin ...... $1.95 $1.80 
18 pin ...... $2.00 $1.90 
20 pin ...... $2.95 $2. 75 
24 pin ...... $3.95 $3.50 
28 pin ...... $4.00 $3.60 
40 pin ...... $4.95 $4.50 

40718 ...... $0.40 so~.35~U7:4H~C3:65[ .. j. ·~1].2~0 l'i1.f10~!gll'I 4081 8. · · · · · $0.40 $0.35 7 4HC373 ... $1.20 $1. 1 O 
40938 .. · · · · $0.85 S0.60 74HC374 ... $1.20 $1.00 

~ ... ,.. ............ .,..... ................ 
8R104: ZBOCCPU .... $6.50 
1 OA 400V ..... $1.80 $1.50 ZBOAP 1 O .... $3.00 
8R354: Z808P10 ..... $4.50 
35A 400V ..... $3.90 $3.00 Z80CP1 O .... $6.50 

QUALITYSmm 
LEDS 

1·9 11>99 1oo+ 

RED 
$0.10 $0.09 $0.08 

GREEN 
S0.15 $0.12 so.10 

YELLOW 
S0.15 $0.12 $0.10 

QUALITY3mm 
LEDS 

RED 
S0.15 so.12 $0.10 

GREEN 
S0.20 $0.15 so.12 

YELLOW 
$0.20 $0.15 $0.12 

RECTANGLE LEDS 
1·9 11>99 1oo+ 

RED: 
$0.20 $0.18 $0.18 

GREEN: 
so.2s so.23 so.20 

YELLOW: 
S0.25 S0.23 S0.20 



Information centre 
Conducted by Peter Phillips 

The right direction 
This month I'm allocating more than the usual amount of space to one letter. This letter discusses 
conventional current flow versus electron flow, and makes so many good points that I've decided 
to include it all rather than offer a cut-down version. However there's still space for other items, 
including our usual What?? question ... 

There are many anomalies in life, 
with the reasons for their occurrence 
often buried in the mists of time. The 
English language is full of them, such 
as 'butch' versus 'clutch', 'look' as op
posed to 'hoot' and so on. 

Electronics has its own anomalies, 
but none so famous as the vexing prob
lem of the 'real direction' of an electric 
current. Science has shown that be
cause an electric current is really a 
flow of electrons, current flows from 
negative to positive. But convention, 
formulated before the electron was dis
covered, says the opposite. 

Some say it doesn't matter, while 
others get quite hot under the collar in 
the defence of their preference. 

An American text book on basic 
electricity can always be picked as the 
one containing wriggly lines for resis
tors and the use of electron flow. The 
Americans have Fleming's Left Hand 
Rule, while other countries have the 
Right Hand Rule with current flowing 
from positive to negative. Who's right? 
See what you think after reading the 
following letter ... 

Current flow 
So the old warhorse about direction 

of current flow has raised its head 
again in the December 1990 'Informa
tion Centre'. 

This problem seems to occur with 
every crop of students, although it can 
usually be resolved fairly easily. Un
fortunately many classes, and texts, 
are aimed at specific applications 
which do not allow the time or space to 
explain adequately the nature of an 
'electric current' and the reasons for 
the adoption of a convention for the 
direction of current flow. As well, an 

explanation is often given at the begin
ning of a course, requiring more 
knowledge than a beginner usually has 
at that stage. 

It is true.for practical explanations, 
that most of the current in metallic 
conductors is the result of movement of 
electrons from the more negative to the 
more positive potential. It should be 
noted however, that metallic conduc
tion is only one of many types of con
duction, and it is possible to have an 
electric current without a material 
conductor, such as the 'beam' in a 
cathode ray tube. 

A second type of current is that in 
electrolytic solutions such as in copper 
or silver electroplating, where the cur
rent is the result of movement of posi
tive copper or silver ions. In these 
cases the ions move from 'positive' to 

104 ELECTRONICS Australia, March 1991 

! ' 
I 

'negative'. (Note that in some 
electrolytic solutions the current is by 
movement of negative ions, such as 
negative sulphate ions in a lead-acid 
battery, and these ions move in the 
same direction as electrons in metallic 
conductors.) 

Another type of current is the dis
charge in ionised gases, such as a 
fluorescent tube where the description 
is complicated by the fact that it is 
usually operated on AC. 

By considering only one half-cycle 
however, the situation is similar to DC. 
In this case the current is a result of 
movement of BOTH positive and nega
tive ions, and there is an (almost) 
equal movement of charges in both 
directions. 

There are many researchers who are 
interested in the composition of an 
electric current, but at the student 
level and in most practical applica
tions the composition is only an ex
planation to help visualise what 
happens in a circuit. Of more impor
tance is the RESULT of the current 
flow. 

With DC, an electric current has 
three results, any or all of which may 
be the desired result. 
1. It generates heat. 
2. It produces a magnetic field. 
3. It causes a voltage to occur across a 

load. 
The first result is independent of the 

direction of movement or the polarity 
of the charges which constitute the 
current, but the second two.are sensi
tive to both polarity and direction. 

For example, an electron moving 
away from you would produce a mag
netic field in an anti-clockwise direc
tion around its path, but a positive ion 



moving away from you would produce 
a magnetic field in a clockwise direc
tion around its path. These results are 
reversed if the charged particles are 
moving toward you. 

A general rule which can be deduced 
from this is that a stream of negative 
particles moving in one direction 
produces the same magnetic field 
direction as a stream of positive par
ticles moving in the opposite direction. 

The production of a voltage across a 
load can be illustrated by considering 
a 'load resistor' mounted horizontally. 
If the current is from a source of 
electrons at the right there will be 
more electrons on the right than on the 
left, making the left the more positive 
potential. 

If the current is from a source of 
positive charges at the left, again the 
left will be at the more positive poten
tial. In either case, negative charges 
from right to left or positive charges 
from left to right, will result in the 
more positive (or 'higher') potential 
on the left. 

To determine the magnetic field 
around a gas discharge requires the 
flow of positive ions to be considered 
separately from the flow of negative 
ions (and subdivision of these flows 
into single-charged and double
charged ions). 

This is clearly more awkward than 
simply considering one 'current', and 
one conventional direction for that 
current. Similarly, Kirchhoff's laws are 
easy to apply to ANY circuit to deter
mine the current/voltage relationship 
and current direction in a particular 
branch. (Some people may dispute the 
'easy' part, but how much more 
awkward would it be if positive and 
negative charge carriers had to be 
considered separately?) 

Which direction is chosen for con
ventional current flow is therefore ar
bitrary, as in most cases the current is 
by a mixture of positive and negative 
charge carriers. (Current in a metal 
conductor also has a very small 
amount of positive ion migration, 
which is partly responsible for the 
failure of copper-iron water pipe junc
tions.) 

Before the electron was discovered, 
current was assumed to flow from posi
tive to negative, and numerous laws 
and rules were formulated such as 
Kirchhoff's laws and various right
hand and left-hand rules for determin
ing the directions of magnetic fields, 
rotation of motors, and generation of 
currents. If the direction of 'conven
tional current flow' were to be 

changed, most of these rules would 
also have to be changed, causing con
fusion. 

This con/ usion would serve no pur
pose, as the present system caters for 
current by both positive and negative 
charge carriers, and a change in the 
'conventional' direction would still not 
conform to every form of current. 

Had the opposite direction been 
chosen originally there would probab
ly be exactly the same arguments 
proposed against that system as are 
proposed against the present system. 
(Lawrie Debnam, Elizabeth, SA). 

Hmm! Food for thought in all that. It 
suggests something I'd never really 
thought of: current actually flows both 
ways, depending on the medium and 
the charge carrier. 

In a semiconductor there are also 
positive and negative carriers, suggest
ing that picking either direction is just 
as suitable. So is the final answer 
simply 'there is no answer'? 

Speaking of answers, here's a 
curious situation that is both annoying 
for the correspondent and interesting (I 
hope) to readers. 

Tuneable hum 
I have a hum problem! Not your gar

den variety hum, but tuneable hum. It 
comes in on the AM frequency of 
89lkHz on the ABC station SAN, but 
nowhere else on the dial. 

I am a serviceman of over 20 years 
experience and I thought I knew most 
of the tricks concerning earth loops 
and hum in equipment, but this one has 
me tricked. It occurs on three different 
receivers and has the following char
acteristics. 
1. It only occurs at 89lkHz and is not 

even faintly audible on any other 
station or point on the dial, either 
AM or FM. 

2. The level of the hum changes during 
the day without any pattern. Some
times it is not even audible, other 
times it roars. 

3 .The hum occurs on a battery 
powered radio. 

4. The level of the hum can be changed 
by moving the receiver horizontally 
with respect to the transmission, 
suggesting direction is a factor. 

5. Other people living nearer to the 
station do not get the hum. 

6. The hum is 50Hz. 
I live approximately 20km from the 

radio station, which has an output of 
50kW and I've tried everything from 
removing earths to adding aerial 
loops. Does anyone have any ideas? 
(J.M., Aldinga Beach SA). 

There are two questions I would ask 
you, J.M. The first concerns your 
assertion that the hum is 50Hz. 

I conducted a few tests on typical 
speakers found in portable radios, and 
in all cases they could not reproduce a 
50Hz tone. They were all quite loud at 
IOOHz, and it may be that the hum you 
are hearing is really IOOHz. Still, that 
doesn't help any, but my next question 
is whether the hum occurs when SAN 
is off the air, as I don't think the prob
lem is associated with SAN. 

While I don't claim any substantial 
experience on the subject, I recently 
had reception difficulties associated 
with the power lines in my street. 

To try and trace the source of the 
interference, I donned a set of head
phones and found I could get quite a 
high level of hum if I tuned the radio to 
the lower end of the AM dial and stood 
near a power pole which holds a 33kV 
to 41 SV distribution transformer. I 
found out later that this was due to the 
earth grid surrounding the pole. 

This makes me think that you might 
be experiencing problems due to earth 
currents from the mains. 

Perhaps your house straddles a seam 
of iron ore or coal, that is passing cur
rent or 'ducting' electromagnetic fields 
from nearby power poles. In any case, 
it seems like a problem associated with 
the mains, and one your local supply 
authority may be able to help with. 

I had excellent co-operation from the 
supply authorities for my area, when I 
lodged a complaint through the 
Department of Communications and 
they went to no end of trouble. Unfor
tunately the problem was never fixed, 
but it wasn't for lack of trying! 
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Transformer ratings 
While on the subject of power, 

several read:irs have sent me informa
tion on determining the VA rating of a 
transformer used with a rectifier cir
cuit. This follows my discussion of this 
topic in the Basic Electronics series 
(Part 8, December 1990), and in the 
December 1990 Information Centre. 
Here's part of one letter ... 

I am writing in response to the item 
in the December Information Centre 
on transformer ratings. It seems that 
you have not quite got the whole story, 
which you acknowledge anyway. I 
think that the figures you give for 
secondary current rating are pretty 
close, though I feel you should be more 
conservative. 

Using rough approximations, I feel 
the VA rating of the transformer should 
be at least 20% more than the expected 
maximum DC power. This means that 
for the usual full-wave bridge and 
capacitor arrangement the RMS cur
rent rating of the secondary should be 
at least 70% higher than the expected 
maximum DC current ( 1. 7 x the DC 
load current). 

Concerning the size of the filter 
capacitor, (Part 8 of Basic Electronics) 
you suggested starting at lOOOuF and 
adding JOOOuF for each additional 
amp. I think that a more realistic rule 
is to use 3000uF for each amp of cur
rent. 

This will give approximately 3V of 
ripple at full current, assuming a full 
wave rectifier. This rule seems to work 
over a wide range of currents for 
power supplies I have made, although 
the limitation is whether the trans
former and rectifiers can take the high 
peak currents involved. 

Incidentally, you suggest that peak 
currents of five times the load current 
are typical in a full wave rectifier. I 
reckon they are 10 to 20 times greater. 
(P.D., University of Sydney). 

But P.D. also has more to say, in a 
second letter that arrived the day after 
the first: 

It seems my suggested multiplier of 
1. 7 for determining the current rating 
for the secondary of a transformer 
used in a power supply is too low. After 
writing, I lashed up a power supply 
(centre-tapped, dual polarity) using a 
JOOVA toroidal transformer with two 
10,000uF filter capacitors, one each 
per leg. 

And the results? I measured 112VA 

in for BOW of DC power out. The trans
former got extremely hot, reaching 60 
degrees in an air conditioned lab. 
Halving the values of the filter 
capacitors made no difference. 

From this, it seems the 1.7 factor I 
previously suggested should be in
creased to 2.0. That is, a 1 amp DC 
supply should have a transformer 
rated at 2A RMS (secondary). 

Included with the first letter was an 
extract from a National Semiconductor 
Voltage Regulator Handbook, which I 
studied carefully to see what National 
reckon. 

The mathematical approach used 
was far from easy to understand and as 
far as I can figure, the secondary cur
rent rating is found by using a form 
factor taken from a graph and then ap
plying it to one of three possible equa
tions, depending on the rectifier 
circuit. 

I found it impossible to figure out 
how to get the form factor, so I gave up 
on that one. Testimony to my assertion 
that power supply design is complex! 

The next letter on the topic was in 
the form of a proposed article (which 
we are thinking of printing) and in
cluded three pages of tables containing 
a wealth of information. 

From one of these tables, the cor
respondent (R.G ., of Wollongong 
NSW) reckons the transformer VA 
rating should be 1.11 times the DC out
put power (bridge rectifier, capacitor 
filter), and the secondary current will 
be 1.57 times the DC current. 

These values are lower than my fig
ure (1.66) and lower than the 1.7 
(revised to 2) given by the first cor-

106 ELECTRONICS Australia, March 1991 

respondent I just wish I could calcu
late the figures National reckon on. So 
all in all, the best suggestion seems to 
be the more conservative the rating, 
the better! 

Electrolytic caps 
Following the discussion , of 

electrolytic capacitors in the Novem
ber (1990) edition, I've received some 
excellent technical papers from 
Ericsson Components, who market the 
RIFA brand of components. 

You might recall that the discussion 
concerned operating an electrolytic 
capacitor at a voltage less than its rated 
value, and the effects this might have 
on the capacitance value. 

While the literature from Ericsson 
doesn't specifically refer to this, it's 
fairly obvious that it is not an issue. 
Here's an extract from one of the 
papers, which I'm sure you will find 
interesting ... 

The rather unexciting appearance of 
wet aluminium electrolytic capacitors 
hides quite an interesting functional 
principle, based on the properties of 
aluminium oxide in combination with a 
liquid electrolyte. 

In aluminium electrolytic capacitors 
the dielectric is a thin layer of 
aluminium oxide formed on the posi
tive electrode, the anode foil surface. 
This oxide has rectifying properties 
and can withstand a voltage of one 
polarity only. 

The capacitor is therefore normally 
a polarised device, although in non
polarised designs, both electrodes 
have an aluminium oxide layer of 
equal thickness. 

Using an etching process, the 
aluminium anode foil surface is 
eroded, creating a very rough profile 
and resulting in a vastly increased ef
fective surface area compared to the 
original plain foil surface. 

Aluminium oxide is applied on the 
rough surface by an electrochemical 
process, called the forming process, 
where a constant voltage is used. 

The oxide thickness is approximately 
proportional to the forming voltage 
used, and to a large extent, the oxide 
thickness will determine the 
capacitor's voltage handling 
capability. In practical terms, a 63V. 
10,000uF capacitor will have an oxide 
thickness of about 1 OOnm and a sur
face area of 10 square metres. 

The electrolyte acts as an extension 
of the negative foil and is retained with 
a porous paper layer that also acts as 
a spacer between the two foils. The 



electrolyte is highly conductive by 
means of negative ions. 

The paper includes a lot more infor
mation, including details of how 
electrolytic capacitors are self-healing 
and a discussion on the disadvantages 
of electrolytes based on glycol. It also 
makes the point that the capacitance 
(and the leakage current) of an 
electrolytic increase with temperature. 

But the clincher, as far as I can see, 
is that a wet aluminium capacitor has 
an 'infinite shelf life without the need 
to reform.' In other words, the oxide 
layer thickness (and therefore 
capacitance value) is formed during 
manufacture, and that's it. Our thanks 
to RIFA and Ericsson for this informa
tion. 

What?? 
It's black box time. I have a black 

box with two terminals connected to a 
device inside the box. Using a moving 
coil multimeter as an ohmmeter, I 
measure 15 ohms across the terminals 
when the meter is set to its xi range. 
When the x IO range is selected, the 
resistance is 4 ohms. No, it's not a 
diode, as it doesn't matter what 
polarity I use. What's inside the box? 

TV CRO Adaptor 
Continuedfrompage 90 

width of lines 2 and 4, and that VR4 
adjusts the remaining lines. A vertical 
trace may also appear in the centre of 
the screen, which will disappear when 
VR3 is adjusted. These lines will not 
move when VR5 is adjusted, as they 
are independent of this control. 

The final test that can be performed 
is to check that the sweep frequencies 
are correct. Connect a frequency· 
counter (or a 'scope) to the centre ter
minal of SW2, which eventually sup
plies the 'store clock' to PC board 3. 
Frequencies ranging from 30.5Hz to 
12MHz should be measured at this 
point, depending on the settings of 
SWI and SW2. You might also like to 
confirm that the signal referred to as 
'gated 3MHz' is present at pin 6 IC8. 
This signal will appear as an 8ms wide 
burst of 3MHz, spaced midway be
tween the vertical sync pulses. The 
relevant waveforms for this board are 
shown on the circuit diagram, in case 
you need to do some fault finding. 

·This is all that can be done now. In 
the next of these articles we '11 present 
the vertical amplifier and graticule 
generator section, which can then be 
combined with this board for further 
tests. • 

Answer to last month's 
What?? 

You either twigged fairly quickly or 
gave up in disgust, on last month's 
What?? The solution is to use a two
input AND gate (A.B) and a two-input 
OR gate (C+D), with their outputs 
joined together. Oh yes, they need to 
be open collector types, of course! • 

A TRIP BACK 
IN TIME! 

By popular demand, we've 
reprinted our nostalgic look at the 
radio scene in 1927. If you missed 
it the first time, don't miss it this 
time around ... 

Available for $5.95 (Including 
postage and packing) from 
Federal Publishing Co Book 
Shop, P.O. Box 199, Alexandria, 
NSW 2015 

ABCDEFG 
HIJKL N 
OPQR TU 
VWXYZ 
Ignore it and it won't go away. 

MS 
Multiple Sclerosis. 
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Construction Project: 

A NEW 2M FM 
TRANSCEIVER • 3 
Last month, we covered the assembly of the main PC boards for the project, the construction of the 
shield boxes, and the assembly and testing of the power supply, CPU/display and VCO/PLL sections 
of the circuit. Here we deal with three more sections, which when wired and tested result in the 
'receive' side of the unit being complete and operational. 

by JIM ROWE 

Hopefully by now you will have as
sembled all of the circuit sections we 
covered last month, and ·put them 
through their paces as described, to 
check that they're working correctly. 
Even if there were a few problems, 
you should have been able to remedy 
matters by taking advantage of the 
troubleshooting information we pro
vided. 

The same kind of section-by-seetion 
treatment will be used for the remain
ing sections of the new design, with 
each section covered by testing· and 
troubleshooting information in addi
tion to the basic assembly description. 
This should ensure that you can com-

. plete all sections and get the trans
ceiver going successfully. 

This month we cover the next three 
functional sections of the circuit: the 
receiver section audio and IF amplifi
ers, and the low-level RF section con
taining the 'receive' RF stage: and 
mixer, the VCO amplifier stages and 
the transmit driver stage. When you 
complete these sections and fire them 
up, the 'receive' side of your trans
ceiver will be virtually complete, and 
you should be able to connect it up to 
an antenna and listen into the 2-metre 
band. 

I should perhaps warn you that 
there's a fair bit of wiring involved in 
these three sections, and that 1 with 
quite a lot of components mounted in a 
reasonably dense fashion, it all 1takes 
time. 

As I suggested previously, this is not 
a project for the inexperienced begin
ner, or for those who like to be able to 
'knock it together' in a single evening! 
However if you proceed steadily and 
exercise a reasonable amount of care, 
you should be greeted by the sounds of 

a functioning receiver, after only three 
or four evenings ... 

Let's get going, then, with the next 
section in the sequence. 

6. AF AMPLIFIER 
Before we proceed, I should advise 

you of an error that has been discov
ered in the main PCB overlay diagram 
for the transceiver, given in the Febru
ary article on page 95. It's an error that 
directly concerns the audio amplifier 
section, which you're about to assem
ble - and as with the other sections, 
you'll be using this diagram as your 
main· guide in placing and orientating 
the components. So now's the logical 
time to correct your diagram, before it 
leads you astray. 

The error is simple: transistors 
Q103 and Q104 were transposed, on 
the diagram. Q103 is in fact located 
between ClOS and R109, while Q104 
is between R110 and R112, near the 
right- hand edge of the board. 

I suggest that you modify your dia
gram to correct this error rig ht now, 
before you forget. If you inadvertently 
fit the two transistors in the transposed 
positions originally shown, and apply 
power, both transistors are likely to be 
destroyed - along with Q105 and 
R109. I write from personal experi
ence! 

