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If you ever measure 
current, you’ll be 
glad you chose a 
Metrix Multimeter

Have you ever accidentally pulled the test lead out of 
your multimeter? It can be particularly embarrassing if 
you’re trying to measure current.

But not if you’re using a Metrix 40 series multimeter.
The patented Secur’X feature locks the leads into the 

terminals. So they can't fall out or get pulled out.
It’s just one of the features that must make Metrix 

your first choice in hand held multimeters.
4000 count display

While most multimeters only offer 2000 counts and a 
few boast 3200 counts, the Metrix offers higher 4000 
count resolution. Metrix also feature easy reading from a 
distance with massive 12.7mm high digits.
True RMS AC or AC+DC

For complex signals such as thyristor outputs or noise 
on a de supply, true rms is essential for the measurement 
of the ac component superimposed upon the de. With the 
MX47 you can also handle ac over a 20kHz bandwidth!
Direct Temperature

The MX47 has built-in cold junction compensation and 
linearisation for K-type thermocouples. No need for an 
adaptor. You can measure up to 400°C with 0.1 °C resolu
tion.
Four year warranty

The Metrix 40 series make extensive use of SMD
technology and custom chips to provide maximum reliabil
ity. The rugged construction ensures environmental
capabilities to MIL-28800 standards for waterproofing, 
shock and vibration (excluding MX41). Adherence to 
IEEE587 standards provides additional assurances of 
safety for high voltage work while metal oxide varistors, 
PTC resistors and high breaking point capacity fuses 
protect current ranges.

true rms to 20kHz

And your investment is backed by a four year warranty!
Model Features Ex Tax Inc Tax
MX41 0.7%dc accuracy, memory, peak hold $195 $234
MX43 0.5%dc accuracy, adds waterproofing $240 $288
MX45 0.3%dc accuracy, adds 10A range $295 $354
IV1X47 0.1 %dc accuracy, adds temperature,

$380 $456

ITT Metrix 40 Series - 
Europe’s Favourite Multimeter 

ELMEASCO 
Instruments Pty. Ltd.
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Subwoofer adaptor

Adding a subwoofer to your ex
isting hifi system is easy with this 
low cost adaptor. It has adjust
able crossover frequency, plus bi
phase outputs - so you can use a 
spare stereo amp in bridge mode 
for higher power! See page 62

Passive IR detector
Need an infra-red movement de
tector for your burglar alarm sys
tem? Here's a very compact and 
economical design that's also 
easy to build and get going. Low 
in cost too, so you can afford 
one for each room. See page 68.

PCB feature
Which PCB laminate is best for 
your job? Our article starting on 
page 100 explains the characteris
tics of each main type. Other sto
ries describe PCB manufacture in 
Australia, the latest PCB prod
ucts — and how to build a vertical 
etching tank for prototype 
PCB's.

On the cover
Volunteer announcer Ruth Jor- 
dea at the mike of Tasmanian 
community FM radio broadcaster 
7RGY, in Geeveston. See our 
feature story starting on page 14, 
for more details. (Photo by Tom 
Moffat)
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Letters to 
the editor

Component supplies
Boy - you sure know how to get me 

upset!
As you know, I enjoy reading EA 

from cover to cover every month, but in 
March I nearly siezed up when I read 
your Forum article. I could not believe 
your assertion that component supplies 
were better in the 1960's than they are 
now.

You gave some examples to ‘prove’ 
your point. I would like to take you up 
on these examples:
NPO ceramic capacitors: We (Jaycar) 
only specify the NPO type when we 
source our ceramic caps. Most of the 
time we find that ‘NPO’ is no longer 
branded on the NPO type, but other co
efficients like ‘N750’ usually are. Mark
ing is a problem, but not availability. 
Incidentally Jaycar carries ceramic ca
pacitors from IpF to 0.47uF in the E12 
range of values, as well as a small range 
of high voltage ceramics - 54 discrete 
values. We also carry a mixed ceramic 
pack, and special packs of ceramics in 
bulk, by value. Not to mention mono
lithic ceramic capacitors for bypass ap
plications!
10 watt wire-wound resistors: These 
very slow moving items are still stocked 
by Jaycar, but we are reducing the 
range. We carry from 1.0 ohm to Ik, 
but some E12 values will be dropped.
Air dielectric tuning capacitors: We 
stock these in both tuning and trimmer 
types. We no longer carry the ‘ROB- 
LAN’ type 415pF tuning gang (common 
for old crystal set designs) because it 
would have to sell for about $30 - 
which we think is too dear. This infor
mation is on page 72 of the 1989 Jaycar 
catalogue, which was inserted in the 
same edition of your magazine as your 
‘Forum’ article.
‘Sturdy’ metal cases: Jim, you look back 
through rose-coloured glasses - the best 
way to get a sturdy metal case in the 
1960's was to make it yourself!

Your very magazine went to great 
pains to give detail drawings of metal
work, so it could be constructed by the 
dedicated (you can say that again!) en
thusiast. I can remember ‘Horwood’ 
cases being around, and vaguely 
remember a few others, but valve de

signs virtually necessitated custom chas
sis.

Not only does Jaycar still carry a wide 
range of Horwood cabinets, we carry 23 
other ‘sturdy’ metal cabinets. I agree 
that many metal cabinets are on the 
lightweight side (I didn't include these 
in the above) - we stock them because 
of their low cost, or the fact that many 
people actually find them OK! Over a 
dozen of these are carried as well.

We also carry a huge range of metal/- 
plastic and plastic/plastic instrument 
cases and parts storage cases as well. I 
know of no company in the 60's or 
early 70's - except perhaps Radio Parts 
in Melbourne - which carried a com
parable range.
Reduction Drives, 3-pole 8-way switches: 
Jaycar purchased the remaining stock 
from the two remaining suppliers of 
these products, some time ago. Both 
companies discontinued the lines be
cause the demand was virtually non-ex
istent. The stock purchased was put into 
Jaycar ‘Bargain Bags’. I agree that you 
would now have a great deal of trouble 
sourcing such products. These products 
were, however, much more likely to be 
used in projects of 20 years ago than 
today.

In conclusion, I think that you may 
have a point regarding the flimsiness of 
some products. Many metal cabinets are 
flimsy, and certainly many electrome
chanical components such as switches, 
pots, jacks, plugs etc., are also. Many 
of our competitors are tempted to buy 
the cheapest parts they can get. Never 
mind the quality! You don't need to 
pay much more to get a part that is 
OK, though.

Some people argue that if the part 
does the job, then the quality is good 
enough. This pragmatic approach has 
probably made for the success of thou
sands of cost-effective projects, that 
would never have got off the ground if 
they were too expensive in the first 
place - because industrial grade parts 
were specified for a consumer product.

I don't know whether you classify 
Jaycar as a supermarket chain, or not. 
We operate 8 stores in three states, plus 
mail order. It is certainly not hard to 
buy from us!

At present we carry about 5000 sepa
rate product lines - lines that an elec-
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tronics enthusiast in the 60's and early 
70's could only dream about. I think 
that it is grossly unfair to draw conclu
sions like you have in the March 
‘Forum’, based on the flimsy evidence 
of a search for a few components that 
were commonly used in the 60's but 
hardly touched today. You didn't com
plain that valves were now difficult to 
obtain!

I'm sure that I can speak for our 
many competitors as well, when I say 
that I am proud of the range of prod
ucts available to the enthusiast in this 
country.

Gary Johnston, Managing Director 
Jaycar Electronics

Comment: Thanks for your comments, 
Gary. I agree that in many areas, enthu
siasts do have an excellent choice of 
components nowadays; much better than 
in the 1960s. But my main point was that 
in other areas, such as electromechanical 
components and metal cases, the situa
tion doesn't compare nearly as well - 
and frankly your comments seem to sup
port much of what I said, including the 
suggestion that supply availability must 
ultimately reflect demand. By the way, 
you're not suggesting that all of the 
hard-to-get bits are for building ancient 
crystal sets and valve projects, surely?

Circuit symbols
I have been following the circuit sym

bols argument with interest. I agree 
with you and most of your correspond
ents that the old, tried and true symbols 
are the ones that we should stay with.

Some of us were born and bred with 
zig-zags and curlicues, while others 
learned them later in life. The basic 
symbols pre-date electronics, so who are 
we to argue that they are wrong, inap
propriate or confusing. I would hazard a 
guess that even those who use and pro
mote the rectangles are still able to read 
old circuit diagrams without confusion.

All of which makes me wonder about 
your plea for conformity, when you are 
desperately trying to introduce the 
nanofarad and (God forbid!) millifa
rads.

There was a time when we used mmf 
for ‘Micromicrofarads’, a clumsy if rea
sonably accurate term for a million-mil
lionth of a farad. This was later changed 
to picofarads, or pF pronounced ‘puff’. 
The change was adopted very quickly 
because only the name changed - not 
the values. What's more, it was easier 
to say and write.

There was a time, too, when microfa-
Continued on page 127

Editorial 
Viewpoint

Pay TV - inevitable, 
but later or sooner?

Having recently read the report by the Department of Transport and Com
munications on ‘Future Directions for Pay Television in Australia’, itself 
rather equivocal and unenthusiastic, I was interested to see a recent story in 
the Sydney Morning Herald reporting that the existing commercial TV net
works are concerned about the likely adverse effects of pay TV on their reve
nue. Apparently one network has already decided to argue against its intro
duction, on this basis, while the others - and FACTS as a whole - look like 
conceding its inevitability, but pushing for both a delay on its introduction 
and a prohibition on it carrying any advertising.

I can understand that the existing commercial stations and networks would 
be worried. Any addition to the current modest range of available viewing 
choices must inevitably reduce their viewer base and hence revenue-earning 
potential, regardless of whether the additional viewing channels are able to 
carry advertising or not. And I guess that the presence of additional ‘media’ 
may also provide further competition for programme material, adding to pro
duction costs.

But the fact remains that Australian viewers now have a considerably 
smaller range of viewing choices than is available in a number of other coun
tries (now including those in Europe), where viewers have effectively ‘voted 
with their wallets’ in favour of those greater choices. Whatever one may 
think of some of the programme material presented via the additional 
choices, it's probably inevitable that we will get them too, sooner or later.

Why should it be sooner? Because if we delay yet again, this will be one 
more area in which Australia will be a technology follower rather than a 
leader. And as a very perceptive Telecom executive recently pointed out to 
me at a press function, it's the technology leaders who end up as exporters, 
and the followers as importers. Small wonder that we've been nett importers 
in some many areas, and ended up with such chronic balance of payments 
problems.

We probably still have the opportunity to become a leader in the pay TV 
area, by pioneering the use of optical fibre cable for the reticulation of pay 
TV, music, news and data as an integrated part of the next revamp of the 
telephone/fax network. But we'll have to get cracking, if we're not to miss 
this boat as well.
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What’s New In ç p
Entertainment Electronics

New Akai AM/FM stereo tuner
Akai’s new ‘flagship’ AT-93 AM/FM 

stereo tuners offers automatic operating 
modes for those who simply want to sit 
back and listen to optimum FM recep
tion.

The unit’s automatic features include 
two antenna inputs for deciding which 
of the two antenna inputs provide the 
best signal; selectable wide or narrow IF 
modes for improved channel selectivity; 
stereo blend facility to reduce noise 

from a weak stereo signal; and a high- 
cut filter to further reduce noise and in
terference. These automatic facilities 
can simply be overridden by a manual 
operation. All these features are con
trolled by the AT-93’s internal micro
processor.

Additionally a unique sequential sta
tion-call function allows for automatic 
selection of up to three different sta
tions. This allows desired stations to be 

memorised and then recalled when the 
tuner is turned on via a timer.

The AT-93 uses dual-gate MOSFETS 
in the RF stage for greater sensitivity 
and a phase-locked-loop, quartz synthe
sised tuning system. All modes of 
operation are clearly indicated on an 
easy to read fluorescent display.

The AT-93 has RRP of $1,099.00 and 
is available only at selected Akai deal
ers and stores.

‘Audiophile9 CD player from Marantz
A new compact disc player from Ma- 

rantz is claimed to set new standards in 
construction and features in its price 
class.

The CD85 inherits many of the design 
concepts pioneered in Marantz’s widely 
hailed $5,999.00 three-piece CD12 and 
its $1,699.00 CD94 flagship models.

The CD85 will sell in Australia for a 
recommended $1,299.00. It features 
twin 16-bit digital-to-analog converters, 
with four-times oversampling.

Other features designed to give the 
CD85 ultimate sonic purity include:
• An ultra-compact single-beam piv

oted laser which ensures accurate 
tracking and eliminates acoustic feed
back problems.

• Marantz’s High Resolution circuit 
philosophy, which involves refine
ments like double-thickness copper 
tracks on circuit boards, and the use 
of expensive, custom-designed ca
pacitors and other components for 
superior low-noise performance.

• Four independent power supplies to 
keep digital and analog sections to
tally isolated, preventing digital noise 
from reaching the analog stages.

• A diecast chassis and copper-plated 
rear panel to eliminate vibration 
problems due to electro-magnetic 
coupling.

• Gold-plated output sockets for opti
mum signal transfer to the amplifier 
and long-term protection against sig

nal deterioration. For the ultimate in 
sonic purity, an optical digital output 
is also provided, allowing amplifiers 
with this provision to be linked via 
optical fibre cable.

A full-function remote control allows 
armchair programming with direct ac
cess to 99 tracks and a 20-step memory 
which can program by track, index 
point or time. The remote can also be 
used to control volume.
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Hybrid ribbon/dynamic speaker from Dali

Compact ceiling 
speaker & grille

Over the last ten years there has been 
a dramatic increase in audio sound sys
tems in public and commercial build
ings. The ‘Industry Standard’ loud
speaker used in these systems has tradi
tionally been the 200mm (8") type with 
plastic louvred ceiling grille. But there 
has been a recent trend away from the 
200mm type to smaller, hence less con
spicuous, 100mm (4") models.

It is therefore timely that Altronics 
has released its new wide range 4" 
driver, together with an attractive 
matching ceiling grille. The new driver, 
designated CO626, is rated at 15W 
RMS. It has excellent mid range ‘pres
ence’ and is very efficient with a sensi
tivity of 96dB/l watt/1 metre.

A pair of these drivers mounted in 
your gamesroom or den ceiling will also 
make a low cost set of extension speak
ers for the hi-fi system.

A version fitted with a 100V line 
transformer is also available for Com- 
merical PA and background Music Sys
tems. This is designated C2006, the 
transformer being tapped to allow 
speaker load of 0.5, 1, 2 and 4 watts 
RMS.

The injection moulded ceiling grille 
has push-in flush caps to hide the fixing 
screws.

Further information is available from 
Altronic Distributors, 174 Roe Street, 
Perth 6000 or phone (09) 328 2199.

The new ‘DaCapo’ loudspeaker sys
tem from respected Danish firm Dali is 
apparently the first of a series of ‘panel’ 
systems, which Dali calls its Dipole Dis
persion Series.

The DaCapo is a hybrid design, incor
porating a 200mm (8") electrodynamic 
bass driver and an ultra-thin ribbon 
midrange/tweeter element 1016mm (40") 
long by 19mm (3/4") wide. Dali claims 
that this represents the first successful 
integration of the two divergent driver 
principles into a single, musically coher
ent system, and has applied for patents 
covering various novel aspects of the 
design.

System crossover frequency is 450Hz, 
and the woofer ‘drives’ a large mem
brane (area 3 square feet) via a small 
captive column of air to give bass dis
persion characteristics similar to the ‘di
pole’ pattern of the ribbon element at 
higher frequencies. System resonance of 
the sealed bass enclosure is 50Hz, with 
a Q of 0.8.

The polyester foil ribbon in the 
midrange/tweeter has three current 
paths, giving an impedance of 4 ohms. 
Only 36 microns thick and weighing 0.7 
grams, it is rigidly supported in a 16kg 
yoke frame. A linear phase third-order 
crossover network is used, together with 
linear-crystal oxygen-free copper inter
nal wiring.

Power rating of each DaCapo speaker 
is 80W, with a rated frequency response 
of 50-20,000Hz +/-3dB and a sensitivity 
of 87dB/lm/lW (2.83V). External di
mensions are 1200 x 500 x 150mm.

Recommended retail price is $3990 
per pair, and further information is 
available from Dali distributors Scan 
Audio, of 52 Crown Street, Richmond 
3121 or phone (03) 429 2199.

Audio/video receiver from Vector Research
Vector Research’s AM/FM 

Audio/Video receiver, the VRX-5200R, 
has the convenience of infrared remote 
control, plus a well-thought out design 
that gives more features at a very com
petitive price.

The VRX-5200R features 20 radio 
presets accessible via remote, pro
grammed to either FM or AM as one 
wishes. In FM tuning, one can switch 
independently to mono reception and 
interstation muting.

Unlike other audio/video receivers 
which automatically default to the last- 
used mode, the VRX-5200R defaults to 
manual tuning. Other features of the 
unit are a 3-LED signal-strength ‘meter’

to help orientate an antenna, a discrete 
output stage (with separate transistors 
to give distortion free music peaks and 
plenty of dynamic headroom), and a 
heavy duty power transformer for stable 
performance and extended reliability.

Tone controls feature approximate ad

justment range of ±10dB at 10kHz for 
the treble, ±9dB at 1kHz for the mid
range, and ±15dB at 20kHz for the 
bass.

For further information contact NZ 
Marketing, 8 Tengah Crescent, Mona 
Vale 2103 or phone (02) 997 4666.
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PCBreeze II
Entertainment Electronics

PCBreeze is a sophisticated tool for design
ing Printed Circuit Boards. It allows a board 
to be created, viewed and modified on an 
IBM compatible computer.

PCBreeze has been designed with ease of 
use in mind. Most commands are at most 
two keystrokes away, with additional infor
mation asked for explicitly. A pop up menu 
system is available. The menus make 
PCBreeze easy to learn and use but does not 
hinder the experienced user.

The system uses a 50 mil (1.27 mm) grid. 
This resolution is more than enough for 
most tasks. It has two layers for the artwork 
as well as text and component overlay. 
With board area sizes of up to 400 square 
inches there is plenty of room to work.

There is a variety of common pad and line 
sizes to choose from. Also standard is a DIP 
and SIP command to put down these pad 
patterns. User defined pad patterns may be 
saved and used as libraries later.

Included in PCBreeze is an Autorouter. 
This will lay down a track between two 
points marked out by the user or accept a 
netlist.

Hardware Supported
IBM PC/XT/AT/PS2 or compatible 
CGA, EGA, VGA and Hercules graphics 
HP-GL, DM-PL, Roland Plotter Output 
Postscript, Epson FX/LX/LQ Printers 
Microsoft Mouse

$295
Kepic Pty Ltd

4 Steinbeck Place 
Spearwood 6163

Western Australia
Ph: (09)418 5512

Dealer Enquiries Welcome

‘Digital’ amp sells for under $1500.00
Very few true ‘digital’ amplifiers have 

been released in Australia. One of the 
few is the Marantz $5,999.00 PM95, 
which created enormous interest among 
reviewers and audiophiles when it was 
demonstrated by Marantz design chief 
Ken Ishiwata in Sydney last November.

Now it has been joined by the 110 
watts-per-channel (DIN) PM75, sporting 
many of the same innovative features - 
but selling for a recommended 
$1,499.00.

Like the PM95, the PM75 has inbuilt 
D-to-A circuits built to the same exact
ing standards as Marantz’s state-of-the- 
art compact disc players. Novel jitter 
elimination circuits, also featured in 
Marantz’s $5,999.00 three-piece Refer
ence CD 12 compact disc player, are 
claimed to banish distortion across the 
entire bandwidth.

Precision matched 
dual pots for audio

Local amplifier designer and manu
facturer Peter Stein, of ME Sound has 
found it necessary to source specially- 
made ganged pots for the controls in his 
firm's range of high-quality stereo 
amps, because those available had 
poorly matched elements - which intro
duced unacceptable changes in balance, 
etc. Having had to commit his firm to 
fairly large orders from the manufactur
er, to get suitable precision matched 
parts, Peter is now in a position to 
make them available to both other 
manufacturers and discerning home con
structors.

The pots are made by Alps Electric in 
Japan, and are produced by automatic 
laser trimming of the rearmost resist
ance element over its full length, to 
match closely the value of the front ele
ment for each angle of rotation.

Two models are available. The VR- 
50KB stereo volume control has two

The PM75 can be connected to a 
compact disc player or other digital 
source either by electronic digital cables 
or by optical fibre cables.

The amp has one optical and three 
electronic digital inputs, and one elec
tronic digital output. Analog LP record 
lovers aren’t forgotten, however. The 
amplifier features a phono input with 
moving coil option. Tone controls are 
provided, but they can be bypassed to 
ensure the best possible reproduction.

Linear Drive power supply and High 
Resolution circuits - features of all Ma
rantz amplifiers - ensure constant high 
current supply, even when driving diffi
cult speaker loads, and boost the stereo 
image to very high levels.

The PM75 also comes with remote 
control for armchair listening.

50k log taper elements, matched within 
1.5dB from 0 to - 60dB. It has a 315° 
rotation angle, no detents, a 15mm 
bushing with 10mm long 6mm diameter 
shaft and PCB terminals. The VR- 
100KD stereo balance control has two 
100k complementary M- and N-tapered 
elements (full R for 50% of rotation), 
with a single detent at the centre of its 
300° rotation. Tracking error is less than 
2dB from 0 to -70dB, with mechanical 
specs the same as for the VR-50KB.

Both parts are available for $29.00 
each, plus 20% sales tax in single quan
tities, with discounts for quantity pur
chases. Further information is available 
from Speaker Technologies, PO Box 50, 
Dyers Crossing 2429. Phone 
(065) 50 2254, or fax (065) 50 2341. ®
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HAMEG
Instruments

Professional Instruments for Professional People
Digital Storage Scope 
HM205-2:
This truly innovative feature- 
packed scope provides digital 
storage capability with 5 MHz 
max. sampling rate — all at an in
credibly low and unbeatable 
price. “High-tech” digital storage 
you can afford!

Graphic Printer 
HM8148:
A hardcopy of your stored screen 
display at the press of a button. 
In less than 15 seconds!
Use it also for automatic data ac
quisition at programmable times 
or intervals. The intelligent firm
ware provides automatic 
date/time and zoom function, 
min./max. interpretation, and 
linear interpolation.