The audio amplifier circuitry is lo
cated near the front of the right-hand 
side of the main board, as you will 
have gathered. The only exception is 
the 'receive' volume control pot RlOl, 
which mounts on the display board at 
the top of the left-hand end. More 
about the pot later - for the moment it 
can be put aside, while we concentrate 
on the other components. These are all 
identified by a 'lXX' number. 
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Incidentally the schematic for the 
audio amplifier section was shown in 
Fig.8 of the January article, if you 
need to refer to it during the assembly 
or testing. 

There are a relatively small number 
of components involved in this sec
tion, so it won't take long. As usual it's 
a good idea to start with the low-pro
file resistors and diode first, then fit 
the smaller capacitors, followed by the 
larger electrolytics and finally the tran
sistors. Take care with the orientation 
of these last-named groups, of course. 

Note that while it probably isn't es
sential to solder the pigtails of the 
'earthed ends' of Cl04, C108, C109 



Here's a shot of the next two sections - the audio amp and IF amp/demodulator, which are both positioned along the 
right-hand side of the main PC board. The audio amp Is on the left, here, with the IF section to the right. Use this picture 
and the overlay diagram given on page 95 of the February artlcte_11s a guide, when you're wiring these sections. 

and R107 to the top ground plane cop
per as well as the underside copper 
tracks, there's no harm in doing so. It 

· might even help ensure that the AF 
amp operates a little more reliably, 
with greater immunity to stray RF. The 
same applies to the collector lead of 
Q104. Just make sure, if you do decide 
to solder these leads to the top copper, 
that you don't overheat the compo
nents in the process. 

A couple of PCB terminal pins 
should be used for the speaker connec
tions, to allow the lead from the 
speaker to be connected and discon
nected easily. Again the 'earthed' pin 
should be soldered on the top side of 
the board as well as the bottom. 

At this stage, your audio amplifier 
section should almost be ready for test
ing. The one remaining step is to 
mount the volume control pot RIOl on 
the display board, at the top of the left
hand end. At this stage it isn't wired 
up, however. R213 the squelch control 
pot can also be mounted at the same 
time, in the adjacent hole. 

The volume pot should be mounted 
with its three main lugs uppermost, 
while the squelch pot should be 
mounted with its main lugs at the bot
tom. This allows the two locating spig
ots to mate with a pair of 3mm holes, 

drilled in- the display board between 
the two main pot mounting holes and 
along the line between them, so that 
neither pot will. tend. to rotate in use. 
(R213 can't be mounted with its lugs 
uppermost, as its spigot would conflict 
with the display board support 
bracket). 

The display board for the unit I as
sembled dido ''t have these locating 
holes drilled, but it was a simple mat
ter to drill them, after using one of the 
pots to determine the correct location 
- using its spigot as a crude marking 
scriber, with the pot rotated manually 
in the mounting holes. 

Note that both pots have· integral 
switches, with lugs which protrude 
from the sides. To ensure that these 
lugs don't touch either each other or 
the display board mounting bracket, 
it's necessary to bend them inwards by 
about 90°. This can be seen in one of 
the photographs. 
Testing the amp . 
1. Join the ON-OFF switch wires to
gether, if they aren't already joined; also 
connect the speaker to the speaker con
nection pins, via a length of two-wire 
rainbow cable about 250mm long. Then 
connect 13.8V DC power to the unit. 
2. By pressing any of the display board 
keys you should be able to hear a 2kHz 

'beep' from the speaker, with a duration · 
of a few hundred milliseconds. 
3. Apply an audio signal from an audio 
generator to the input of the amplifier. 
The 'hot' input is the centre of the three 
PCB pads whiCh will ultimately corinect 
to RlOl, while the pad to its right (nearer 
to C101) is the earthy input. About 
200m V RMS input should result in the 
rated output of lW into 8 ohms. But if 
you do not have an audio generator, sim
ply touch one end of R102 with your 
finger. You should hear the typical (not 
very loud) amplifier hum from the 
speaker when you do this. 
Troubleshooting 

In the (unlikely) event that your am
plifier doesn't seem to be working cor
rectly, here is the relevant information 
to assist in troubleshooting. 
1. Check the following DC voltages: 

Q105 collector 13.8V 
base 13.8V 
emitter 13.IV 

QlOl collector 12.5V 
base 8.2V 
emitter 7 .6V 

Q102 collector 6.8V 
base 12.5V 

Q103 base 6.8V 
emitter 6.3V 

Q104 base 6.0V 
emitter 6.5V 
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2. Assuming all of the DC voltages are 
correct, you will need to trace the prog
ress of a test signal through the ampli
fier, ideally using an oscilloscope 
(although this is not essential). If you 
don't have an audio generator to provide 
the test signal, you can use almost any 
audio equipment, such as a radio or tape 
recorder, with an external output capable 
of providing a signal of around 200m V. 

If such a source only has a speaker 
output, you may need to make a volt
age divider with two resistors, to re
duce the signal to around 200m V. For 
example if you have a cassette p1ayer 
capable of delivering 1 W into 8 ohms 
this will provide about 2.8V RMS (E .,; 
...J(P x R)). To reduce this to around 
200mV, you'll need to divide this by 
about 13:1. We would suggest using a 
330-ohm and a 27-ohm resistor, con
nected in series across the player's 
speaker - or preferably across an 8-
ohm resistor used to substitute for it 
during the tests (if you want to be abl~ 
to hear the transceiver's speaker!). 

The 200m V test signal will be pro
duced across the 27-ohm resistor -
but it will be advisable to connect a 
O.luF capacitor in series with the 'hot' 
~ide, if you:re going to be injecting it 
ml? the. varmus stages of the amplifier. 
This will prevent the 27-ohm resistor 
from disturbing the amplifier's DC cir
cuit conditions. 

If you have a 'scope, you can con
nect the audio test signal to the trans-

ceiver amplifier's input and trace its 
progress through QlOl, Q102, Ql03/4 
~d so on, using the 'scope. Obviously 
if there's a problem, its location will 
soon become apparent. 

Alternatively if you don't have a 
'scope, you can work in reverse by lis
tening to the transceiver's speaker and 
applying the test signal first to the base 
of Ql04, then that of Q103, Q102 and 
finally QlOl. Not only should you be 
able to hear the signal in each case, but 
the volume should increase as you in
ject it earlier in the chain. 

The most likely cause of any trouble 
with the ~,Plifier is a wiring error, 
such as flltmg a component in the 
wrong position or with the wrong ori
entation. So if you take care with these 
aspects and check everything carefully 
before applying the power, it's un
likely that you'll have any problems. 

7. IF AMPLIFIER 
Now you should be ready to wire up 

the IF amplifier and demodulator sec
tion, which occupies the area on the 
main PC board just behind the audio 
amplifier at the centre of the right
hand end. The circuit schematic for 
this section was shown in Fig. 7 of the 
January article, while its components 
are identified with a '2XX' number. 

As before, it's best to start with the 
low-profile resistors and capacitors, 
work up to the larger and taller compo
nents and finally fit transistor Q201 
andICU201. 

Take care again with the polarised 
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parts, such as diode D201 (alongside 
R215) and tantalum electrolytic C216. 
Note that the latter should be orien
tated so that its positive lead is on the 
right-hand side, looking from the front 
- i.e., nearer C202. The polarity '+' 
sign was inadvertently omitted from 
the overlay diagram on page 95 of the 
February article. 

Again, there are a number of compo
nents which have an 'earthy' side, 
where the lead should be soldered to 
the top ground-plane copper as well as 
to the copper under the PCB. These 
include R201, R211, R212, C201, 
C203, C208, C212, C214 and C216. 
When you fit Q201, its emitter lead 
should also be soldered to both top and 
bottom copper, and the same applies to 
pin 15 of IC U201. All of these 
ground-plane joints are virtually essen
tial for this section of the circuit, and 
not optional as they were in the case of 
the audio amplifier. Here, if they're 
not done the IF amplifier may either 
have low gain, or could 'take off'. 

Similarly it's also important to con
nect the metal case of crystal XT201 
crystal filters XF201/202 and coil~ 
L201/202 to the ground plane, with a 
small solder joint at one end (or both 
ends for L201/202). As before take 
care to achieve good electrical bond to 
the ground-plane copper, with proper 
solder 'wetting', but without overheat
ing the components concerned. 

If you are using only one crystal fil
ter, then bypass the second crystal fil
ter position with a wire link (iµput to 
output) and leave out capacitor C201 
(6.8pF). 

The wiring to connect pots RlOl and 
R213 to the indicated board points 
should now be fitted, using a section of 
rainbow cable initially about 300mm 
long and with six wires. Three are used 
to connect RlOl to the pads between 
C207 and R102, while the other three 
connect R213 to the pads just in front 
ofL201. 

Keep all six wires together for the 
main ~ength of their run, separating 
them mto the two separate groups at 
either end and chopping them to the 
correct length as shown in the photo. 
This makes for a neater job. Note 
again that the wire from the 'earthy' 
(fully-anticlockwise) end of RlOl con
nects to the pad nearest R211, and is 
soldered to the top ground plane cop
per as well as to the underside. 

~ncidentally at this stage, the trans
ceiver ON/OFF wires can also be con
nected to the switch contacts at the 
rear of RlOl, so that the switch can 
become operational. 



Testing the IF 
Here are the steps for checking the 

operation of the completed IF ampli
fier and demodulator section: 
1. Connect the speaker and 13.8V DC 
power supply, and switch on. 
2. Adjust the volume to midway and then 
tum up the squelch pot R213. At a par
ticular point this pot should act like a 
noise switch, turning the IF amplifier's 
noise on and off as heard in the speaker. 
This shows that the squelch gating cir
cuitry is working. 
3. Open the squelch (noise audible) and 
adjust L202 for a null in the noise level, 
with minimum high-frequency content 
Either side of this null the noise should 
increase, and become more harsh. 
4. If you have an FM signal generator, 
adjust it for an output at 10. 700MHz but 
with no modulation. Then connect its 
output to the input of the IF amplifier, at 
the pad of crystal filter XF201 nearest 
the VCO/PLL shield box. Adjusting 
L201 and L202 should allow you to 
achieve about 12dB of quieting for 
around 3u V of input, if everything is op
erating as it should be. That is, the audio 
noise output should drop by 12dB when 
the generator output is switched on and 
set for about 3uV, compared with the 
noise level when it is switched off. 

Note that if the squelch gate closes 
during your adjustments, R213 should 
be turned to open it again. 

Switching on the generator's modu
lation, with the deviation set for 
3.SkHz, should produce a sinewave 
audio output. L202 should be adjusted 
for the largest undistorted output, 
judged either by ear or by observation 
with the 'scope. 

Note that the tuning of L201 will ap
pear to be very broad, due to the way 
the limiter operates. The best way to 
adjust this coil is to gauge its effect on 
the squelch 'switching' threshold, as 
set by R213. 

That's about all you can do at this 
stage. Final adjustments can be done 
when assembly of the transceiver is 
nearer completion. 
Troubleshooting 

If you weren't able to carry out the 
foregoing tests satisfactorily, here is 
the information to assist in trouble
shooting. 
1. Measure the following DC voltages: 
. IC 201pin1 7.0V 

2 6.5V 
3 7.0V 
4 7.2V 
5 1.2V 
6 1.2V 
7 1.5V 
8 7.0V 

Here Is a close-up of the volume control and squelch pots, mounted on the end 
of the display board. Note the switch lugs are bent, to prevent them touching. 

10 2.2V 
13 6.SV 
15 ov 
16 2.2V 

Q201 base 0.6V 
collector 7.0V 

2. If there is an absence of noise output, 
for any position of R213, this might be 
caused by three main things. There may 
be a problem with the squelch or the 
discriminator, or a faulty or low gain IF 
preamp (Q201). Alternatively there 
could be a problem with the 10.7/455 
mixer inside U201. 
3. If the squelch doesn't seem to be oper
ating, try varying R213 and measure the 
DC voltage on pin 12 of IC201. This 
should change from about 300m V to 
1.1 V. The squelch threshold is at about 
0.8 volts. If the voltage on this pin is 
higher, the mute switch (U201 pin 14) 
will be open and the signal or noise 
should be going to the audio amplifier. 

If there is a problem where the noise 
is present and cannot be gated off 
using the squelch control, then this is 
probably related to a fault with one of 
the components connected to U201 
pins 10, 11, 12 and 14. 
4. The FM discriminator and limiting 
amplifier can be tested by connecting a 
signal generator to the input or output of 
the ceramic filter (pins 3 or 5 ofU201). 
By adjusting coil L202, the DC level on 
pin 9 should change between 800m V 
and 6V volts. If the generator is being 
modulated, you might be able to see with 
a 'scope the audio signal on this pin su-

perimposed on the IF (455.kHz) signal. 
This is filtered out by the R216 and 
C208 low pass filter. Any malfunction in 
this area could be caused by the circuitry 
around U201 pins 6, 7 and 8. -+ 
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5. If the sensitivity is poor, this could be 
due to a problem with the IF preamp 
stage around Q201, or the IF second 
mixer (10.7MHz/455kHz) section 
within U201. A problem with the latter is 
usually caused by an incorrect level in
jected from the crystal oscillator. 

Within-tolerance variations in the in
ternal impedance of the crystal XT201 
might require that the value of c~ 13 
be changed slightly. To try this, tempo
rarily fit a ttimcap of about 60pF in
stead of C213 and adjust this for best 
IF sensitivity. Then switch off, remove 
the trirncap and fit a fixed capacitor 
that is closest to the measured value. 

The level of signal injected into pin 
2 of U201 should be about 50-lOOmV 
peak to peak (measured using a 'scope 
fitted with a 10:1 probe). 

8. RF SECTION 
The final section required to com

plete the basic 'receive' side of the 
transceiver (and the 'transmit' RF 
driver circuitry) is the low-level RF 
section, and this is the next to assem
ble and test. 

The schematic for this section was 
shown in Fig.6 of the January article, 
while its components are all identified 
with '3XX' numbers. Basically it oc
cupies the rearmost 50mm or so of the 
main board, and across the full width. 

As before it's best to start with the 
low profile components such as the re
sistors and diodes ~ making sure that 
the latter are placed in the correct posi
tions and with the right orientation. 

Note that biasing diodes 0301/302 are 
type 1N4148 (or 1N914), while the RF 
switching diodes 0303/304 are type 
Ml301. The latter are usually marked 
'Mil', while the 1N4148/1N914 some
times have no marking except a black 
band to indicate the cathode. (The 
MC301 diode used for 0402 in the 
VCO section is generally marked 
'MCI', by the way.) 

The capacitors should be added next. 
As before many of the ceramics need 
to have their 'earthy' pigtail soldered 
to the copper ground-plane on the top 
of the PCB, as well as to the underside. 
You'll need to carefully remove the ce
ramic on the chosen pigtail, by gently 

crushing it with pliers and then scrap
ing back to the body with a hobby 
knife. This allows the component to be 
mounted close to the board, with mini
mal length leads, but still permits you 
to make a soldered joint to the 
groundplane. The capacitors involved 
are C303, C304, C305, C307, C309, 
C311, C312, C314, C315, C316, C317, 
C318, C319, C321, C322, C324, C325, 
C326,C327,C329,C332,C333,C334, 
C335, C337 and C338. 

Many of the trimmer capacitors also 
have one side grounded, and those in 
this category also need to have this 
side soldered to the top ground plane 
copper as well as underneath. This ap-

A top view of the RF section, which runs along the rear of the main board. The receive Input RF stage is here at upper right, 
with the bandpass filter box to Ifs left and the transmit RF driver stages further left again. The VCO shield box is visible at 
lower left, and the IF stage at lower right. Note the orientation of the trimmer caps and coils. 

112 ELECTRONICS Australia, March 1991 



plies to C302, C306, C308, C310, 
C312 and C331. Note that with each of 
these trimmers (all 20pF max), it is the 
exposed lead at the rounded end that 
should be earthed. This is really the 
only practical way to do it (the other 
lead is inaccessible), and it also en
sures that the trimmer can be adjusted 
with a metal- bladed alignment tool 
without disturbing its operation. 

Note that four each of the affected 
ceramics and trimmers are inside the 
rear 'filter' shield box. This makes the 
job of soldering their earthy sides to 
the ground plane rather awkward, but 
it can be done. You just have to be 
especially careful not to damage the 
components in the process. 

The remaining trimmers have neither 
side earthed, and so can be fitted either 
way around. Note that C301 is the odd 
one out - a 60pF maximum type, with 
a brown body instead of the red body 
used for the 20pF trimmers. 

The transistors can now be fitted, 
again taking care to fit the right one in 
each position and that they're the cor
rect way around. Note that Q304 and 
Q305 both have their emitter leads sol
dered to the top ground plane - with 
Q304 this is the lead nearest C401, 
while with Q305 it's the centre lead. 
Again, take care not to overheat the 
components when making these 
ground- plane connections. 

Note that Q304-306 are mounted 
with their bodies about 4mm from the 
board. 

Take special care when you're fitting 
the two MOSFETs, Q301 and Q302. 
These are both the BF981 device, 
which is in a mini 'pill' package with 
four leads coming out of the sides. 
These need to be bent carefully at right 
angles, close to the body, so that they 
can mate with the PCB holes. But note 
that in the case of Q301, the leads are 
bent down with the 'label' side facing 
you, while with Q302 they must be 
bent up. This is because Q301 mounts 
on the board with its label side upper
most, while Q302 mounts with its label 
side down towards the board. Both of 

A close-up of the receive Input RF stage, to guide you further during assembly. 

these transistors mount right down 
against the board. 

How can you tell the correct orienta
tion for Q301/302? Easy - the drain 
lead is the longest of the four, and both 
drains go towards the front of the main 
board. So the drain of Q301 is the one 
nearest L302, while that for Q302 is 
the one nearest R307. 

Now you should be ready to wind 
and fit the coils. These are all wound 
using 0.8mm enamelled wire {#20 
B&S, or #21 SWG). The number of 
turns, direction of winding and former 
diameter used for each coil are shown 
in the table. 

Take special care when winding the 
coils, as the single most common cause 
of trouble with previous transceivers 
and similar RF projects has been mis
takes in coil winding. Use the shank of 
a 1/4" drillbit as a former for L303-
306, and that of a 1/8" drill for the rest. 
It is very important to use the exact 
Ciameter (i.e., a 1/8" drill, not 3mm or 
3.5mm). 

Similarly all coils should be close 
wound - i.e., the turns must be wound 
tight against each other. You'll find it a 
lot easier to do this if the wire has been 

'stretched' slightly, before winding. I 
do this by cutting off a length about a 
metre long at a time, clamping one end 
in a vyce and gripping the other with a 
pair of stout pliers. I then pull until the 
wire stretches a bit - making it both 
straight and stiff for convenient close 
winding. 

To clarify the winding terminology, 
the description '3-1/2 turns' means that 
the coil has three whole turns, from the 
start point to the end, and then a fur
ther half turn, so that the legs of the 
coil both face in the same direction. So 
if you count the number of turns of 
such a coil from the top, there should 
be four, but from the bottom there will 
appear to be three. 

Don't forget to follow the specifica
tion for the direction of winding -
note that L302 is wound in a clockwise 
direction, while the rest are wound 
anticlockwise. This is important if the 
coil legs are to mate with the corre
sponding PCB holes, with each coil 
aligned in the correct direction as 
shown on the overlay diagram (and 
visible in the photos). 

It's a good idea to scrape the enamel 
insulation from the legs of each coil 
with a hobby knife, after it is wound 
and while it is still on the shank of the 
drillbit former. This avoids distorting 
the shape, but makes the coil ready for 
soldering into the PC board. 

The coils for the bandpass filter 
(L303-306) should sit about 4- 5mm 
above the board, so that their axes will 
be roughly midway between the PCB 
and the lid of the shield box when it is 
fitted. All of the other coils should sit 
closer to the board - roughly Imm or 
so above it. -. 
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Only one coil has an earthed end, 

which needs to be soldered to the PCB 
ground plane. This is L301, and you'll 
need to scrape back one of its legs fur
ther than for the other coils, to allow 
the joint to be made. 

The final step in assembling the RF 
section is to fit the three PCB terminal 
pins, along the rear of the board. These 
are for the 'TX12V' connection along
side L3 ll, the 'TX-RF' connection 
alongside L312 and the 'RX-RF' con
nection alongside C301/302. 

With these fitted and soldered in, 
your RF section should be complete 
and ready for testing. 
Testing, testing ... 

Here is the testing procedure for this 
section of the circuit: 
1. Reconnect the speaker and the 13.SV 
DC supply, and if possible connect a sig
nal generator tuned to 147.000MHz to 
the RX-RF input (earthy side to the 
ground plane). If you don't have access 
to a signal generator, connect a 2-metre 
antenna instead. Then check that the 
'PIT' pin near the front of the main PCB 
is disconnected from ground (so that the 
transceiver will be in 'receive' mode), 
and turn on the power. 
2. If you 're using a generator, check that 
the transceiver display indicates '7000', 
showing that it is tuned to 147MHz. Oth
erwise tune the transceiver onto a strong 
local signal (e.g., a local repeater, or a 
second transmitter that is transmitting 
into a dummy load. The leakage from 
such a load is usually enough to produce 
a suitable signal level). 

, 
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Another view of the RF amplifier and transmtt driver stages, to help In assembly. 