Modular System 
HM8000:
A full range of space-saving, in
terchangeable plug-ins — profes
sional but low in cost!
Multimeter, function-, pulse-, sine 
wave generators, counter/timers, 
distortion-, milliohm-, LCR- 
meters, power supply... Plug 
them in as you need them — and 
save!



‘Surround Sound’ processors:

Cinema sound 
- in your home
Audio processors that make your home living room sound like a big downtown 
cinema - will these be responsible for the next consumer market boom?

by IAN GRAHAM

When you watch a movie in a large 
city cinema, the soundtrack assails you 
from all directions. The dialogue comes 
mainly from the front of the theatre, 
while the music and sound effects blast 
from a battery of speakers alongside 
and behind the audience. A shout from 
the left, an explosion to the right, an 
aircraft screaming overhead towards the 
rear left emergency exit - it all helps to 
place the audience in the middle of the 
action.

But when a video tape of the same 
film is played at home, the three-dimen
sional sound experience is lost. Even a 
stereo video recorder and television set 
can't do it justice. That being so, it 
might surprise you to learn that when a 
movie is released on video, the informa
tion used by the cinema sound system 
to separate out the various audio chan

nels and feed them to the cinema's im
pressive array of loudspeakers is trans
ferred onto the humble video tape along 
with the film.

Although the home video recorder 
and television cannot decode the audio 
channel information on the tape, a sur
round sound processor can. Sound proc
essors capable of recreating cinema
quality sound in the home from ordi
nary pre-recorded video tapes of movies 
are now beginning to come onto the 
market. Prices are still relatively high 
for the best processors, but hi-fi ampli
fiers and even video recorders with 
built-in surround sound decoders are al
ready becoming readily available.

Two into four
Most movie sound is recorded in 

Dolby Stereo. Although it's called 
Dolby Stereo, the tape's two audio 
tracks contain enough information to 

decode four audio channels. The sim
plest processing system, called Dolby 
Surround, creates four channels from 
the two on the tape by a rather rudi
mentary technique. The left and right 
channels are fed to the left and right 
speakers. The two input channels are 
added together and fed to the centre 
front speaker. Signals that are in phase, 
such as dialogue, are reinforced by this, 
while out of phase signals are attenuat
ed. The out-of-phase signals largely lost 
from the front channel are fed to the 
rear (surround) channel.

This rather crude signal processing 
means that any sound is heard from at 
least three speakers, and is therefore 
less precisely directed than in the cine
ma. In fact, some Dolby Surround proc
essors do away with the centre front 
speaker altogether and reduce the sys
tem to three channels - left, right and 
surround. For convenience, so that the 
system can be set up with two stereo

The Toshiba XB1000 combines a 16-bit four channel sound processor with a 50W four channel amplifier. It has eight 
preset sound modes including Dolby Surround.
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The Lexicon CP-1 from the United States features four sound modes each with three options. In addition to these 12 
preset modes, which include Dolby Pro-Logic, the CP-1's memory can store up to a dozen settings keyed in by the
user.
amplifiers, this version of the system 
uses one stereo amplifier for the left 
and right channels and a second stereo 
amplifier for two identical surround 
channels. A 20 millisecond time delay is 
also inserted between the main left/right 
and surround channels. Separation be
tween right and left channels or front 
and surround channels is quite good, 
but separation between either side and 
centre or either side and surround is

Fig.1: The original movie soundtrack 
has four channels - one for dialogue 
and three for music and sound 
effects. These are combined into two 
tracks when the movie is transferred 
onto domestic video tape.

Fig.3: A sound intended to be heard by the left ear only is also heard by the 
right ear, a fraction of a second later. It can be removed from the right ear by 
sending a cancelling signal. This is called first order correction. However, the 
correction signal itself may be heard in the left ear, so a further correction 
signal may be necessary - second order correction. Higher orders of 
correction produce more accurate sound steering.

AV amplifiers
Some Dolby Surround decoders are 

available as separate add-on units, but 
most are built into audio amplifiers or 
‘AV amplifiers’ (amplifiers capable of 
switching both audio and video signals). 
Amplifiers with built-in surround sound 
decoders normally also have two extra 
channels of 30W output rating, or there
abouts, to drive the surround speakers. 
And the companies that market sur
round amplifiers normally offer small

Fig.2: The most basic surround 
sound processors cannot separate 
the four channels sufficiently to 
recreate the cinema soundtrack 
accurately. Any sound comes from at 
least three speakers.

surround speakers as optional extras.
Although Dolby Surround does offer 

a significant improvement in video 
sound quality, it clearly doesn't recreate 
the sound field generated in the cinema. 
A more sophisticated processing stand
ard called Dolby Pro-Logic comes closer 
to the professional cinema system. Pro
Logic boosts the dialogue sent to the 
front speaker and removes it from left 
to right. If a sound is intended to be 
heard on one channel only, Pro-Logic 
removes it from the other channels by 
superimposing a cancelling signal on 
those channels. The cancelling signal is 
merely an inverted copy of the original 
signal. When the two are combined, the 
result is destructive interference - i.e., 
silence.

Similarly, if a sound is intended to be 
heard somewhere between the speakers, 
Pro-Logic balances the signal strengths 
of the various channels to make the 
sound appear to come from thin air at 
the intended position. This ability to 
steer sounds around a room is Pro
logic's great strength.
Delaying tactics

The system's electronics must react to 
incoming information from the tape in 
real time, sensing phase and loudness 
relationships and adjusting signal output 
levels before the sound has to be passed 
to the speakers to keep pace with the

MAIN

SIDE

CE Œ

CENTRE FRONT

REAR 
(SURROUND)

Fig.4: The best speaker arrangement 
for both music and cinema 
soundtracks. A sub-woofer can be 
added, beside or underneath the 
centre-front speaker.
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Cinema sound
picture. If the processing should take 
longer than this, the sound would be 
heard before the on-board logic began 
to steer it, presumably producing some 
very odd and nightmare-ish effects. This 
places very demanding limitations on 
the time available for signal processing.

Some decoders buy extra time for sig
nal processing by deliberately delaying 
the whole signal by up to 20 millisec
onds. It seems a lot, but it's about the 
same delay as one would experience in 
the front row of a cinema - so the lag 
between picture and sound is quite ac
ceptable.

Badly recorded source material can 
cause problems. Any misalignment of 
the playback heads or the film when the 
movie is transferred from film to video 
tape can produce small time differences 
between the two audio tracks. Errors of 
up to 50 microseconds are common, and 
the time difference between the tracks 
may vary as the tape plays.

Fifty millionths of a second doesn't 
sound much, but especially at high 
audio frequencies even this tiny error 
can produce significant differences in 
phase between channels. As the 

decoder uses these phase relationships 
to determine where sounds should be 
steered to, errors in phase will produce 
incorrect steering.

There are three ways of overcoming 
this. Cutting the treble in the surround 
channel, where steering errors are likely 
to be the worst, masks any differences 
between them and the other channels. 
Alternatively, deliberately narrowing 
the separation between left and right 
channels subjectively reduces any treble 
differences between them.

The best Pro-Logic decoders can de
tect and correct these input errors, so 
that even defective software can give 
satisfactory results without the need to 
cut or attenuate any part of the input 
signal. They do this by continually 
checking that the dialogue is centred ac
curately, and automatically correcting 
any errors that tend to shift it to either 
side. If it is done efficiently, there is no 
need for a balance control on the front 
panel - the processor does all the neces
sary balancing automatically.

Pro-Logic decoders are currently very 
expensive, and they normally require 
between four and eight channels of am
plification to be added together with the 
appropriate number of loudspeakers. 
The total outlay to get one of these sys

tems up and running is thus consider
able. The best of them produces as- 
toundingly realistic effects from Dolby 
Stereo encoded material.

Even the cheapest of the Dolby Sur
round decoders improves video sound 
quality significantly. In addition to 
Dolby Surround or Pro-Logic modes, 
most decoders also offer processing 
modes to deal with mono and stereo 
material that is not encoded in Dolby 
Stereo.

Whilst basic Dolby Surround proces
sors are falling in price to the point 
where they will undoubtedly enter the 
mainstream hi-fi market, Pro-logic proc
essors are still something of a toy for 
the wealthy. Judging by the activity in 
the whole surround sound area, the 
manufacturers believe that there is a de
mand for it, or perhaps that they can 
stimulate a demand for it.

Most of us have bought our video re
corders and compact disc players and so 
the industry must look for growth else
where. Surround sound could be a 
lucrative area for the industry, because 
sales of processors not only creates a 
new market in itself, but it also boosts 
sales of amplifiers and loudspeakers to 
deal with the extra audio channels in
volved. ®

CAN YOU AFFORD NOT TO OWN 

a HELPER
SPEED UP RECEIVER TEST AND ALIGNMENT WITH A

oame dependable quality and features as the LINEAR 5, with 
the following exceptions: Metering is by RMS calibrated 
average activated circuits. SINAD scale is logarithmic with 12 
. B to the left of center. 1,000 Hz output is not transformer 
isolated.
Model S-103

INC. SALES
TAX

sinadder *1

RRR$998'
N0WC74Q

The original Sinadder™. It 
revolutionized receiver test and 
alignment when introduced in 1975. In 
service by the thousands worldwide. 
Model S-101

NOW 

$516
INC. SALES TAX

DISTRIBUTED EXCLUSIVELY IN AUSTRALIA BY:
VIC/SA/TAS: 4 Meaden Street, SOUTH MELBOURNE, VIC 3705. PH: 690-9399, FAX: 699-3239, TX: AA36935.
QUEENSLAND/PNG: 433 Logan Road, STONES CORNER, OLD 4120. PH: (07) 394-8308, FX: (07) 397-8225, TX' AA36935.
WA: 25 Hutton Street, OSBORNE PARK, WA 6017. PH: (09) 446-9177, FAX: (09) 446-9110, TX: AA36935.
NEW ZEALAND: 18 Raroa Road, LOWER HUTT, WELLINGTON, NEW ZEALAND. PH: + 64 4 697 625 FAX' +64 4 697 628, TX' NZ3334

80381,1 Fl00r’GBC Buildin9’8 West Streel'N0RTH NSW 2060. PH: I»9) 957-2766, FAX: (02) 957-3821 TX'' AA36935.
OTHER OVERSEAS: 4 Meaden Street, SOUTH MELBOURNE, VIC 3205. AUSTRALIA. PH: 690-9399, FAX: 699-3239, TX: AA36935

MELBOURNE "SYDNEY "BRISBANE 
"PERTH "WELLINGTON

Vicom Group of Companies
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$ 259.66 

$ 377.85 

$519.10 

$ 394.27

Tax 

Paid 

$932.50 

$1424.00

I I

$ 35.60 $ 19.95

$ 28.50Model STI 00-30

BANKCARD. MASTERCARD, VISA, CHEQUES OR CASH CHEERFULLY ACCEPTED

$ 225.00 

$ 327 45
$ 449.90
$341.70

GFG-8015F 

GFG-2D 

GFG-8016S 

GFG-8019

BLADE SVE.LI 
BRIDGEAll prices INCLUDE sales tax.

Tax exemption certificates accepted if line value exceeds $10.00.

Tax
Free

COS-5020 $799.00
COS-5041TM $1220.58

MORE GOODIES FROM WOODIES
NEW 
PORTASOL 
GAS
Now at last 
we have 
liquefied 
petroleum 
specifically 
designed 
for use with 
PORTASOL 
gas irons. 
Reduce the 
spluttering 
and flaring 
you get with 
normal butane. 150g $ 5.95

NEW NS16550AN 
UART with FIFO

You have been asking for this 
device which is used in IBM-PS/ 
2 type applications and now we 
have the dual in line version in

PORTASOL 
PROFESSIONAL 
SOLDERING KIT

See E.A. April 88 -"an extremely 
attractive approach..." It's a gas 
soldering iron... ifs a blow 
torch...it's a hot knife...it’s a hot 
blow. And it comes in a neat carry 
kit complete with a bit wiper. No 
cords or batteries yet it gives the 
equivalent of a 10 to 60W iron. 
You can get up to 90 minutes 
average continuous use from a 
single fill. And you refill it in 
seconds using a standard butane 
gas refill. Tip temperatures as 
high as 400°C can be set. The kit 
includes one soldering tip, a hot

knife, blow torch and hot blow. 
The cap contains a flint lighter. 
The complete kit comes in a 
handy case (with stand for the 
iron) which just about fits in your 
pocket.
Porta-Sol Professional is 
$81.00
PORTASOL STANDARD 
SOLDERING IRON
Geoff has sold hundreds of 'em 
to servicemen and technicians. 
Complete and ready to use like 
the Professional but you only 
get the iron and bit $39.95.
PORTASOL TIPS
Expand the capability of your 
Portasol Iron with spare tips - 
available for standard iron in 
1mm, 2.4mm, 3.2mm, 4.8mm 
and hot knife tip. Professional

tips come in same sizes plus hot 
blow and blow torch. Tips are 
not interchangeable between 
irons, so specify Standard or 
Professional when ordering.
Tips are all $12.95 each.

NATIONAL 32000 
DESIGNER'S KIT 
Just a few more of 32032 ver
sion. With a 32082 MMU plus 
32201 Timing Control Unit, 
32081 Floating Point Unit, 
32202 Interrupt Control Unit 
and two "Tiny Development 
Systems" (TDS) PROMs. Mas
sive pack of literature Defi
nitely not for beginners $180. 
(P&P $6.00 local or $15.00 air
mail - it’s a big pack!)

stock.

WIRE WRAP
TOOLS
Missed out on the battery 
operated wire wrap guns we 
advertised last month ? Well we 
have the next best thing for you 
with this useful hand wrap tool.
HAND WRAP TOOL DELUXE -

Huge Purchase 
of Printer Cables
We goofed and now we have a 
mountain of parallel printer 
cables. This is your chance to 
take advantage of us. DB25 to 
Centronics.
During May you can get

TEN for only $ 99.50
XR-2240 CMOS 
Programmable 
Timer/Counter
This very popular timer has 
been hard to get lately but now 
we have them back in stock.

1-9$ 3.45 10up$ 3.10

30AWG

KYNAR WIRE
STRIPPER
Genuine OK wire stripper 
suitable for 30 AWG wire. 
Adjustable strip length from 20 
to 30mm.

New Low Prices 
on Kikasui 
Oscilloscopes

New Low Prices 
on GW Function 
Generators

GEOFF WOOD ELECTRONICS PTY LTD
229 Burns Bay Road, (Corner Beatrice St.) INCIN 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.

BEATRICE ST

Goldstar Meters
Have you priced 
DMM's lately? 
These Goldstar 
meters are 
outstanding value 
for money. 
DM6135 
Autoranging 
10Aac/dc $88.80 
DM6235 as above 
but with Memory 
function and Range Ho 
DM6335 as above but with Data 
Hold $118.80

METRIX METER
One only METRIX 512 DMM 
Was $190.00 reduced to clear 
$150.00

Ribbon Cable 
Opportunities 
900mm 50 way ribbon cable 
terminated one end with 50 way 
IDC socket. Would cost $$$$ 
more separately, only $ 8.20 
1 metre 50 way ribbon cable 
terminated one end with IDC 
female socket and one end with 
IDC male plug. Would cost $$$$ 
more separately, only $12.40
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'Mini' radio stations: 
key to the future?
Currently half the commercial radio stations in Australia are 
said to be losing money. After visiting a small Tasmanian FM 
community broadcaster, the author believes that its 
‘appropriate technology’ approach may be the way to ensure 
not only that commercial radio broadcasting has a future, but 
also that it provides the kind of service our communities need.

by TOM MOFFAT
I've just been reading a story in a 

Melbourne weekend paper about a well- 
known provincial radio station. A take
over by ‘out-of-town yuppies’, 25 of the 
40 staff members lose their jobs. An
other ‘local institution’ bites the dust, to 
be replaced by a ‘soul-less juke box’. Is 
this the future of local radio in Austra
lia, particularly in country areas? Per
haps not, if a ground-swell of new 
broadcasting ideas gains enough 
strength.

Pressure is mounting in rural areas of 
Australia for the government to look 
again at its broadcasting policies with a 
view to allowing the establishment of 
simple, cheap, and locally programmed 
commercial FM outlets to serve small 
communities. This is in direct contrast 
to the current trend of setting up big
smoke based networks which relay one 
program to many rural centres. Country 
people, it seems, want their own pro
grams, not ones pre-packaged for them 
in Melbourne or Sydney.

Common wisdom places big price tags 
on FM broadcast stations - $3 million 
here, $5 million there. But with a bit of 
scrimping and the application of what 
has become known as ‘appropriate tech
nology’, there's no reason why a small 
local-coverage FM station can't be put 
on air for less than the cost of a good 
used car. 7RGY, at Geeveston in Tas
mania, is a case in point.

Geeveston is about 60km southwest of 
Hobart, in the Huon Valley, which 
must be one of the most beautiful parts 
of Tasmania. Although the area is now 
considered within commuting range of 
Hobart, it has a long rural tradition and 
an intense community spirit. Geeveston 
has a high school that is central to the 
14 ELECTRONICS Australia, May 1989

district, and within it a teacher named 
Peter Johnson who has always had a 
keen interest in radio.

Although the area is supposed to be 
within the primary service area of 
Hobart's commercial AM stations, 
Peter Johnson says the reception is vir
tually unlistenable during the day, and 
swamped by mainland stations at night. 
In other words, a perfect candidate for 
a local radio station.

Back in 1978 Geeveston High School 
had started a closed circuit broadcasting 
station within the school, using studio 

The main on-air studio at station 7RGY, at Geeveston in Tasmania's Huon 
Valley. It became operational in November 1983.

equipment funded by the Schools Com
mission. Two years later the federal 
government began offering experimental 
‘on-air’ licences to potential community 
broadcasters, and a group of people in 
the Huon Valley decided the time for 
their very own radio station had come. 
But they couldn't drum up enough in
terest or finance to do it on their own, 
so it was decided to join forces with the 
school, where there was already an op
erating studio.

7RGY's first little public squeak came 
soon after, in a two day test transmis
sion over a weekend. They borrowed a 
20 year old ex-ABC television sound 
transmitter which had been tweaked 
down into the FM broadcast band. The 
transmitter was placed upon “a four 
year's supply of toilet paper in the 
school's store”, as Peter Johnson puts 
it. The antenna was a simple ground 
plane, attached to the school's roof.

With a power output of ten watts, the



7RGY volunteer announcer Ruth Jordea at work. Ruth lives on the other side 
of the Huon river, and travels 45km each way to the station.
broadcasts were clearly heard by Huon 
Valley people up to 12km away. Used 
to the scratchy signals from Hobart, the 
listeners all had a common reaction to 
the new signal: “But it's so LOUD!”. 
7RGY was on the air, briefly.

Full time operation would require a 
proper licence, and here's where the 
trouble started. The station's backers 
had to provide a ‘draft planning pro
posal’, which was then to be com
mented on by other media organiza
tions. Once the government thought a 
community radio station for the Huon 
would be a good idea, it called for for
mal applications.

Although there was only one appli
cant, the Australian Broadcasting Tribu
nal still had to hold a full hearing. So 
the entire Tribunal, complete with en
tourage, travelled to Geeveston. Even 
though there were no other broadcast
ers within VHF range of Geeveston, 
few other VHF radio services, and the 
intended power output was only ten 
watts, it was still necessary to do a full 
city-style interference survey calcula
tion. According to Peter Johnson, the 
cost of all this activity, both to the gov
ernment and the applicants for the li
cence, was enormous.

As this is being written the hearing 
procedure is underway yet again, with 
the A.B.T. visiting Hobart to consider 
applications for a commercial FM li
cence for the city. Three newcomers, 
and the two existing commercial AM 

broadcasters, are all vying for the ser
vice. The newcomers estimate that each 
of them has so far spent $200,000 to 
$300,000 to prepare their proposals. If 
any of the new companies gets the nod 
it will be up for anything up to 
$1,600,000 to establish a station.

Of course the two existing commercial 
broadcasters are resisting the newcom
ers for all they're worth. They say Ho
bart is a two station market, and there's 
no room for a third station. That is, un
less they're allowed to run it them
selves. Under ‘free enterprise’ princi
ples, an extra station would be allowed, 
and if there were only room for two in 
the market, then the two best perform
ers would survive. It will be interesting 
to see what the government decides.

But back to 7RGY. After three years 
of wallowing about in red tape, the sta
tion became operational in November 
1983. Now they've installed a commer
cially made FM exciter, still running ten 
watts, in a fire tower on Doody's Hill 
near Geeveston.

The studio has been further upgraded, 
with a larger mixer panel that was re
tired from Hobart station 7HO when 
they went stereo. There are new tape 
recorders, cartridge machines, and 
monitor speakers, all ex-ABC, bought 
at auction for rock-bottom prices. And 
there's a bank of volunteers, both stu
dents and adults, who keep the 7RGY's 
programs going out several hours each 
day.

7RGY has developed a fine record 
collection and a great sound, and if you 
didn't know any better you'd swear it 
was a fully professional, commercial 
radio station. Except, of course, there 
aren't any commercials. If, somehow, 
7RGY could suddenly sell commercial 
‘spots’ to businesses in the Huon Val
ley, and if the volunteers could then be 
paid, it might be a hint of things to 
come in rural broadcasting in Australia.

An alternative?
7RGY got its licence, but what a 

slog! There must be an easier way. 
Peter Johnson, and many of his col
leagues, feel that in rural areas at least, 
the issue of broadcasting licences for 
low power stations could be almost 
‘open slather’. Commercial licences 
should be available, as well as public li
censes.

There should of course be minimum 
technical standards to ensure clean sig
nals. But once the standards are met, 
“if someone wants to put up their 
money and open a station, it should be 
a simple matter to do it”. After all, if 
you want to start a newspaper in the 
country, you start a newspaper. If you 
go broke, that's too bad.

One thing that seems to stand in the 
way of easy country licences is the atti
tude of existing broadcasters to new 
competition. Peter feels that “they are 
supposed to be the bastions of free en
terprise, but they are only interested in 
protecting their patch”. Even, it ap
pears, if the proposed competition is on 
the very fringe of their patch, where 
they can barely be heard at the best of 
times.

Curly question time: What if, some
where down the track, licensing laws

About the author
Tom Moffat is a journalist, writer, 
and electronic designer who has had 
many years experience in 
commercial broadcasting, both in 
Australia and in the USA. In the 
1970's he says he foolishly believed 
expert advice that “FM broadcasting 
would never work in Australia”. 
Nowadays, FM licences are now 
among the most sought-after 
commodities in commercial
broadcasting. In this article Tom 
discusses some directions Australian 
radio broadcasting could take in the 
next 20 years or so, and relates a 
visit to a small Tasmanian 
broadcaster which could be an 
example of things to come.
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Mini Radio Stations: key to the future?
were loosened up, and some manufac
turer found it profitable to produce a 
low-end, ten watt, type-approved FM 
transmitter which could sell for a couple 
of thousand dollars or so?

This isn't as silly as it sounds; after all 
you can buy a 25 watt VHF 
transmitter/receiver for your car for 
much less than that. So the technology 
is there, only the market is needed.

Once you've got your transmitter, 
what else is required? A mixing con
sole, a couple of turntables, a micro
phone, a tape recorder - that would do, 
for starters.

In the USA, where licensing laws are 
not so restrictive, many country radio 
stations are operating with little else. 
They might not look too flash, but the 
listeners need never know. The listeners 
hear the music they want, and they hear 
an announcer who is part of their com
munity talking about things that affect 
them directly.

How much would all this cost? A 
small ‘recording’ mixer with good speci
fications and lots of frills like graphic 
equalizers can be had for around $500. 
There's a nice one in the Altronics ad 
in the December Electronics Australia. 
In the same ad is a smaller four-channel 
mixer that even has proper record cue
ing facilities, for $199. I've worked in 
stations using mixers like this, and they 
work just fine.

The broadcasting experts out there 
will say “But those mixers aren't profes
sional! You can't use them!” And I'll 
say “Why not?”

Our ‘appropriate technology’ broad
cast studio will also need a couple of 
low-end belt drive turntables, say $150 
each. A reasonable microphone, $50. A 
reel-to-reel tape recorder, used, say 
$300. A monitor speaker and amplifier, 
$15 ex-ABC auction. We'll of course 
need our $2000 transmitter, and for an 
antenna, a simple ground plane will do 
for starters. That's what 7RGY is using. 
Any radio ham could build one.

Add in a few other bits and pieces 
and we're probably looking at around 
$5000 to get on the air with a ‘mini
mum’ FM station. The cost of a good 
used car.

Purists who think in millions will say 
this is a silly idea, but consider for a 
moment the first FM station I worked 
in, in the USA. The building housing it 
was a Nissan hut, bought for a song 
through Army disposals. The transmit
ter was third or fourth hand; big, bulky, 
inefficient - but cheap. The mixer had 

been retired from the sound system of a 
roller skating rink.

The single turntable was home-made 
by an audio enthusiast who believed the 
only way to achieve ultimate quality was 
to belt-drive the thing with a big rubber 
band. Consequently when you turned it 
on the motor would start spinning, 
eventually followed by the heavy turnta
ble platter which would slowly acceler
ate. It would soon reach a point where 
the stored energy in the rubber band 
would sling it past the correct speed. So 
it would cycle up and down in speed, 
fighting with the motor, until everything 
stabilized about two minutes after 
switch-on.

This rather unique turntable was 
turned on in the morning and left run
ning all day, as deft fingers put records 
on and off it while it was still spinning. 
To play the record you just dropped the 
needle on it and hoped. This wasn't as 
bad as it sounds since the station played 
mostly classical music, an entire record 
side at a time. Most of the announcers 
had good, cultured radio voices, and the 
sound the station produced was not un
like that from ABC-FM today. The lis
teners never knew that the station was 
built from junk.

You may also notice that there's no 
mention of cartridge machines in our 
hypothetical ‘minimum’ station. Experi
ence has shown that it's quite easy to 
get along without them in a small sta
tion, at least in the early stages. Later 
you might get lucky. I once saw a brand 

Station co-ordinator Peter Johnson working at 7RGY's small production 
studio console.

new, unused ‘Cuemaster’ machine go 
off for $10 at a government auction 
here in Hobart.

Cartridge machines are usually used 
for playing pre-recorded commercials, 
although some stations like to put their 
most-played records on ‘cart’ for con
venience. At another AM station where 
I once worked, cartridge machines were 
seen as an unnecessary luxury. So were 
copywriters. So most times we ad-libbed 
commercials direct to air, usually off a 
newspaper advert.

You opened the mic, kept one eye on 
the clock, the other eye on the newspa
per, and then raved on for thirty sec
onds about the great specials to be had 
at Joe's Shoe Store. When Joe's next 
booking came up, you did much the 
same thing again, but scrambled up the 
order of the items. So no two commer
cials ever sounded the same. It wasn't 
slick or sophisticated, but the sponsors 
loved it. So did the listeners; ‘live’ radio 
wins every time.

7RGY's Peter Johnson raises an inter
esting question: Will a little radio sta
tion in a small country town raise 
enough revenue to pay the employees 
needed to keep it going? After all, an 
announcer with just about zero experi
ence will still get at least $20,000 a year. 
And to cover say 15 hours of broadcast 
time throughout every day...

The above-mentioned tin-pot AM sta
tion was a traditional family-owned 
small business, and it managed to sup
port eight employees and their families. 
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This was possible because everyone who 
worked there, no matter what their offi
cial job, did an on-air shift. These in
cluded the secretary, the accountant, 
the sales manager, and the station's 
owner. My proper job was Chief Engi
neer, but as well I produced a half-hour 
news service every evening followed by 
a four-hour music program.

A lot of work, all this doubling up? 
Perhaps, but we all loved it. The 
station's advertising rates were such that 
we were never short of sponsors, and 
the business gave good, secure incomes 
to the employees and a tidy profit to 
the owner.

Twenty years on, with costs skyrock
eting daily, would it still work? Well, 
that station is still on the air and some
thing must be paying for it. So would 
‘mini’ FM stations have a future in rural 
Australia, providing live, local enter
tainment and selling advertising spots 
for Fred's Used Cars in beautiful down
town Geeveston?

No way, under the present licensing 
system. But what's to stop the govern
ment introducing a ‘Class Z’ commercial 
FM licence - with the idea that the 
holder must use a type-approved 10 
watt transmitter, and sink or swim fian- 
cially.

There have been suggestions of a ‘hy
brid’ licence; public radio part of the 
day, and commercial radio for the other 
part. Already public stations are taking 
limited commercial sponsorship, but it's 
very restricted. Still, it's a start.

This whole matter raises some deep 
philosophical questions that have af
fected business efforts in Australia for a 
long time. Is it the role of government 
to prevent the establishment of a busi
ness, simply because it might not suc-

The main mixing panel at 7RGY is elderly, scrounged from Hobart commercial 
AM station 7HO after it modernised its studios.

ceed? If a business becomes shaky, 
should government move in to prevent 
its demise (as in the case of Rothwells 
in WA)? Is it the government's role to 
ensure the prosperity of existing busi
ness interests, by preventing the estab
lishment of new ones that might openly 
compete with them (as in airlines).

The ABC's 7.30 Report recently did a 
story on commercial broadcasting. They 
said that half the commercial radio sta
tions in Australia are losing money. 
And of those that are profitable, most 
are only keeping up with inflation. 
Could this be because they're trying to 
service multi-million dollar investments? 
Would multi-thousand dollar rural 
operations, scattered all around Austra
lia, be more viable? The only way we'll 

even know is if the Federal Government 
gets brave, bites the bullet, and says to 
would-be small commercial operators, 
“Go for it!”

Already, with Aussat up and running, 
so much of what we see and hear nowa
days is networked out of one central 
studio in Melbourne or Sydney. The 
trend is for more of the same. There's 
even a suggestion of a big central satel
lite station in the sky, broadcasting di
rect to car radios so travellers always 
have a 100% clear signal and never 
have to retune. Personally when I drive 
into a town I don't know, the first thing 
I do is listen to its local radio station to 
get a feel of the place. So which way is 
radio going to go? It's getting close to 
decision time. ®
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H
ere's your chance to win a superb satellite TV receiving system from Space Communications 
International (SCI) and Grundig, valued at over $11,500! With it you'll be able to receive directly 
transmissions beamed via Intelsat V from countries like the USA, Japan and Europe — viewing 
them at the same time as they are received by local TV stations.

Become a true international viewer, able to watch overseas TV programs, sports and news events at the 
same time as they're broadcast in their country of origin!
The complete system to be won consists of an SCI high gain. 3.7-metre dish antenna with mounting 
pedestal and AZ/EL mount, feedhorn, low-noise amplifier and block down-converter; a Grundig STR 201 
Plus Satellite TV Receiver Unit; a Grundig 70-390/9 Multi-Standard 28" Colour TV Receiver/Monitor; plus all 
necessary cables and connectors, and FREE installations up to the value of $1200*.
In short, everything you need for a complete TVRO system capable of receiving microwave TV 
transmissions broadcast on the 3.7 - 4.2GHz 'C-Band' from the Intelsat V satellite — in NTSC, PAL or 
SECAM.
All you have to do to be in the draw to win this incredible prize is subscribe NOW, or renew/extend your 
existing subscription to ELECTRONICS AUSTRALIA, before June 30, 1989.

THE DISH: A top-quality 3.7 metre diameter SCI gelcoated fibreglass reinforced polyster (FRP) antenna, 
with a gain of 41dBi at 4.0GHz. Mounted on a very rigid solid steel pedestal, via a fully lockable 
azimuth/elevation mount and fitted with a sturdy tripod-type feed mounting at the prime focus. Mounted 
at the prime focus is a California Amplifier 'Slimline' low noise amplifier (LNA), providing 48dB minimum 
gain at a noise temperature of 85K or lower at 25°C. This feeds the amplified satellite signals to a Drake 
model BDC24 low noise figure (12dB maximum) block down-converter, which shifts their frequencies 
down to the 950-1450MHz satellite IF band.

THE SATELLITE RECEIVER: The Grundig STR 201-Plus Satellite TV Receiver Unit is a state-of-the-art 
receiver tuning the full 950-1750MHz satellite IF band. It has 49 memory channels, each of which can be 
programmed in terms of channel deviation (25 or 16MHz), video polarity, IF bandwidth, sound subcarrier 
frequency selection (between 5 and 8MHz) and sound de-emphasis. The receiver produces both 
high-quality video and audio, for feeding to a multi-standard TV or monitor, and baseband output for a D2 
MAC decoder, stereo decoder or descrambler. It also features switchable video de-emphasis (PAL/D2 
MAC). 2 Euro AV sockets and one DIN AV socket, and an IR remote control unit.

THE MULTI-STANDARD CTV RECEIVER/MONITOR: The Grundig M70-390/9 colour TV receiver/monitor is a 
luxury 28" multi-standard set capable of receiving signals conforming to all major TV standards — PAL (D, 
I, BG), SECAM (BG, L. DK) and NTSC (3.58/4.43MHz colour, 4.5/5MHz sound). It also features 40-channel 
programmable digital tuning, stereo sound decoding and amplifier system (2 x 40W), IR remote control 
and two Euro AV sockets for satellite receiver and VCR. A magnificent set, not just for satellite reception 
but for local viewing as well!

* Together with the above major components, the lucky winner will receive all cabling and connections, 
plus a free installation of the antenna system within Australia to the value of $1200. This is the average 
price for installation of an SCI 3.7m antenna system, on a concrete plinth or pad.

PLUS just by subscribing or extending your subscription to Electronics 
Australia you will receive free the "Dinkum Aussie Dictionary” in a 
twin cassette. Read by Jim Pike, these cassettes are an hilarious 
introduction to colloquial Australian English.

To subscribe one year subscription (12 issues) $45, two year (24 issues) $88. Simply fill out the coupon 
attached and put it in the reply paid envelope supplied — if the coupon and envelope are missing, send 
your name, address, phone number and cheque, money order or credit card details (card type, card 
number, expiry date and signature) to Freepost No 4, Electronics Australia SCI Subs Offer, Federal 
Publishing Company, PO Box 227, Waterloo, NSW 2017. Any enquiries phone (02) 693-6666. Unsigned 
orders cannot be accepted.

TOTAL VALUE OF THIS PRIZE IS OVER $11,500! 
But hurry — this offer closes 30th June, 1989

WIN A COMPLETE SATELLITE
HARDWARE ON DISH PICTURED IS NOT ACTUAL PRIZE. FOR FURTHER INFORMATION ON S.C.I. PRODUCTS CALL WENDY GILBERT-GREY ON (02) 317-5911.
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How to prevent, or at least detect

Electrical Fires
The mention of the word fire is often enough to invoke mild 
paranoia. Having recently suffered the consequences of a fire 
caused by an electrical fault, we decided it was time to look at 
the causes of electrical fires - and what to do to prevent 
them.

by PETER PHILLIPS
The cause of a fire is often open to 

interpretation. Was the cause the result 
of an electrical fault, or did electrical 
energy cause the fire, through no fault 
of the appliance? The fire fighting au
thorities view an electrical fire as one in 
which the electrical energy was at fault. 
This implies that a fire started by an 
overturned electric radiator is not an 
electrical fire, rather it is the result of 
an overturned electric radiator.

Given this interpretation, in which an 
electrical fire is one caused by an actual 
fault, it is heartening to know that elec
trical fires are not all that common. The 
statistics for 1987, supplied by the re
search division of the NSW Board of 
Fire Commissioners, shows that of the 
23,872 fires reported in NSW, only 2023 
were the result of heating from electri
cal equipment, arcing or overload.

This gives a figure of less than 10%, 
which itself is seen as being unrealisti
cally high by experienced researchers in 
the field. It seems that a figure of 
around 2% is more likely, according to 
Mr John Boath, Inspector-in-charge of 
the NSW Fire Brigades Fire Investiga
tion Unit. He, like other experienced 
fire officers believes that many fires are 
attributed to an electrical fault in the 
absence of the true, but hard to find 
reason. The news media, often re
nowned for its rapid assessments, will 
usually state the cause as being electri
cal just to conclude the story. The Po
lice have even been known to report the 
cause of a fire as being electrical, even 
though power to the premises had been 
cut off some four years previously.

However, while fires caused by an 
electrical fault may not be as common 
as popular opinion may hold, fires re
sulting from electrical energy as such 
still represent a sufficiently high propor
tion of the total to be a worry. This ar
ticle therefore looks at the types of 

faults that cause fires, and describes 
what measures should be taken to mini
mise the risks.

After all, readers of an electronics 
magazine such as EA are likely to be 
more involved in electricity than most 
people. It is possible that some readers 
are not sure what the risks are, or 
would like reminding anyway. We also 
look briefly at fire alarm systems, in 
case this article creates a feeling of inse
curity. Hopefully, as a result of this arti
cle, you will not form part of the 1989 
electrical fire statistics.

Some causes
The three causes of fire, according to 

the experts are men, women and chil
dren. This is probably simplifying the 

This double adapter and plug combination caught fire, as a result of heavy 
current passing through loose and dirty contacts.

issue, but it makes sense to some ex
tent. In most cases, an electrical fire 
could have been prevented, if only...

Here are a few examples of fires 
caused by electricity - whether the fault 
lay with the equipment or the user. 
They are all actual situations, some re
lated to me by the NSW Fire Brigade, 
others from my experience.

Fault 1: This event occurred during 
my days as a boarder with a little old 
lady. She was such a dear, that when 
her TV set broke down I decided to 
surprise her by fixing it while she was at 
church. Unknown to me, she had stored 
her electric radiator under a couch in 
her bedroom, leaving it plugged in to a 
double power point shared by the TV 
set.

I duly repaired the set, restored it to 
ner living room, completing the job by 
reconnecting it to the power point. 
However, I unknowingly turned on the 
power to the radiator, rather than the 
TV set, then left to prepare some din
ner. Several hours later I was disturbed 
by violent knocking on the front door,

20 ELECTRONICS Australia, May 1989



The results from even a small fire can be quite disastrous - and extremely 
expensive to rebuild.

the purpose of which became very ap
parent when I went to answer the door. 
The whole bedroom was ablaze, and the 
60 year old house about to burn down. 
Fortunately, the fire brigade had been 
alerted, and the house was saved.

The moral here is obvious: never 
store a radiator that is still connected to 
a power point.

Fault 2: A 150W flood lamp in a shop 
window blew, causing the globe to dis
integrate. The white hot embers from 
the filament set alight to the combusti
ble materials on the floor, destroying 
the shop. Moral: caution with unat
tended flood lamps.

Fault 3: A fault in the thermostat of 
an old fridge caused local heating that 
eventually became so intense it burnt 
through the case of the fridge and set 
alight to surrounding combustibles. The 
investigating team found that the power 
fuses had been fitted with 60A fuse 
wire, instead of the usual 15A wire.

The owner of the gutted building had 
only recently bought the place, and had 
never checked the fuses or the electrics. 
It seems that some people solve their 
electrical overload problems by replac
ing the fuses with nails. Have you 
checked your fuses lately?

Fault 4: The owner of a 1930's radio 
left it plugged in to the power point, 
and turned it on or off with the switch 
on the radio. However, the single pole 
switch operated on the neutral, and on 
an occasion the owner was absent, the 
active and earth potentials existing be
tween the primary and the core of the 
old transformer proved to be too much. 

The resulting heat eventually ignited the 
radio and blew the fuse in the switch 
board. Too late - his house burnt to the 
ground.

This happened to a friend of mine, 
and I am now most distrustful of any 
old equipment. The moral is - always 
switch the active wire.

There are many such examples of how 
an electrical fire can be caused, either 
through a fault or misuse. The Fire In
vestigations unit cited extension leads 
under carpets as the most common 
cause. The insulation around each con
ductor is eventually worn away by the 
stresses created by people walking on 
the lead, leading to shorting and possi
ble ignition.

Another common cause is a coiled ex
tension lead. The use of retractable 
spools tends to leave most of the lead 
wound around the spool. If a heavy 
load is attached to the lead, the heat 
generated in the coil can be sufficient to 
melt the insulation and set fire to the 
lead.

Fluorescent lighting has long been 
known as a cause of fires. The ballast or 
the power factor capacitor can catch 
fire, and set alight to the ceiling. The 
ballast in a fluorescent light usually runs 
at a fairly high temperature, and there 
are many recorded cases of them catch
ing fire. The fuse is unlikely to blow 
until it is too late, and the older the fit
ting the more likely the chance of it 
becoming faulty.

Ceiling fans occasionally seize up, and 
eventually get so hot that a roof fire 
starts, fanned by the upward draft 

through the fan opening. Kitchen fans, 
where grease and other combustibles 
are likely to have accumulated are re
nowned for starting fires, and some 
states have made it illegal to fit such a 
fan unless it exhausts to the open air, 
often via a ducting.

And so the list goes on. Any electrical 
appliance is a potential fire risk, al
though some are worse than others. 
Maintenance, or at least checking appli
ances is one way to reduce the likeli
hood of them catching fire. But appli
ances are not the only culprits that 
cause fire - the mains wiring is as much 
a source of ignition as the devices it 
powers.

Bad connections
Bad electrical connections are a very 

common cause of fire. Wherever there 
is current and resistance there is heat 
generated. If the heat is sufficient, it 
can make the resistance of a connection 
higher - giving more heat, and so on.

Obviously, the higher the current, the 
greater the likelihood of heating, and 
the 240V mains has sufficient energy to 
create lots of heat. Most roof fires are 
caused by bad connections in junction 
boxes, particularly if the installation is 
an old one. Current advice from the ex
perts is - solder the connections. Even 
the best of screwed terminators will 
eventually loosen after time, particularly 
if the house is subject to vibration. The 
statistics show that 50% of roof fires are 
the result of an electrical fault, so it 
pays to spend the time and solder each 
connection, in conjunction with the 
usual screwed connector.

The power point is another connec
tion point. Loose connections of the 
power wiring to the outlet will generate 
considerable heat, particularly under 
heavy load conditions. The use of dou
ble adaptors of the ‘stacks on the mill’ 
variety is asking for trouble. Each adap
tor adds its own resistance, and the 
total effect can create sufficient heating 
to cause combustion, even under rela
tively light loads.

These days, the multi-outlet power 
board has become popular. However, 
according to the Fire Brigade, these are 
another fire hazard, as they are often 
overloaded through misuse. Their ad
vice is simple - use only those boards 
that have overload protection. They 
also suggest that if someone is using lots 
of these boards, they should consider 
rewiring the house.

The connections of the appliance lead 
at both the appliance and the 3-pin plug 
are another source of the resistive joint. 
Because it may receive more stress and
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Electrical Fires
movement, the connections within the 
plug are most likely to deteriorate over 
time. It pays to check all appliances 
such as heaters or dishwashers regular
ly. Of course, you can solder the con
nections to reduce the incidence of the 
problem.

Leaving a 3-pin plug permanently in 
the outlet is likely to cause a resistive 
connection, especially if you live in a 
humid environment. The verdigris build 
up will soon cause problems, made 
worse if the wiping effect of continual 
removal/replacement of the plug is not 
occurring.

In summary, solder all connections, 
and don't overload.

Dust
The build up of dust in an appliance 

can go undetected for years. In fact, the 
idea for this article came as I gave the 
family fan heater its annual cleanup. 
The dust build up in fan heaters, clothes 
dryers and air conditioners can be quite 
rapid, causing instantaneous ignition 
when you least expect it.

The Fire Brigade recommend that the 
vacuum cleaner be applied to these de
vices every time a cleaning session is 
underway. Everything helps, but my ex
perience is that it is necessary to give 
these appliances a thorough cleaning 
regularly.

Dust behind fridges and freezers is 
likely to be left for years, and can be a 
cause of fire if the buildup is too great. 
The recommendation is to fit wheels to 
these appliances, so that cleaning can be 
undertaken regularly.

The TV set is the greatest dust attrac
tor of all. The high tension around the 
picture tube will attract dust with a 
vengeance, giving a potentially hazard
ous condition. Leaving the set on unat
tended is when the troubles can arise, 
as the tell-tale preliminary smells will go 
undetected. Some people will leave a 
TV on when they go out for the eve
ning, to suggest occupancy to a would- 
be thief. Not a recommended practice!

Equipment faults
So far, the faults causing fires have 

been those primarily associated with the 
mains. Statistics point to mains faults as 
being the most common, but this 
doesn't rule out fire resulting from 
faulty equipment. For example, there is 
evidence to suggest that a particular 
brand of emergency lighting currently 
being imported is causing fires.

The charging circuit contains a capaci
tor mounted close to the transformer. 

The heat generated by the transformer 
is sufficient to cause the capacitor to ex
plode, occasionally setting fire to the fit
ting. Brand new equipment causing fires 
is a problem - it seems there is no an
swer if both old and new equipment is 
prone to bursting into flames! The lights 
in question are imported, and the 
recommendation is that only equipment 
passed by the relevant authorities be in
stalled.