3. Now proceed to adjust all the trimcaps 
except C331 and C336, as well L307, for 
maximum 'receive' sensitivity (best sig
nal to noise ratio). Note that at this stage, 
the maximum sensitivity for 12dB of qu
ieting will be only around lu V (about 
0.3-0.4uV for 12dB SINAD), due to the 
incorrectma~hingof thedirectinputto 
the RX-RF pin. 
4. If all seems well, turn off the power 
and disconnect the generator or antenna 
from the RX-RF transmitter input 
5. Now connect a sensitive wattmeter, or 
SWR meter that is able to indicate RF 
power level in lOO's of milliwatts, with a 
50-ohm load, between the TX-RF output 
pin and ground. If you don't have either 
of these instruments, connect a small 2-6 
volt (0.1-0.3W) lamp. 
6. Temporarily connect the TX12V pin 
to the +13.SV supply rail at the trans
ceiver side of the on-off switch (on 
RlOl), and connect the PIT pin to the 
ground plane. Then re-apply the power. 
7. Adjust trimmers C331 and C336 for 
maximum deflection on the watts/SWR 
meter, or the brightest glow from the 
lamp. The power output should be more 
than 150mW. 
Troubleshooting 

If for some reason your unit doesn't 
check out according to the above tests, 
here's what to try next. 
1. Check the following DC voltages: 

Q301 drain 
source 
gatel 
gate2 

Q302 drain 

RX TX 
6.0V OV 
0.3V OV 

ov ov 
3.SV OV 
7.2V OV 

source 0.3V OV 
gatel OV OV 
gate2 0.3V OV 

Q303 base 1.2V 1.2V 
collector 6.SV 6.SV 
emitter 0.6V 0.6V 

Q304 base 0.6V 0.6V 
collector 6.SV 6.5V 

Q305 base OV 0.6V 
collector OV 13.0V 

2. Amplification of the LO driver stages 
can be checked with an RF probe (com
pare the signals between the base and 
collector). The equivalent DC levels 
measured with such a probe should be: 

RX TX 
Q303 base 20mV 20mV (-14dBm) 

collector 1.4V 1.4V (OdBm) 
Q304 base 0.5V 0.5V (OdBm) 

collector 6.0V 6.0V ( +SdBm) 
0303 cathode 1.5V 1.5V (+?dBm) 

anode 1.6V OV 
0304 cathode 1.SV 1.5V 

anode O.lV 1.4V 
Q305 base 1.0V (+4dBm) 

collector 10.0V (+21c1Bm) 
Note that the levels in brackets were 

measured directly with a 50-ohm 
power meter. 

Hopefully the results of these mea
surements will allow you to track 
down the cause of any problem. 

And with that, we'll take a break 
until next month, when we'll deal with 
the remaining circuit sections. In the 
meantime, you'll be able to use your 
part-finished transceiver as a receiver, 
to listen in on the 2m FM channels in 
your area 

(To be continued) • 
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EA CROSSWORD 
Across 

1. Source of telephonic time. 
(8,5) 

10. Inhibit the activation of 
another circuit. (4,3) 

11. Said of numbered data. (7) 
12. Major component of a 

photocopier. (4) 
13. Be consistent in measure 

ments. (5) 
14. Point of zero oscillatory 

displacement. (4) 

SOLUTION 
TO FEBRUARY 

17. Group of affiliated television 
stations. (7) 

19. Quasi-stellar source of 
radiation. (6) 

21. Evidence of ions in the 
Wilson cloud chamber. (6) 

23. External TV apparatus, the 
antenna and ----. (3, 4) 

28. Make a circuit pattern. (4) 
29. Position in decimal notation. 

(5) 
30. Particulate pollution. (4) 
33. Complex instrument preced

ing the electronic organ. (7) 
34. Unwanted quality in an 

instrument's pointer. (7) 
35. Outmoded communication 

ducts. (8,5) 

Down 
2. Image. (8) 
3. Conversion of data. (1-2-1) 
4. Whole number. (7) 
5. Device. (6) 
6. Differs in phase. (4) 

7. Charged particles. (7) 
8. Type of pot. (5) 
9. Mathematical process for 

problem solving. (7) 
15. Factor in ignition timing. (5) 
16. Substitute used in test 

circuits. (5) 
18. Assemblage for an EA 

project. (3) 

20. Venture; endeavour. (7) 
22. Powerful source oflight. (3,4) 
24. Making unauthorised use of 

computer. (7) 
25. Space craft. (7) 
26. Chemical base. (6) 
27. Broad flexible conductor. (6) 
31. Greek letter. (4) 
32. List of options. (4) 

RERDER INFORflRTION SERVICE 
To find out more about the products and services In this Issue, 
note the Reader Service Number from the advertisement or 
article, and circle the cornt1pondlng number In this coupon. 
Enclose It In an envelope and send to: 

FREE POST No 3 
The Federal Publishina Companv 

P.O. Box 199. Alexandria, NSW 2015 
rJ(} I 11np f( qtJlll d If po oil rl Ill All tr did 

A. Engineer/Designer D 
B. Technical Officer D 
c. Technician D Please ~ the box 
D. Programmer/Analyst D that best fits you. 
E.Manager D 
F. Teacher/Lecturer D 
G. Student D 
H. Interested Consumer D 
I. Other (please state) ....••..•...••.•..•.••......••.......•...... 

Name .........•.....••.•..•••.....•••......••.•.....•.•.•.••.......••... 

Company ..••..•.•••.•...••.....•••............••..•......•.....•..... 

Address ..•.....••.....•......•••.....•...•..••.....••.•.....•......•.. 

...••.......•....••.....••••...••.......•..•..•......••. P/C ........•..... 

1 26 
2 27 
3 28 
4 29 
5 30 
6 31 
7 32 
8 33 
9 34 

10 35 
11 36 
12 37 
13 38 
14 39 
15 40 
16 41 
17 42 
18 43 
19 44 
20 45 
21 46 
22 47 
23 48 
24 49 
25 50 

51 76 101 126 
52 77 102 127 
53 78 103 128 
54 79 104 129 
55 80 105 130 
56 81 106 131 
57 82 107 132 
58 83 108 133 
59 84 109 134 
60 85 110 135 
61 86 111 136 
62 87 112 137 
63 88 113 138 
84 89 114 139 
65 90 115 140 
86 91 116 141 
67 92 117 142 
88 93 118 143 
69 94 119 144 
70 95 120 145 
71 96 121 146 
72 97 122 147 
73 98 123 148 
74 99 124 149 
75 100 125 150 

151 176 201 226 251 276 
152 177 202 227 252 277 
153 178 203 228 253 278 
154 179 204 229 254 279 
155 180 205 230 255 280 
156 181 206 231 256 281 
157 182 207 232 257 282 
158 183 208 233 258 283 
159 184 209 234 259 284 
160 185 210 235 260 285 
161 186 211 236 261 286 
162 187 212 237 262 287 
163 188 213 238 263 288 
164 189 214 239 264 289 
185 190 215 240 285 290 
166 191 216 241 286 291 
167 192 217 242 267 292 
168 193 218 243 288 293 
169 194 219 244 269 294 
170 196 220 245 270 295 
171 196 221 246 271 296 
172 197 222 247 272 297 
173 198 223 248 273 298 
174 199 224 249 274 299 
175 200 225 250 275 300 

L 
Telephone ( ) ...........••.....•••...........•........•..•....• 

----------------------------------------------------~~~~ 
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50 and 25 y_ea-rs ago .. 
'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. 

March 1941 
10 S.W. radio stations: In Decem

ber, 1939, Australia inaugurated over
seas short-wave broadcasts. Today 
there are 10 transmissions. 

In reviewing its first 12 months' ac
tivities, the Department of 
Information's broadcasting division 
says that Australia, speaking from 
Sydney, is "holding her own in the 
war of words, and is 'selling' 
Australia overseas." 

Emphasising its work of rebutting 
enemy propaganda, the department 
says there have been several notable 
instances where the Prime Minister's 
replies to enemy lies, picked up by the 
department's listening posts, have been 
broadcast from Sydney radio. 

Your query answered for a shill
ing: H.K.B. (Moss Vale) wants the 

circuit of a car radio suitable for a 12-
volt system. 

A: Sorry, but we haven't a suitable 
circuit of a car radio. We have held off 
this type of set owing to certain con
structional difficulties. The main 
trouble being to build a set that will 
suit all makes of cars, and believe us, 
this is easier said than done. 

March 1966 
Market research: Marketing re

searchers are making increasing use of 
electronic data processing and statisti
cal techniques in their efforts to ana
lyse and predict consumer responses. 
Pioneers in this fast-moving field are 
Audience Studies Inc., who have 
developed a specialised analogue com
puter system capable of accurately 
predicting the success or failure of mo-

tion pictures, TV series, radio and TV 
commercials, live shows and even 
printed advertising. With installations 
already established in the USA, Britain 
and japan, this organisation has recent
ly installed a new computer in Anzac 
House, Sydney. 

Solid state TV link: The first com
pletely solid-state UHF transmitter for 
beaming television programs is cur
rently operating under the supervision 
of the Australian Post Office for trans
missions from Sydney to Madden's 
Plains, near Wollongong, NSW. The 
equipment was supplied by S.T.C., 
who say that all other radio link equip
ment in use throughout the world for 
transmitting television signals has at 
least one valve. The Sydney end of the 
link is located at the P.M.G. build
ing at Redfern. The equipment is 
designed to operate at a carrier fre
quency of 2,000MC. 

Veroboard: Those experimenters 
who feel that the advent of the mass 
produced printed wiring board has 
robbed the home builder of his in
dividuality, will welcome the latest in
novation in this field. Called 
'Veroboard', it is a pre-punched, pre
etched board with a uniform hole and 
wiring pattern easily adaptable to al
most any circuit configuration. • 

Note to the Editor: 

wlth'IL:ti 
Reader Information 
Card 

On the reverse of this page you will find the Reader 
Information Card. This is a service EA with ETI provides 
free to readers who want more Information about 
products advertised or otherwise mentioned In the 
magazine. At the bottom of the article or advert you find a 
RI number. Just circle that number on the card and send 
the card to us. We will pass on your address to our 
contacts, either the advertiser or our source for the story, 
who will then Inundate you with literature on the product 
of your choice. Another feature: to the right, there Is a 
blank space. Why not use It to drop us a line, and let us 
know what you think of the magazine. We are particularly 
Interested in ideas from readers on how we can Improve 
things. 
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Amateur 
Radio News 
FCC creates 'codeless' 
class of licence 

In February this year it became pos
sible for the first time to obtain a US 
amateur radio licence without passing a 
Morse code test The American FCC has 
eliminated the need for new 'Technician' 
class licence applicants to demonstrate 
proficiency in Morse, before receiving 
all amateur operating privileges above 
30MHz. 

According to the ARRL, the FCC took 
this action in response to numerous peti
tions and public comments. One of the 
organisations which petitioned for a 
codeless licence was the ARRL itself, 
with some 154,000 members. 

The codeless Technician licence is 
designed to provide an entry point in 
amateur radio for technically qualified 
people who find the Morse code to be a 
barrier. At the urging of the ARRL and 
others, the FCC decided to retain the cur
rent Novice class licence with its 5wpm 
Morse code requirement, for those that 
prefer this entry point. 

At a press briefing held just after the 
change had been announced, FCC 
Private Radio Bureau Chief Ralph Haller 
said "The Amateur Service is not grow
ing as it should, relative to what it has to 
offer." 

Mr Haller observed that it was from 
amateur radio that the US nation's 
electronics expertise sprang, and that the 
changes should attract into amateur radio 
people who are interested in computers 
and digital communications, as well as 
helping to make US industry more com
petitive. 

WIA clarifies role 
of 'Intruder Watch' 

In a recent broadcast, the NSW 
Division of the WIA clarified the respon
sibilities of the Australian Intruder 
Watch Service. Apparently there has 
been some confusion over this. 

Operating under the IARU Monitoring 
Service, the AIWS is charged with 
monitoring international intrusions into 
amateur bands. It does not cover any 
local 'pirate' activity, within Australia. 
Such transmissions should apparently be 
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reported to the DoTC, together with any 
corroborative evidence such as beam 
headings. 

The WIA VK2 Division has appointed 
a DoTC Liaison Officer, who has access 
to the highest levels of the DoTC in Syd
ney. It therefore suggests that reports of 
local pirate activity be given to the 
Division's Do TC Liaison Officer, for 
collation and review. The officer can be 
contacted via the Divisional Office, PO 
Box 1066 Parramatta 2150; phone (02) 
689 2417. 

Over 1 million 
hams in Japan 

The latest issue of the WIA's Amateur 
Radio magazine passes on some interest
ing statistics regarding the world's ham 
population. According to the Japan 
Amateur Radio League (JARL), the 
number of licensed amateur radio sta
tions in Japan now stands at 1,027,101. 
This is very close to half of all the 
licensed hams in the world. 

The country with the next largest 
amateur population is the USA, with 
494,114 licensed stations, accounting for 
another quarter of the world's popula
tion. 

For reference, the latest Australian 
DoTC figures show 18,655 licensed 
amateur stations, not including repeaters 
and beacons. This is less than 1 % of the 
world total. 

20-year 'AR' 
index on disk 

Speaking of Amateur Radio, the WIA 
can apparently provide its members with 
an up-to-date index of this publication 
for the last 20 years, on IBM-format 
floppy disk. The index is available on 
either 3.5" or 5.25" disk, and in the form 
of either a .DBF file for dBase III Plus, 
or an ASCII file for access with a word 
processor. 

Copies are available from the WIA 
Federal Executive Office, 3/105 Haw
thorn Road, Caulfield North 3161, for 
$10.00. A hard copy is also available, for 
$5.00. The index is updated on a monthly 
basis. • 

Electronics Australia is happy to promote the activities of amateur radio clubs and organisa
tions, in this column. Send details to the Managing Editor, EA, PO Box 199, Alexandria 2015. 

Radio" magazine 
is internationally 
recognised as one 
of the leading 
journals for the 
radio amateur 
and shortwave 
listener. Pub
lished monthly 
by the Wireless 
Institute of 
Australia, it is 
circulated exclu-
sively to members of the WIA and is full 
of wide-ranging and authoritative news, tech
nical articles, equipment revi~ws and data 
essential to those seeking to keep themselves 
up to date in the hobby. 

JOIN THE WIA TODAY 
Join the oldest and most experienced radio 
society in the world- always at the forefront of 
radio communications for hobbyists. 
Receive AMATEUR RADIO, the monthly 
magazine for members of the WIA, free. 

OTHER WIA SERVICES INCLUDE: 
• A worldwide QSL card service 
• Weekly news broadcasts 
• Classes for all grades of amateur licences 
• Correspondence lessons available 
• Meetings, contests, field days 
• Representation for radio amateurs at Gov

ernment level 

LEARN MORE ABOUT THE 
WIA AND AMATEUR RADIO 

~----------, I Forward this coupon, or write to: I 
WIA EXECUTIVE OFFICE 

: PO BOX 300, CAULFIELD SOUTH, 1
1 VIC 3162 

I Registered address: 3/105 Hawthorn Road, I 
I Caulfield North, 3162 I 
I Please send a WIA information I 
I package to: I 
INAME: ········································ I 
I I I ADDRESS: . ........ ....... .. ............... I 

I ···················································· I 
•................. POSTCODE ............... I 
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'Vii111ta1g11e 
l~a1dliitV by PETER LANKSHEAR 

Rewinding output transformers 
A frequently encountered problem in servicing valve radios is that of open-circuited audio trans
former windings. Suitable replacements are hard to find, creating a serious problem in restoration 
projects. This month, we describe a practical method of using simple tools to rewind speaker 
transformers. 

As explained in my previous column, 
transformer failures are generally the re
sult of electrolytic corrosion of fine wire, 
the culprit being acidic paper insulation. 
Often this is the reason for a valve radio 
having been 'retired' as unservicable. 

During the valve era, such was the rate 
of failures that there was a thriving trade 
in winding replacement transformers, 
making them.readily available at com
petitive prices. There is no alternative to 
replacing or rewinding a defective trans
former, but today production of audio 
transformers has ceased, leaving the vin
tage radio enthusiast with a major prob
lem. 

If you are lucky, you may locate a re
winding specialist, but his services can 
be expensive. Usually, restorers resort to 
'cannibalising' transformers from other 
radios, or substituting unsuitable trans
formers intended for other duties - nei
ther of which are very satisfactory 
alternatives. 

Machinery not essential 
Many vintage radio enthusiasts regard 

transformer winding as a 'black art' re
quiring considerable expertise and ex
pensive machinery, and will not treat 
seriously any suggestion that rewinding 
an output transformer can be done in the 
home workshop. 

Certainly, the traditional method of 
winding several thousand turns of fine 
primary wire - interleaved with paper 
- can, when done by hand, be a daunt
ing task; although it has been done. For
tunately, using modem materials, it is 
unnecessary to display such patience. 
Modem wire coverings are so reliable 
and durable that today, as a study of a 
modem small transformer will reveal, 
fine gauge windings are simply piled on 
randomly without any interleaving paper 
on to molded bobbins, available in a 

Flg.1: The equipment required Is 
minimal - a spool holder, a mandrel 
and a 6mm boll with washers. 

wide range of sizes. Even mains trans
formers are now made this way, with 
little risk of breakdowns. 

As the photographs show, the only es
sential tools for transformer winding are 

a small vice, a hand drill, a long bolt with 
washers, and a simple support for a reel 
of wire. The drill is clamped in the vice 
and is used to rotate the bobbin mounted 
on the boll The main requirement for the 
reel support is that it should allow the 
reel to tum freely with a minimum of 
friction. Ideally, a spindle with threaded 
cones and running in ball races would be 
used, but a wooden dowel that is a close 
fit in the reel is quite satisfactory. 

Remove and dismantle the trans
former. If it is mounted on the loud
speaker, take care when you are drilling 
out rivets that metal particles don't get 
into the voice coil area. As speakers with 
energised fields generally have a 
humbucking coil in series with the voice 
coil and secondary winding, take a note 
of the connections. 

Opening it up 
Now open any tabs locking the cover 

to the core. The cover can be prised off 
and the core separated from the winding. 
Unless the receiver has a pushpull output 
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A method of making your own bobbin, using thin fibre board or Formica. 
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Flg.2: The simple setup, with a partly completed secondary winding visible. 

stage, the E and I core laminations will 
not be interleaved, but simply butted to
gether with a piece of thin paper as a 
spacer. 

An original winding will have been 
made in the traditional manner, with al
ternate layers of wire and paper on a 
fibre or cardboard rectangular tube. Peel 
off the outer paper or tape and the thick 
outer secondary or voice coil winding 
will be uncovered. Unwind this wire, 
noting the number of turns, typically 
somewhere between 50 and 100. 

Underneath a layer of insulation will 
be the primary, consisting of several 
thousand turns of fine wire. Counting 
them would be a tedious business, likely 
to put anyone off transformer winding 
forever. However, this is unnecessary as 
calculation is quite easy. 

New bobbin 
A wide range of plastic bobbins is 

made but it may take a bit of shopping 
around to locate a source. Although gen
erally not stocked by the major elec
tronic supermarkets, smaller suppliers 
often have transformer bobbins avail
able, or know where to get them. Take 
along your core to make sure that you get 
the right size. If you are unlucky enough 
not to be able to obtain a suitable bobbin, 
a very practical method of fabrication 
from thin fibre or Formica is shown in 
the diagram. 

A typical transformer does not require 

a lot of wire, but small quantities pur
chased from electronics suppliers can be 
prohibitively expensive. A full reel is 
much more economical, but would pro
vide sufficient wire for a lifetime of re
winding. It may be possible to buy a part 
reel from a motor rewinder or similar 
firm. 

For all but the smallest transformers, a 
suitable wire for primaries is 0.125mm 
(39swg) and for secondaries, 0.5mm 
(24swg). Use O.llmm (4lswg) and 
0.4mm (27swg) respectively for the very 
small '3 watt' transformers. 

The next step, using a soft straight 
grained wood, is to make a mandrel to 
locate the bobbin on the 6mm bolt. Take 
care to ensure a snug fit and make it 
slightly shorter than the bobbin. Drill a 
6mm hole, as accurately centred as pos
sible. Any eccentricity will make even 
winding difficult. Assemble the washers 
(which relieve winding pressures on the 
bobbin walls), the mandrel and bobbin 
on to the bolt. Count the number of teeth 
on the drill gear wheels. For example, the 
drill illustrated has 56 and 15, so that for 
each tum of the handle there are 56/15 
chuck revolutions. Now clamp the drill 
horizontally in the vice and tighten the 
bolt firmly in the drill chuck. 

Secondary first 
Traditionally the secondary was the 

outside winding, but there is no practical 
difference in performance if it is wound 
on first - which, with this method of 
rewinding, is more convenient. 

Leave a few inches of secondary wire 
protruding through one of the slots and 
wind on a layer tightly and evenly. 
Check the number of turns and compare 
with those on the original winding. It is 
not essential for the final layer to occupy 
the full width of the bobbin, but it does 
provide a more level surface for the next 
winding. A variation of 10% in the total 
number of turns is quite acceptable. The 
transformer illustrated took 38 turns on 
the first layer, and the total for the origi
nal winding was 70. Two full layers 
came to 75 turns, which is quite close 
enough to the original. A piece of thin 
plastic tape was interleaved between the 
layers. 

To complete the secondary, the end of 
the wire is brought out through a slot and 
the winding covered with two layers of 
plastic tape or plasticised paper (the 
paper backing for adhesive labels is 
ideal). This is cut a little wider than the 
bobbin to eliminate any possibility of 
primary turns dropping down on to the 
secondary. 