Computers have been know to catch 
fire, particularly if left on overnight. 
There is often considerable localised 
heat generated by the power supply of a 
personal computer, and the fire authori
ties have recorded a number of cases 
where the cause of fire was traced to a 
personal computer. The exploding ca
pacitor is a fairly common occurrence in 
computer power supplies, particularly in 
the cheaper ‘clones’.

I recall another more unusual incident 
where a soldering iron was close to a 
rag left on the work bench. The rag ac
tually caught fire, although the user was 
present and able to prevent things get
ting any worse. A soldering iron burn
ing through its mains cord is not uncom
mon, and the risk of fire through the 
combined heating effects of the short 
circuit and the hot iron is high.

Any of these events are more likely to 
end in disaster if a flammable liquid is 
nearby, such as methylated spirits or the 
like. In a workshop situation, fire haz
ards are more common, and many fires 
have been recorded as having started in 
the garage or workshop. Hobbyists be
ware!

Preventative measures
Minimising the possibility of a fire de

stroying everything you own involves 
two things - preventing the fire starting 
in the first place, or being alerted as 
soon as a fire starts. A combination of 
both is probably the best way, as no 
amount of care can completely elimi
nate the possibility of a fire starting.

The foregoing has possibly caused you 
to recognise a few potential risks pre
sent in your own environment. Obvious
ly, the age of the equipment you use, or 
the manner in which you use it will re
late to that equipment's safety. Here's a 
check list that you might like to apply.
Age of equipment: Old electrically pow
ered devices, such as test equipment, 
radios, heaters, motors and so on are 
more likely to catch fire than new appli
ances. The usual cause is a breakdown 
of the insulation surrounding the wires 
or windings that operate at mains 
potential, although dust and grease 
build-up is also a significant factor. To

Evidence that a fire started from a 
power outlet: contact screws welded 
to the wires.

minimise the fire risk:
(1) Replace the mains cord, plug and 

on-off switch. If you wish to retain the 
old wiring for authenticity, then be 
aware of its fragility, and never leave 
the unit plugged in to a power point.

(2) Ensure the active is switched when 
the device is turned off. This prevents 
the mains potential existing between the 
frame (earth) and the electrics when the 
unit is (supposedly) switched off. Old 
motors and transformers are particularly 
susceptible to breakdown through the 
insulation surrounding the windings.

(3) Clean the appliance, particularly 
around those sections where mains (or 
higher) potentials exist.

(4) Replace any capacitors used as 
mains suppressors. Make sure the re
placement is a good quality, 250V AC 
rated equivalent. Preferably, also install 
an internal fuse, between the active and 
the on-off switch.
Lights: (1) Incandescent lights can ignite 
wood, paper, chemicals and so on if 
close enough. The use of a naked globe 
should be avoided, for this and other 
safety reasons. Also, don't use high 
wattage globes in fittings not designed 
for them.

(2) Fluorescent light fittings represent 
a higher risk than incandescent globes, 
suggesting they should not be left on 
unattended. If this is necessary, for se
curity reasons or whatever, ensure the 
lighting circuit is protected properly, ei
ther with an earth leakage detector, or 
at least with the correct gauge of fuse 
wire.
Mains wiring: Herein lies the real prob
lem. Often potential trouble spots are 
hidden in walls, ceilings or under the 
house. Old installations are a much 
higher fire risk than new installations, 
although bad connections are a possibil
ity in both. If you notice that the lights 
go dim when the stove is turned on or 
when the fridge starts up, start looking 
for bad connections.

(1) Old wiring (50 years or more) can 
cause fire through faulty insulation and 
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bad connections. Ideally, have the wir
ing replaced by a licensed electrician. If 
this is not possible, check the fuse box 
and all power outlets for signs of heat, 
and fit plug-in circuit breakers to the 
fuse box. These units are designed to 
plug into the original fuse holder, are 
inexpensive and available from most 
hardware stores. They offer a higher de
gree of protection than a fuse, as they 
detect overloads that the same rated 
fuse may not.

It would also pay to check as many 
connections as possible, although dis
turbing old wiring can often create more 
problems than it solves.

(2) New wiring should not be dis
missed as being trouble free, as a loose 
connection or overload is still possible. 
If you find that a power circuit continu
ally blows fuses or trips the breaker, 
you need another power circuit.

(3) In the workshop it is likely there 
will be many appliances connected to 
the mains. To ensure everything is 
turned off, consider fitting a main iso
lating switch that interrupts both the ac
tive and the neutral. I even have an in
dicator light fitted remotely to the 
workshop, to remind me if the power is 
on.

(4) Bodgy mains wiring is common in 
workshops. Always follow the rule that 
you will eventually forget whatever limi
tations apply to your wiring. In other 
words, run any exposed wiring in con
duit, use the correct gauge (2.5mm for 
mains power) and cover any exposed 
connections.

I had an occasion recently when a 
monstrous storm caused water to leak 
into the garage and behind an old fash
ioned power outlet supplying a grinder. 
As I watched, the power point began to 
smoke. Fortunately I had fitted a main 
isolating switch, but this turned off the 

lights as well - leaving me in darkness. 
Needless to say I replaced that power 
point and its positioning as soon as I 
could. I was glad I happened to be 
there at the time.
Capacitors Over the years, I have 
formed the opinion that capacitors are 
the greatest fire hazard of all, in partic
ular, those used as mains suppressors. 
These are usually fitted to amplifiers, 
computers, some fridges - in fact to a 
lot of appliances. The aim is to reduce 
transient noise at switch off.

(1) Only a few months ago I was 
using a tape head demagnetiser, which 
hadn't been used for some time. The 
unit was around 15 years old, and sim
ply comprised a coil, a press-button and 
a suppressor capacitor. My use was suf
ficient to warm the coil somewhat, and 
when the job was over, I left it lying on 
the carpet and attended to other things. 
Soon the house was filled with smoke, 
and I was galvanised into action.

I traced the cause to the suppressor 
capacitor, which had broken down, 
helped on its way by the internal heat
ing of the coil. No house fuses blew, 
and I'm sure it would have eventually 
started a fire.

The remedy is to either replace or re
move the suppressor capacitor in equip
ment that is more than 10 years old. Al
ways use the correct replacement type, 
that is one specified for 250V AC. Most 
mains suppressor capacitors have a ‘self 
healing’ dielectric, unlike other capaci
tors. In other words, don't assume a 
600V or even a IkV working voltage for 
a capacitor makes it suitable as a mains 
suppressor. Alternatively, add an inter
nal fuse to the appliance, between the 
incoming active and any device it is con
nected to - including a suppressor ca
pacitor.

(2) Beware of electrolytic capacitors. 

Tantalum capacitors get incredibly hot if 
connected with the wrong polarity, and 
can set fire to a combustible material 
quite easily.

Conventional electrolytics used in 
power supplies can undergo consider
able stress, due to the internal heating 
caused by the charge/discharge currents. 
Sometimes the manufacturer will fit ca
pacitors that incorporate a pressure re
lease system, which prevents them actu
ally exploding. Any replacement should 
have a similar type of protection.

There are probably countless other 
fire hazards that I haven't covered. I'm 
sure readers could recite many exam
ples, both typical and bizarre where 
electricity has caused a fire. There is no 
simple answer of course. Therefore the 
other thing that you might like to con
sider is fitting some sort of alarm sys
tem.

Fire alarms
Fire alarms can range from a complex 

sprinkler system, such as those fitted in 
industry and public places, to single 
point heat or smoke detectors. Accord
ing to Superintendent Ross Freeman 
from the NSW Fire Brigade fire preven
tion unit, there have been no recorded 
cases of a loss of life in a building fitted 
with a sprinkler system.

Similarly, statistics show that smoke 
detectors reduce the possibility of a 
fatality, and the recommendation from 
various officers from the Fire Brigade is 
to fit at least one single point smoke de
tector in the home.

Thermal detectors are sometimes used 
in alarm systems, but these have a delay 
of up to 15 minutes, and are not gen
erally recommended in a domestic situa
tion.

There are two types of smoke detec
tors commonly used - one works on

Outside and inside 
views of the 
Ten-Tek/Dicon SA-4 
smoke detector, 
discussed in the 
text. It offers 
reliable protection 
at low cost.
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ionisation, the other uses an infrared 
beam and is known as the photoelectric 
type. In this type of detector, a pulsed 
beam of infrared light is beamed across 
a darkened chamber. When smoke en
ters the chamber, the light will be scat
tered, and picked up by a photoelectric 
device within the chamber, setting off 
the alarm. The photoelectric type is less 
prone to false alarms, but is more ex
pensive.

The ionisation type is the most com
mon, and works by ionising the air in a 
chamber to create a small electrical cur
rent between two charged plates. When 
the tiny particles created by a fire reach 
a preset density in the chamber, the 
current will fall, activating the alarm.

In Toronto (Canada), every house is 
required to have at least one smoke 
detector/alarm that can be heard in all 
bedrooms with the doors closed, and no 
doubt similar laws apply in other parts 
of the world. A typical detector is an in
tegral unit, containing the detector and 
the alarm. They can be battery or mains 
powered, and usually have some sort of 
test function and low battery indicator.

The question of which type of detec

tor and how it (or they) should be pow
ered is a matter for the individual. Bat
tery operation is more convenient from 
the installation point of view, and also 
provides protection in the event of the 
mains failing. However, the batteries 
need to be replaced annually, and the 
possibility of a flat battery is always pre
sent.

We are aware of at least two brands 
of smoke detectors being available in 
Australia, one costing around $40, the 
other $70.

The $40 unit is the Ten-Tek/Dicon 
SA-4, imported from Canada by Smoke 
Detectors Australia. It is battery pow
ered and has an 85dB piezo alarm. It 
also has an operating LED that flashes 
every 60 seconds to indicate that the 
unit is powered, and will beep every 60 
seconds (for up to 30 days) to indicate 
when the battery needs replacing. In
stallation is simply a matter of attaching 
it to the ceiling (or wall) with two 
screws.

No information was forthcoming on 
the other locally available detector, 
from Wormaids, but presumably it has 
similar operating characteristics. The 

point is, smoke detectors are available, 
and they are not expensive.

Summarising
Articles like this often make uncom

fortable reading (and writing) - almost 
like a list of all the things that are bad 
for you.

We started by saying that electrical 
fires, where the electrical energy is at 
fault are not as common as popular be
lief holds. Then comes a dissertation on 
the likely causes of these types of fires - 
enough to make you want to change to 
an alternative energy source.

But if we have made you think, and 
perhaps act to remedy a few potential 
fire hazards, then this article will have 
been useful. The two most important 
things to check are your fuses and if the 
garden hose is attached to the tap.

Finally, for further information on 
smoke detectors, contact (a) Smoke De
tectors Australia, at PO Box 587, Neu
tral Bay 2089, or phone (02) 969 5816; 
or (b) local branches of Wormaids.

Our thanks to the NSW Fire Brigade 
for their help in the preparation of this 
article. Particular thanks to Messrs John 
Boath, Bruce Johnson and Ross Free
man. Thanks also to Ron Richards, of 
Smoke Detectors Australia. ©
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ProHem: Control 
Solution: HI-TECH C

HI-TECH C is now better than ever, with more processors and operating systems supported, new features and 
even better code optimization than before. Our compilers are wholly developed in Australia but are used by over 

10 thousand programmers world-wide.
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KITS FOR YOU
FROM AS LOW AS $14.95!

Walkabout Wadio
This inexpensive portable radio kit puts life back 
into ‘AM’ reception. Uses an RF Amp which delivers 
up to 120mV into 64 ohms to drive a pair of 32ohm 
headphones. (Headphones optional). Cat K-2720 Until 
Stocks Last!

Car Tune-up Adaptor
Turn your multimeter into a tacho/dwell meter with 
this simple adaptor. It's easy to build and may be 
calibrated for 4. 6 or 8 cylinder petrol enaines.

Brake Lamp 
Monitor
A low cost and easy to build 
project. It warns you if 
your vehicles’s brake 
lamps aren’t working 
as they should.
Cat K-4500
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Proximity/Motion 
Detector

RF Attenuator Box

1OOW HF Linear 
Amplifier
Perfect for use with a huge range of QRP 
commercial gear, in the range of 3 to 15 watts 
output. Can deliver up to 100W output with very 
modest input. Frequency — all amateur bands from 
2-30MHZ. Until stocks last!. Cat K-6331

A low cost device that can be used as part of a 
burglar alarm, customer indicator, etc, floods an 
area with low-level RF signal from a UHF oscillator 
and detects any movement in the area. Kit comes in
short form. Cat K-8100 $1995

Here’s value: up to 63dB attenuation (in 1dB steps 
from OdB) from 50 to 500MHz — and it's $$$ less 
than equivalent commercial units. Rated at '/< Watt, 
with a 50 ohms input impedance. Until stocks last!. 
Cat K-6323
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SOB RF ATTENUATOR -

Telephone Bell Monitor
This easy to build kit plugs in parallel with your 
telephone. When the phone rings, it broadcasts a 
sequence of tones to a portable FM radio receiver.
Cat K-3102

$1995

Your Phone Can Be A...
Hands-free 
Speakerphone
Hands free phones can be expensive. Well, here's a 
way to add Hand-Free Speakerphone capabilities to 
your existing phone ...without spending a fortune. 
There's even a phone jack fitted. Comes complete 
with case, phone cable and plug, PLUS a telephone 
double adaptor. CatK-3100

Incredibly easy to build I
Bookshelf Speakers
This low cost compact Bookshelf Speaker Kit uses a 
Magnavox 6MV nominal 15 cm driver and a 3AC 
Tweeter. Buy complete kit and save.
Until stocks last!

K-4000 — Sleeves, baffles X-overs etc $126
K-3998 — Speaker Tweeter 3AC $6.75
K-3999 — Speaker Woofer 6MV 8 R $29.75

TELEPHONE 
o BELL MONITOR o

DIC MITH
NEW KITS JUST RELEASED!

Lotto/Pools Selector
• Can select 6 to 12 numbers
• Selects systems 36, 40 or 44 (i.e. 6 

from 36 etc)
• Has Auto Power shut down
• Uses 9V Battery (Not supplied)
Cat K-3700

Transistor Beta Tester
This fantastic Transistor Beta Tester 
allows you to measure to gain of any 
bipolar transistor in seconds. Just 
connect a transistor, push the button, 
rotate the knob and read of the beta 
scale. Cat K-7200

NEW KITS SUBJECT TO AVAILABILITY OF PARTS.
PLEASE CONTACT YOUR NEAREST DICK SMITH STORE FOR PRICE & AVAILABILITY.

VHF FM Monitor 
Receiver
Need a spare VHF Receiver for 
monitoring the local repeater or VHF 
Marine channels etc. Simple to 
construct shortform kit. All 
necessary components supplied.
Cat K-6000

Passive Infrared 
Detector
Protect your home with this compact, 
inexpensive Passive infrared move
ment detector. Comes complete with 
components, PCB, case PIR sensor 
and lens. Components for interface 
section are also available in kit form. 
(Cat k-8201) Cat K-8200
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Robotics: the slow 
motion revolution
Despite the fact that industrial robots were originally 
developed in the USA, the vast majority of American 
manufacturers are still not using them. As in most of 
Australian industry, the robotics revolution is really still only 
getting started - as this report explains.

by STEVE KAUFMAN
As a half-dozen robots simultaneously 

swing their arms at lightning speed in
side the 90,000-square-foot facility at 
Adept Technology in San Jose, Califor
nia, Brian Carlisle can't help but feel 
optimistic.

“There's enormous potential in the 
robotics industry” boasts Carlisle, the 
lanky, 37-year-old co-founder and chief 
executive of one of the nation's few 
profitable robot manufacturers.

Ostensibly, he's right: Among the 
70,000 durable goods manufacturing 
plants in the United States, only about 
400 use robots. Altogether, they contain 
nearly 30,000 robots - about five times 
the number in use in 1982.

Nonetheless, most observers say that 
the robot - once touted as the best 
hope to revive the country's ailing 
manufacturing sector - may still be de
cades away from widespread accept
ance.

Carlisle's company is one exception, 
but the heady days of growth in the 
robotics industry have been short-cir
cuited. Despite a boom in the manufac
turing sector, sales among US robotics 
makers fell 32% in 1987 to US$299 mil
lion, the third consectutive annual de
cline, and sales were depressed again in 
the first quarter of 1988.
GM slashes budget

Perhaps the most obvious symbol of 
the industry's problems is General 
Motors, which fueled the nation's inter
est in robots by ordering thousands of 
the machines as part of a massive plant 
modernization program in the early 
1980s.

But GM has been plagued by slipping 
market share and problems in meshing 
its robots with the rest of its manufac
turing operations. As a result, the giant 
automaker canceled nearly US$100 mil

lion in robot orders in 1985 alone, and 
since has curbed orders substantially.

Not surprisingly, few observers are 
optimistic about the robot industry's 
short-term prospects. Robots tend to be 
one of the last pieces of equipment pur
chased, and one of the first to be cut 
when budgets are squeezed.

“Robots are still considered a luxury, 
not a necessity,” says Melinda Pyle, a 
robotic industry analyst at Dataquest in 
San Jose. Pyle and others add that hor
ror stories about the implementation of 
robots have given many prospective 
buyers cold feet. Generally, the process 
has consumed many more months than 
expected. Companies have found that 
exacting robots don't tolerate slight 
variances in parts, further slowing the 
manufacturing process. Factories also 
must continue to ship products while 
complex robotics systems are installed, 
and the juggling act is never simple.

Too good?
And robots may be too flexible for 

their own good. “We know what a ma
chine tool does: It cuts. But what ex
actly does a robot do?” says Laura 
Conigliaro, a computer-aided design 
and computer-aided manufacturing in
dustry analyst at Prudential Bache Se
curities Inc. in New York. “It's tougher 
to sell something that can do so many 
different things. Most companies don't 
know exactly what they would do with 
one.”

Longer term, though, many US com
panies may have little choice but to em
brace robotics as a matter of survival.

Even the industry's most pessimistic 
observers concede that robots usually 
improve quality. Their flexibility also 
enables factories to keep pace better 
with rapidly changing products, experts 
say. This is especially true in high-tech 

industries, where many products have 
shrinking shelf lives of two years or less.

Yet another compelling reason for 
robotics in the United States is that the 
Japanese - the world's acknowledged 
leader in manufacturing excellence - use 
about four times as many robots as US 
manufacturers do, observers say. 
California's Silicon Valley could have 
the most to fear on this front: Japanese 
manufacturers are increasing the use of 
robots in electronics assembly at a faster 
clip than in any other industry.

Frederik Schodt, the author of a new 
book about robotics in Japan, says 
robots there have helped make the 
Japanese fierce competitors. As one ex
ample, he cites the extensive use of 
robotics at a Casio calculator plant 
south of Tokyo, which can make 
changes on assembly lines in a matter of 
minutes to accommodate the production 
of 16 kinds of calculators.

“Nothing in US manufacturing ap
proaches this level of flexibility,” 
Schodt says.

More significantly, robots improve 
quality by virtue of their ability to end
lessly perform the same task precisely 
the same way, Schodt and others say.

“The most critical thing in manufac
turing assembly is stabilising the level of 
quality”, Schodt says. “Once you 
achieve that, it's much easier to im
prove quality. It's very hard to make 
progress if things are done differently 
every day at various steps throughout 
the manufacturing process.”
More time needed

In the short term, robotics may find 
the most promise in the electronics in
dustry. Some Silicon Valley companies, 
such as Komag of Milpitas, a maker of 
high-capacity memory disks for small 
computers, say they wouldn't be able to 
run their businesses without robots.

When Komag started shipping its 
products in October 1984, it used four 
light-assembly robots on one production 
line. Today, it has 42 robots in three 
buildings encompassing 200,000 square 
feet, and the company plans to order at 
least a dozen more in the next year. 
“Our ultimate goal is complete automa-
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tion,” says Ron Allen, Komag's auto
mation group manager.

The potential in such markets isn't 
lost on the nation's largest robot maker, 
GMF Fanuc Robotics of Auburn Hills, 
Michigan - a joint venture of General 
Motors and Fanuc of Japan.

GMF felt the sting of GM's cutbacks 
on robots. Sales fell 45% last year to 

US$102 million, and the company lost 
money. Now it's trying to diversify into 
the electronics, construction equipment 
and aerospace industries. The company 
says 45% of its revenues will have come 
from non-automative industries in 1988, 
up from only about 15% in 1986.

“The challenge is getting across the 
message that robotics makes sense in

An AdeptOne robot picks 
up an upper bracket for as
sembly into a Discovery II 
vacuum cleaner motor, at 
the Electrolux plant in 
Piney Flats, Tennessee.

thousands of different kinds of compa
nies, both large and small,” says Eric 
Mittelstadt, GMF's chief executive and 
president.

Adept Technology obviously wants to 
make the same point - and it should 
find it easier to do so. It is the US 
leader in small-parts robotic handling 
and assembly, with 34% of the US mar
ket. Adept has an installed base of 
1,400 robots, and they're commonly 
found in the electronics, household ap
pliance, automotive, aerospace, phar
maceutical, food processing and con
sumer goods industries.

Adept also sells vision systems sepa
rately, for manufacturing inspection and 
quality control. The privately owned 
company, which was founded in June 
1983, has fared well by the standards of 
the robotics industry. It posted sales of 
US$31 million in its fiscal year ended in 
June 1988, up from $18.6 million in fis
cal 1986, and it projects sales of nearly 
$40 million in fiscal 1989. The company 
says it has been profitable since Decem
ber 1985.

Adept has been able to achieve such 
results partly because it avoided the 
mistakes of its bigger competitors. Un
like GMF, it has never relied heavily on 
the cyclical automobile industry.

It also has specialized in making light
assembly robots, the industry's fastest- 
growing segment. Moreover, Adept's 
approach to installing complex robotics 
systems that work in sync with other 
factory equipment seems to shine, in an 
industry with a notoriously bad reputa
tion when it comes to making robots 
work correctly inside a factory.

“Adept Technology is miles ahead of 
other companies in the robotics indus
try,” says Conigliaro of Prudential 
Bache.

Dataquest's Pyle says, “Adept is a 
very savvy marketer, in an industry in 
which most companies just try to get an 
order any way they can.”

Still, growth would be more impres
sive if it weren't hampered by the unu
sually long selling cycle in the robotics 
business, co-founder Carlisle says.