Calculating the primary 
Knowing the load for the output valve, 

the number of secondary turns, and the 
voice coil impedance, it is easy to calcu
late the primary turns required. The load 
impedance may be printed on the trans
former or can be checked on a valve 
characteristic chart. Loads for some of 
the most frequently used valves are 
given in the accompanying table. 

Sometimes beginners are confused to 
find that the DC resistance of a winding 
as measured by a test meter is only a 
fraction of the load impedance. Imped
ance in this case is the AC resistance of 
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A TRIP BACK 
IN TIME! 

By popular demand, we've 
reprinted our nostalgic look at the 
radio scene in 1927. If you missed 
it the first time, don't miss it this 
time around ... 

Available for $5.95 (including 
postage and packing) from 
Federal Publishing Co Book 
Shop, P.O. Box 199, Alexandria, 
NSW 2015 

NOW AVAILABLE 
AGAIN! 

" ' 

The first edition proved very 
popular with students and 
hobbyists alike, and sold out. If you 
missed this revised second edition 
on the news stands, we still have 
limited stocks. 

Available for $5.95 (Including 
postage and packing) from 
Federal Publishing Co Book 
Shop, P.O. Box 199, Alexandria, 
NSW 2015 

VINTAGE RADIO 

Rg.3: A completed winding, paper spacer, laminations and clamp, with a 
reassembled transformer. 

the voice coil, as reflected by the trans
former, and with practical transfonners 
is of the order of 10 times the DC resis
tance of the primary. 

Many 'one inch' voice coils had a 
nominal impedance of 2.3 ohms and the 
3/4" coils fitted to lightweight speakers 
were usually 3.5 ohms. In any event, as 
loudspeaker impedances vary wildly 
with frequency, these figures are quite 
nominal. As a guide, voice coil imped
ance is about 1.3 times the DC resis
tance. 

The required turns ratio of an output 
transfonner is the square root of the im
pedance ratio. For example, if a 6F6G 
requiring a load of 7000 ohms is to 
match a 3.5 ohm speaker, the required 
impedance ratio is 7000/3.5 or 2000: 1. 
The turns ratio therefore, is the square 
root of 2000 or 44. 7: 1. 

Some of the most common ratios are in 
the table. In our example, as the second
ary has 75 turns, for an impedance ratio 
of 2000: 1 the primary should have 75 x 
44.7 = 3350 turns. 

Winding the primary 
This is one of the easiest parts of the 

project and takes only about 10 minutes. 
As the drill is geared the number primary 
turns required is divided by the gear 
ratio. In the example, this is 3350 x 15/56 
= 897 turns of the drill handle. As it is 
easy to lose count, I use a pencil and 
paper to keep a tally during winding. 

Tenninate the start of the primary wire 

with a short length of thin hookup wire, 
making sure that there are no lumps of 
solder. Bring this lead out through a slot 
on the opposite side of the bobbin from 
the secondary leads. 

Position the hookup wire so that it 
goes the full width of the bobbin and 
fasten it down with a piece of tape, mak
ing sure that the splice is completely 
covered. 

Maintain tension 
Commence winding, turning the drill 

handle steadily with one hand and guid
ing the wire with the other. Maintain a 
slight tension on the wire, building up 
the winding evenly. Take care not to drop 
turns over the edges of the bobbin. 

At the finish of winding, use another 
piece of thin hookup wire for leading 
out. To lock this wire in position, fold the 
end into a 'U' so that it crosses the wind
ing twice, inserting a piece of tape be
tween it and the winding and fasten it 
down with another piece of tape. 

After covering the outside of the wind
ing with a couple of layers of tape, or 
varnished paper, all that remains is to 
reassemble the bobbin and core, not for
getting the piece of paper in the gap be
tween the two bundles of laminations. 

You will now have at small cost, a 
transfonner with a performance equal to 
the original, and with the advantage that 
it will be much more reliable. 

Why not give it a try? • 
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FOR SALE 

FIX-A KIT 
$20 PER HOUR LABOUR 

3 months wa"anty on rapalrs. 
12 months warranty on construction. 

Technical he~. 

HYCALINSTRUMENTS 
Design, manufacture, repair of electronic equ~ment 

(02) 633 5897 

WEATHER FAX PROGRAMS: For IBMXT/ 
AT's*** "RADFAX2" is a high resolution, 
shortwave weather fax, morse & RTIY 
receiving program. Needs CGA, SSBhf 
radio & RADFAX decoder. Also 
"RF2HERC", "RF2EGA" & "RF2VGA"' 
same as RADFAX2 but suitable for Hercu
les, 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 color monitor and card,+ "WEATHER 
FAX" PC card. $45 •••All programs are on 
5.25" OR 3.5" disks (state which) + docu
mentation, add $3 postage . ONLY from 
M.Delahunty, 42 Villiers St, New Farm 4005, 
Old. Ph (07) 358 2785. 

AMIDON FERROMAGNETIC CORES: For 
all transmitter and receiver applications. 
Send DL size SASE for data/price to: RJ & 
US Imports, PO Box 157, Mortdale, NSW 
2223. Agencies at Geoff Wood Electronics, 
Sydney; Webb Electronics, Albury; 
Electronics Components ACT; Truscott's 
Electronics, Melbourne; S.Willis, Perth; 
Assoc TV Service. 

PUBLIC DOMAIN SOFTWARE: Over 
30,000 programs, $3.50 per disk . Send 
SAE for price list 
COMPANION COMPUTERS (03) 562 9900 
26 Fulton St. Sth Oakleigh 3167 

LEARN WITH UCANDO TRAINING 
COMPUTER ANIMATED VIDEOS: 
VT201 53mins DC circuit $75.42 
VT202 71 mins AC circuits $79.54 
VT203 54 mins VCR maint. $75.42 
VT204110 mins VCR repairs $114.97 
VT205 47 mins semi conductors $75.42 
VT206 55 mins PWR Supplies $75.42 
VT207 54 mi ns amplifiers $75.42 
Mastercard/Visa/NZ cheque to 
ElectronicsAssembly Company P .O.Box 
21191 Christchurch New Zealand 
Phone (03) 795570. Price includes Post 
and Packing 
All prices in Australian dollars. 

XT/ATHANDBOOKBYCHOISSERAND 
FOSTER: Pocket size 92 pages. For 
Engineers and Programmers, and other 
serious PC/XT and PC/AT users. A col
lection of hardware and software facts 
and data on the PC compatible family and 
its operating system. Latest Edition. This 
is the one advertised by Annabooks in 
U.S. mags Byte, Dr. Dobb's Journal, etc. 
$20 including postage. 5 off $15 each. 

. Don Mckenzie 29 Ellesmere Cres Tul
lamarine 3043. 

AT MOTHERBOARD: 16MHz $190 
SER/PAR Card $35. VGA Card 256K 
$95. Other Boards Available. Send SAE 
for price list.COMPANION COMPUTERS 
(03) 562 9900 26 Fulton St. 
Sth Oakleigh 3167 

SELL HITACHI CRO SERVICE 
MANUALS: Originals with full circuit diag. 
Callibration procedure and parts 
list.$25.00each. Steve (02) 808 3663 

GOULD 4050 OSCILLISCOPE:1 OOMHz 
DSO with analyzer cost $16,000 sell 
$8,000 o.n.o (09) 377 2171 

COMPUTERS, PRINT, FAX, C/MONS, 
DISC:Any excess, recycle, buy/sell 
immed. cash Brand new solar cells to 
ANTIQUES. Or BARTER, EXCH. 
REPAIRS FOR GOODS.GOODS FOR 
SERVICES call (03) 794 7102 
OZ DATA, Box 122267, A'Beckett 
St. ,Melb.3001. 

ii l~s H A~~-;~o P;~l.Tn / 
Established 1933 

IS THE ONLY COMPANY WHICH 
. MANUFACTURES & SELLS EVERY PCB 

& FRONT PANEL 
published in EA & Silicon Chip. 

651 Forest Rood. Bexley 2207 
AUSTRALIA 

RING 1021 587 3491 FOR INSTANT PRICES. 

TBANSFOBMEB REWINDS 
ALL TYPES OF TRANSFORMER REWINDS 
* REWOUND TO YOUR SPEC 
* EXACT REPLACEMENT WINDING 
*VINTAGE RADIO A SPE;CIALITY 
* ALL ONE OF TYPES . 
* ALL QUOTES BY RETURN MAIL 
* RAPID SERVICE . 
For price quote send detail!! showing physical 
size & number of tappings (or send unit, same 
will be returned to sender if quote not 
satisfactory) 

TRANSFORMER Rl;WINDS 
FREEPOST NO 7, PO Box 438,Singleton, NSW 

2330.Ph: (065) 761291 Fax: (065) 761003 

MY AUSTRALIAN DESIGNED: low cost 
superfast Z80 micro-controller develop
ment system has gained acceptance 
already 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 41 c stamp to Don McKenzie 29 
Ellesmere Cres Tullamarine 3043 

T.V YOKE EXCHANGE: Prompt 
service.Refer transformer rewinds this 
page. 
Phone(065)761291-Fax(065)761003 

VALVES: 6v6g, 3s4, 2x2/879, DF64, 
IC7G, VR118, 3C45, 12E1, 
G50 /1G,GC10/48, 7583,2T4C, 1421A. 
AllNOS. 
Hycal Instruments (02) 633 5897. 

KIT REPAIRS!! 
Repairers of kits from all magazines. 
Computer equipment sales/repairs. 

Got a problem? Or queries? 
Ring anytime 9am-9pm Mon-Sun. 

EEM ELECTRONICS 
10 Bouverie Place,Epping,Vic. 

(03)401-1393 

1: 
Old Reprinted Electrical Books 
uild a 40,000 Volt mduction Coil $9 
lectrical Designs (1901) $19 

1: 

ort Wave Radio Manual (1930) $23 
hortwave Radio Quiz Book (1938) $9 
'gh Power Wireless Equipnent (1911) $16 
'gh Frequency ApparalllS (1916) $19 
uild Short Wave Receivers (1932) $13 
ision By Radio (1925) $16 

1936 Radio Data Book $12 
ow to Beoome A Radio Amateur (1930) $6 

About Aerials $5 
elevision (1938) $5 

Shortwave Coil Data Book (1937) $5 
1928 Radio Trouble-Shooting $24 

eon Signs (1935) $21 
101 Short Wave Hook-Ups (1935) $14 
Vacuum Tubes in Wireless's $21 

onstruction of Induction Coil $21 
esla Said, articles by Tesla 292pp $74 
y inventions by Nikola Tesla lllpp $27 

DrNikola Tesla -Complete Patents $93 
olorD> Stying& Notes 189'}-1900$133 
esla Coil Secrets $13 

Allow 15 weeks for delivery of some items. 
Payment can be made by cheque made out t.c 
Plough Book Sales, P.O. Box 14,Bebnont Vic 
216, Phone (052) 661262 



DATA & REFERENCE 

DIGITAL IC EQUIVALENTS AND PIN 
CONNECTIONS 
BP140 $18.00 
Shows equivalents and pin connections ol a popular 
user-orientated selection ol European, American and 
Japanese digital ICs. Also inckldes details of packaging, 
families, !unctions, manulacturer and country ol origin. 
LINEAR IC EQUIVALENTS AND PIN 

CONNECTIONS 
BP141 $18.00 
Shows equivalents and pin connection of a popular 
user-orientated selection of European, American and 
Japanese linear ICs. Also includes details of !unction, 
manufacturer, and country of origin. 
POWER SELECTOR GUIDE 
BP235 $16.00 
Covers Power devices including Diodes, Thyristors, Triacs, 
FEl's and Power transistors etc. 
ELECTRONIC HOBBYISTS HANDBOOK 
BP233 $16.00 
Mr R.A. Penfold has used his vast knowledge of hobby 
electronics to provide a useful collection of data lor the 
amateur electronics enthusiast, in a single source where It 
can be quickly and easily 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 1esistors, 
capacitors, transformers, field coils. !uses 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. 

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 simplHy construction. 
30 SOLDERLESS BREADBOARD 
PROJECTS • BOOK 1 
~1~ ~1~0 
Each project, which is designed to be bunt on a "Verobloc' 
breadboard, is presented in similar lashion 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 ol 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 amplHiers, serving both as a source book 
of circuits and a reference book lor design calculations. The 
approach has been made as non-mathematical as possible 
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 uselul circuits and applications, 
covering many different branches of electronics, using one 
of the most inexpensive and freely available components -
the light-emitting diode (LEO). Also includes circuits lor the 
707 common anode display. 
50 SIMPLE LED CIRCUITS • BOOK 2 
BP87 $6.00 
A lurther range of uses lor the simple LED which 
complements those shown in book number BP42. 
50 PROJECTS USING RELA VS, SCRs 
ANDTRIACs 
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 lor the enthusiast to construct. 
MINI-MATRIX BOARD PROJECTS 
~~ ~~ 
This book provides a selection ol 20 useful and interesting 
circuits, all of which can be built on a mini-matrix board just 
24 holes by 1 o copper strips in size. 

REMOTE CONTROL HANDBOOK 
BP240 $13.00 
Replaces our original book OP73 and is aimed at the 
electronics enthusiast who wishes to experiment with 
remote control in Its many aspects and lorms. 
MODEL RAILWAY PROJECTS 
B~ ~50 
Provides a number of uselul but reasonably simple projects 
lor 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 lor use with a car 
ancVor boat Each project has an explanation of how the 
circuit works as well as constructional details including a 
stripboard layout. 
POWER SUPPLY PROJECTS 
BP92 $6.00 
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 lor 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 lor 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 ol ampliliers, cut-off frequencies of lilters, etc.) are 
given so that they can be easily modified to suit individual 
requirements. No difficult mathematics is involved. · 
HOW TO DESIGN ELECTRONIC PROJECTS 
BP127 $9.00 
The aim of this book is to help 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 whh 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 
B P255 $16.00 
Totally revised and rewritten to replace the previous eation 
(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 

~ERIAL PROJECTS 
3P105 $8.50 
rhe subject of aerials is vast but in this book the author has 
::onsidered pradical aerial designs, Including adive, loop 
ind 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 mult~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-limiting restrictions which prevent them from 
constructing a conventional aerial system. 
The 25 aerials included in this book have been especially 
designed, built and tested by Mr. Noll to be sure performers 
and give surprisingly good results considering their limtted 
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 pradical details of how to construct a number of 
projects which fall into the "Digltal 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-ampliliers 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 Electronlcs-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 descr~tion, Veroboard or PCB layout 
and any necessary constructional or setting-up notes. 
Chapter 1 - Preamplffiers: versatile mlaophone type based 
on the NE5534; tape type using the LM3802; RlAA 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 JC; 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 ampfilier using 
four MOSFETs in the output stage. 
CHOOSING AND USING YOUR HI-Fl 
BP68 $6.00 
Provides the fundamental information necessary to make a 
satisfactory choice from the extensive range of hHi 
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 Electriclty 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 circutt and Hs 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 
~~ ~.50 
Provides the constructor with a nurriler of practical circuits 
for the less complex Items of electronic music equpment, 
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 srs 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 MUSIC PROJECTS 
BP173 $11.00 
Shows some of the ways a home computer can be used to 

good effect in the production of electronic music. Topics 
covered include sequencing and control via analogue and 
MIDI interlaces, computers as digital delay lines and sound 
generators for computer 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 
B~~ ~1.00 
This book will enable a relative beginner to build, wtth 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 definttive introduction to the subject this book ls 
presented on two levels. For the absolute beginner with no 
previous knowledge, the story is told as simply as H 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. 

FAUL T·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 is to hep 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 rectilied. 
GETTING THE MOST FROM YOUR 
MULTIMETER 
BP239 $11.00 
It 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 app~cations of that humble test 
instrument - the simple muttimeter. 
HOW TO USE OSCILLOSCOPES AND OTHER 
TEST EQUIPMENT 
BP267 $12.00 
Just as the !Hie says, this book shows the hobbyist how to 
effectively use a number of pieces ol electronic test 
equipment including the oscilloscope. 

To order, sl11ply fUI In Iha coupon, remembering to Included Iha coda oombars and $5.00 postage and 
handling. If the coupon Is missing, write down the names, code numbe11 and prices of Iha 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 Hall to Federal Publlshlng, Freepost No.3, 

P.O.Box 199 Alexandria, NSW 2015. Don't forget to sign all orders. 



A look behind the technology: 

How Toshiba succeeded 
in the 1 Mb DRAM race 
Back in 1981, Toshiba was perceived as lagging its competitors in the development of semicon
ductor memory chips. By 1990, it had surged forward to become world leader in the 1-megabit 
DRAM market. The story of how this dramatic turnabout was achieved gives a good insight into the 
long-term strategy, vision, committment and determination of Japan's electronics industry. 

by KEI SHIRATORI 

Today Toshiba holds the largest share 
of the world one megabit DRAM 
market How did the company reach this 
leading position? According to Tsuyoshi 
Kawanishi, Senior Executive Vice Presi
dent of Toshiba, "Just nine years ago 
Toshiba was struggling to produce the 
64K-DRAMs that were then the 
mainstay of the computer memory 
mar.ket" 

The company's backwardness was 
often whispered among its competitors, 
and the Japanese media even reported on 
it, adding to the apprehensions of the 
semiconductor division. 

I was interested in how a company 

with all these problems with semicon
ductors decided to make such a large 
committment to their development, and 
how it managed to carry it out so sue-

. cessfully. 

President's decision 
The semiconductor business is quite 

risky, though strategically important It 
needs huge capital investments as well 
as excellent human resources. Severe 
competition among innovative chip 
makers worldwide pushes forward rapid 
technical advances. 

Periodical ups and downs in the 
market - the 'silicon cycle' - see 

1 M DRAMs in various packages on a wafer of DRAMs ready for cutting. 
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years of high sales characteristically fol
lowed by slumps. 

Despite the potential riskiness of 
semiconductors, by 1981 Shoichi Saba, 
then President of Toshiba, had come to 
recognise their strategic importance as 
the future building blocks of all 
electronics equipment, and as essential 
for the company's sustained growth. 

He was seriously thinking in which 
area and how much the company should 
invest to make Toshiba a leading player 
in the emerging market. 

In October of the same year, 
Kawanishi was appointed the leader of 
Toshiba's semiconductor bu~iness. He 



wanted to revitalise the company's semi
conductor business and catch up and 
overtake other semiconductor manufac
turers, but it required such a huge invest
ment that he was not sure the company 
could afford it. Dr Yoshiyuki Takeishi, 
now Director of the ULSI Research 
Centre, had also reached the same con
clusion. He felt Toshiba needed a re
search facility for long-range LSI 
development, independent of semicon
ductor business divisions, in order to 
catch up with other companies and to 
assure Toshiba's leading position in the 
future. 

At the end of 1981, Kawanishi and Dr 
Takeishi independently decided to ask 
President Saba to invest more in the 
semiconductor field. Both came up with 
concrete data and explained to President 
Saba in a persuasive way that the com
pany should be involved full scale in the 
semiconductor business. 

Their strong requests may have helped 
Saba make his final decision. Dr 
Takeishi recalls the time: "I wondered 
whether I should have made such a 
daring request when the company was in 
a business depression, but now I really 
think it was the right decision." 

.,..t In his 1982 New Year address, Saba 
• announced strategic investments in 

semiconductors totalling 32 billion yen 
(US$213 million). 

The Oita and Kitakyushu Plants were 
to take the lead in semiconductor re
search and development, and build up 
the plant and equipment necessary for 
mass production. 

The scale of the investment may seem 
relatively small compared with current 
levels, but 32 billion yen then repre
sented almost 21 % of total investment 
made by the parent company, and an in
crease of 60% over the previous year. 
Toshiba's investments in the semicon
ductor field since then are shown in the 
graph. 

The decision confirmed the depth of 
the company's commitment to semicon
ductors. The philosophy behind it is 
well expressed in comments Saba made 

Sholci Saba, Advisor to the Board and 
formerly chairman and president. 

at the time: "The Industrial Revolution 
in 18th century Europe was a revolution 
in mechanical power replacing human 
force. From now on I believe, semicon
ductors will become the driving force, 
replacing the mechanical power of the 
first Industrial Revolution. Semiconduc
tors are vital for further development of 
Toshiba as a whole; for our industrial 
electronics business as well as the con
sumer elelectronics and for heavy 
electrical apparatus business." 

The centrepiece of the investment was 
a new laboratory complex, now the 
ULSI Research Centre in the company's 
R&D Centre at Kawasaki, which cost 
more than 20 billion yen (US$133 mil
lion). Completed in 1984, the labs 
boasted a 2500 square-metre 'ultra clean 
room,' one of the most advanced clean 
rooms in the world at that time. 

Dr Fjio Masuoka, Senior Manager at 
the ULSI Research Centre, was elated 
with the new facility. "We were the first 
company to set up a clean room ex
clusively for development use. Before 
that, we had to use the room set up for 
wafer production and our development 
work always came second to production. 
We always had to reserve the equipment 
for trial fabrication in advance, and 
sometimes had to wait a week ore more 
before we could get in there. 

Once the new clean room was 
finished, the R&D people at the ULSI 
Research Centre were able to really 
speed up development time and that 
really made a lot of difference." 

With the foundations in place, there 
was still one major question to be 
answered. Would success follow? The 
stage was set for the technical personnel 
to show their worth. 

ProjectW 
In 1983, with the object of vitilising 

Toshiba's semiconductor business by 
giving its people a clear goal that would 
unite them in a shared effort, Saba and 
Kawanishi initiated 'Project W'. The W 
symbol was made up of two Vs: one for 
victory in making semiconductors a 

Tsuyoshl Kawanlshl, Senior Executive 
Vice President. 