Because the average robotics work 
station costs nearly $200,000 and repre-
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sents unfamiliar technology, companies 
may take up to two years before they 
decide to buy one, he says. Once the 
sale is made, a systems engineering 
company may take a year or more to 
design a work cell around the system. 
Installing the system in a factory and 
working out the bugs can take up to six 
more months.

Start-up problems
Disk-drive maker Priam spent US$5 

million to install 22 Adept robots in one 
of its two San Jose manufacturing plants 
in 1987. Ron Barris, the company's vice 
president of operations, figures the sys
tem has paid for itself in less than two 
years.

And the next time Priam develops a 
new drive, the robots will enable the 
company to put it into commercial pro
duction in half the time it otherwise 
would take, Barris says. “We have one 
of the most sophisticated robotics sys
tems in the world”, the 45-year-old 
manager says.

But getting the robotic line to the 
point where it could produce disk drives 
in commercially acceptable yields wasn't 
easy. It took 14 months. Even today, 

the line is down 15% of the time. Re
cently, the line was shut down all day 
because of a parts shortage stemming 
from the company's just-in-time inven
tory control system.

Priam had trouble getting the robotics 
line to work properly, because its disk 
drives were designed to be built by peo
ple, not by robots. That meant the 
drives were more complicated than nec
essary. It also meant that many of the 
disk drive's components weren't built to 
precise specification. Screw holes, for 
example, often weren't bored to the 
proper depths.

That's not a big deal to a production 
worker, who can apply elbow grease 
and make the screw fit. But robots are 
programmed to turn a screw a precise 
number of turns. If the screw still isn't 
secure, the robot ships the drive to a re
pair station, where it is disassembled 
and painstakingly fixed.

These problems spotlight the lack of 
communication between engineers who 
design products and those responsible 
for designing the systems to manufac
ture them, Barris says. “There's still a 
big cultural gap there.”

The disk drive made on the robotics 

line has 90 parts. If it had been de
signed with robotic assembly in mind, it 
would have about half as many and be 
just as good, Barris says.

Nonetheless, Barris maintains that the 
benefits of the robotics line easily out
weigh the headaches. “Priam went 
through what every other company has 
to go through in introducing sophisti
cated automation,” he says. “We 
learned by making a lot of mistakes. 
But I'm convinced that robotics is the 
foundation of the future.”

Adept recently adopted a game plan 
to speed things up. It is working with 
six of its systems engineering companies 
to develop a standardised robotics work 
cell for use in electronics assembly. 
That would eliminate the need for cus
tom engineering and cut the length of 
the sales cycle up to 70%, Carlisle says.

The company has similar plans to de
velop standardised work cells for use in 
mechanical assembly and consumer 
goods packaging within the next year or 
two. If things proceed on schedule, 
Adept eventually could become the big
gest US robotics company. But Carlisle, 
a 13-year robotics industry veteran, 
hesitates to make specific predictions.

“Things take time in this business”, 
he says. “Robotics won't become a $10 
billion industry overnight.” ©

DE DM A THE MOIs°urce E fr IV AA E0R I COMPONENTS
8087 SPECIAL । cy nn

Genuine Intel Chips *

VOLTAGE REGULATORIDC CONNECTORS 
SPECIAL

16 way socket $2.50
34 way socket $3.50

METEX 
MULTIMETERS
M-3650: 3.5 digit frequency 
counter, capacitance meter 
and transistor tester. 20A.

SPECIAL $139 
4500H: 4.5 digit with 
digital hold, transistor 
tester and audible contin
uity tester. 10A.
SPECIAL $159
Phone for full specifications

SELLOUT
IN QUANTITIES OF 10 ONLY

Upgrade your PC with our Intel 
Chips. Phdne us for details

QUALITY EUROPEAN-MADE 
3 LEVEL WIRE WRAP 

SOCKETS

ACMAINSCAP
0 1 uF 250V AC

SPECIAL

$1

7805T 
7812T
7815T 
7905T 
7912T.
7915T.

8OC 
804 
8OC 
854 
85 4 
854

now!

8087-3 (4-77MHz) 
8087-2 (8MHz)
8087-1 (10MHz) 
80287-6 (6MHz) 
80287-7 (8MHz) 
80287-10 (10MHz) 
80387-16
80387-20
80387-25

$245 
$325 
$450 
$375

2716 EPROM. 

27128 EPROM 

LM 324............

LM 725. DIP ...

$555 4001
$625
$885 4007

SI 450 
S1799

LOW PROFILE 
IC SOCKETS

MEMORY I.C.S.
6264 SRAM $16.50 
511000P-10 DRAM 

$59.95

Z80 ACPU. 

ICM7216A

$9.50 
$9.50

65C 
$4.95

50C
50C 

$3.50 
$59.95

74LS107.........  

6502 Processor 

LM3914N.........  

LM565 PLL ... 

74LS74..............  

74LS112............

62256 SRAM . 

D8749H............

60C 
$7.50 
$3.95 
$1.95

60C
70C 

$32.50 
$34.95

8 pin.
14 pin
28 pin
40 pin

$1.50 
$1.75
$3.25 
$4.25

RB. ELECTRO 
CAPACITORS
1 uF 63V.... 16C
22 uF35V... 25C

8 pin
14 pin
16 pin
18 pin
20 pin
22 pin
24 pin.

47 uF 16V... 2OC 28 Pin
100 uF 35V.. 35<t
1000 uF25V..$1

40 pin

124 
154
184 
284 
254 
254 
254 
284
324

DIODE PACKS
(PACK 1OO PIECES)

1 N 4007
1N4148

$8.50
$4.95

ELECTRET MIC 
INSERTS

IN QUANTITIES OF 50+ ONLY 
BUY IN BULK AND SAVE!

SPECIAL!

$1

MANUFACTURERS, RESELLERS, CONTACT OUR 
WHOLESALE COMPANY: 

PERNA DISTRIBUTION
(FOR BULK RATES&AFREECATA LOGUE

PERNA ELECTRONICS 
Factory 5, 22 Regent Avenue, 

Springvale 3171 
Mail Orders:

P.O. Box 103, Clayton, 3168
Phone: (03)562 4079
P& P $5.50
Overnight Jet Service ... $8
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OBI AT l™ YOUR ONE STOP 
DISTRIBUTOR OF 

TEST & MEASURING INSTRUMENTS

NEW 80 Series 
Multimeters

Fluke 8060A Hand 
Held Multimeter
• 0.04% basic accuracy
• 19999 count display
• True rms ac volts and current
• Continuity & diode test
• Frequency measurement
• dBm, relative dB
• Relative reference
• One year calibration cycle and 
Warranty

Fluke 8062A
• 0.05% basic de accuracy
• True rms ac voltage and current
• Continuity and diode test
• Relative reference
• One year calibration cycle and
Warranty
Model Inc Tax Ex Tax
8062A $782 $680
8060A $925 $805

Fluke 70Series 
Multimeters 
73
• Analog Bar Graph
• 3200 count Display
• 0.7% basic de accuracy
• 10A range
• Autoranging only

• 3 year warranty

75 adds
• 0.5% accuracy
• Autoranging with range hold
• 10A + autoranged mA ranges

• Continuity & diode test beeper 

77 adds

• Min/Max/Average recording stores 
highest, lowest and true average of all 
readings
• Selectable response time to record 
tum-on surges or drift etc
• 1ms peak Min/Max hold on 87 to 
capture elusive transients or half-sine
surges to 400Hz
• Audible Min/Max Alert™ signals 
readings above or below previous limits

83
• Volts, Amps. Ohms, diode test, 
continuity, frequency and duty cycle, 
capacitance. Touch Hold™, relative, 
protective holster
• 0.3% basic de accuracy
• 5kHz Vac
• Analog bargraph with zoom
• 3 year warranty

85 adds

• 0.1% accuracy
• 20kHz Vac

87 adds

• High resolution analog pointer
• True rms ac
• 1ms peak Min/Max
• 4 1/2 digit mode
• Back lit display
Model
83 
85
87

Inc Tax
$530
$615
$726

Ex Tax 
$461 
$535 
$632

50 Series 
Thermometers
Measurement Ranges

51
K-Type: -200°C to +1370°C 
J-Type: -200°C to +760°C 
0.1% basic accuracy 
°C/°F selectable
Hold Mode

• Standard mini-connector input
• 1200hour 9V battery life
• 3 year Warranty
• One K-type bead thermocouple 
included

52 as above but adds

• 0.3% accuracy
• Touch Hold™ function
Model Inc Tax Ex Tax
73 $192 $167
75 $266 $232

77 $339 $295

Fluke 20 Series 
Multimeters 
21
• Safety Yellow case
• Fluke 75 features but less 10A range

23
• Safety Yellow case
• Fluke 77 features + fused 10A input

25

Fluke 37 Bench 
Portable 
Multimeter
• 3200 count display plus analog bar 
graph
• Min/Max and Relative modes
• Touch Hold ™ function
• 0.1% basic Accuracy
• Built-in storage compartment for 
leads etc
• EMI shielded 
Model Inc Tax Ex Tax
37 $563 $490

• Dual thermocouple operation
• Scan, differential and Min/Max 
recording
• Two K-type thermocouples included 
Model Inc Tax Ex Tax
51 $304 $265
52 $419 $365

• Charcoal or yellow case
• Analog/Digital display
• 0.1% basic de accuracy
• lOOpV to 1000V ac & de
• 0. Ip A to 10A all fused
• -15°C to +55°C operation
• Touch Hold™ function
• Two year warranty

27
• As 25 but adds
• Relative (difference) mode
• Min/Max recording mode 
Model Inc Tax Ex Tax
21 $247 $215
23 $362 $236
25 $569 $495
27 $655 $570

Goldstar
‘Shirt Pocket’ 
Multimeters
• 31/2 digit LCD display
• Autoranging
• Overload protection
• Diode & Continuity checking
• Beeper
• Low battery & Overrange indication
• 10MQ input impedance
• Memory Mode for relative 
measurements (DM6235 & DM6335)
• Extended resolution (DM6235 & 
DM6335)
• Hold Function (DM6335)
• Automatic current limiting
Model Inc Tax Ex Tax
DM6135 $88.80 $74
DM6235 $99.60 $83
DM6335 $118.80 $99

Goldstar Bench 
Portable 
Multimeter
• 4 1/2 digit. 10A, AC/DC Data Hold 
Model Inc Tax Ex Tax
DM7241 $294 $245

Topward 
Regulated DC 
Power Supplies
• Ripple & Noise CV 0.5mVrms or 
4mVp-p; CC 0.5mArms or 4mAp-p
• Line Regulation CV 0.02% +2mV: CC 
0.02%+250pA
• Load regulation CV 0.02% +2mV; CC 
0.02%+500pA
• Output Impedance 5mil+2pH
• TPS4000 Series only

Tracking Error ±(0.2%+5mV) 
5V/3A Output (4303)
Voltage 5V±5%: Current 3A max 
Ripple 2mVrms
Regulation 0. l%+5mV

Model V/A Inc TaxEx Tax
2302 30V/2A $360 $310

23010 30V/10A $1032 $890

2303 30V/3A $389 $335

4303 ±30V/3A $759 $650
5V/3A

4306 ±30V/6A $957 $825
4603 160V/3A $1154 $995

Full Range of 
Multimeter 
Accessories 
Available
Call us with your 

requirements

Detailed brochures and full specifications are available on 
all these products. Call us for specialist technical advice

©MAT IPW. O©
129 Queen Street, Beaconsfield 
P.O.Box 37 Beaconsfield NSW 2014

banKcard
welcome here

Tel : (02) 698 4776 Telex : AA71958 Fax : (02) 699 9170

o



Compact Disc Re vicias»,.........

BEETHOVEN
Beethoven Piano Sonatas
Volume II
John O’Conor
Telare CD-80160 DDD
Playing Time: 64 min 10 sec

PERFORMANCE
123456789 10

SOUND QUALITY
123456789 10

Here are three Beethoven Piano 
Sonatas - No. 21 in C Op.53 ‘Wald- 
stein’, No. 17 in D minor Op.31/2 
‘Tempest’ and the ‘Les Adieux’ No. 26 
in E flat Op.81a. These most impressive 
piano works were written at various in
tervals between 1802 and 1809, when 
Beethoven’s deafness was encroaching.

As such, it is also the sonata from 
Op.31 which is best able to give some 
hint of the inner turmoil affecting its 
creator at the time, for these sonatas 
are contemporareous with the famous 
‘Heiligenstadt Testament’, the an
guished letter - part will and part howl 
of desperation that Beethoven penned 
in 1802.

“Ah, how could I admit an infirmi
ty,” he lamented, “in the one sense that 
ought to be more perfect in me than in 
others.”

Pianist John O’Conor was introduced 
to American audiences with the best 
references from Europe. This Irish pian
ist and his performances are marked by 
critical acclaim everywhere and on seri
ous listening to this disc it is not surpris
ing. Any words I might add would be 
superfluous as this disc is simply superb 
in all respects.

I think it fortunate that John 

O’Conor is on Telarc as I feel this or
ganisation produces such consistent top 
quality recordings to put them right up 
with the best, if not ‘ the best’, in the 
world.

This disc is even better as my previ
ous ‘mild’ criticism of Telarc was play
ing time. Now at 64 minutes and 10 sec
onds, and with excellently detailed 
cover notes, this disc is a bargain at 
whatever price.

SCHUBERT
Franz Schubert
London Festival Orchestra
David Blackside
VMK Globe 100.41802 DDD
Playing time: 62 min
PERFORMANCE

SOUND QUALITY
123456789 10

This disc contains 62 minutes of very 
popular Schubert works, including the 
delightful Symphony No. 5 in B flat 
major. The other works are: Impromptu 
Op. 142 No.2 in A flat major (1821), 
‘Moment Muscial’, Op.94 No.3 in F 
minor (1828), the Scherze in B flat 
major (1817) and the piano quintet in A 
major, (The Trout) D667, Opll4.

Curiously the 5th Symphony, written 
in 1816 was only played by an orchestra 
of mainly amateur musicians and was 
not formally published until well after 
Schubert’s death. The first performance 
was in 1873. The piano works above 
have become part of the concert reper
toire and will be familiar to most listen
ers.

The musicians here are first class with 
sensitive playing and the tempos are 

normal. However, the piano solo tracks 
do lack some depth in the balance and 
appear to be recorded at a lower level 
than usual.

Although this disc is a late recording 
and the sound quality quite well bal
anced, it lacks acoustic coherence and is 
a little edgy. Perhaps on lesser playback 
equipment this may be less noticeable 
and in any case it is certainly worth the 
low $9.90 price tag.

DAVIS
Carl Davis
London Philharmonic
Strauss, Brahms, Delius, Copland, Davis
Virgin Classics VC 7 90716-2 DDD
Playing time: 67 min 2 sec
PERFORMANCE 

123456789 10

SOUND QUALITY

The title of this disc should really be 
‘Well played semi-popular pieces’. Carl 
Davis, while an excellent conductor, is 
not known by most people and this is a 
very good recording of music to play 
when you don’t know quite what you 
want to listen to.

My only personal regret is that there 
could have been a little more Copland 
and a lot less Delius - but yes, I am 
biased. The selections are otherwise in
teresting and introduce some very good 
pieces with which most people will not 
be familiar. The selections have excel
lent cover notes and are Carl Davis - 
Philharmonic Fanfare; Johann Strauss 
(son) - Suite ‘Die Fledermaus’ (arr. 
Carl Davis): Overture, Fledermaus 
Polka, Tik-Tak Polka, Czardas, Du und 
Du Waltz; Johannes Brahms - Andante 
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from String Sextet No. 1 in B flat 
major, Op. 18; Frederick Delius - Or
chestral Suite from ‘A Village Romeo 
and Juliet’; Aaron Copland - Fanfare 
for the Common Man.

Davis’s own Philharmonic Fanfare is 
a great piece and was written as a greet
ing to the audience at some of his con
certs. It introduces each section of the 
orchestra in turn, starting with the 
brass.

The music from ‘Die Fledermaus’ is a 
well known favourite with wide appeal, 
and the very pleasant nineteen minute 
selection presented here was arranged 
by Carl Rains.

Braham’s Sextet for Strings was used 
in the French film ‘Les Amants’. Im
pressed by this Carl Davis’s suggestion 
to David Mathews culminated in this 
excellent arrangement presented here 
which exploits the rich harmonies of this 
great composer.

The Delius work has a fine opening. 
I don’t find this composer’s musicci ter
ribly inspiring, but no doubt it has a 
‘certain appeal’.

The Copland is a bright and delight
ful contrast, to end this most interesting 
disc which is well recorded, with very 
good overall balance and acoustics.

SMETANA DVORAK
The Bartered Bride
Slavonic Dance No.2
Symphony No.9 ‘From the New World’
London Symphony Orchestra
Alfred Scholz
ZYX Classic CLS 4015 DDD
Playing time: 64 min 4 sec

PERFORMANCE

SOUND QUALITY

This is a budget ($9.90) disc offering 
very appealing music performed 

brilliantly by mainly, little known art
ists.

Smetana’s comic opera ‘The Bartered 
Bride; was first performed in 1866. Its 
naive story and humour is reflected in 
the character of the music, with typi
cally Czech folk dances and melodies. It 
is a national opera in its homeland and 
the music can be described as light, co
lourful and foot-tapping. The perform
ance of these dances here is quite stun
ning, with its brilliant pace and string 
virtuosity.

The Salvonic Dance No. 2 is a qui
eter melancholic piece, giving a short 
contrast to the previous selection.

The New World Symphony of 
Dvorak is a real evergreen, and is very 
well played with a slightly slower open
ing adagio than usual. The following 
Allegro is quite brisk, with the rest of 
the tempos ‘quite normal’.

The sound is somewhat over-rever- 
berrant with a tendency to sound 
slightly hollow at times, but this was 
less evident in the ‘Bartered Bride’ 
which seems to have a better acoustic 
environment.

The greatest appeal of this disc is the 
performance of the ‘Bartered Bride; 
and the price - considering the amount 
of playing time. ®

contract 
pcb assembly

SPECIALISTS OFFERING THE 
PRODUCTION FACILITY TO MEET 
YOUR MANUFACTURING NEEDS

EAGLE TECHNOLOGIES PTY. LTD. unc,™

When high performance counts 70 Keys Road, Moorabbin, Vic. Aust. 3189
Phone: (03) 555 0133 Fax: (03) 553 2572
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When I Think Batk...
by Neville Williams

On organs - electronic and otherwise
The now ubiquitous electronic organ has been conceived and 
developed within the 55-odd years that I have been associ
ated with the electronics industry. I've always been fascinated 
by them, not just in isolation but against a background of 
much older acoustic instruments - ranging from the humble 
harmonium to giant pipe organs like the one in the Sydney 
Town Hall.

At a personal level, I was encouraged 
to ‘learn’ the piano as a lad. But tiring 
of scales and exercises without sufficient 
other motivation, I invented so many 
excuses for not practising that my 
teacher finally gave up.

I emerged from the experience with 
the rudiments rather than the funda
mentals of the art, at best able to stum
ble through the ‘Chariot Race March’ in 
a most un-Ben Hur-like fashion!

But left to my own devices, I later 
discovered that I could cope reasonably 
well with the chord music that genera
tions of hymn writers had written for 
generations of adherents in small 
churches. In fact, there came the day 
when, in the absence of my mother, I 
was asked to play for a Sunday after
noon service in a typical country com
munity hall.

It involved playing not the beer- 
stained Beale piano, but a portable 
Estey reed ‘organ’, of the kind beloved 
by one-time street evangelists: an ab
breviated keyboard, no stops and a 
drop-down stand, fitted with two pedals 
connected by canvas webbing straps to 
the somewhat leaky bellows.

Playing it was a breeze, in more ways 
than one. As with other organs, notes 
sounded while ever the relevant keys 
were pressed, effectively concealing my 
limited digital dexterity. Given the hum
ble nature of the music and the limited 
resources of the instrument, it was per
haps not a(l that surprising that several 
people assured me that I had “managed 
very well”.

In fact, I was sufficiently encouraged 
by the experience to take up my 
grandmother's offer to play her beloved 
12-stop Estey any time I liked - a tradi
tional Victorian reed instrument if ever 
there was one, surmounted by a mir
rored superstructure, with shelves for 

hymn books and family whatnots. So 
began an interest that turned out to be 
a useful complement to a career in elec
tronics.

As it happened, my younger brother 
followed much the same path to famili
arity with reed-based instruments - 
variously described in their day as reed 
organs, ‘American’ organs or harmoni
ums.

A few years on, we were able to pick 
up unwanted reed organs for a prover
bial song. They were often battered and 
unserviceable, but worth inspecting as a 
possible candidate for restoration to the 

A church organist at age 11, Knight Barnett was an original member of the 
staff of Sydney's pioneer radio station 2BL. He later became a featured 
organist on the Sydney theatre circuit and on Sydney radio, playing at eleven 
theatres including the Capitol and Prince Edward. He is pictured here in 1938.

melodic kind of instrument we both 
hoped one day to find.
Pipe organs

Brought up in the country, neither of 
us had been exposed much to pipe or
gans of any kind. They belonged to a 
world far removed from the small coun
try - later suburban - churches which 
our family attended and in which we 
sometimes took a turn at playing.

In 1930, while I was still a student at 
Parramatta high school, Western Sub
urbs Cinemas had opened their ‘Span
ish’ Roxy theatre in that suburb (now 
city) - complete with an 1850-pipe 
Christie organ and a much publicised 
resident American organist, Eddie Hor
ton.

A class-mate Wilbur Kentwell, him
self a young church organist of more 
than usual ability, struck up an ac
quaintance with Eddie Horton and was 
occasionally allowed to play the big 
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Christie - usually on Wednesday after
noons, when he should have been at 
sport! Wilbur later earned quite a repu
tation as a theatre, radio and recording 
artist but, at the time, his exploits were 
simply a topic for classroom - and staff
room - chatter.

However, I shall never forget the 
night, shortly after starting work at 
Reliance Radio in Sydney, that I went 
along to the Burwood Palatial theatre, 
to hear Knight Barnett at the organ. I 
was astounded by the virtuosity of the 
player, the resources of the instrument, 
and its massive, clean sound - in true 
stereo - from the pipes and effects 
ranged on either side of the prosce
nium.