1 M-DRAMS and their 
background 

Dynamic random access 
memories (DRAMs) are widely 
used in computers, word proces
sors, facsimile machines, PBXs 
and digital VCRs. They store 
programs, images and al
phanumeric data. 

DRAMs represent ap-
proximately 15% of a semicon
ductor market that has seen 
annual growth rates as high as 
42.8% a year during the last five 
years. Their development is of 
vital importance to semiconduc
tor manufacturers. Each enhan
cement of DRAM storage 
capacity leads directly to further 
miniaturisation of electronic 
equipment and advances in 
product features and reliability. 
Perfecting new generations of 
DRAMs calls for wide-ranging 
sophisticated technologies which 
can be applied later in the 
development of other semicon
ductor devices. That is why 
DRAMs have become the tech
nology driver in semiconductors, 
and why microchip manufac
turers all over the world are in a 
race to increase DRAM capacity. 

Only ten years ago, 64-kilobit 
(K) DRAMs appeared; and the 
age of VLSI (very large scale in
tegration) began. By 1982, one 
microchip' had entered the lan
guage, and memory capacity 
had increased four times, to 
256K; in 1986 came the present 
mainstream product - one 
megabit DRAMs, able to store 
the equivalent of four newspaper 
pages on a chip. Now a new 
stage has been reached with the 
start of mass-production of 4M
DRAMs. 

Dr Yoshlyukl Takeishi, Director, ULS/ 
Research Centre. 
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1 Mb DRAM race 
mainstay of Toshiba, the other for value 
added to Toshiba products by the incor
poration of company-developed semi
conductors. Their combination in a W 
pointed the way to the company's goal; 
worldwide success. 

Project W channelled the company's 
investments into vast improvements in 
the quality and scale of research and 
production facilities, and to increases in 
the number of technical personnel. On 
the engineering side, the IM-DRAM 
Development Project Team held the 
central position. Koichi Suzuki, now 
General Manager of LSI Division II, 
was appointed the leader of the project 
team. The company's continuing com
mitment to developing a successful 
semiconductor business made sure he 
got the support he needed. In fiscal 
I983, Toshiba invested 97 billion yen 
(US$647 million), about 35% of its total 
capital investment for the year, and an 
increase of 203% over fiscal I982. 

Crucial Choices 
In February I985 at the annual 

ISSCC (International Solid State Cir
cuits Conference) in New York, Toshiba 
revealed it had developed a prototype 
IM-DRAM. 

It was a move none of the experts 
gathered from around the world had ex
pected. Looking back, Dr Takeishi says, 
"The announcement really surprised a 
lot of researchers in the industry. And it 

A laboratory showing workers in their 
special clothing. 

brought Toshiba into competition with 
the leading memory devices makers." 

Shozo Saito, now a manager in the 
Memory Application Engineering 
Department, remembers the pressure 
everybody worked under during the 
development period. 

"Our team had already been given the 
equipment and the engineers to reinforce 
development of megabit chips. What we 
had to do was to bring the device to the 
market earlier than any of our com
petitors. Kawanishi gave us a clear goal; 
the IM-DRAM development project 
team had to become 'Number One in the 
World'. We had monthly meetings with 
Koichi Suzuki, the project leader, where 
any mention of the world 'delay' 
brought down reminders of the many 
serious challenges we were facing. But 

An aerial view of the ULSI Research Centre and R&D Centre. 
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now we can look back on those times 
fondly." 

Suzuki's points were well made. Any 
delays could prove fatal to the team's 
efforts and Toshiba's attempts to bring 
the first commercialised IM chips to the 
marlcet And that carried the risk of put
ting the company even further behind 
the competition. Particularly risky were 
potentional delays from a mistake in 
choosing the appropriate type of device. 
Ultimately, the engineers' efforts and 
Toshiba's success depended on correct 
decisions on chip structure. Among the 
many choices made at each development 
stage, two were crucial. 

The first concerned the basic device of 
the structure. What was it to be, N-MOS 
(Negative-channel Metal Oxide Semi
conductor) or C-MOS (Complementary 
MOS)? Since each structure had merits 
and demerits, it was impossible to simp
ly discuss them and then opt for one 
without. full-scale development of both. 
Their potential had to be fully inves
tigated and carefully evaluated, so two 
research teams were pitted against each 
other to test the structures. This style of 
research was new and unique for 
Toshiba. 

Engineers worked daily around the 
clock in a race against time and the com
petition, some even begrudging time off 
for lunch. They laboured at pattern 
design, sandwich in hand. The result of 
their intense efforts was a trial product 
from both groups, ready for comparison 
as production deadlines neared. After 
evaluating the results, project leader 

Investment In the Seml~nductor 
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chi SUzuki, General Manager, 
uld Crystal Display Division. 

1luating the results, project leader 
mki finally decided on the C-MOS 
>e. It offered a higher degree of 
iability and was more suitable for 
tss-production. "We felt confident 
ien other companies that first adopted 
MOS structure later switched to C
OS," Suzuki says. 
The group of engineers that developed 
e N-MOS version were naturally 
wnhearted that their efforts had not 
l to final success, but could console 
~mselves with the knowledge that 
~ir work had served a useful pmpose. 
The second crucial choice Toshiba had 
make was whether to adopt a 'planar' 
'trench' structure. For technical 

1S0ns, the research engineers pref erred 
~ trench structure, but the production 
1gineers argued that their familiarity 
ith conventional planar devices 
omised better mass-producitivity and 
irlier commercial production. These 
ctors led Suzuki to a decision for the 
anar structure. 
Around the time that Toshiba an
ounced this, a number of other 
ipanese makers revealed they had 
~lected trench versions. "I had to admit 
, I was worried when I heard that," 
uzuki says. But, as the world's major 
hipmakers started mass-production, his 
ecision turned out to be the right one. 
ome of the companies that opted for 
1e trench structure later switched to 
lanar. And far from being a dead-end, 
!le company's research in trench struc
·.rre made a major contribution to the 
arly development of four megabit 
>RAMs. 

>olicy of Commitment 
Once the one megabit device had been 

>Ut into production, the onus for success 
;witched to Toshiba's marketing and 
;ales departments. They played a key 
·ole in Toshiba's drive for the number
:me position, especially during the 

Talzo Nishimura, General Manager of 
Overseas Operations Support 
Division. 

worldwide DRAM shortage of 1987 and 
1988. At that time, because of the 
buoyant market for computers and other 
electronics devices, demand for lM
DRAMs increased rapidly and far out
stripped worldwide supply. 

Taizo Nishimura, the present General 
Manager of the Overseas Operations 
Promotion Division, was then respon
sible for maintaining supplies to 
Toshiba's customers int he world 
markets. 

"We did our best to be far to all our 
customers," he says. "Our policy is to 
value long-term relations based on 
mutual trust rather than seeking short
term windfall profits. Needless to say, 

SltUne 
/ 

Trench Capacitor Cell 

- Capacitor 

This diagram shown the structure of a 
memory cell. 

Jo/chi Ao/, President and CEO. 

we made no distinction between domes
tic or foreign users." 

Asked why the company did not raise 
prices even in a supply-shortage market, 
the way some others did, he says, "It's a 
part of Toshiba's corporate management 
philosophy. It can be seen in the slogan 
initiated by President Joichi Aoi, 'Com
mitted to People, Committed to the Fu
ture. TOSHIBA'. We did not raise 
prices, and we tried to offer stable sup
plies. We followed this policy even 
when it came to our in-house consump
tion. As a result, Toshiba itself suffered 
chip shortages on the laptop and 
workstation production lines. A lot of 
people in the company held this against 
me, but it showed how much Toshiba 
respects its customers. And I think it 
helped us consolidate our position as the 
leading one megabit DRAM producer. 
That makes it all worthwhile." 

Looking ahead 
Since its pioneering efforts in one 

megabit DRAMs, Toshiba has continued 
its capital and human investments in the 
equipment and research vital to develop
ing new generations of memory devices. 
Under the firm leadership of its current 
President, Joichi Aoi, the company 
ploughed around 90 billion yen 
(US$600 million) a year into semicon
ductor operations in both 1988 and 
1989, and planned to maintain the same 
level in 1990. The company will see the 
fruits of this, when Toshiba will be 
producing more than one million units 
of 4M-DRAMs.amonth. 

After its success in the one megabit 
market, a new question is being asked 
about Toshiba. 

Will the company be able to win the 
top share of the new 4M-DRAM 
market? That remains to be seen, but 
Toshiba seems to have a lot of con
fidence. A great number of people are 
watching with interest. • 
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10-bit AID converters 
with serial interface 

Motorola's MC145050 and MC145051 
ratiometric 10-bit AID converters fea
ture serial interface ports to provide 
communication with MCUs and MPUs. 
Each operates in either 10-bit or 16-bit 
serial formats from a single 5V power 
supply, without external trimming. 
Power consumption is a low 14mW. 
Packaging options include both DIP and 
SOIC configurations. 

The MC145050 features the same pin
out as the 8-bit MC145040, allowing an 
internal clock (ADCLK) to operate the 
dynamic AID conversion sequence. The 
MC145051 pin-out matches the 8-bit 
MC145041's, providing an internal clock 
oscillator and an end-of-conversion 
(EOC) output. With reprogramming, 
MC145040/41 users can upgrade their 
current applications to take advantage 
of the new 10-bit parts. 

Numerous features enhance the prod
ucts design-in appeal. Eleven analog 

Mask programmable 
switched-C filter 

National Semiconductor has an
nounced the LMF120 and LMF121 
mask-programmable switched-capacitor 
filter arrays. The new devices are capa
ble of implementing up to a 12-pole fil
ter in one 16-pin, cost-effective pack
age. The new semi-custom filter arrays 
are designed for a number of applica
tions including communications systems, 
such as mobile phones, anti-alias filters, 
biomedical instrumentation, control sys
tems, and real-time audio analysers. 

Both the LMF120 and LMF121 sili
con-gate filter arrays can realise all filter 
types - low-pass, high-pass, bandpass, 
notch, all-pass, and all filter approxima
tions including Butterworth, Eliptic, 
Chebyshev and Bessel. The LMF120 
has right-half-plane zeros whereas the 
LMF121 has left-half-plane zeros. Up to 
three independent filters may be imple
mented in one LMF120/1, which is 
equivalent to three LMFlOOs or MF10s 
in one package. Key specifications for 
the LMF120/1 include wide-centre or 

input channels with internal sample-and
hold are provided. Successive approxi
mation conversion time for the 
MC145050 is 21us (with 2.lMHz 
ADCLK) and 88us maximum for the 
MC145051. The MC145050's maximum 
sample rate 1s 38ksls while the 
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cutoff frequency range from O.lHz to 
lOOkHz, low offset voltage of 70mV, 
and low power consumption of 100m W 
at +5V. 

For further information circle 288 on 
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MC145051's is 10.7ks/s. Both ICs an 
monotonic, with no missing codes. 

For further information circle 273 c 
the reader service coupon or conta 
Motorola Semiconductor Product 
Suite 3, 673 Boronia Road, Wantirr 
3152; phone (03) 887 0711. 
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the reader service coupon or contact 
National Semiconconductor Australia, 
Building 16, Business Park Drive, 
Monash Business Park, Nottinghill 
3168; phone (03) 558 9999. 



1p amp has 180MHz bandwidth 
Siliconix has released a new closed-

1op, low-gain amplifier for wideband 
gnal routing and switching applica
ons. The new Si582 is specifically 
esigned for use with the company's 
>!CMOS wideband/video switches, 
mltiplexers, and crosspoints, to im-
1rove system performance while reduc
ng component count, design complex
ty, board space, power dissipation, and 
:osts. 

The Si582 amplifier features high 
\Jandwidth (180MHz), low signal distor
tion (-60dBc at 20MHz), excellent gain 
flatness (0.4dB to 50MHz), fast settling 
time (0.05% in 12ns), and low power 
dissipation (150mW). Its closed-loop 

, design uses current feedback to achieve 
high accuracy and to minimise signal 
degradation. The Si582 also has low dif
ferential gain (0.1 % ) and low differen
tial phase (0.00, crucial for 

professional/studio applications. 
The Si582 is suited for low-gain, wide

band applications such as video switch
ing routing for video equipment, radio 
communications, data communications 
(e.g., local area networks and ISDN 
equipment), automated test equipment, 
and high-resolution displays. 

For further information circle 282 on 
the reader service coupon or contact 
IRH Components, 32 Parramatta Road, 
Lidcombe 2141; phone (02) 748 4066. 

First true 1-chip Teletext decoder 
Philips Components has released the 

world's first true single chip 625-Line 
Teletext decoder for analog TVs. The 
Philips' industry standard ECCT and 
VIP-2 (enhanced computer controlled 
teletext and video input processor) chip 
set can now be replaced by a single cir
cuit. 

The new integrated VIP and Teletext 
(IVTl) comes in two versions, each of 
which eliminates 40 extra peripheral 
components from a TV's Teletext sec
tion. Upwardly software compatible 
with their predecessors, the ICs perform 
the same functions - while cutting 
power consumption from 2.6W to 
600m W and working from a single 5V 
supply. 

The SAA5246 (ITVl.O) has the full 
four acquisition channels of the ECCT/
VIP-2 chip-set, and can therefore 

5V regulator with 
ultra-low lq 

The National Semiconductor LM2936 
ultra-low quiescent current regulator 
features low dropout voltage and low 
current in the standby mode. With less 
than lSuA quiescent current at a lOOuA 
load, the LM2936 is ideally suited . for 
automotive and other battery operated 
systems. 

The LM2936 retains all of the features 
that are common to low dropout regula
tors, including a shutdown. The 

acquire four Teletext pages simulta
neously, storing them in external 8K-by-
8-bit RAM. The SAA5244 (IVTl.1) is 
primarily aimed at small-screen TVs, 
providing one acquisition channel, and 
storing the acquired page in on-chip 
RAM. 

Both ICs replace the analog data slic
ing used by the ECC/VIP2 chip set with 
digital data slicing and also incorporate 
analog circuits and ADCs. They connect 
to a microcontroller across the industry
standard serial, two-wire 12C-bus and 
there is an RGB interface to standard 
colour decoder ICs, with a push-pull 
output drive. 

For further information circle 290 on 
the reader service coupon or contact 
Philips Components, 11 Waltham 
Street, Artarmon 2064; phone (02) 
439 3322. 

LM2936 has a 40V operating voltage 
limit, -40°C to + 125°C operating tem
perature range and +/- 2% output volt
age tolerance over the entire output 
current, input voltage and temperature 
range. The LM2936 is available in a 
T0-92 package with a fixed SB output. 

For further information circle 283 on 
the reader service coupon or contact 
IRH Components, 32 Parramatta Road, 
Lidcombe 2141; phone (02) 748 4066. 

Surface mount 
Schottky diodes 

Three new single-die Schottky recti
fiers from International Rectifier are 
housed in miniature moulded packages 

measuring only 5.5 x 2.8 x 2.2Smm. 
Featuring voltage ratings of 40, 60 and 
90V, the rectifiers have current ratings 
of 1.1, 0.77 and 0.77A respectively. 

The IOMQ series is particularly suit
able for surface mounting or hybrid ap
plications as well as high density pack
aging where space is at a premium. 

For further information circle 271 on 
the reader service coupon or contact 
NSD Australia, 205 Middleborough 
Road, Box Hill; phone (03) 890 0970. 

Dual baud rate 
generators 

The Microchip Technology 
A Y58116/8136 series is a very versatile 
family of dual baud rate generators. 
The A Y58116/8116T and A Y58136 
/8136T are pin for pin functionally 
equivalent to SMC's COM8116/8116T 
and COM8136/8136T, respectively. 

The AYS8116/8136 is designed to gen
erate over the full spectrum of 16 asyn
chronous/synchronous data communica
tion frequencies for use. with 16x and 
32x UART/USRT devices. An on-chip 
crystal oscillator available on the 8116 
and 8136 is capable of providing a mas
ter reference frequency. Alternatively, 
complimentary TTL level clock signals 
can be input to pins 1 and 18. The 
8116T and 8136T are only suitable for 
this external TTL reference. 

For further information circle 284 on 
the reader service coupon or contact 
Fairmont Marketing, 726 Plenty Road, 
Preston 3072; phone (03) 471 0166. 
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Computer viruses 
and how to stop them 
Here's a guide to the viruses, trojan horses, and other antisocial 'nasties' now spreading throug, 
personal computers at increasing speed. It describes what they are, how they operate, how to cun 
an infection and how you can protect your computer(s) against acquiring them. The author is a1 
acknowledged expert on this subject. 

by ROGER RIORDAN, B.E.E. (Melb.), SMIREE 

Twenty four years ago, when I 
started programming, CSIRO's com
puter resided in a temple guarded by a 
heirachy of priests and acolytes. We 
mere users were treated with disdain. 
If we grovelled sufficiently the guar
dians might consent to accept our pack 
of cards and feed it to the oracle. 
Hours later we would get it back with 
a listing, and as often as not this would 
complain of some trivial error on card 
two, and then tum out to have aborted 
the job. 

Years later, the arrival of the PC 
freed us from the tyranny of the EDP 
manager, and we could enjoy the thrill 
of having our very own computer, to 
use as and when we wished. Even 
more wonderful was the discovery that 
the open architecture of the PC 
enabled us to modify it to suit our own 
requirements, and gave us access to a 
wealth of nifty utilities from around 
the world. 

But unfortunately mischievous 
programmers soon realised that this 
flexibility could be misused, and anti
social software started to appear. At 
first this was relatively harmless, but a 
vindictive streak soon appeared, and 
nowadays there is some appallingly 
destructive software around. I fear that 
the wheel is likely to tum full circle, as 
the anarchy which has developed from 
the idealism of the early days of the 
PC will inevitably hasten the develop
ment of more secure, but less friendly 
operating systems. Before long people 
will look back with nostalgia to the 
golden age of the 80's, when you could 
safely run any program you were given 
(or at any rate you could assume that 
the author had not deliberately set out 
to destroy your hard disk!). 

In this article I will define the 
various types of anti-social software, 
then describe how viruses spread and 
what they do, and finally I will outline 

how you can defend yourself from 
them. 

'Anti-social' software can be divided 
into four broad categories: 
(1) JOKE PROGRAMS These are 

programs which you load into some 
unsuspecting victim's computer. 
They are usually activated by a 
command hidden in the file 
AUTOEXEC.BAT (which is run 
when you switch on your PC), and 
after a delay simulate some bizarre 
malfunction, or threaten to do some
thing disastrous. It wouldn't 
surprise me if someone had had a 
heart attack as a result, or lost data 
when they panicked, but the 
programs don't actually do anything 
destructive. 

(2) TROJAN HORSES, which trick 
the victim into running them, and 
then do something destructive. They 
usually 'appear' on bulletin boards, 
with a file promising some marvel
lous effect, such as 'streamlining 
your hard disk' (by erasing all the 
files!). Joke programs and Trojan 
Horses are both spread by human 
action, and differ only in intent. 

(3) VIRUSES, programs which spread 
without human intervention, by at
taching themselves to - or infect
ing - programs which are likely to 
be copied from computer to com
puter. They can only become active, 
and infect other programs, when an 
infected program is run. 

( 4) WORMS. These are programs 
which can propagate and spread 
through a network of computers 
without any assistance. They re
quire a large network of multitask
ing computers to propagate 
effectively, and so far have been lar
gely confined to the various UNIX 
networks. 

Viruses are divided into two broad 
groups, according to the type of pro-
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gram they infect. The first group are 
. the boot sector viruses. 

In the business world most disks 
only have data on them, so at first 
glance you might think they could not 
spread viruses. But every disk has a 
boot sector, and if a disk is in drive A 
when you tum the computer on, or hit 
'Control-Alt-Delete', or you get a. 
power glitch, or sometimes if a pro-' 
gram crashes, the hardware will load 
the disk's boot sector, and attempt to 
execute it. If the disk has been infected 
by a virus it will infect the computer, 
whether or not it is a 'Boot Disk'. 

Many victims of viruses swear that 
they never boot from floppies, but 
when I show them the message 'NOT 
A BOOT DISK, REPLACE AND 
STRIKE ANY KEY' they admit that it 
is not the first time they have seen it. 
Every time you see this message you 
could have got a virus, if you do not 
know that all your disks are clean. 
Many users, caught like this, have had 
viruses for months, and have only dis
covered this when they gave a disk to a 
friend, or their system has crashed for 
some reason. 

Boot sector viruses hide the original 
boot sector somewhere else on the 
disk, often accompanied by the main 
part of the virus, and put part or all of 
the virus in its place. Then if you boot 
from the disk the virus installs itself in 
the computer, usually at the top of the 
normal memory. I.t usually checks the 
hard disk, to. see if it is already in
fected, and if not infects it. Then it 
loads the original boot sector and at
tempts to run it. If the system files are 
present the computer will boot normal
ly, otherwise it will give the normal 
diagnostic message. 