At that point, I became an instant en
thusiast of the theatre organ and an 
eager listener to on-air recitals by con
temporary organists like Knight Bar
nett, Jim Williams, Paul Cullen and 
Norman Robins. I still have a Regal- 
Zonophone 78rpm record that I bought 
to check radiograms at Reliance Radio 
- Reginald Dixon's ‘Blaze Away’ and 
his memorable ‘Parade of the Tin Sol
diers’.

Even now, I have no difficulty in 
recapturing that early reaction, when I 
hear their modern-day counterparts like 
George Wright, Lyn Larsen and 
Melbourne's Tony Fenelon.

I was later to develop a different kind 
of regard for the huge 5-manual 9,000- 
odd-pipe classical organ in the Sydney 
Town Hall. Indeed, the most massive 
organ sound that I recall ever hearing 
was won from that same instrument by 
Marcel Dupre playing the Marseilleise! 
Yet, in the same recital, he coaxed from 
the organ the most delicate, lingering 
harmony that one could imagine in such 
an environment.
A vain quest

But back home, like many of our 
humble counterparts in local church 
groups, my brother and I were for ever 
on the look-out for the unlikely, if not 
the impossible: a more pipe-like, less 
reedy reed organ that we could afford.

Somebody mentioned one in the 
headquarters of a fringe religious group, 
that was supposed to be available for 
little more than the cost of removal. It 
turned out to be a very bulky instru
ment with two manuals and pedalboard, 
and a separate electrically powered 
blower.

It was a traditional French instru
ment, we were told, that had been 
played by many well known organists 
and highly praised for its pipe-like qual
ities. Unfortunately, we had no way of

Developed in the early 1930s at American radio station WCAU, this organ-like 
instrument derived its tones from patterns on a moving film. A later, more 
versatile model relied on holes in spinning discs placed between small lamps 
and phototubes.

verifying this, because the blower 
wasn't working.

No less to the point, the building had 
been added to since the organ had been 
installed and there was no way of get
ting it out, except in pieces smaller than 
the manufacturer had originally envis
aged. Enough said!
Another find

We did, however, manage to get hold 
of a two manual reed organ shortly 
afterwards. Branded Aeolian, as I 
remember, it comprised, in effect, two 
fairly normal reed chambers, one 
mounted upside-down above the other. 
They were pumped by a common set of 
bellows and foot pedals, the manuals 
being pneumatically coupled by a forest 
of 1/4" (6.5mm) O/D rubber tubes. The 
existing tubes had long since perished, 
but we reckoned that it would be easy 
enough to fit new ones.

As we took delivery of the organ, my 
brother was already working out how he 
could replace the bellows with an elec
tric blower and add a pedal clavier cou
pled through to the 16ft reeds. In fact, 
in an earlier burst of enthusiasm, he 
had already cut out and sanded a set of 
pedals, which were stowed under the 
bench in the garage.

But first, with the internal works of 
the Aeolian checked and repaired and 
the reed banks de-bugged, we faced up 
to the job of re-coupling the manuals, 

armed with a large spool of black rub
ber tubing.

We set about the task late one after
noon, but decided to work on through 
the winter evening - in an unlined gal
vanised iron garage, with the help of a 
couple of lights and a single 1000W 
radiator. Pushing the tube-ends over 
rows of brass nipples was rough on the 
fingers but we got the job done, 
switched off the power and went our 
separate ways.

Next morning, I got a call from my 
brother, sounding utterly devastated. 
He'd just been down to look again at 
our handiwork: Alas, in the frosty, wee 
small hours, a lot of the rubber tubing 
had hardened, split and fallen off the 
brass nipples.

Fortunately, we were able to do it all 
over again with the then relatively new 
PVC tubing, which proved rather more 
durable. But the pneumatics could 
never be entirely trusted and we fin
ished up leaving the back off the organ 
so that, if a tube fell off, one of us 
could reach around and replace it, sur
reptitiously or otherwise!

The novelty soon wore off, however, 
and the enthusiasm for adding a blower 
and pedal clavier cooled - the latter of 
necessity: a senior member of the fami
ly, fossicking around the garage for gar
den stakes, found a dozen or more bits 
of wood under the bench that were 
about the right length!
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When I think back
At last electronics

In the end, I/we finally came to the 
conclusion that, if one wanted a reliable 
and tolerably musical reed organ for the 
home or small church, the best course 
was to forget all the fancy notions and 
settle for a conventional, single-manual 
16-stop Estey or a close equivalent.

This we did, and it was the kind of 
small-church or cottage organ with 
which I tended to compare electronic 
instruments when they finally came 
within our grasp. It was scarcely a con
test - but more about that later.

Electronic instruments, commonly 
heralded as ‘pipeless organs’, began to 
attract attention in the early to mid 
1930's.

The US magazine Electronics for May 
1934 reported an organ-like electronic 
instrument being demonstrated to visi
tors at the IRE convention in Philadel
phia. Developed in the studio/labora- 
tory complex of radio station WCAU in 
that city, it produced tones derived 
from photographic patterns recorded on 
continuously moving film loops.

In July 1934, the same magazine car
ried an article on a piano-like ‘clavier’ 
developed in a factory at Kalamazoo, 
Michigan. It used steel reeds which, 
when plucked, set up signal currents in 
adjacent magnetic pickup-up coils. Am
plified and subjected to attack and tone 
control, frequency doubling and op
tional vibrato, a wide variation in sound 
timbre was said to be possible.

The WCAU enterprise was mentioned 
again in the July '35 issue of the Amer
ican Radio News, with the development 
of a more practical organ, having two 
manuals and a row of stop tabs. The 
source signals for this model were pro
duced by patterns of holes in spinning

electrostatic signal pickup from a
reed. The principle was used in the 
Everett Orgatron in the 1930s but 
was seldom successful when added, 
handyman fashion, to existing reed 
organs.

Built to AGO 
specifications, the 
Everett Orgatron 
was an 
impressive 
looking 
instrument. But 
its interim 
reedlamplifier 
technology was 
short-lived.

discs, strategically placed between rows 
of phototubes and 900 small light bulbs, 
switched on by the playing keys.

The Everett ‘Orgatron’
Coming nearer to home, and reality, 

the Baptist church in Auburn (Sydney) 
circa 1936, replaced their traditional 
two-manual reed Estey with an Everett 
Orgatron. This was after a recital in 
competition with the most obvious alter
native at the time, the newly released 
Hammond.

Conforming to AGO (American 
Guild of Organists) specifications, the 
Orgatron was essentially a two-manual 
and pedal reed-based instrument, fitted 
with tiny brass screws which picked up 
electrical signals from the vibrating 
reeds by capacitive coupling. (See dia
gram). According to Everett, their de
sign philosophy was to use air-driven 
brass vibrators (reeds) rather than oscil
lating valves to generate the basic tones, 
the vibrators being selected, tuned and 
voiced by time-proven methods.

The reed chambers were muffled, to 
minimise the direct sound output, while 
the screws were critically positioned 
relative to the vibrational mode of each 
reed to optimise the harmonic content 
for the desired voice. The signals were 
merged, selected and processed electri
cally, under the control of conventional 
stop tabs, expression pedal etc., and 
reproduced by amplifiers and loud
speakers.

I heard the instrument only once, in 
routine use but, while it seemed to be 
quite good, I did wonder whether it was 
chosen by the church as much as any
thing for its traditional styling and non
radical technology.

I gather that Estey and Wurlitzer also 
showed short-term interest in reed gen-

erators but, to the best of my knowl
edge, the approach won only interim ac
ceptance and was soon overtaken by 
Hammond - and by a variety of other 
organs which relied on valve oscillators 
for tone generation.

But electrostatic pickup certainly 
caught the imagination of frustrated 
reed organ owners, and articles ap
peared in various magazines suggesting 
how the idea might be applied in exist
ing - and usually ageing - instruments. 
In practice, most individual attempts 
along these lines proved abortive.

Apart from anything else, in a home 
or small church, the direct sound from 
the reeds would still be prominent, 
largely defeating efforts to superimpose 
a better sound electrically.

Again, the scope for inserting pick-up 
screws in an existing reed chamber was 
usually limited and the harmonic struc
ture of the derived signal largely a mat
ter of chance. Add to this problems of 
mal-tuning and intermodulation, and 
the end result was more likely to resem
ble the sound of an indifferent accord- 
ian than a pipe organ!

Hammond's approach
But to get back to Hammond: An 

American company founded by Laurens 
Hammond, it was known early-on for 
its electric clocks. However, Hammond 
had been fascinated from boyhood by 
church pipe organs and, as a graduate 
engineer, saw the need for an instru
ment that would be more affordable 
and easier to instal and maintain.

His well-proven synchronous clock be
came the starting point for his own an
swer to the problem - an electronic 
organ built around a set of electro
mechanical tone generators. The sys-
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tem, as illustrated, was the subject of 
patents applied for in January 1935 and 
granted in January 1936 - the same year 
in which the instrument was released to 
major markets, including Australia.

It involved the provision of eighty or 
more cam-shaped or toothed tone 
wheels, spun in groups at constant 
speed by a mains powered synchronous 
motor. A magnetised polepiece carrying 
a pick-up coil was positioned close to 
each tone wheel, such that a continuous 
waveform was generated across the coil 
as the teeth passed the pole-tip.

A separate tone wheel was provided 
for each frequency component required 
by the organ, the rotational speed and 
the number of ‘teeth’ being selected to 
bring its output frequency as close as 
mechanically possible to the required 
musical pitch. As well, the geometry of 
the teeth and pole tips was so arranged 
as to generate a predominantly sinusoi
dal waveform.

Drawbar attenuators, calibrated 32ft, 
16ft, 8ft, 5-l/3ft, 4ft, etc., made avail
able various harmonic pitches, allowing 
the synthesis of many different ‘tone co
lours’ - so that pressing any key would 
produce a composite or ‘sum’ signal, as 
determined by the drawbars. This was 
fed to an amplifier system controlled by 
an expression pedal, and optionally em
bellished by chorus, tremolo, attack, 
decay, reverberation and so on - effects 
which tended to multiply with each suc
cessive model.

While the use of harmonic drawbars 
seemed totally logical to Hammond en
gineers and technically-minded musi
cians, it tended to confuse and alienate 
others accustomed to thinking in terms 
of traditional drawknobs or stopkeys, 
voiced and preset by the organ builders.

The early Hammonds
The first Hammond which I heard to 

advantage was an early model installed 
in the then-new studios of Sydney radio 
station 2CH, and frequently played by 
Des Tanner. Yes, it sounded somewhat 
‘electronic’, but by no means unpleas
antly so. And if it lacked the harmonic 
complexity of a pipe organ, it was far 
more pipe-like and listenable than any 
reed instrument I had ever encountered.

Being much less expensive and far 
easier to install than a pipe organ, later 
and more highly specified models found 
their way progressively into concert 
halls, large churches, theatres, resorts 
and radio/recording studios around the 
world.

An odd copy of the Hammond Times, 
which ended up in my files, features a 
Hammond organ with orchestra at the 

Hamburg Opera House (Germany), at 
radio studios in Warsaw and Poznan 
(Poland), at the Sacred Heart Cathedral 
in Broken Hill (NSW) and the Savoy 
theatre in New Lambton (Newcastle, 
NSW) - played at the time by Wilbur 
Kentwell. These, plus hotels and enter
tainment centres in various countries, 
and accomplished organists touring with 
a Hammond.

According to the Theatre Organ Soci
ety, other resident organists featuring 
on theatre Hammonds in the Sydney/- 
Newcastle area in the 1930s and '40s in
cluded Jim Williams, Les Waldron, Ron 
Boyce, Iris Mason, Peter Rowe, Geoff 
Robertson, Stanfield Holliday and Des 
Tanner.

For smaller churches and private 
homes, the spinet models also proved 
popular, being notable for their reliabil
ity, freedom from tuning worries and 
the ‘roundness’ of their sound.

Some of those early Hammonds are 
still soldiering on, tonally bland by com
parison with modern solid-state instru
ments but distinguished by the fact that, 
with their sinusoidal tone structure, mis-

The Stromberg-Playmaster kit organ, described in this magazine during 
1961-2. Small electronic organs like this took over from reed instruments 
showing the way for bigger and better spinet models which are now routine 
in homes and small churches.

The Hammond principle involving a 
magnetic pick-up coil adjacent to a 
spinning tone wheel. The serrations 
could be cam-like flats for very low 
frequencies, and actual teeth for high 
frequencies.
takes by inexperienced players are 
never quite as noticeable as on an in
strument with a more prominent har
monic structure.

But all that is now history. The tone 
wheels have given way to crystal locked 
solid-state signal sources, and even the 
Hammond name has changed hands. 
Sad, even if sentimentally so!
Building one's own

Such was the appeal of the early 
Hammonds that the idea of building 
one's own grabbed quite a few organ
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When I think back
enthusiasts - particularly electronics en
gineers with mechanical skills, and vice 
versa.

The first in the Sydney area, to my 
knowledge, was built in the late 1930s 
by Neville Oates, an engineer at Strom
berg-Carlson, who was subsequently in
volved in that Company's belated and 
abortive venture into electronic organs.

Encouraged by his success, a group of 
engineers and enthusiasts addressed 
themselves to the same task, pooling 
their resources to organise the necessary 
bits and pieces in job lots. One member 
of the group was a friend from the old 
Reliance Radio days, Ray Tonks; an
other was Ernest Benson (now Dr Ben
son, retired), a senior AWA engineer.

Back in 1942, I remember visiting Ern 
Benson's home to look at his finished 
organ, in the company of R&H science 
writer Calvin Walters - an amateur pi
anist with a ready repertoire of popular 
tunes. Ern had the console and loud

The organ which convinced the writer of the futility of building one's own: 
the GEM C-150. With an excellent array of preset voices on both manuals, 
accessed by tabs, it even included a set of Hammond-like drawbars for the 
upper manual.

speakers set up in the lounge room and 
the tone generator mechanism in the 
basement, with signal cables coming up 
through the floor. As I write this, it is 
still working, 47 years on!

Not surprisingly, my brother and I de
cided that this is what we'd really been 
looking for. I supplied the good inten
tions; he set to work to stamp out a 
couple of hundred mild steel discs for 
the tone wheels - but that's about as far 
as we got.

Talking with him during the prepara
tion of this article, he remembered 
where the pile of steel discs had finally 
ended up: as counterweights for the 
home-made tilting door on his garage!

The Stromberg/Playmaster
My ultimate venture into organ build

ing was much less adventurous. Faced 
with a downturn in the production of 
TV receivers, Stromberg/Carlson A'asia 
had reached agreement with Thomas or
gans in the USA to build and market 
their basic single-manual model in Aus
tralia.

Production had barely got under way 
when the Company was faced with clo
sure and, as Editor of Radio, Television 
and Hobbies, 1 was asked whether we 
would like to present the organ as a 
home construction project - to absorb 
the inventory of components which 
Stromberg-Carlson had purchased.

We took up the offer and the project 
was covered in a series of articles in the 
magazine beginning in December 1961. 
In fact, I/we went one better, by adding 
extra facilities and voices not provided 
in the original instrument.

With a price tag well below market 
prices at the time, quite a few of the or
gans were built by readers for private 
use or for installation in small churches. 
Simple though they were, they were in
variably preferred to the existing reed 
organ.

Electronic organs have since become 
routine in small churches and the homes 
of amateur organists; a reed organ, still 
in place, is a now real curio. Why else 
would I spend an hour in a relative's 
home in the Shetland Islands, re-activat- 
ing enough reeds in their long-silent 
organ to play a few tunes from the kirk 
hymnbook? Or talk my way into playing 
few chords on an organ similar to my 
late grandmother's Estey, in the Wing
ham (NSW) Town Museum?

But home construction of electronic 
organs of any description is now a rare 
exercise - despite the efforts of Jim 
Rowe, a few years back, to re-kindle in
terest. The simple fact is that the eco
nomics of developing and presenting a 
design and marketing the necessary 
components is totally against it.

At a stage when I might well have 
proceeded, personally, to build some
thing more pretentious than the Strom
berg/Playmaster, Grace Bros came up 
with an Italian-made solid-state GEM 
(Generale Ellettromusica) organ. Ap
parently based on build-it-yourself cir
cuitry devised by Philips, in Eindhoven, 
it was attractively priced and very well 
voiced for church and home use. What's 
more, I could have one immediately. So 
I said “yes”, took out my wallet and 
put my soldering iron away!

The GEM has since given place to a 
more modern Technics, with electronic 
rather than mechanical keying, elec
tronic chorus and tremolo, and various 
other refinements. But that, in turn, is 
‘old hat’ to what small churches and 
amateur organists can acquire nowa
days, if they are prepared to loosen 
their purse strings a bit.

Incidentally, one of the reasons Jim 
Rowe was looking into electronic organ 
design in the 1970s was because he'd
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From my files, this 1983 model Allen digital computer organ ADC 8000 
employs an AGO standard drawknob console and provides the equivalent of 
78 stops or 94 ranks, with ‘no unification or duplexing’. Without being alerted, 
few would be aware of the difference in sound between it and a large pipe 
instrument.

come to realise that he'd never get 
around to using the pipe ranks that he'd 
once bought and stacked in the loft! If, 
as Editor, I couldn't find time to build a 
more pretentious electronic instrument, 
I can't imagine how one would ever get 
around to tackling a pipe organ!

Cinema organs again
When large luxury theatres were 

overtaken by the television era, the old 
Wurlitzers and Christies were uncere
moniously ripped out, to clear the way 
for wide-screen multi-theatre com
plexes. The organs would have become 
so much junk, had it not been for the 
intervention of enthusiasts who bought 
them for a fraction of their original cost 
and somehow managed to store them 
against the day when they could be re
built.

Without being able to quote actual 
figures, a lot of them certainly have 
been rebuilt, and are variously available 
again for regular use or special occa
sions.

In my own area, the big Christie that 
was once the pride of the Parramatta 
Roxy is currently being refurbished and 
re-installed in the new Hills Centre at 
Castle Hill, Sydney. Donated to the 

Centre by its rescuers, they claim that, 
when complete, it will be the largest 
surviving Christie in the world.

No less interesting is another old 
Christie currently installed in the Ep
ping (Sydney) Baptist Church. Obtained 
originally from the nearby Eastwood 
theatre, the church re-installed at the 
time as much of it as seemed appropri
ate to their requirements.

Recently, faced with the need to re
furbish the instrument, they decided to 
return it as near as possible to original 
specifications and to take advantage of 
extra ranks which had become avail
able.

Built, in the first instance, by a manu
facturer of classical organs, Christies 
have considerable potential in that role. 
In the hands of an organist like Cliff 
Bingham, the refurbished Epping instru
ment performs as a Christie always did. 
But equally, in periodic recitals by well 
known concert organist David Rumsey, 
it assumes a totally different personal
ity.

But this has not come cheaply, and it 
never does. It takes a lot of money - 
$200,000 in the case of the Roxy 
Christie - to ‘adopt’, refurbish and re
install a big pipe organ. This is just for 

essential materials and professional ser
vices. Even then, it would be impracti
cal in most cases but for a huge number 
of ‘person-hours’ donated by supporters 
and enthusiasts.

Meanwhile, the most pretentious elec
tronic organs, like the big computer- 
based Allens, have overtaken small pipe 
instruments and are getting ever closer 
to the sound of their large acoustic 
counterparts. Somewhere down the 
track, pipe organs too may become a 
rarity, if not a curio.

But it will take a bit of getting used 
to. Listening to a well-played pipe 
organ, large or small, the organist is 
seen intuitively as an accomplished ‘mu
sician’. Playing a traditionally styled 
electronic, the point can still be con
ceded. But standing alongside someone 
playing a big Yamaha, with its row 
upon row of computer-like buttons and 
lights, the lingering mental image is of a 
musically gifted technician.

I have a sneaking suspicion that it's 
the extension of an image that dogged 
Des Tanner and Wilbur Kentwell, in 
the tone wheel Hammond era! An 
image that was encapsulated in a re
mark made by our former Editor John 
Moyle: “It's like playing your own am
plifier!” ®

( INTRODUCING THE ULTIMATE 
MULTI MODE VIDEO CARD

Featured In Electronic Australia June ’88 
EC-CGMA 
Assembled 
12 mth 
warranty 
$179 
Full kit 
$154

640x400 CGA+ 
HERCULES

CGA
MDA 720x350

SPECIALS
360/1.2 M Byte FDD. Quality Japanese $209 
EC-452 Dual Serial & Centronics Ass. 12 mth wty.

EA May ’88
EC-EGA+ incl Centronics + Mouse + SW 
AT SYSTEM 12 MHz Sockets 4Mb Fit 512k 

2S+1P, 640 x 400 CGA+, 360/1.2MbFDD 
200W, 101 Deluxe kbd. ETI Aug,Sep,Oct 89

AT-4000 Motherboard: VLSI chip set (used by 
IBM in PS2-30/286) Sockets 4Mb OK fit J

$89 
$275

$1499

$598.80

5V4 DSDD pk10
5V4 DSHD pk10
3^ DSDD pk10

DISKETTES
$6.19 3% DSHD 1.44 MB $49.90 

$17.88 4164-150 100 up $2.76 ea. 
$19.90 plus p&p inc. tax

26 Boron St, Sumner Park 
Brisbane, Old 4074 
Phone: (07) 376 2955 
Fax: (07) 376 3286 
WELLINGTON, NZ:
(04) 85 8742 Fax: (04) 82 8850

KEN CURRY 
Managing 
Director

CONTROL
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(ET11429 FEB.)..................$49.95
PCB SHORT LOCATOR 
(EA FEB.)..............................$22.95
HIGH IMPEDANCE AC/DC 
MILVOLTMETER 
(EA DEC 88).......................... $44.95
LOW COST TESTER FOR
TRANSISTORS FETS & 
ZENERS
(EA FEB 88).............................$54.95

PRINTER BUFFER
(ETI1620)............................$139.95
(41256 OPTION, FEB & MAR 89)
DISCOLIGHT SC
(AUG 88)....................................... $159

WALK AROUND TROTTLE 
FOR MODEL RAILROAD 
(SC APRIL 88)............................. $89
HIGH ENERGY IGNITION 
SYSTEM
(SC MAY 88)............................$49.95

HANDS-FREE
SPEAKERPHONE 
(SC SEP. 88)..................................$89
HEADPHONE AMP. FOR CD
PLAYERS
(SC APRIL 88)..................... $24.95
PC FUNCTION GENERATOR 
(EAJAN.89)..................$49.95

PC DRIVEN FUNCTION
GENERATOR

Here's a simple and low cost little 
unit which lets you use your PC to 
generate signals with almost any 
conceivable waveform. It hooks 
up to the computer via a standard 
Centronics-type parallel printer 
port, making it compatible with 
almost any kind of computer.
Building and using it will also give 
you valuable insight into the 
growing trend towrds computer 
driven test instruments, too!