When the virus infects a disk it may 
either look for an unused block on the 
disk, mark it 'bad' so DOS will not try 
to use it, and put the original boot sec-



it; or it may simply hide the boot 
r in a place where it is relatively 
tspicuous. Thus on 360K floppies 
Stoned' virus hides itself at the 
of the root directory, overwriting 
tast 36 entries. This will only be 
ced if there are more than 96 
es in the directory. However on 
density disks it plonks the boot 

or smack in the middle of the 
·ctory and this will often cause files 
e lost. 
he 'Yale' virus overwrites the very 
sector on side zero, and will only 

f.roy data if this is being used, while 
'Ohio' or 'Den Zuck' virus writes 
extra track inside the normal last 
;k. Here it is safe from prying eyes, 
1 cannot destroy data, but the virus 
tot copied by DISKCOPY. 
fa virus infects a disk already in
:ted with another virus, it hides the 
isting virus and installs itself in the 
ot sector. Then each virus will he
me active if you boot from the disk, 
d each will infect every disk put in 
~ computer - even if it is already 
fected. If one of the viruses uses a 
~ed hiding place, and infects a disk 
ice, it will become impossible to 
ot from the disk, as each virus will 
id the other in an endless loop. 
Booting from a hard disk is a more 
mplex procedure, and provides more 
•portunities for a virus. When you 
rn on the PC the BIOS (basic input
uput system, which is a program per
anently stored in the PC in ROM -
ad only memory) first tries to load a 
>ot sector from drive A. If there is no 
.sk in the drive, the BIOS then loads 
:ctor 1, head 0, cylinder 0 of the hard 
isk into memory. 
I usually refer to this sector as the 
IOS boot sector. It contains the parti
on table, which specifies how the 
isk is divided up, and which is the 
ctive partition (i.e., the one to boot 
rom), and a short program which 
eciphers the table, and loads the boot 
~tor of the active partition. 
I refer to this second boot sector as 

tie DOS boot sector. Apart from the 
tata specifying the size of the parti
ion, it is normally identical with the 
1oot sector on your floppies. In IBM 
•cs, and most clones, the DOS boot 
ector is in sector 1, head 1, cylinder 0, 
md the rest of the track accessed by 
1ead 0 is unused. 

A boot sector virus can occupy 
'!ither of these boot sectors on the hard 
1isk. Most boot sector viruses replace 
the DOS boot sector, and usually oc
cupy unused sectors, which they mark 
as 'bad'. However the 'Stoned' virus 
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The manual which accompanies 'VET', 
the author's Austral/an written ant/
virus package. 

occupies the BIOS boot sector, and 
hides the original in the following un
used space. Unfortunately in some 
clones this contains the file allocation 
table or 'FAT', which specifies where 
files are stored, and which parts of the 
disk are in use. At Chisholm Institute 
we had a lab full of such PCs, and 
when they were invaded by the 
'Stoned' virus the lab became com
pletely unusable. 

Program viruses 
Program viruses infect executable 

files (programs, games, etc). They may 
infect .COM files, .EXE files, or usual
ly both, while some also infect other 
executable files such as .SYS, .BIN, 
.PIP or .OVL. When you run an in
fected program the embedded virus 
hides itself in memory, and then 
watches what is going on. Some ac
tively search the hard disk for files to 
infect, but this is rather obvious, so 
most wait till you ask DOS to load a 
program. They check the file, and if it 
is not already infected they infect it. 
Then they pass the original request on 
to DOS. Most only infect files which 
are loaded and executed, but some 
check every file opened, and infect any 
.COM or .EXE. These viruses often 
avoid COMMAND.COM, and some 
avoid short files. 

Most program viruses save the 
original date, time and attributes, and 
restore them when they have finished. 
Marking a file as READ ONLY has no 
effect on most viruses. 

When an infected program is run the 
virus must first find somewhere to hide 
itself. Then it must modify the operat
ing system in some way, so that it can 
keep an eye on what is happening, and 
finally it must run the original pro
gram. 

Some viruses move themselves to 
the bottom of free memory, load and 
run the original program, and then use 
the DOS function call Int 21h Fn 3lh 
(Terminate & Stay Resident) to return 
control to DOS. Others trace the 
memory allocation chain and install 
themselves at the top of memory. 
These can usually be detected because 
the top of memory is lower than usual. 
A few viruses simply move themselves 
to the top of memory, without doing 
anything to protect themselves. The 
system will crash when another pro
gram overwrites them, but their writers 
apparently assume that by then they 
will have infected enough new files to 
survive. 

Programs normally communicate 
with the operating system by issuing 
software interrupts. These are a special 
type of function call which finds the 
address of the function it is calling 
from the interrupt vector table at the 
very start of the PC's memory. 

The only approved way to talk to the 
system is via INT 2lh, the normal 
DOS function call. This provides a 
wide range of services, depending on 
the parameters previously loaded into 
various registers. DOS uses several 
other interrupts for various purposes. 
The main ones are: 
Int 2lh Normal DOS function call 
Int 23h Control Break Handler. Called 

if Ctrl-break pressed. 
Int 24h Critical Error Handler. Called 

if you try to write to a write 
protected disk, etc. 

Int 2Sh Absolute Disk Read. Read a 
specified sector(s) into memory. 

Int 26b Absolute Disk Write. Write to 
a specified sector. 
Unfortunately DOS is often slow, 

and cannot perform many essential 
functions, so many programs use other 
interrupts which communicate directly 
with the BIOS. This is a much lower 
level set of functions, permanently 
stored in ROM, which actually do the 
'dirty' work. Most calls to DOS 
generate further calls to the BIOS. 

Some important BIOS calls are: 
INT 9h Keyboard service. Issued 

whenever a key changes status. 
Int lOh Video 1/0. Used to write to the 

screen. 
Int l3b Disk 1/0. Read from, write to, 
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or initialise either a floppy or hard 
disk. 

Int 16h Keyboard I/0. Read keyboard 
status, or fetch a key. 

Int lCh Timer tick. Called 18.2 
times/sec. 

When you ask a program to read a 
file, it issues an Int 21h, function 3Fh 
to DOS. DOS decides which absolute 
sectors hold the file, and uses Int 25h 
to call a lower level part of DOS. This 
in turn uses Int 13h to call the BIOS, 
and after several more steps the BIOS 
uses IN and OUT instructions to an 1/0 
PORT to tell the disk controller which 
physical sector to read, to get the data 
you want. 

When a boot sector virus installs it
self, DOS is not loaded - so it can 
only use the BIOS. But a program 
virus can communicate with the sys
tem at any level. Some only use stand
ard DOS calls, some use Int 25h and 
Int 26h, some use Int 13h, and a few 
write directly to the 1/0 ports. 

Most viruses maintain control of the 
system by redirecting some of these 
interrupts. This means that they save 
the address which is in the Interrupt 
Vector Table, and replace it with the 
address of a function in the virus. 
Thus, if a virus redirects Int 13, every 
time DOS (or anything else) issues an 
Int 13 the virus can see what is being 
done. If it is not interested it can pass 
the call on to the original function; or 
it can do something first, or it can fake 
a response. 

For example if the 'Brain' virus sees 
that a boot sector is being read, it will 
first examine it. If the disk is not in
fected it will infect it, then it will read 
the good boot sector from its hiding 
place and return that, so that as ~ong as 
the virus is in control the infected boot 
sector cannot be detected or replaced. 

Warheads 
The first virus writers were content 

with proving that they could write a 
virus. But they soon became more am
bitious, and made the virus do some
thing to show that they had succeeded. 
It might: 
1. Issue a taunt: 'Your PC is now 

stoned.' (Marijuana) 
2. Play a tune: Yankee Doodle (Anti

Cad) 
3. Cause some amusing (for bystand

ers!) effect: 
Bouncing ball (Ping Pong) 
Falling letters (Cascade) 

4. Make the computer misbehave: 

Run slow (Jerusalem, AntiCad) 
Simulate typing or printer errors 
(Fumble, Typo) 

5. Erase files (Jerusalem) 
6. Write to random sectors on the hard 

disk (Dark Avenger) 
7. Erase/reformat hard disk (Disk 

Killer, AntiCad, Black Monday) 
8. Reset file dates (Slow) 

Very often a virus will have several 
different warheads, and sometimes a 
conspicuous but relatively harmless ef
fect appears to be provided as a warn
ing which you ignore at your peril. 

If a virus did something conspicuous 
as soon as the infected file was run it 
would have little chance of propagat
ing, so all viruses include a trigger 
mechanism which will only be set off 
occasionally, or after a delay. Trigger 
mechanisms include: 
A. Random-Stoned, Ping Pong 
B. After a period, or after some date -

Slow, AntiCad 
C. On specified date(s) - 4096, 

Jerusalem 
D. If you try to kill it- AntiCad. 

Some viruses are relatively easy to 
detect, but others go to great lengths to 
hide themselves. These are referred to 
as stealth viruses. For example the 
'4096' virus redirects interrupts 
without modifing the interrupt table, 
and disinfects files before it lets you 
see them, so that scanners cannot 
detect infected files while it is active. 

Viral symptoms 
Apart from the immediately recog

nisable effects like funny messages or 
tunes, there are a number of symptoms 
which can indicate that you have 
caught a virus. These include: 
1. Excessive disk activity. If a virus is 

acti"e, and you run a program from 
a floppy the virus will usually try to 
infect the disk, and if the disk is 
write-protected the 'grinding', as 
the virus repeatedly attempts to 
write to the disk, is very obvious. 
The effect is even more obvious if 
you fit your hard disk with a write
protect switch, and then run a pro
gram which should not write to the 
disk. 

2. Computer running slow 
(Jerusalem, AntiCad). 

3. Files increase in length - all pro
gram viruses. The Jerusalem virus 
repeatedly infects .EXE files, so 
that they grow until they will no 
longer fit in memory. 

4. Programs crash. Jerusalem kills 
many large packages. 

5. Apparent hardware problems (e.g. 
Typo, Fumble). 
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6. Incompatibility problems. Vi 
use the 'back door' to acces: 
system, and will inevitably c 
crashes when they interfere 
other programs (especially TS 
or viruses also using the back d1 

7. Unusable backups. Many bac 
programs (such as PCT01 
PCBackup) use non-standard · 
layouts, and if a virus is active '\\ 
they are run the backup disks 
likely to be useless. If you ha' 
virus use XCOPY to make a cop: 
any irreplaceable files before : 
try to remove the virus. 

Unfortunately viruses are a gods1 
to the incompetent serviceman, as i 
all too easy to blame an obscure p11 
lemon a virus. But there is a plague 
unreliable software on the market, a 
disk drives are mechanical devic1 
and will inevitably fail eventually; 
if files get scrambled, or disappear, 
a particular package crashes regular: 
the cause is more likely to be a bug 
a mechanical problem than a virus. 

No virus has been reported that c: 
cause mechanical damage, so if y1 
are told (as one lady was) that yo. 
disk controller burnt out because yo 
PC had a virus, you know the speak 
is incompetent. 

Naming viruses 
Some viruses announce their O\> 

name, and others are named for tht 
effect. But often several workers wi 
get a new virus at the same time, ar 
each will name it, so most viruses ha' 
several names. 

There are about 25 viruses known l 
be active in Australia. Some of ti: 
more common ones are: 
1. Stoned, or Marijuana: Boot set 

tor/partition table. Overwrites pa 
of directory on floppies, FAT o 
PCs with non standard partitionin! 
Very common in schools, shops, et< 
Will not propagate on many recer 
PCs. Displays 'Your PC is nm 
stoned.' message occasionally whe 
you boot from an infected flopp~ 
This was the first virus to receiv 
wide publicity in Australia, and i 
believed to have been written i1 
New Zealand. 

2. Brain/Pakistani: Boot sector, flop 
pies only. Marks bad cluster, chan 
ges volume label to '(C) Brain' 
otherwise relatively harmless. Can 
not infect 286/386 PCs. One of firs 
viruses seen. 

3. Ping Pong/Italian: Boot secto1 
marks bad cluster. Bouncing bal 
display if disk access on half hou 
Cannot infect 286/386 PCs. 



4. Computer Ogre: Boot sector, 
marks bad cluster. Formats hard 
disk if PC left on for 48 hours. Has 
bug, and often puts virus in wrong 
place, so may kill program, but may 
also activate prematurely. Often 
does not work, but don't rely on it! 

S. 4096/Frodo: Very sophisticated. In
fects every .COM, .EXE file 
opened, increases file size by 4096 
bytes, but hides changes to files 
from scanners while it is active. Has 
a number of tricks to elude 
watchdog programs. Intended to 
corrupt the hard disk if run between 
Sept 22 and Dec 31st, but has a bug, 
and just crashes the system. 

6. AntiCad/Plastique/Taiwan3, 3a 
series: This family infect every 
.COM, .EXE opened, adding 
various lengths. All play a tune 
every 10 minutes or so. The war
head is triggered if you hit 'Ctrl
Alt-Del' while the tune is playing, 
or if you try to open ACAD.EXE. 
The virus overwrites some or all 

About the author 
Roger Riordan was born at lvan

h oe, Victoria, in 1934. He 
graduated in Electrical Engineering 
from Melbourne University in 1954, 
and after two years in England, 
joined the CSIRO Division of 
Mechanical Engineerin~ at Highett, 
where he worked on circuit theory 
and design. In 1968 he described 
the first high performance ~yrator 
using op-amps. This circuit rs now 
generally known as 'Riordan's 
Gyrator'. 

Mr Riordan first became involved 
with computers in 1967, when he 
started to write a rrogram ALEC, 
for the analysis o electronic cir
cuits. ALEC was written in Fortran, 
and was usually compiled and run 
on the CSIRO's CDC 3600 in Can
berra. The program was submitted 
on cards, which were taken by 
courier to Clayton, transferred to 
magnetic tape, and flown to Can
berra. The tapes were run over
night, and the results were flown 
back to Clayton on tape, listed 
there, and returned by courier the 
next day (if there wasn't fog in 
Canberra!). The most trivial 
change wou Id take a week to 
debug. The CDC 3600, which cost 
a fortune, and had an army of 
operators, had 64K of 48-bit words 
of memory, and could do a floating 
P<?int multiplication in about a 
microsecond. 

tracks on drives A-D, then destroys 
the setup information in the CMOS 
RAM. One version also infects boot 
sectors on both floppy and hard 
disks, while the others disable all 
disk writes if you hit 2000 keys 
without accessing the disk. Three 
versions have been seen here, with 
several more overseas. 

7. Black Monday: Infects .COM & 
.EXE, adding 1055 bytes. The 
fourth time an infected file is run in 
a PC which is not already infected 
on any Monday, the first 255 tracks 
of the hard disk are reformatted. 

8. Dark Avenger: Infects every .COM, 
.EXE file opened, adds 1800 bytes. 
Spread by scanners, if they do not 
first check for it in memory. Ran
domly writes a sector to a random 
address on the hard disk, so data 
slowly corrupted. If you back up 
regularly, but recycle a small num
ber of disks all backups may be cor
rupted by the time you notice 
something is wrong. 

In 1973 Mr Riordan resigned 
f~om CSIRO to form CYBEC 
Electronics. In 1983 he joined the 
Chisholm Institute of Technology 
(at Caulfield), as a Lecturer in the 
Department of Electrical Engineer
ing, and specialised in instrumen
tation and assembly language 
programming. He wro~e the first 
version of VET early in 1989, and 
resigned at the end of the year to 
work on it full time. He is now Tech
nical Manager of CYBEC Pty Ltd. 

Mr Riordan has published a num
ber of technical papers, mostly 
relating to circui~ theory and 
design, and has been granted 
several patents. 

9. Jerusalem: Infects any file loaded 
and executed, adds 1813 bytes. 
Slows PC down, scrolls section of 
screen up after half hour. Erases any 
file run on any Friday 13th. Inter
feres with Novell networks. 

10. Sydney/Slow: Infects .COM, .EXE 
files, adds 1721or1716 bytes. Oc
casionally spawns mutant child with 
new signature. In 1991, and there
after, sets date and time of every 
second file closed on any Friday to 
midnight 1.1.80, apparently to con
fuse accounting packages and auto
matic backup procedures. 

11. St Leos/Keylock: Infects .COM, 
.EXE, adding 1232 or 1472 bytes. 
Every 10 minutes it activates for 
about two seconds, and any key hit 
during this period will repeat many 
times. Usually the keyboard locks 
up after a while. First copy found on 
game from Indonesia, now common 
in several schools in Melbourne. 

Anti-viral software 
A wide range of anti-viral software 

is available. This uses four main tech
niques, although most packages com
bine several of them. 

SCANNERS search files looking for 
distinctive patterns associated with 
known viruses. They may erase in
fected files, or they may remove the 
virus from the file, so that it can be 
used without having to re-install the 
package. 

Scanners give excellent protection 
against known viruses, but they are al
ways a bit behind the play, as they can
not detect a virus until it has been 
captured and analysed. Scanners will 
spread certain viruses (such as 4096) if 
they are active, so the scanner must 
search memory for viruses before it 
examines any files. Scanners will not 
interfere with the normal operation of 
the PC, but require the operators to be 
trained to use them. There are also 
resident scanners which automatically 
check every program before it is 
loaded. These save the user from 
having to worry about scanning disks, 
but talce up memory, slow down load
ing, and may interfere with other 
software. 

WATCHDOG PROGRAMS are TSR 
programs which monitor various inter
rupts, etc, and watch for suspicious or 
potentially damaging requests. Unfor
tunately many legitimate programs do 
suspicious things, while viruses can 
damage files without accessing inter
rupts at all, so watchdog programs 
give limited protection, but cause 
many false alarms. Most users fairly 
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soon get fed up with them and tum 
them off. However they are useful to a 
skilled user testing unknown software, 
and do give some protection against 
trojan 1'orses. 

Certain viruses issue calls to INT 
21h with undefined parameter values 
to check if they are already active, and 
a watchdog program which only 
checks for these function calls is very 
effective against these viruses. The 
program can be short, and is less likely 
to generate false alarms. However a 
few applications use these function 
calls for their own purposes, and will 
be terminated by these programs. 

The most common problem occurs 
with Novell networks, which use the 
identification call of the Jerusalem 
virus for print spooling. This type of 
program is very useful on PCs used by 
students. 

INOCULATION PROGRAMS 
operate by making a harmless change 
to a file (or boot sector), which can 
fool some viruses into thinking that the 
file is already infected. For example 
the 'Vienna' virus sets the 'seconds' 
field in the file directory to 62, so if 
you deliberately do this to all the files 
on your hard disk the virus will not 
infect any of them. Inoculation 
programs are available for a number of 
viruses, and if a large organisation has 
had an outbreak of a virus, inoculation 
against it may be worthwhile to reduce 
the likelihood of secondary outbreaks. 

SIGNATURE RECORDERS operate 
by calculating 'signatures' for selected 
files on the hard disk, the first time 
these programs are run. They then 

' 

store them away. Every time they are 
subsequently run they recalculate the 
signatures, and compare them with the 
recorded values. These programs have 
a good chance of detecting unknown 
viruses before they do any damage, but 
they require some skill to install. They 
can be fooled by 'stealth' viruses, so 
ideally the PC should be booted from a 
clean disk before they are run. 

Many suppliers provide packages in
cluding scanners, cleaners, monitors, 
and soon. 

Hardware protection against viruses 
is also feasible. It is relatively simple 
to fit a write-protect switch to the hard 
disk in most PCs, and this is very use
ful for protecting the hard disk while 
testing new or suspect software. 

It is also possible to modify the 
BIOS ROM so that the PC does not try 
to boot from drive A- but this is a job 
for an expert. 

Recovering from a virus 
If you get a virus it is important to 

get rid of it quickly; but DON'T 
PANIC. Boot your PC from a clean 
DOS disk, and copy off all important 
files. Do not assume that you have a 
good backup - if your backup is no 
good, you will never know until it is 
too late. Then seek expert advice. 

If you rush in and reformat your hard 
disk you will not get rid of 
'Marijuana', but it will take you hours 
to replace everything, and you will 
probably find you have forgotten to 
back up something important. On the 
other hand a good anti-viral program 
will remove it in a few minutes, and 
you will usually not lose anything. 

After you have 'cleaned up' your 

A magazin~ for all computer users and enthusiasts, Your 
Computer has something for everyone 
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PC(s) you will have to clean up all 
your disks. If you have had a virus for 
any time many of them will be in
fected, and if you miss a single in
fected disk you could get the virus 
again. So get some little sticky labels, 
and mark each disk as you check it. Go 
through all your disk boxes, drawers 
and dark holes, and check every disk 
you can find. 

If you have had Marijuana, you will 
have to check all your disks to see if 
you have lost any files (they can usual
ly be recovered fairly easily if they are 
important), and if you have had a pro
gram virus (especially Jerusalem) you 
should check all the files that were in
fected to make sure they still work. 

Good housekeeping 
Keeping your PC 'clean' is largely a 

matter of good housekeeping. If you 
apply the following rules conscien
tiously, you are relatively unlikely to 
have serious problems with viruses. 
1. Adopt reliable backup procedures, 

using an adequate number of copies, 
and keep a copy of all critical data 
off site. You are far more likely to 
lose data through mechanical 
failure, fire, theft or sabotage, than 
from viruses. 

2. Install reliable software on ALL 
your PCs, and make certain 
everyone knows how to use it. 

3. Check EVERY disk which has been 
in any other PC. 

4. Write-protect any disk containing 
programs which you will use in 
anyone else's PC. Salesmen and ser
vicemen are two of the worst of
fenders at spreading viruses. 

5. Format all your data disks on a 
known PC. If you have to use a 
suspect PC check all the disks used, 
and replace any unknown boot sec
tors. 

6. When you get new software, from 
ANY source, check that the disks 
are write-protected, BEFORE you 
do anything else, then scan them for 
viruses. If you find any viruses, 
notify the vendor. If you want to use 
the program anyway copy the disk, 
and clean up the copy. 