K88111.....................$49.95

ELECTRIC FENCE 
TESTER

This project was developed to take 
some guess work out of testing or 
checking an electric fence. Many 
factors can influence the operation 
of an electric fence energiser and 
fence, reducing its effectiveness. 
This tester indicates the presence of 
each pulse from the energiser and 
shows when the pulse voltage 
exceeds an amplitude of 2kV, 3kV 
and 5kV, once calibrated. If used in 
an uncalibrated mode , the unit will 
indicate pulse amplitudes on the 
fence of 40%, 60% and 100% of 
energiser output.
(ETI 1512, Feb. ’83)

Cat.K55120 ..........$19.95
SOLDERING IRON
TEMPERATURE 
CONTROL KIT

Animportant factor in good soldering 
technique is the correct choice of 
soldering temperature. If you have 
put off buying a temperature 
controlled soldering iron because 
they are so expensive, your 
problems are solved with this low 
cost soldering iron temperature 
conroller kit. It provides fully 
regulated, adjustable temperature 
control over a reasonably wide 
range and will work with just about 
any conventional 240V soldering 
iron rated from 20W to 75W.
(ETI 1532, ETI Sept 86)
Cat.K55320 ..........$24.95

MAIL ORDER 
008 33 5757 

PLACE YOUR ORDER FROM ANYWHERE 
IN AUSTRALIA FOR THE COST OF A 

LOCAL CALL. (STRICTLY ORDERS ONLY)

ELECTRONIC 
WATT METER

This unit will measure the power 
consumption of any mains 
appliance with a rating up to 3 
kilowatts. It makes use of a special 
op amp called an 'output transcon
ductance amp' or OTA. for short. 
(EA Sept. 83) 83WM8 
Cat.K83082 ........$89.95

NAIL FINDER
Essential for electricians and 
handymen. The Nail Finder will help 
locate timber studs behind Gyprock 
or plasterboard wall surfaces, as 
well as locating pipes and wiring 
behind walls. (EA Oct. '83)
Cat.K83100 ........ $11.95

150W MOSFET POWER 
AMPLIFIER

Here's a high power, general 
purpose 150W Mosfet Power Amp 
Module! Suitable for guitar and P.A. 
applications and employing rug
ged, 
reliable Mosfets in the output stage 
(ETI 499) (ETI March '82)
Cat.K44990 ..........$97.50
(Heatsink not included)
plus transformer ......... $49.50

SOUND PRESSURE 
METER

Noise is one of the many pressures 
of todays often stressful lifestyle. 
To be able to comabt noise in its 
many forms, you must be able to 
measure it. This low cost Sound 
Pressure Meter will measure sound 
levels of less than 30dB to more 
than 120dB, either fast or slow 
response to the "A" weighting curve 
(EA, May '81.81sp5) 
Cat.K81053 ........ $39.50

CRYSTAL 
CONTROLLED TV 

PATTERN GENERATOR 
Anyone wishing to obtain the 
maximum performance from a colour 
TV reciever needs a pattern 
generator. Why not build this superb 
unit which provides five separate 
patterns; dot. crosshatch, checker 
board, grey scale and white raster? 
Note: The RIE kit includes a large 
ABS type case!
(80pg6, EA June '80)
Cat.K80033 ........ $99.95

AUDIO TEST UNIT KIT 
Just about everyone these days 
who has a stereo system also has a 
good cassette deck, but not many 
people are able to get the best 
performance from it. Our Audio 
Test Unit allows you to set your 
cassette recorder s bias for 
optimum frequency response for a 
given tape or alternatively, it allows 
you to find out which tape is best for 
your recorder 
(81AO10) (EA Oct '81)
Cat. K81101 .......$59.50

SLIDE CROSS-FADER
Want to put on really professional 
slide show? This slide cross-fader 
can provide smooth dissolves from 
one projector to another, initiate 
slide changing automatically from 
an in-built vanalbe timer, and 
synchronise slide changes to pre
recorded commentary or music on 
a 
tape recorder. All this at a cost far 
less than comparable commercial 
units (EA Nov. 81) 81SS11 
CatKBlUO $99.00

STANMORE 
SHOP!

74 PARRAMATTA RD, STANMORE 
PHONE (02) 519 3134

VOCAL CANCELLER
If you have ever imagined yourself 
as lead vocalist/musician with a 
famous band, here is your chance 
to "audition”! You can cancel out 
the lead vocal on almost any stereo 
record and substitute your own 
voice or musical instrument.
(EA April '82, 82vc3)
Cat.K82042 ........$22.50

100W SUB-WOOFER 
AMPLIFIER

Capable of up to 120 watts RMS 
into 4 ohm loads and up to 80 watts 
RMS into 8 ohm loads, this power 
amplifier module has been 
specifically designed for use as a 
sub-woofer driver amplifier in a 
tri-amped hi-fi system. It uses four 
power Mosfets for rugged, reliable 
operation (EA July ’82) (82PA7)
Cat.K82075 ........ $97.50

ELECTRIC FENCE
Mains or battery powered, this 
electric fence controller is both 
inexpensive and versatile. Based 
on an automative ignition coil, it 
should prove an adequate deterrent 
to all manner of livestock.
Additionally, its operation comforms 
to the relevant clauses of Australian 
Standard 3129 (EA Sept '82) 82EF9 
Cat.K82092 ........$19.95

PHONE MINDER
Dubbed the Phone Minder, this 
handy gadget functions as both a 
bell extender and paging unit, or it 
can perform either function 
separately. (EA Feb.'84) 84TP2 
Cat.K84021 ........$27.50

VIDEO FADER CIRCUIT
Add a touch of professionalism 
to your video movies with this simple 
Video Fader Circuit. It enables you 
to fade a scene to black (and back 
again) without loss of picture lock 
(sync) or colour.
(EA Jan '86. 85tf10)
Cat.K86010 ..........$24.95

CD PLAYER 
ATTENUATOR

If you have just purchased a 
compact disc player your amplifier 
could be in trouble! CD players seem 
to have standardised on a 2V output 
level where as most Hi-Fi amps 
have a 500mV sensitivity for full 
rated output.
In order to overcome this you may 
need a CD Antenuator. It does not 
distort the signal in any way. It is 
inexpensive and simple to construct, 
making it an ideal beginners project. 
(EA '86)
Cat.K86011 .......... $7.95

FAST NICAD CHARGER 
This project is specifically designed 
for modellers and photographers 
who make heavy demands on Nicad 
betteries quite routinely. Theres 
nothing more frustrating than having 
your remote control model run out of 
juice as it runs/flies out of sight, or 
your flash run out of flash at an 
inappropiate moment. If you use 
Nicads and need a quick charge 
then this project is a must for you. 
(ETI 274, July 80)
Cat.K45630 ........ $79.95

SPEAKER 
PROTECTION UNIT

An expensive speaker system can 
be readily destroyed by a 20 watt 
amplifier. Carelessness with a high 
power amplifier can melt voice coils 
like cheese on toast. However, with 
this Speaker Protection Unit you 
can avoid risking the misery and 
expense. (ETI455.) 
Cat.K44550 ........$44.95

o PC BOARD HOLDER
Better than an extra pair of hands! 
A must for all PCB work.
Cat. T12444 ...........$9.95

ROYEL DUOTEMP 
SOLDERING IRONS

The DUOTEMP range are designed 
to idle with a normal tip temperature 
of 360°C, without its button 
depressed. In this mode they are 
ideal for delicate work such as 
printed circuit boards. With the 
button depressed, the power is 
doubled, allowing much heavier 
work to be completed, or a rapid 
temperature recovery from larger 
joins. (Note: This mode cannot be 
used continuously.) A range of 
6 long-life tips are available

ROYEL DR-30 (21 WATT)
• 3mm tip
• 240V operation, no transformer 

required
• Safety Standards Approved
• 6 months warranty
Cat T12640 ........ $39.50

ROYEL DR-50 (30 WATT)
• 5mm tip
• 240V operation, no transformer 

required
• Safety Standards Approved
• 6 months warranty
Cat T12645 ..........$44.50

ROYEL DR-60 (40 WATT)
• 6.5mm tip
• 240V operation, no transformer 

required
• Safety Standards Approved
• 6 months warranty
Cat T12650 ..........$49.50

UV EPROM ERASER 
Erase your EPROMs quickly and 
safely. This unit is the cost effective 
solution to your problems. It will 
erase up to 9 x 24 pin devices in 
complete safety, in about 40 
minutes (less time for less chips). 
Features include:
• Chip drawer has conductive foam 

pad
• Mains powered
• High UV intensity at chip surface 

ensures EPROMs are thoroughly 
erased

• Engineered to prevent UV 
exposure

• Dimensions 217 x 80 x 68mm

WITHOUT TIMER
Cat. X14950 Normally $97

Special, $79

WITH BUILT-IN TIMER 
Cat. X14955 Normally $139 

Special, $99

PORTASOL 
PROFESSIONAL 

Four tools in one: Blow Torch, 
Hot Blow, Hot Knife 
No Cords or batteries

• Heavy duty, tip temperature 
adjustable up to 400°C.

• Equivalent to 10-60 watts
• Hard working. Average continuous 

use 90 minuters
• Refills in seconds
• Powered by standard butane gas 

lighter fuel
• Range of easily replaceable 

screw tips included
• Includes metal stand for the 

soldering iron when working
• Cap features built-in flint for 

igniting Portasol tip
• Includes snap case for storage
Cat. T12639 .......$89.95

PORTASOL 
PROFESSIONAL

TIPS
4-8mm (T12610) .....
3-2mm (T12612) .....
2-4mm (T12614) .....
10mm (T12616) ...

$12.50
$12.50
$12.50
$12.50

HAKKO 926 
SOLDERING STATION

Quality, Safety and Performance!
FEATURES:
• Super quick heat up coupled with 

faster thermal recovery permits 
high quality soldering at lower tip 
temperature

• Built in ceramic heater sensor 
maintains temperatures within 
0-5°C of the setting

• Soldering iron grip is heat 
insulated for operator comfort

• The soldering iron is low voltage 
24V, and is completely isolated 
from the A C. line by an insulated 
transformer.

• A full wave zero crossing switch 
system is utilized to turn heater 
element ON and OFF

• The solderinq tip is connected to 
earth ground

SPECIFICATIONS
Power Consumption AC 100,110,

1 20, 240V-60W. Output 24V
Temperature 200°C to 480°C
Insulation Resistance 50Mohm
(480°C)
Leak Voltage under 0 6mV

(between tip and ground)
Weight 1 -5Kg without cord and iron 

stand
T12580 .....................$195

MINIATURE
HOBBY VICE

• Lever operated suction grip base 
for instant mounting and 
portability

• Mounts on smooth non-porous 
surfaces.

• Ideal for holding components, 
and other smalT/light objects.

Cat. T12458 only $6.45



HUNG CHANG 
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20 MHz DUAL TRACE 
OSCILLOSCOPE

•Wide bandwidth and high sensitivity 
•Internal graticule rectangular bright CRT
•Built in component tester
•Front panel trace rotater
•TV video sync filter
•Z axis (Intensity modulation)
•High sensitivity X-Y mode
•Very low power consumption 
•Regulated power supply circuit
COMPONENT TESTER is the special circuit with 
which a single component or components in circuit 
can be easily tested. The display shows faults of 
components, size of a component value, and character
istics of components. This feature is ideal to trouble 
shoot solid state circuits and components with no 
circuit power. Testing signal (AC Max 2 mA) is supplied 
from the COMPONENT TEST IN terminal and the 
result of the test is fed back to the scope through the 
same test lead wire at the same time.
CRT
CRT: 6" (150mm) Flat-faced high brightness CRT with Internal Graticule 
Effective display area: 8 x 10 div (1 div = 10 mm) 
Acceleration potential: 2KV

VERTICAL
Operating Modes: CH-A, CH-B. DUAL, ADD (CH-B can be inverted ) 
Dual modes: Alter; 0.2ufs - 0.5ms/div. Chop; 1ms - 0.5s/div. 
CHOP frequency 200KHz approximately.
Deflection factor: 5mV/div 20V/div +/-3%. 12 ranges in 1-2-5 step 
with fine control.
Bandwidth: DC; DC - 20MHz (-3dB). AC; 10Hz - 20MHz -3dB)
Rise Time: Less than 17ns
Overshoot: Less than 3%
Input Impedance: tMohm +/-5%.20pF +/-3pF
Maximum Input Voltage: 600Vp-p or 300V (DC+AC Peak)
Channel Isolation: Better than 60 dB at 1 KHz

HORIZONTAL
Sweep Modes: NORMAL, and AUTO
Time Base: 0.2ufs - 0.5s/div +/-3%. 20 ranges in 1-2-5 step with fine 
control.
Sweep Magnifier: 5 times (5X MAG).
Linearity: 3%.

TRIGGERING
Sensitivity: INTERN AL; 1 div or better for 20Hz ■ 20MHz (Triqqerable to 
more than 30MHz). EXTERNAL; 1 Vp-p or better for DC - 20MHz 
(Triggerable to more than 30MHz).
Source: INT, CH-A. CH-B. LINE and EXT.

and Negative. continuosly variable with level control 
PULL AUTO for free-run.
Coupllng:AC. HF-REJ and TV. TV SYNC Vertical and Horizontal Sync 
Separator Circuitry allows any portion of complex TV video waveform to 
be synchronized and expanded for viewing TV-H (Line) and TV-V 
(Frame) are switched automatically by SWEEP TIME/DIV switch 
TV-V:0.5s/div to 0 1 ms/div TV-H:50ufs/div to 0.2ufs/div.

X-Y OPERATIONS
X-Y Operations: CH-A: Y axis. CH-B; X axis Highest Sensitivity: SmV/div.

COMPONENT TESTER
Component Tester: Max AC 9V at the terminal with no load. Maximum 
current 2mA when the terminal is shorted. (Internal resistance is 
4.7K ohm)

OTHER SPECIFICATIONS
Intensity Modulation: TTL LEVEL (3Vp-p); Positive . briahter 
BANDWIDTH; DC-1 MHz Maximum Input Voltage: 50V (DC + AC Peak) 
Calibration Voltage: o.5Vp-p +/5%, 1 KHz +/-5% Square wave. 
Trace RotatlomElectrically adjustable on the front panel.
Power Requirements: AC; 100. 120. 220, 240V 20W
Weight: 7kg approximately. =
Size: 162(H) X 294(W) x 352(D)mm.

Cat. Q12105 .............. only $695 
(tax exempt only $630)

Bulk orders, schools, and tax exempt Inquiries, 
please phone (03) 543 2166 for special low pricing.

METEX 3800 
MULTIMETER

Compact, rugged, battery operated, 
hand held 3 Vz digit multimeter 
Features...
• 1/fe" high contrast LCD.
• Automatic over-range indication 

with the “1" displayed.
• Automatic polarity indication on 

DC ranges
• Diode testing with 1 mA fixed 

current.
• Audible Continuity Test.
• Transistor hFE Test
SPECIFICATIONS
Maximum Display: 1999 counts 
31/2 digit type with automatic 
polarity indication.
Indication Method: LCD display 
Measuring Method: Dual-slope in 
A-D converter system.
Over-range Indication: 1 ” Figure 
only in the display.
Temperature Ranges: Operating
O°Cto +4OC
Power Supply: one 9 volt battery 
(006P or FC-1 type of equivalent) 
Cat.Q91530 Normally $109

SPECIAL $79

METEX 3530 
MULTIMETER

Compact, ruqged, battery operated, 
hand held 3Vz digit multimeter 
Features...
• 1Z?" high contrast LCD
• Automatic over-range indication 

with the “I" displayed.
• Automatic polarity indication on 

DC ranges
• Capacitance measurements to 

20uF
• Diode testing with 1 mA fixed 

current.
• Audible Continuity Test
• Transistor hFE Test.
SPECIFICATIONS
Maximum Display: 1999 counts
3V2 digit type with automatic 
polarity indication
Indication Method: LCD display.
Measuring Method: Dual-slope in 
A-D converter system.
Over-range Indication: 1” Figure 
only in the display.
Temperature Ranges: Operating
0»Cto + 40°C
Power Supply: one 9 volt battery 
(006P or FC-1 type of equivalent) 
Cat. Q91540 Normally $139

SPECIAL $109

ECONOMY ANTISTATIC 
SOLDER SUCKER

• Light weight
• Sturdy construction
• Easy to remove tip
• Excellent value for money!
Cat. T11281 .........$13.95

METEX M-3650 
MULTIMETER 

20A, 31/2 digit frequency counter 
multimeter with capacitance 
meter and transistor tester.
Features include a frequency 
counter (to 200kHz), diode and 
transistor test, continuity (with 
buzzer), capacitance meter, up to 
20 amp current measurement.
CHECK THESE FEATURES. ..
• Audible continuity test
• Transistor test
• Diode test
• Quality probes
• ^/2" High contrast LCD.
• Full overload protection
• 20 Amp
• Built in tilting bail 
• Capacitance meter 
• Instruction manual 
Q91550 ................. Normally$165

Special, only $129

METEX 4500H 
MULTIMETER

10A, 4Vz digit multimeter with 
digital hold, tranaiator tester and 
audible continuity tester. 
CHECK THESE FEATURES...
• Readout hold
• Transistor Tester
• 4^ digit x 1/z"(H) LCD
• Audible continuity tester
• Quality set of probes
• Digital readout hold
• Built in tilting bail
• Instruction manual
• hFE test
• Diode Tester
e Vinyl case
091560 .................  Normally $175

Special, only $159

AEROSOLVE 
SPRAYPACKS

PCB Coating '201' 
Cat.N11040 ...................... $6.95
Freezing Spray '202' 
Cat.N11042 ................... $6.95
Insulating Varnish '203'
Cat.Nl 1043 ...................... $7.95
Electric Motor Cleaner '204'
Cat.Nl 1044 ...................... $6.95
Electronic Super Cleon '205'
Cat.N11047 (Freon)  $7.50
Flux Remover ‘206’
Cat. N11049 ....................... $6.95

tie
ROD IRVING 

ELECTRONICS 
All sales tax exempt orders and 
wholesale inquiries to:
RITRONICS WHOLESALE 
56 Renver Road. Clayton. 
Phone: (03) 5432166 (3 lines) 
Fax: (03) 543 2648

SYDNEY: 74 Parramatta Rd. 
Stanmore. 2048.
Phone (02) 519 3134 
Fax (02)519 3868
MELBOURNE 48 A Becken SI 
Phone (03) 6636151
NORTHCOTE: 425 High St. 
Phone (03) 489 8866

CLAYTON: 56 Renver Rd. 
Phone (03) 543 7877

MAIL ORDER & 
CORRESPONDENCE:
P.O. Box 620, CLAYTON 3168 
Order Hotline 008 33 5757 
(Toll tree, strictly orders only) 
Inquiries: (03) 543 7877 
Telex: AA 151938 
Fax: (03) 543 2648

ORDER HOTLINE 
008 335757 
(TOLL FREE)

STRICTLY ORDERS ONLY

LOCAL ORDERS & INQUIRIES 
(03) 543 7877

POSTAGE RATES: 
$1 - $9.99 $2.00
$10 $24.99 $3.00
$25 $49.99 $4.00
$50 $99.99 $5.00
$100 plus $7.50

The above postage rates are for 
basic postage only. Road Freight, 
bulky and fragile items will be 
charged at different rates
Errors and omissions excepted 
Prices and specifications subject to 
change.
IBM-. PC-. XT-. AT-, are registered trademarks ol 
international Business Machines 'Apple is,a 
registered trademark 'Denotes registered 
tradmarks of their respective owners

HoptoWhyinäp
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12V DC FANS
80 x 80 x 25.4mm
12V DC, 1.7 Watt, 0.14 Amps
T12469.....................$12.95
10+ fans only $11.95 each

BRAND NEW FANS 
Quality, new fans for use in 
power amps, computers, 
hotspot cooling etc. Anywhere 
you need plenty of air.
240V 4 5/8" T12461.....$12.95
115V 4 5/8" T12463.... $12.95
240V 31/2" T12465.....$12.95 
115V 3 1/2" T12467.... $1 2.95 
10+ fans (mixed) only $11.95 each

FAN GUARDS TO SUIT 
4 5\8" T12471........... $3.95
31/2" T12475............$3.95

BALL BEARING FANS 
Quality, new ball bearing fans 
suitable for power amps, 
computers, hotspot cooling etc. 
Anywhere you need plentyof air! 
240V 4 5/8" T12464 $14.95 
10+ fans only $11.95 each

PIEZO SIREN
■ 4 piezo units in a high impact 
plastic cabinet
• Input 12V DC-200mA
• Output 115dB at 1m, dual tone
• Compact size 105 x 85 x 45mm
• Smart design suits interior use 
S15071.....................$24.95

U.S. TELEPHONE 
EXTENSION CABLE

• U.S. plug to U.S. socket 
. Length 10 metres
Y16024.......................$7.95

U.S. TELEPHONE
EXTENSION CABLE

* U.S. plug to 2 U.S. sockets
. Length 10 metres
Y16028.......................$9.95

I PORTABLE 16 DRAWER 
CABINET

* Overall size:
270 (L) x 160 (W) x 165 (H)mm

• Drawer size:
142 (L) x 56 (W) x 31 (H)mm

• Metal case, clear plastic 
drawers

• Carry strap
• Stackable or wall mountable
H10085.....................$19.95

g
PASSIVE INFRA-RED 
DETECTOR (WP-800) 
FEATURES:
* Walk test LED indicator
• Wall/ corner/ ceiling mount
• Micro switch tamper proof 

protection
* 24 detection beams in 3 
different ranges

• N.C. silent S.P.S.T. dry relay 
contact output

• Alarm auto reset approximately 
3 seconds after triggered

• Superior RFI immunity 
protection

• Very low power consumption
* Adjustable mounting bracket
• Easy installation and 

adjustment
* Dual element, low noise, high 

signal to noise ratio pyroelectric
* Detection degree indicator
• D.C. 8-16 V power operating
S15079.................... $89.95

SURGE BUSTER
6 PROTECTED POWER OUTLETS 
Ideal for protecting personal 
computers, video equipment, 
colour TVs, amplifiers, tuners, 
graphic equalisers, CD players etc

SPECIFICATIONS:
• Electrical rating: 240V AC, 50Hz, 

10A
■ Complies with Australian 
Standards. Approval No.10084

• 3 x Metal Oxide Varistors (MOV)
• Surge/ Spike Rating (each MOV): 
4,500 amps (8 x20us)

• Energy Absorb. Factor each 
MOV: 75 joules (10 x 1000us)

• Maximum clamping Voltage: 
each MOV: 710 volts at 50 amps

* Response time: Less than 25 
Nanoseconds.