7. Check all your PCs regularly, and if 
you write software check all your 
disks before you send them out. 

8. Keep at least one PC for games, test
ing unknown software, etc. It is im
possible to stop your employees 
from playing games and swapping 
software, so it is much better to let 
them do it under supervision than 
have it done behind your back. It is 
also wise to provide all staff who 



use PCs at home with anti-viral 
software so that they can catch their 
children's viruses before they bring 
them to work. 

he VET package 
When the 'Stoned' virus over
helmed us at Chisholm Institute, no
ne knew anything about it. The 
,mited software we could find to com
iat it did not seem to be suitable for a 
tudent environment, and was far too 
xpensive for our limited budget. So 
ve wrote the program VET to remove 
.t. This was given to the students as 
,hareware, and quickly spread 
throughout Australia. 
, VET is no longer shareware, but it 
has been progressively updated and 
will find and remove all the viruses 
known to be in Australia. It does not 
find the many exotic viruses found by 
overseas packages, but it is faster and 
easier to use and will recover files in
fected with common viruses which 
other packages can only delete. 

The VET package includes the 
Watchdog program VET_STOP, which 
will prevent many of the common 
dangerous viruses from infecting your 
PC. It is available from the author's 
company CYB EC Pty Ltd, PO Box 82, 
Hampton, Victoria 3188; phone (03) 

. 521 0655. 

Other software 
Other anti-viral software that can be 

recommended includes the following 
packages: 
1. VIRUSCAN, CLEAN, SEN

TINAL: VIRUSCAN detects over 
200 viruses. CLEAN will remove 
some viruses from files, but not 
some that are fairly common here. 
Available from McAfee Associates, 
4423 Cheeney Street, Santa Clara, 
CA 95054 USA; phone (0011 1 408) 
988 3832, bulletin board (408) 
9884004. 

2. FLUSHOT+: A well-known 
Watchdog program, available from 
Ross M Greenberg, Software Con
cepts Design, 594 Third Avenue, 
New York NY 10016 USA. 

3. DR SOLOMON'S ANTI-VIRAL 
TOOLKIT: Incorporates scanner, 
cleanup, inoculation programs and 
utilities. The Scanner will detect 
over 200 viruses. Available from 
S&S Enterprises (Amersham) Ltd, 
Weylands Court, Water Meadow, 
Germain Street, Chesham, Bucks 
HP5 lLP UK; phone (0494) 
791900. • 

----- - ----·---------·---- ------------

CYBEC Pty. Ltd. 
Tel: (03) 521-0655 
Fax: (03) 521-0727 

FOR 

The Worlds Leading 
Anti-Viral Software. 

CYBEC Pty Ltd. 

Combat Software 

S&S International Ltd 

Computer Virus Consultants 

PO Box 82 Ham ton Vic. 3188. 
READER INFO NO. 32 

ELECTRONIC CAD 

• EASYTRAX, LOW COST PCS-NEW VERSION 
• AUfOTBAX, PCB WITH SMD--NEW VERSION 
• SCHEMATIC, Winl PCB INTERFACE 
• TRAXSTAR 
• TRAXVIEW 
• EVALUATION PACKACES 

Or CAD 
• OrCAD/SDT, SCHEMATIC/CAPTURE CAD, Rel.IV $1100 
• OrCA D/VST, DIGITAL LOCIC SIMUIATOR, Rel IV $1800 
• OrCAD/PCB, PBC WITH SMD,Rel IV $2600 
• OrCAD/MOD, PLD SIMULATION MODELINC, Rel IV $900 
• OrCADIPLD, PROCRAMMABLE LOCIC DESICN, Rel IV $900 

PSPICE 
• ANALOG CIRCUIT SIMULATION $1200 
• DELUXE DOS VERSION, WITH OPTIONS $3000 
• DELUXE VERSION FOR OS/2 $46oo 
• DELUXE VERSION FOR OS/2 INCUJDINC $6000 

NEW DIGITAL LOCIC SIMUIATION 
• Al.SO AVABABLE FOR MAC, NEC, DEC, SUN CALL 

• FU.TER DFSICNER-Nl!W $900 

SPECTRUM 
• MICRO-CAP m, ELECfRONIC CIRCUIT ANALYSIS $1990 
• MICRO-LOGIC ll, ELECfRONIC DRAFTINC $12SO 

a: SIMULATION •• m Technical Imports Australia 
P.O. Box 927 Crows Nest 2065 ~ 
Tel: (02) 954 0248 Fax: (02) 925 0311 ~ 
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PS/2 compatible 
internal modem 

Dataplex's reliable quad modem, the 
DPX-224, is now available in card 
form for direct installation in a Micro 
Channel Architecture card slot of the 
IBMPS/2. 

This new modem, the OSI-8224PS, 
supports async operations at 2400, 
1200, 1275 and 300bps using CCIIT 
V.22bis, V.22, V.23 and V.21 standards. 
Its features include auto answer/auto 
dial and can be configured using 
Hayes AT commands or the CCITT 
V.25bis command set. 

The modem retails at $1040 tax free 
and $1196 tax paid. 

For more information, circle I 70 on 
the Reader Services Coupon or contact 
Dataplex, 7-9 John St, Lilydale 3140; 
phone (008) 033260. 

386SX upgrade 
Australian PC enhancement board 

builder Hypertec has announced two 
new Hyper 386SX upgrade boards, 
bringing to four the number of ver
sions available. 

This means that even more 286-
based computers can be inexpensively 
upgraded to take advantage of 386-
based processing such as Windows 
3.0, Xenix and the latest version of 
Lotus. 

Hyper 386SX is a credit-card sized 
board which fits directly into the 
processor slot of an 80286 machine 
after removing the 80286 chip. 

Once installed, it gives full code 
compatibility with all the latest 80386-
based software, while retaining full 
compatibility with existing 80286 
software and hardware. 

Four different configurations of the 
Hyper 386SX chip have been produced 
to allow it to fit into the widest range 
of machines. All versions are priced at 
$595 ex tax and carry a 24 month war
ranty. 

For more information, circle 171 .. 
on the Reader Services Coupon or con
tact Hypertec direct; phone (02) 
816 1211. 

T 
RP 

Compression of still images 
Digithurst of the UK has announced 

its new MicroEye image compression 
card for PC compatible computer sys
tems, providing a practical and inex
pensive solution to image storage 
problems. 

The card works as a standalone 
image compressor for use in any PC
based system, and is supplied with 
utility software for this purpose. 

The default compression ratio is 
typically 30:1, reducing a lMB 24-bit 
colour TIF image to approximately 
30kB, allowing 40 images to be stored 
on a standard 1.2MB floppy disk. 

Compression and decompression 
time for a lMB image is about 15 
seconds and reduces proportionately 
for smaller images. Compression ratios 
adjusted in software from 3:1 to 100:1, 
trading off image quality for file size. 

Aside from storage space ad
vantages, the Microeye card offers sig
nificant speed benefits when loading 
from and saving to disk, as well as cost 
savings when transmitting image data. 

For more information, circle 172 on 
the Reader Services Coupon or contact 
Dindirna Group, PO Box I 06, Vermont 
3133; phone (03) 873 4455. 
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12-bit AID card 
Strawberry Tree has announced a 

new totally software setup series of 
high speed data acquisition cards for 
IBM PC and compatible computers. 
The Flash-12 series is designed for 
transient recording, vibration, aviation, 
automotive, audio and other high 
speed data recording. They can be used 
for background data acquisition, at 
rates as fast as one million samples per 
second to as slow as one sample every 
1.5 days.A wide range of triggering 
options is available and sample rates 
may be different on each channel. Low 
level and low speed signals such as 
thermocouples and pressure sensors 
can be sampled along with high speed 
signals. 

With an optional daughter card, two 
channels of buffered 12-bit analog out
put can be used to synthesize 
waveforms. The cards work seamlessly 
with Strawberry Tree's WorkbenchPC 
icon-based graphics software for easy 
setup of complex applications such as 
digital storage scope emulation, data 
logging and control. 

For more information, circle 178 on 
the Reader Services Coupon or contact 
APC, PO Box 584, Bayswater 3153; 
phone (03) 720 3298. 



-------------------

ernal modem for 
shiba laptops 
>ataplex is now marketing and sup
rting the Worldport 2496iT 
x/Data modem. The 2496iT com-
1es a 9600bps Group III facsimile 
th a 2400bps data modem and is an 
. ernal product designed specifically 
r Toshiba laptops. Major features in
ude automatic inbound fax/data 
cognition, express send with in
grated word processor, cover sheet 
mction, menu driven software, bul
tin board system, group broadcasts 
id delayed transmissions. 
There is also a telephone directory 

ombining both fax and data, and an 
coustic coupler interface. 
For more information, circle 174 on 

he Reader Services Coupon or contact 
)ataplex, PO Box 541, Lilydale 3140; 
>hone (03) 735 3333. 

Display controller 
for PC/AT 

Univision Technologies has intro
:luced the UDC-7000-TI which is a 
~ingle board graphics controller for 
AT-based systems based on the new 
TI34020 chip. The UDC-7000-TI can 
iisplay images as large as 1280 x 1024 
K. 32 bits, from a display memory of 

2048 x 2048. This feature is very im
portant in applications such as seis
mology where full 24- bit colour and 
8-bit graphic overlays are required. 

In addition, the on-board 33 MFLOP 
co-processor, 20 MHz peripheral bus 
and local pan and zoom hardware 
allow a single add-in board to handle 
demanding imaging and graphic ap
plications at up to 32 bits/pixel. 
Graphic support allows programs like 
Microsoft Windows, CADKEY, 
AutoCAD and HALO to run without 
modification. 

For more information, circle 173 on 
the Reader Services Coupon or contact 
the Dindima Group, PO Box 106, Ver
mont 3133; phone (03) 873 4455. 

Low cost LAN card 
Datacraft has produced a new low 

cost LAN card, the CS450, to allow 
PC users to connect with previously 
incompatible host systems. Based on 
the Motorola 68000 processor, it runs 
at 12.5MHz. The card connects in any 
PC with an XT/AT expansion slot, and 
provides interconnection between 
numerous protocols and environments. 
Because this full length, inexpensive 
card performs most functions, PC 
processor time not degraded. The PC 
can be standalone or networked; in a 

LAN environment, up to 32 PC users 
can access the host system concurrent
ly, with file transfer and Hot-Key op
tions. 

For more information, circle 175 on 
the Reader Services Coupon or contact 
Datacraft, PO Box 353, Croydon 3136; 
phone (03) 727 9176 . 

Programmable 
scanning interface 

Univision Technologies offers its 
model UPX-1000-AT, which is a 
board-level product which occupies an 
auxiliary slot in an IBM PC/AT or 
compatible. It interfaces high resolu
tion digital scanners to Univision dis
play controllers and accepts digital 
video inputs from scanners and digital 
video cameras such as the Videk 
Megaplus Camera. 

The UPS-1000-AT supports these in
puts at transfer rates of up to 10 mil
lion (8-bit) pixels per second at a 
lOMHz clock rate. A 1340 x 1136 x 
8-bit image is acquired at ap
proximately 7 .5 frames per second. 8-
bit and 16-bit transfers are supported. 

For more information, circle 176 on 
the Reader Services Coupon or contact 
the Dindima Group, PO Box 106, Ver
mont 3133; phone (03) 873 4455. • 

: We keep it simple, 
· so you can look smart. 

Protel EasytraX'M a fast, friendly, low-cost program for PCB design that lives up to its 

e name. PC version $395 Macintosh® version $495. Ideal for students, hobbyists and 

prototype builders - a professional design system for PC's that supports multi-layer 

boards, including power and ground planes, up to 32 x 32 inches. Complete through-

Protel Easytrax 2 

hole package includes pad-to-pad autorouter, editable 

component library, metric/imperial grid system to 1 mil 

(.001 inch) placement accuracy. Supports popular printers 

and pen plotters, plus Gerber®, Postscript® and N/C drill 

output. User files and libraries are compatible with both 

READER INFO NO. 26 

Electronic Design 
Automation specia_lists 

Product of Australia 
© 1990 Protel Technology Pty Ltd 

PC and Mac versions. So, you can get smart and take the 

affordable solution. 

GPO Box 204 Hobart Tasmania 7001 Australia 

Phone (002) 730100 (Int'l + 6102 730100) 

Fax (002) 730944 (Int'l + 6102 730944) 

PC version requires XT/ AT/386/486 compatible with 640K RAM; DOS 2.0 
or later. Macintosh version requires Mac Plus, SE or II. 
Mac and Macintosh are registered trademarks of Apple Computer, Inc. Gerber 
is a registered trademark of Gerber Scientific, Inc. 
Postscript is a regisrered trademark of Adobe Svstems, Inc. A90-5/R 
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PC Enhancement Product: 

Boards & software 
convert PC to a PLC 
Melbourne firm Procon Technology has for some time been marketing its range of rugge1 

Australian-designed and manufactured 1/0 cards, to interface between a PC and the 'real world' c 
relays, motors, heaters, switches and sensors. Now the firm has developed a matching softwan 
package, which goes with the cards to convert the PC into a powerful yet easy to use programmablE 
logic controller. 

by JIM ROWE 

Back in the old pre-microprocessor 
days, a logic controller was usually a 
box with a collection of hard-wired re
lays, designed to perform a fixed and 
fairly simple sequence of electrical 
monitoring and control functions. If 
switch contacts A and B closed at the 
same time, relay 1 was energised to 
turn on (say) a motor; if contacts C 
then opened, relay 2 would be en
ergised after 5 seconds to turn on a 
heating element; and so on. 

This type of logic controller was sim
ple, low in cost and fairly reliable. But 
it had one major shortcoming: if you 
wanted to change its control sequence, 
this generally involved either rebuild
ing or replacing the controller hard
ware. 

When microprocessors came on the 
scene, this limitation soon became a 
thing of the past. By replacing the logic 
controller's internal hard wiring with a 
micro running a firmware program 
stored in a PROM, it could be arranged 
to respond in any desired way to vari
ous combinations of inputs, and control 
the desired outputs. And the response 
pattern could be changed or modified at 
any time, simply by changing the pro
gram in the PROM. The programmable 
logic controller or 'PLC' was born. 

PLC's are much more flexible and 
'intelligent' than the old relay control
lers, and they're generally more reli
able as well. But many of them are 
quite expensive, and often they can 
only be programmed in a fairly esoteric 
and specialised language. 

Now essentially a PLC is just a mi
crocomputer with a set of inputs and 
outputs to connect it to 'real-world' re
lays and switch contacts, and running a 
suitable program. So it was understand-

able that with the cost of IBM-compati
ble PC's coming down all the time, 
people in industry started to wonder if 
a low-cost PC clone couldn't be 
pressed into service, as the heart of a 
simple (or even not-so-simple) PLC. 
Presumably all you'd need, they rea
soned, was the right interfacing cir
cuitry - suitably isolated, to protect 
the PC from possible damage - and an 
appropriate PLC emulation program. 
Why, you might even be able to write 
the program in a simple language like 
BASIC ... 

New applications 
Of course there's no reason at all why 

this can't be done. A PC can be used to 
make a very practical PLC, and often 
for a lot lower cost than a dedicated 
industrial PLC. Which opens up appli
cations of PLCs in all sorts of areas, 
formerly regarded as too modest to jus
tify the cost of using them. 

For example they can now be used in 
home and business security systems, 
for industrial process control in small 
and impecunious companies, to auto
mate laboratory experiments, to auto
mate quality control and equipment 
testing, and even for 'hobby control' 
applications like automating a model 
train layout or controlling a garden wa
tering system. 

All that's needed, for most of these 
applications, is to provide the PC with 
the right interface and software. 

For a couple of years now, Mel
bourne firm Procon Technology has 
been marketing a range of I/O interfac
ing cards for this very purpose. De
signed and manufactured at the 
company's plant in Mount Waverley, 
the boards are solidly made and in-
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tended to connect up externally to a 
standard PC (or a dedicated micro), via 
a parallel printer port. They then pro
vide a set of isolated inputs and out
puts, to allow the PC to sense the status 
of, and also control external devices. 

Isolated inputs, outputs 
An example of the Procon range is 

the PC-IO-NR board, which provides 
eight 24V nominal (lOmA) DC/AC 
digital inputs, each fitted with opto
couplers for isolation rated at lOOOV 
RMS. It also provides eight outputs, 
each with an isolating relay fitted with 
SPOT contacts rated at HOV AC/30V 
DC and 0.3A AC/IA DC. 

The PC-IO-NR is also provided with 
a set of DIP switches, which are used to 
give each board a unique address. This 
allows up to seven boards to be con
nected to a single printer port, or as 
many as 15 boards to a slightly modi
fied port, to achieve up to 120 isolated 
inputs and outputs. 

Other features of the board include 
built-in contact debouncing and filter
ing on the inputs; a set of LEDs to indi
cate the status of the individual inputs 
and outputs, as well as the status of the 
board itself; a 'fail safe' design, which 
ensures that faults generally cause out
puts to assume the 'off' state; sturdy 
screw terminals for all external inputs 
and outputs; and the availability of ver
sions to operate from different nominal 
input voltages and power supply 
sources. 

Another range of Procon I/O boards 
designated PC-IO-DK/I is intended for 
heavier-duty industrial applications, 
being provided with inputs and outputs 
isolated to 4000V RMS, and plug-in 
output relays capable of switching 



The basic Procon components necessary to convert your PC Into a PLC: an Interface card, cable and software package. 

380V AC/125V DC at lOA (resistive 
load). 

When initially released, the Procon 
boards were supplied with a 5.25" 
floppy disk containing a set of demon
stration programs and utilities for use 
on any 'PC/XT/AT or compatible. As 
well as allowing the boards to be 
tested, these allowed the inputs to be 
sensed and the outputs controlled from 
most commonly-used programming 
languages - including OW-BASIC, 
IBM compiled BASIC, Borland's 
TurboBASIC and TurboPascal, 
Microsoft's QuickBASIC and the same 
firm's QuickC. 

The latest version of this software 
also provides support for Microsoft's 
Professional Development System 
BASIC, V.7, and also documentation 
and support for controlling the 
'Fischertechnik' range of experimental 
models and robots, using a single PC
IO-XX board. 

Programming the boards in a lan
guage such as BASIC turns out to be 
very straightforward, as sensing the in
puts involves little more than INP state
ments directed to the printer port 
address, while controlling the outputs 
similarly involves little more than OUT 
statements to the same port. And as 
BASIC already provides combinational . 
logic functions like AND, OR and 
NOT, it isn't difficult to write the re
quired control logic for many common 

PLC applications - particularly with 
the subroutines Procon has provided. 

More recently, however, Procon has 
gone further than this. The company is 
now able to provide a dedicated and 
easy to use logic controller program
ming language, called (not surpris
ingly) 'PLC'. This allows you to 
program logic control sequences in 
graphical 'relay ladder logic' format -
as was often used to work out the wir
ing of hard-wired PLCs, and is still 
used to program many dedicated mi
croprocessor-based PLCs. 

Graphical language 
With relay ladder logic, the PLC pro

gram is 'written' and represented 
graphically as a series of symbols, as 
shown in the diagram. Each horizontal 
sequence represents a particular combi
national logic function, while the 
program's sequential logic 'flow' can 
be represented by the vertical 'ladder' 
formed by successive horizontal steps. 
External input 'contacts' which are nor
mally open (oft) are represented as a 
symbol rather like a capacitor, while 
those that are normally closed (on) are 
represented by a similar symbol with a 
'slash' between the contact 'plates'. 

External output 'relays' are repre
sented by a similar symbol with curved 
'plates', again with a slash between 
them for outputs that are normally on 
rather than off. This symbol is also 

used for the 'controlled' or input aspect 
of an internal intermediate logic node, 
counter or timer element, whereas the 
'controlling' aspect of these internal 
nodes is shown by the same symbol as 
an external input. 

Using this simple graphical system, 
it's surprisingly easy to represent (and 
program) even fairly complex combi
national logic functions. An AND func
tion is produced just by showing the 
relevant input symbols wired in 
'series', so that the function's output 
(over on the right-hand end) is acti
vated only when all of the inputs are 
on. Similarly an OR function is pro
duced by showing the relevant input 
symbols wired in 'parallel', so that any 
one alone can activate the output. 

A number of separate 'horizontal' 
logic functions can be used to synthe
sise a complex combinational function. 
And as the output(s) from these combi
national logic functions can be made 
the input(s) to others - either directly, 
or via an internal timer or counter ele
ment, it's also fairly easy to program 
quite fancy logic sequences ... 

In short, programming a PLC in this 
'language' is little more than drawing a 
fairly simple logic diagram, with anno
tations to identify external inputs, inter
nal nodes and other functional elements 
like timers and counters, and external 
outputs. 

Procon 's PLC software is now avail-
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PLC package 
able as Version 2.5, which runs pro
grams at between 4 and 5 times faster 
than previous versions and provides 
such features as on-screen program
ming, program editing and real-time 
display of program status while run
ning. It also allows you to edit pro
grams while they're running, so that 
you can adjust time delays or correct 
logic errors 'on the run'. 

In addition, PLC Version 2.5 now 
provides a memory resident program 
called 'IOSCAN' which can be used to 
vary the software's 'scanning' rate (i.e., 
how fast it scans the external inputs 
and outputs), up to 300 scans per sec
ond; a set of eight internal delay timers 
(0.1 second to 24 hours), and eight in
ternal pulse down-counters (which can 
be preset from 0 up to 99,999); the abil
ity to 'force' any internal/external logi
cal input or output to either the on or 
off state, or alternatively 'unforce' it 
(with 'unforce all' and 'search' func
tions as well); the ability to operate 
with either mono or colour monitors; 
and a 'shell to DOS' function to allow 
both the PLC editor and the program 
being run to remain in memory, while 
another application is run. 

There's also a 'run time' version of 
the program called 'PLCEXE', which 
can be used to run your program i11 
background mode, while you 're using 
the PC for something entirely different 
like word processing or running a 
spreadsheet. 

Starter Pack 
To help people get started in using 

their PC as a logic controller, Procon is 
currently marketing a 'PLC Starter 
Pack'. This consists of a PC-IO-NR-
12VAC board, a Im-long interconnect
ing cable with a DB-25 plug to match a 
standard PC printer port socket, one of 
Procon's modified printer port cards 
(which allows you to control up to 15 
PC-IO-XX cards, if desired), the PLC 
software and an instruction manual. 
This sells for only $450, including tax, 
which seems good value for money. 

Peter King of Procon was kind 
enough to send us one of his Starter 
Packs for evaluation, so we were able 
to try it all out. 

With the PC-IO-NR-12VAC board 
you have a choice of three possible 
power sources-9-12V AC, 9-16V un
regulated DC, or regulated +5V DC 
which can be derived from the PC it
self. In fact the 'PA- BUS' printer port 
card supplied as part of the Starter Pack 
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What a PLC program looks like, In •relay ladder logic'. Each horizontal /Im 
represents a combinational logic function, while the output of one function cat 
be used as an Input to others, to facilitate sequent/al logic. 

has a banana socket added to the back 
mounting bracket, connected to the 
+5V rail on the PC's IO bus, for power
ing the card. However we elected to 
run it from a separate + 12V DC supply, 
just to ensure that there were no prob
lems with overload of the PC's supply. 

Procon advises in the manual that it's 
advisable to use its own PA-BUS card 
port instead of an existing 'normal' 
printer port, not just because it can run 
15 1/0 boards and also has the +5V 
output socket, but also because it has 
pull-up resistors wired to all of the port 
input lines. Apparently some of the 
cards available don't provide pull-up 
resistors on all input lines, and this can 
cause problems - particularly if a long 
cable is used between the PC and the 
1/0 card. 

Despite this, and bearing in mind that 
the Starter Pack has only a single 1/0 
board and uses a cable only Im long, 
we decided to try using the PC's exist
ing port. As it happens, everything 
worked fine, so there wasn't any need 
to use the other card. 

First of all we tried accessing the 1/0 
board's inputs and outputs from a few 
simple BASIC programs, just to get the 
feel of doing things this way. This 
worked without any problems, so we 
then fired up the PLC software and 
tried running some of Procon's demo 
programs. 

These worked fine too, so then after 
consulting the manual we tried 
'writing' a couple of simple programs 
using the PLC editor. Nothing fancy, 
just a few simple logic functions to get 

the hang of it. And these worked too, 
eventually. 

I must confess that it took us a while 
to work out a few aspects of program· 
ming in PLC's relay ladder logic - es· 
pecially things like how to put i11 
vertical lines, to produce OR functions, 
and how to get the right result with a 
timer or pulse counter element. We 
eventually worked this out, but no 
thanks to the manual; this seemed to be 
written for the earlier version of PLC, 
and didn't really explain how to 'drive' 
the features that have been added for 
Version 2.5. 

This apart, however, we found the 
PLC Starter Pack a nicely thought-out 
and well made package. It certainly 
provides an elegant way to use your PC 
as a logic controller, with the flexibility 
of being able to write programs in ei
ther a conventional 'computer' pro
gramming language like BASIC, or in 
relay ladder 'logic language' using 
PLC. 

The latter option will just be some
what easier, when Procon revises its 
manual to include the new features in
cluded in PLC Version 2.5 ... 

Once this is done, the Starter Pack 
will provide an excellent way not only 
to learn about PLC's and their opera
tion, but also to use your home or of
fice PC as a logic controller. 

For further information on either the 
PLC Starter Pack, the PC- IO-XX inter
face boards or the PLC software pack
age, contact Procon Technology, PO 
Box 655, Mt Waverley 3149; phone 
(03) 807 5660. • 
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PROGRAMMABLE CONTROL 
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NEW VERSION OUT NOW! INCLUDES FORCED 1/0 AND COUNTERS 
Programmable control from your IBM ·PC or compatible? Imagine being able to write and test logic control programs as easily 
as switching on a light bulb. Procon Technology has done just that with its PLC version 2.0 software. This program provides 
a relay ladder logic style of programming - shown above - that's easy to learn and easy to understand. What's more, it's the 
style of language used in mi:ltitudes of industrial controllers worldwide! 

Together with our 1/0 board, this 
software turns your PC at home or in 
the office, school or laboratory into a 
powerful, yet flexible, programmable 
controller. Your computer becomes 
the centre of the control system - it 
monitors the inputs, scans and solves 
logic and performs other special func
tions to determine and set the output 
conditions. 

The PLC editor facilitates the entering, 
deleting and altering of comments and 
ladders off-line or on-line. On-line edit
ing allows modifications to be made to 
the program without disruption to the 

The NR-12V AC 1/0 board is mounted 
externally (up to 30 metres from the 
computer) and provides 8 isolated 12 
Volt ~C or DC inputs and 8 inde-

control operations. E.g. You could ad
just a time delay, correct a logic error 
or add more functions whilst the 
program continues to run - uninter
rupted. 

Unlike other programming langua~es, 
PLC version 2.0 also provides real-tune 
indication of logic conditions con
tinuously on the screen - again with no 
interruption to program execution. 
Each closed contact or activated output 
is highlighted on the screen and each 
timer's remaining duration is displayed. 
Monitoring and debugging control 
programs couldn't be easier! 

pendent relay outputs. LED indication 
ts provided on all inputs and outputs 
and all connections are via screw ter
minals. The system is capable of ex
panding to 240 J/0 from one PA-BUS 
card inserted into a single card slot in 
the computer. 

Other 1/0 options are available, includ
ing an industrial version. The 1/0 
boards may also be controlled from 
other high-level languages. 

Once a program has been debugsed, it 
can then be loaded for execution in 
background whilst the computer is 
used for other things (such as word
processing or spreadsheets). 

With additional 1/0 boards, numerous 
PLC application programs may run in 
the background providing an economi
cal means of controlling many different 
items of equipment. 

Applications include: Home or busi
ness automation and security systems, 
model control, laboratory automation 
and educational and training needs. 

VISA, BC, MC accepted. 

PHOCONtechnology 
9 Wendover Crt. 
P.O. Box6SS 
Mt. Waverley, Vic 3149 

Phone: (03)8075660 
Fax: (03) 5620503 



Computer News 
and New Products 
Libra to distribute 
Acer monitors 

Acer Computers has given Libra 
Electronics the distribution rights for 
'Acerview' colour monitors. 

The first monitors available are 
Acerview 31, with 640 x 480 resolu
tion in graphics mode, and Acerview 
33 with a maximum resolution of 
1024 x 768. 

Both feature 14", 0.28mm dot pitch, 
high resolution, non-glare etched 
screens, and support modes ranging 
up from compatibility with VGA as 
the basic minimum. 

Plans for even more advanced 
monitors are already in place. 

For more information, circle 161 on 
the Reader Services Coupon or con
tact Libra Electronics, 552 Church St, 
North Parramatta 2151; phone (02) 
890 1704. 

Labtech expanded 
memory support 

Labtech software for the DOS 
operating system is no longer 
restricted to its previous 640KB limit. 

Most of the data structures as
sociated with blocks or channels and 
all the buffers are now stored in 
LIM/EMS expanded memory. 

This means that larger setups are 
possible even though the buffers are 
now limited to 16KB-larger than 
most buffers need to be. For the Lab
tech Notebook, Labtech Control and 
Labtech Acquire software packages, 
EMS memory makes possible larger 
setups with more free DOS memory 
for other applications.These packages 
are sold and supported by Priority 
Electronics. 

For more information, circle 162 on 

the Reader Services Coupon or con
tact Priority Electronics, 23 Melrose 
St, Sandringham 3191; phone (03) 
521 0266. 

New IBM printer 
IBM has released the ExecJet 

printer which is a very quiet (only 
49dBA while running) wide-carriage 
printer using state-of-the-art ink-jet 
technology. 

The printer boasts better-than-laser 
resolution of 360 x 360dpi, giving 
high resolution graphics and letter 
quality printing. 

Combine this with its wide carriage 
and you have an ideal choice for 
many engineering drawings and ar
chitectural blueprints. 

For more information, circle 163 on 
the Reader Services Coupon or con-

\""'"'"'400.,1 11 

tact IBM, PO Box 400, Pennant Hills 
2120; phone (02) 634 9111. 

IBM to market Lotus 
IBM recently became a distributor 

of Lotus products throughout 
Australia and New Zealand. 

This will allow IBM to market all 
Lotus products through its dealer net
works as well as directly to its cus
tomers. 

Lotus is well known for programs 
such as Lotus 1-2-3, Symphony, 
Freelance Graphics, Agenda and the 
Ami Professional Word Processor. 

IBM provides a wide variety of 
hardware and operating system en
vironments from PC to mainframe. 
The agreement should provide both 
companies the opportunities to build 
on each other's strengths. 

DO YOU NEED A FAX MACHINE AND A MODEM? 
GET IN THE PICTURE WITH THE Also the MAESTRO 2400 XR 
MAESTRO 9600XR FAX /DATA MODEM Here's a fully-featured, Hayes compatible 1200 & 
$399 Incl tax Telecom approved 2400 bps full duplex modem for just 
price includes Fax Software for either PC or 299 (inc. tax). 
Macintosh This modem uses the latest in DSP chip set 
Send and Receive Technology and microprocessor 

control, bringing you the future today. 
Maestro Distributors - Calool St. South Kincumber, NSW 2258 Ph: (043) BB 2277 Fax (043) 88 2731 
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ser printer 
th 1000dpi 
.asermaster claims that, using the 
rboRes printer controller software 
md on its Lasermaster 1000 printer, 
can enhance the resolution by 
tldng the laser beam more agile. 
A. printer which usually works at 
iOdpi can produce a 1000 x 1 OOOdpi 
1age. 
The printer's vertical resolution is 
.nited to the 1/400th of an inch in
·emental steps that the printing drum 
.kes as it rotates past the scanning 
1serbeam. 
But by moving the laser beam itself 

fithin these l/400ths, higher resolu
ion is possible. This allows ha!f
teight, quarter-height, or other 
ractional sized dots to be used to fill 
mt the curves or diagonal lines of the 
Jrinter characters. 
· This overcomes the need for a 
bulkier and more expensive 
mechanism to provide finer incre
ments such as is found in high resolu
tion photo imagesetters. 

For more information, circle 166 on 
the Reader Services Coupon or con
tact Koseki Corporation, GPO Box 
1628, Brisbane 4001; phone (07) 
229 0466. • 

AVO ELECTRONIC SYSTEMS PTV LIMITED 

PCXT 
12 MHz CPU 
360KB FDD 
20 MB HOD 
101 KEYS KB 
MONO $1176 
EGA $1613 
VGA $1693 

PCAT 
80286 CPU 
12 MHz 0 WS 
1.2 MB FDD 
20 MB HOD 
MONO $1265 
EGA $1702 
VGA $1782 
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188-192 Pacific Hwy. (Cnr Bellevue Ave.) St. Leonards. N.S.W. 2065 

Tel: (02) 906-2655 Fax (02) 906-2735 
Training, installation and problem solving specialist 

Reliable repair and service by qualified engineer 
Full 12 months parts and labour warranty 

Introducing the 

AVO 486tor$4,860 

Intel 486/25 with 4 MB RAM, 1.2MB or 1.4MB 
voice collhard disk, NEC Multisynic monitor 

and SV GA card 

STORAGE 11 DISPLAY 11 PRINTER I [ACCESSORIES I 
20 MB Hardd1sk & card $465 00 Mono & CGA (dual) card 
42 MB VC HOD &card $680.00 EGA card 
SO MB VC Hardd1sk $1000.00 VGA card (16 bis) 
100MBVCHardd1sk $1225.00 Du~modemonrror 

200 MBESDI Hard~sk $1950.00 EGA monitor 
360 KB Floppy disk drive $130.00 VGAmonlor 
1.2MBFloppyd1skdrive $15000 NEC2ASuperVGA 
1.4 MB Floppy disk dnve $138.00 NEC 30 Mult1·sync 
ATHDDIFDDcontroller $18500 NEC4016' 

NEC5D20' 

$75.00 Panasonic9pms 
$150 00 Epson 10' 9p1ns 
$200.00 Epson 10' 24 pins 
$188.00 Starcolour 
$550.00 Epson 15' 24 pms 
$620.00 Printers swlch box 
$720.00 Printer cable 

$1080.00 Pnnterstand 
$2180 00 Tllaser 
$3630 00 HP Laser 

$350.00 12'x 12' D1gl1ser $590.00 
$380.00 Mouse with sonware $65 00 
$550.00 Keyboard draw $75 00 
$380.00 Joystick $30 00 

$1280.00 Printer stand $25.00 
$45.00 Diskette Storage Box $18.00 
$1200 360KBDDSDD1si<littel10 $1000 
$25.00 1 2 MB DSHD D1skettei10 $22 00 

call 1 4 MB DSHD D1skette110 $35 00 
cal Co·processorlrom 1250.oo 

PCSX 
80386 sx 
1024 KB RAM 
42 MB HOD 
LM = 26 MHz 
MONO $2013 
EGA $2450 
NEC2A $2640 

PC 386 
80386 - 33 MHz 
1 MB RAM 
80 MB HOD 
LM = 59 MHz 
MONO $3712 
EGA $4149 
NEC3D $4729 
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EA Directory of suppliers 
Which of our many advertisers is 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 reades, 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 State A B C D E F G 
All Electronic Components 
Altronics 
Acetronics 

Vic 
WA,NSW 
NSW 

• • • • • • • • • • 
• • • 

Dick Smith Electronics 
Electronic Brokers 
Electronic Component Shop 
Emona Instruments 

All 
Vic 
Vic 
NSW 
NSW 

• • • • • 
• • • • 

• • • • • • Geoff Wood Electronics 
George Brown Group 
Jaycar Electronics 
Pre-Pak Electronics 

All 
Eastern 
NSW 

• • 
• • • 
• 

• • • • • 
• • • • • 
• • 
• 

• • • 
Preston Electronics 
RCS Radio 
Rod Irving Electronics 
Scientific Devices 
Sheridan Electronics 
Tandy Electronics 
Wagner Electronics 

KEY TO CODING 
A Kits & modules 
B Tools 

Vic 
NSW 
Vic 
Vic 
NSW 
All 
NSW 

C PC boards and supplies 

• • 
• • 

• 
• • 

D Components 

• • • 
• • • 

• • • • 

E IC chips & semiconductors 

• 
• • 
• 
• • 
• 

F Test & measuring instruments 
G 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 following services: 
Subscriptions: All suhscription enquirie~ should be directed to: 
Subscriptions Department. Federal Publishing Co. PO Box 227. 
Waterloo 2017. Phone: (02) 693 6666 
BACK ISSUES: Available only until stocks are exhausted. Price: 
$4.50 
PHOTOSTAT COPIES: When back issues arc exhausted, 
photocopies of articles can be supplied. Price: $4.50 per project 
or $9 where a project spreads over several i~sues. 
PCB PATTERNS: High contrast, actual size trnnsparencies for 
printed circuit boards and front paneb are available. Price: $5 for 
boards up to 100 square centimetres; $10 for larger bo<Jrds. Please 
specify positive or negative. 
PROJECT QUERIES: Advice on projects i' limited to po,tal 
cor~espondence 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 available to discuss technical problems by telephone. 
OTHER QUERIES: Technical queries outside the scope of 
"Replies by Post"'. or submitted without fee. may he answered in 
the "Information 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 to New Zealand. 
ADDRESS: Send all correspondence to The Secretary, 
"Electronics Australia"'. PO Box 227. Waterloo. NSW 2017. 
Please note that we are unable to supply back issues, photocopies 
or PCB artwork over the counter. 

------~----------------------------------------------t Back Issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . Photostat copies .................................... . 
I 
I 
I . ··············································· 

I Total price of magazines/photocopies, No off issues reg .......................... x$4.50 = $ .............. . 
: including postage and handling. 
I 

I 
I Mastercard 

Cheque' /Money Order O Please tick box to indicate 
method of payment 
• Pl1·ase make payable to the Federal Publishing Company Pry Ltd 

Amencan Express J Visa , l Bankcard LJ Tick ~ 
Cara Exprry Date 

·~~~~ :1 I ITJ _I __ I ITIIIIJ 
Signature 

: Credit Card No 

:NAME 
I 
I ADDRESS 
I 

(Unsrgned Orders cannot be accepted) 

t~---~·~--~~---~-~--~~~~·.;.;.·~-~~;.;.;;.;.:-.--.·~~~SJ~~!?~-~-~·-·~·--- ..... -••••••••...-.1 
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ADVERTISING 
INDEX 

Altronics ................. 96-~ 
Anitech ................... OB 
Arista .................... 52,11 
Australian Test & Meas. . ... 80-8 
AVO Electronics ............. 14 
Choice Electric ............... 6' 
Circuit Works ............... U 
Companion Computers ...... 12'. 
Cybec ...................... 13' 
David Hall Electronics ........ 51 
Dick Smith Electronics ..... 62-65 
EA subscriptions offer ......... 2'i 
EEM Electronics ............. 121 
Electronic Component Shop .. 103 
Elmeasco ................... IFC 
Endeavour Tools ............. 38 
Federal Marketing (Books) 122-123 
Geoff Wood Electronics ....... 39 
Hitachi Sales Aust ............ 8,9 
Hycal Instruments ........... 121 
Hypec ....................... 43 
Hy-Q International ........... 38 
Icom Australia .............. 130 
IREE Australia ............... 55 
Jaycar ............ 75, CATALOG 
Kalex ....................... 74 
Maestro Distributors ......... 144 
McCubbin Electronics ......... 69 
Obiat ....................... 53 
Peter Lacey Services .......... 70 
Pioneer Marketing ......... 10,11 
Plough Book Sales ........... 121 
Priority Electronics .......... 101 
Procon Software ............. 143 
Protel Technology ........... 139 
RAAP Recruiting ........... .IBC 
Reader Service Coupon .. 115-116 
RCS Radio .................. 121 
Rod Irving Electronics ..... 31-35 
Scientific Devices ............. 95 
Tech-fast .................... 91 
Technical Imports ........... 137 
Transformer Rewinds ........ 121 
WES Components ............ 26 
Wireless Institute of Aust. . ... 117 
Yamaha Music Australia ....... 17 

This index is provided as an additional service. 
The publisher does not assume any liability for 
errors or omissions. 
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. WAY TO Go. WAY TO Go. WAY TO Go. WAY To Go. WAY TO Go. WAY TO Go. WAY To Go. 

You are hurtling alnng.at 600 · 

kmh, barely metres abnve the Indian 

Ocean, when the faintest dot on yf;)Ur 

radar screen alerts you to the presence 

of a mass 300 metres beneath the 

•\i-es. Your'pulse quickens as you 

;,~~wiftly ascertain whetherits6shorfoe • 

. WAY To Go. WAY TO Go. WAY TO Go. WAY To Go. WAY TO Go. WAY TO Go. WAY TO Go. 
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Made in the U.S.A. 

Feature 
Digits 

Resolution 

Accuracy 

Automatic Reading Hold 

Analog Bar Graph 

Battery Life 

10A Range 

Protective Holster 

3 Year Warranty 

True RMS 
Auto Min Max TM 

Relative Mode 

Price Excluding Sales Tax as at 1/10/90 

Fluke 
Model77 
3_112 Digits 

3,200 Counts 

0.3% 
Touch Hold® 

31 Segments 

2,000 Hrs 

$325 

® Touch Hold is a registered trademark of the John Fluke Mfg. Co., Inc. 

Beckman Industrial 
RMS225 
4 Digits 

10,000 Counts 
0.25% 

Probe Hold™ 
41 Segments 

1,000 Hrs 

$319 

Your best auto-ranging multimeter for other multimeters we've built over the 
the money. It doesn't happen by accident. years, it's designed for long lasting and 
It takes expertise, painstaking trouble-free use. So, go ' 
R&D, and a solid commit- visit your local dis-
ment to provide you with tributor today and 
the features you've asked for check out the new 
at a price you can afford. RMS225 digital 
When you add it all up, the new Beckman multimeter. Once you compare 
Industrial RMS225 simply outperforms it to the others, the choice 
any meter in its class. And like all the will be obvious. _.._, 

Beckn1an Industrial"" 
An Affiliate of Emerson Electric Co . 

• 
WARBURTON FRANKi =~~~:~~RNE :~~~;~::~~~~~ ~:;~~;~::~;~~~ 

A DIVISION OF BELL-I RH INDUSTRIES PTY LTD • BRISBANE Ph (07) 391 8311 Fax (07) 891 5603 
• ADELAIDE Ph (08) 354 0588 Fax (08) 352 7755 
• PERTH Ph (09) 479 4766 Fax (09) 479 4884 

Available from leading distributors nationwide 