X10086......................$69.95

THE BUTTON SPIKE 
PROTECTOR

Simply plug the button into an 
outlet and it will protect all 
equipment plugged into adjacent 
outlets on the same branch 
circuit.
The button employs unique 
metal oxide varister technology 
and will dissipate 150 joules of 
electrical energy, (nearly twice 
that of comparable surge 
arresters).

SPECIFICATIONS:
Voltage: 240V Nominal
Total Energy Rating: 150 joules 
Response Time: 10ns 
Protection Level: 350V peak
XI0087.................... $36.95

CPF CONTINUOUS 
POWER FILTER 
(SPIKE ARRESTOR) 
The fortron CPF Filtered 
Electronic Spike Protector 
provides a protective electronic 
barrier for microcomputers, 
printers, telephone systems and 
modems electronic typewriters, 
audio and stereo systems and 
other sensitive electronic 
equipment.
CPF's superior circuitry design 
and semiconductor technology 
responds instantly to any 
potentially damaging over
voltage, ensuring safe trouble 
free operation.
Additionally,CPF's filtering 
capability helps eliminate 
troublesome and annoying 
interference, general hash 
created by small motors, 
fluorescent lamps, and the like 
that threaten the performance 
and shorten equipment life of 
unprotected electronic 
components.
SPECIFICATIONS:
• Electrical rating: 220-260 volts 
(AC) 50Hz 10 Amp

• Spike/ RFI Protection: 4,500 
amps for 20m/ second pulses

• Maximum clamping voltage: 
275V differential mode

XI0088.....................$69.95

MAIL 
ORDER 

HOTLINE 
008 335757

MAINS MUFFLER
Sudden mains disturbances can 
seriously affect your computer 
equipment, and stored data. So 
why risk it when you can have a 
Mains Muffler, particularly when 
the cost of one failure is likely ti 
be greater than the purchase 
price!
So vanish those dangerous 
clicks and voltage spikes 
forever with the Mains Muffler!

SPECICATIONS:
• Maximum total load: 1000W, 

4 AMP, 250V, 50 Hz
• Outlet Sockets: Attenuation: 

150KHz-47dB, 500KHz-68dB, 
10MHz-66dB

• Dual T Section: VDR Transient 
suppression. Surge capacity 
200 Amp 8 x 20us

X10089 (2 Way)....... $199

ECONOMY 19" RACK 
CASE

Save with this quality rack 
mount case complete with 
vents, handles and assembly 
screws. Tremendous Value!
Dimensions: 480 x 134 x 250mm
H10415.....................$44.95

DIECAST BOXES
Diecast boxes are excellent for 
RF shielding, and strength.
Screws are provided with each 
box.
H11451 100 x 50 x 25mm....$5.95 
H11452 110 x 60 x 30mm....$6.50 
H11453 120 x 65 x 40mm....$6.95 
H11461 120 x 94 x 53mm..$11.50 
H11462 188 x 120 x 78mm$13.50 
H11464 188 x 188 x 64mm$29.50

K&W METAL
INSTRUMENT CASES 
Used in many projects, these 
cases Have hammertone finish 
and are both versatile and 
economical
H10478 125 x 40 x 65mm....$5.95 
H10479 150 x 55 x 95mm....$6.95 
H10480 100 x 92 x 130mm. $8.95 
H10481 150 x 55 x 100mm. $7.95 
H10482 200 x 80 x 130mm. $9.95 
H10485 255 x 92 x 155mm$14.95 
H10487 255 x 165x155mm$16.95 
H10489 305 x 105x200mm$16.95

DUAL 8" SLIMLINE 
DRIVE CASE

X11025 Bare Case $109
X11026Case & PowerSupply$275

SINGLE 8" SLIMLINE 
DRIVE CASE

X11020 Bare case $49
X11022Case & Power Supply$179

5 1/4" SLIMLINE DRIVE 
CASE

X11001 Bare Case $49
X11011 Case & Power Supply$109

2x5 1/4" SLIMLINE 
DRIVES CASE

X11002 Bare Case......  $69
X11012Case & Power Supply$149

CREAT
SAVINGS

AT

R.I.E

4A REGULATED 
POWER PACK

• 240V AC input to 13.8V DC 
regulated 1A outlet

* Ideal for CB, ham radio, and 
other high power applications

• Fully overload and short 
circuit protected

* Will handle up to 6A surge 
current

• Ripple less than 10mV peak
peak

• Large heatsink and vent 
system for cooling

• Outputs: screw terminals or 
4mm banana sockets

• Illuminated on/ off switch
• Fuse protected
* Approved by the Department 
of Energy
M19032.......................$139

1 AMP POWER PACK
• 240V AC to 6/ 7.5/ 9/ 12V DC
• Ideal for workshop
• DC connections via unique 

multi plug adaptor system
• Sizes: 2.5, 3.5mm phone and
2.1,2.5mm DC plug

• Cord 1.6 metre long
M19010....................$36.95

PLUG IN POWER PACK
• 240V to 6/9/12V DC-300mA
• 1.6 metre cord with unique 
plug adaptors
• Plugs: 2.5 & 3.5 phone plugs,
2.1 &2.5mm DC plug
M19001................... $18.95

UNIVERSAL MULTI 
VOLTAGE PLUG IN 
POWER PACK

• 240V AC TO 3/ 4.5/ 6/ 7.5/ 9/ 
12V DC-500mA

• 1.6 metre cord with unique 
plug adaptors

• Plugs: 2.5/ 3.5mm phone 
plugs, and 2.1/ 2.5mm DC 
plugs

REGULATED 2 AMP 
POWER PACK

•240V AC TO 12V DC
• Ideal for CB and workshop use 
where large amounts of power 
are required

• DC connection with banana 
plugs or via screw terminals

M19030....................$69.95



DIODES
Cat. Descript. 10+ 100+
Z10135 IN4148 $0.03 $0.02
Z10105 IN4002 $0.04 $0.03
Z10107 IN4004 $0.05 $0.04
Z10110 IN4007 $0.10 $0.06
Z10115 IN5404 $0.18 $0.14
Z10119 IN5408 $0.20 $0.16

Cat. Descript. 1000+ 10K
Z10135 IN4148 $0,015 $0,015
Z10105 IN4002 $0.03 $0,025
Z10107 IN4004 $0.03 $0,025
Z10110 IN4007 $0.05 $0.04
Z10115 IN5404 $0.13 $0.11
Z10119 IN5408 $0.15 $0.15

RELAYS
1-9 10+ 100*
S.P.D.T. 3A connectors. S14060
$1.50 $1.30 $1.10
D P D.T. 3A connectors. S14061
$1.95 $1.75 $1.30
S.P.D.T. 12V Coil 10A 240V S14114
$7.95 $7.50 $6.95

GOLD INSERT LOW 
PROFILE IC SOCKETS
• Gold machined pins
* Extremely high quality
• Anti-wicking
• Ideal for professional use or 
where field service
components is required.

Cat.no. Description 1-9

RCA GOLD PLATED
PLUGS AND SOCKETS

SEMICONDUCTORS!
1-9 10*

41256-8...............$16.95 $15.95
41256-12.............$15.95 $14.95
2764....................... $5.95 $5.50
27256...................$10.95 $10.50
27512...................$23.95 $22.95
62256...................$35.00 $32.00

NEW LM12CLK 
isowopamp $39.95

SPO256 SPEECH CHIP
...................................$21.95

8087 CHIPS
GENUINE INTEL CHIPS 
8087-3 (4.77 MHz)................ $245
8087-2(8 MHz)..................... $350
8087-1 (10 MHz)....................$475
80287-6 (6 MHz)....................$375
80287-8 (8 MHz)....................$555
80287-10 (10 MHz).............. $690
80387-16 (16 MHz).............. $995
80387-20 (20 MHz)............$1460
80387-25 (25 MHz)............$1860

RECHARGEABLE 12V 
1.2AH GEL BATTERY
Leakproof, long service life 
batteries ideal for security 
systems, emergency lighting or 
as a computer backup power 
supply, etc.

GENERAL PURPOSE 
TRANSISTORS
PN100: a NPN general purpose 
medium power amp and swilch 
with contimuous collector 
current up to 500mA.
PN200: a PNP heneral purpose 
amp at collector currents to 1 
Amp.
Both are TO-82 plastic package

PN100 REPLACES:
PN2221, PN2222, PN2222A, 
PN3585, PN3568, PN3569, 
PN3643, PN5133, 2N2219A, 
2N2222A, 2N3414, 2N3415, 
2N3416, 2N3417, 2N3700, 
2N3704, 2N3904, 2N4123, 
2N4124, 2N4401,2N5088, 
2N5210.

PN200 REPLACES:
PN2907, PN2907A, PN3638, 
PN3638A, PN3640, PN3644, 
PN4121, PN4143, PN4248, 
PN4249, PN4250, PN4355, 
PN4916, PN4917, PN5910, 
2N2905A. 2N3467, 2N3702, 
2N3906, 2N4125, 2N4126, 
2N4291,2N4402, 2N4403, 
2N5086, 2N5087, 2N5447.

PN100..... T90001
PN200..... T90002
1-9 10* 100+
$0.20 $0.18 $0.15

P10620 
P10624 
P10626 
P10628 
P10630
P10632 
P10634 
P10640 
P10644

8 pin
14 pin
16 pin
18 pin
20 pin
22 pin
24 pin
28 pin
40 pin

$1.20 
$1.60 
$1.90 
$2.00 
$2.20 
$2.40 
$2.60 
$2.90 
$3.00

10+ 
$1.10 
$1.50 
$1.80 
$1.80 
$2.00 
$2.20 
$2.40 
$2.60 
$2.70

For those who need the ultimate 
in connection. Essential tor 
compact disc players to get that 
fantastic sound quality
Plug (P10151)...............$2.95
Socket (P10150)............$2.25
RCA GOLD PLATED
CHASSIS SOCKET
For the ultimate connection!
Cat. no.P10229 Normally $1.75 
1-9 10+ 100+
$1.00 $0.90 $0.85

SPECTROL 64Y MULTI 
TURN TRIMPOTS 
Eg. R14700:Catologue number 

10R:Description
R14700 10R R14710 20R
R14720 50R R14730 100R
R14740 200R R14750 500R
R14760 1K R14770 2K
R14780 5K R14790 10K
R14800 20K R14810 50K
R14820 100K R14830 200K
R14840 500K R14850 1M
Quantity
1-9 10+
$3.50ea $3.20

SINGLE ROTARY POTS
6.35mm (1/4) PLAIN SHAFTS

MAIL 
ORDER 

HOTLINE 
008 335755

LINEAR LOG
Value Cat.No. Value Cat.No.
0.5 R12001 1K R12023
1K R12003 5K R12O25
5K R12005 10K R12027
10K R12007 25K R12030
25K R12010 50K R12032
50K R12012 100K R12033
100K R12013 250K R12034
250K R12014 500K R12035
500K R12015 1M R12036
1M R12016 2M R12038
2M R12018

1-9 10+ 100+
$1.75 $1.65 $1.30

DUAL ROTARY POTS
6.35mm (1/4") PLAIN SHAFTS

LINEAR LOG
Value 
10K

Cat.No.
R12100

Value Cat.No.
10K R12120

25K R12102 25K R12122
50K R12104 50K R12124
100K R12106 100K R12126
250K R12107 250K R12127
500K R12108 500K R12128
1M R12110 1M R12130

1-9 10+ 100+
$3.50 $3.25 $3.15

Cat. S15029 
1-9 
$13.95

Normally $19.95 
10+ 
$12.95

CONNECTORS AT
SPECIAL PRICES !!

WIRE WRAP IC 
SOCKETS

NUMERIC KEYPAD
Unencoded keypad, 10 digit 
keys plus two utility keys. Light 
grey in colour.
OUTPUT ARRANGEMENT
Output Pin No. Symbol
1..................................N.A.
2.............................. Shield plate
3.............................. Column 2
4...............................Row 4
5...............................Column 3
6...............................Row 1
7...............................Column 1
8...............................Row 2
9.................................. Row 3
10............................ N.A.

Catologue No. C19030 
1-9 10+ 100+
$2.95 $2.50 $1.95

LOW PROFILE IC 
SOCKETS
Save a small fortune on these 
"Direct Import" low profile Ic 
sockets! PCB mounting solder 
tail. All tin plated phosphor 
bronze or berryilium and dual 
wipe for reliability.

Cat. No. Description 1-9 10+
P10550 8 pin...... .$0.20 $0.15
P10560 14 pin.... .... $0.25 $0.20
P10565 16 pin.... ....$0.35 $0.20
P10567 18 pin.... ..$0.40 $0.30
P10568 20 pin.... ....$0.40 $0.30
P10569 22 pin.... ....$0.40 $0.30
P10570 24 pin.... .$0.40 $0.30
P10572 28 pin.... ....$0.50 $0.40
P10575 40 pin.... ....$0.50 $0.40

These quality 3 level wire wrap 
sockets are tin-plated phosphor 
bronze
Cat.no. Description 1-9 10+
P10579 8 pin $1.50 $1.40
P10580 14 pin $1.85 $1.70
P10585 16 pin $1.95 $1.80
P10587 18 pin $1.95 $1.80
P10590 20 pin $2.95 $2.70
P10592 22 pin $2.95 $2.70
P10594 24 pin $3.95 $3.50
P10596 28 pin $3.95 $3.50
P10598 40 pin $4.95 $4.50

TEXTOOL SOCKETS
P17016 16 pin................. $14.95
P17024 24 pin................. $18.95
P17028 28 pin................. $24.95
P17040 40 pin................. $29.50

CHROME LED BEZELS 
■ 9mm hole, available 3 colours 
Cat. no. Description Price
S14030 Red......................$1.20
S14032 Green.................$1.45
S14034 Yellow.................$1.45

Cat. no. Description Price
Z10140 3mm Red........$0.15
Z10141 3mm Green ...$0.20
Z10143 3mm Yellow... $0.20
Z10145 3mm Orange..$0.20
Z10150 5mm Red........$0.10
Z10151 5mm Green....$0.15
Z10152 5mm Orange..$0.1 5

Cat. no. Description Price 
P10960 3 pin line male...... $2.90 
P10962 3 pin chassis male$2.40 
P10964 3 pin chassis female$3.25 

tie
ROD IRVING 

ELECTRONICS 
All sales tax exempt orders and 
wholesale inquiries to: 
RITRONICS WHOLESALE. 
56 Renver Road, Clayton.
Phone: (03) 543 2166 (3 lines) 
Fax: (03) 543 2648 
SYDNEY: 74 parramatta Rd. 
Stanmore. 2048.
Phone (02)519 3134 
Fax (02) 519 3868 
MELBOURNE: 48 A'Beckett St. 
Phone (03)6636151 
NORTHCOTE: 425 High St. 
Phone (03) 489 8866 
CLAYTON: 56 Renver Rd 

Phone (03) 543 7877
MAIL ORDER & 
CORRESPONDENCE:

P.O. Box 620, CLAYTON 3168 
Order Hotline: 008 33 5757 
(Toll free, strictly orders only) 
Inquiries: (03) 543 7877 
Telex: AA 151938 
Fax: (03) 543 2648

ORDER HOTLINE 
008 335757 
(TOLL FREE)

STRICTLY ORDERS ONLY 

LOCAL ORDERS & INQUIRIES 
(03) 543 7877

POSTAGE RATES: 
$1 - $9.99 $2.00
$10 - $24.99 $3.00
$25 $49.99 $4.00
$50 - $99.99 $5.00
$100 plus $7.50

The above postage rates are for 
basic postage only. Road Freight, 
bulky and fragile items will be 
charged at different rates.
Errors and omissions excepted.
Prices and specifications subject to 
change.
IBM" PC' XT', AT' are registered trademarks of 
International Business Machines 'Apple is a 
registered trademark 'Denotes registered 
tradmarks of their respective owners
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.$14.95C21065.

.$489X18160

only $15.95C16020

only $14.95C16025

$312X18162.

only $21.95C16039

only $19.95C16038.

only $14.95C16035

X18105 $4,395
C16028 only $19.95

$995 $245X18022.

MAIL ORDER 
HOTLINE 

008 335757 
(TOLL FREE)

51/4" DISK STORAGE
• 100 x 5 1/4" disk capacity
* Smoked plastic hinged lid
• Lockable (2 keys supplied)

50x5 1/4" DISK 
STORAGE
* 50 x 5 1/4" Disk capacity
• Smoked plastic hinged lid
• Lockable (2 keys supplied)

E-NET INTERFACE 
NETWORK CARD

•Fully compatible with Novell 
NE-1000 Ethernet card

•Built-in 15 pin D type connector
•10 Mbps transmission rate 
•Meets the IEEE 802.3 standard

386 MAIN BOARD
• Intel 80386 CPU (16 MHz) 
• Socket for 80387 Math co
processor
• 32 bit BUS system, 1 M/Byte or 
640K on board memory
• Built-in speaker attachment
• Battery backup for CMOS 
configuration table and real time 
clock
• Keyboard controller and 
attachment
• 7 Channel DMA
• 16 Level interrupts
• 3 Programmable timers
• 8 System expansion I/O slots: 

5 with a 36 pin and a 62 pin
expansion slots / 2 with only the 
62 pin expansion slot /1 with 
two 62 pin expansion slots (32 
bit BUS)
X18101 (without RAM) 
....................................$2,390
X18105 (2 M/Byte RAM)

....................................$3,500 

10 MHz XT* TURBO
MOTHERBOARD
Increase the performance of you 
sluggish XT* approximately four 
times with this super fast 
motherboard

8088-2 running at 10 MHz, no 
wait state
Turbo/ Normal selectable 
640K fitted
8 Expansion slots
4 Channel DMA
Keyboard port

Excluding RAM...... $199
Including RAM........$624

BABY AT* 
MOTHERBOARD 
(WITHOUT MEMORY)
• 6/10 MHz system clock with zero 
wait state. 12 MHz, 1 wait state

• 80286-10 Microprocessor
• Hardware and software 

switchable
• Socket for 80287 numeric data 
co-processor

• 64K ROM
• Phoenix BIOS
• 8 Expansion slots
X18200 (excl. RAM)........$689
X18201 (incl. 2 MB RAM)

.$1,649

INTELLIGENT 6 PORT I/O CARD 
An intelligent front end communication adaptor 
featuring 6 asynchronous RS232C ports and 
communication co-processor. With many driver 
routines supported for various operating systems, this 
card lets your AT* (and compatibles ) be connected 
with ASCII terminals, modems or other serial devices 
operating UNIX-V like systems (eg: M/S XENIX, SCO 
XENIX, Microport Unix) or DOS environment. With 
either Xenix/ Unix or DOS configurations, your AT* 
can be turned into a full scale super microcomputers 
that rivals or exceeds the performance of systems
costing much more.
X18152

GRIP clip copy 
HOLDER

* Attaches to the top of 
your monitor

• Put your copy right 
where you need it 
spring clip to hold 
paper

• Velcro at mount for 
easy removal

R-NET/S INTERFACE 
NETWORK CARD
•Fully compatible with SMC, 
Novell Arenet card 
•Star-burst topology through 
RG-62 A/U coaxial cable
•Zero wait at 20MHz or higher 
80386 machine
•2.5 Mbps transmission rate

386 25MHz 
MOTHERBOARD
• Processor 80386-25
• Cache controller 82385-20
• Speed: 25 MHz or 20 MHz
• Memory: 32KB Cache memory 
(35ns)

• 2 M/Byte RAM fitted (70ns)
* 2/8 MB plus 32 bit memory card
• Expansion slots: 1 x 32 bit, 
5x6 bit, 2 x 8 bit

• Intel* Combo Chip set: 82230, 
82231

* BIOS: AMI
• Landmark Test: Up to 43.5 MHz
• LED display for speed 

indication
• Ability to run OS/2, MS/DOS, 

XENIX
• Real time clock/calendar with 

battery back up
• Baby AT* size board

XT* TURBO 
MOTHERBOARD
• 8 MHz
• 8088 Processor
• Expandable to 640K on board
• Keyboard connector
• 8 Expansion slots
X18030 (excl. RAM)........$135
X18031 (incl. 640K RAM)
.......................................$560

"NO BRAND" DISKS
Now you can buy absolute top quality disks that are also the 
cheapest in Australia! They even come with a lifetime warranty, 
which indicates the quality of these disks. So why pay 2-3 times the 
price for the same quality?
Packs of 10, D/S D/D without boxes, or brand name, just their 
whitepaper jacket, and index label. (5 1/4" disks includes write 
protects)

5 1/4" 2S/2D "NO BRAND" DISKS
10+DISKS 100+DISKS 1,000+DISKS
$6.50ea $6.25ea $6.00ea

5 1/4" HIGH DENSITY DISKS
(DOUBLE SIDED) 

10+DISKS 100+DISKS 1,000+DISKS
$21ea $20ea $19ea

3 1/2" 2S/2D "NO BRAND" DISKS 
Suitable for IBM, PS/2, Macintosh, Atari, etc. 

$21 
(ALL PRICES PER 10 DISKS)

120 x 3 1/2" DISK 
STORAGE UNIT
• Holds up to 120x3 1/2" 
diskettes

• Smoked plastic hinged lid
• Lockable (2 keys supplied)

80 x 3 1/2" DISK 
STORAGE UNIT
• Holds up to 80 x 3 1/2" 
diskettes.

* Smoked plastic hinged lid
• Lockable (2 keys supplied) MICRODOT DISKS
40x3 1/2" DISK 
STORAGE UNITS
• Holds upto 40 x 3 1/2" 
diskettes

* Lockable (2 keys supplied)
• High impact plastic lid and 
base

DESCRIPTION 1-9 BOXES 10+ BOXES

3 1/2" 2S/2D....... ....... $23.95 $22.95
5 1/4" 2S/2D....... ....... $11.95 $10.95
5 1/4" 2S/2D....... ....... $21.00 $20.00

DD 120x 5 1/4" DISK 
STORAGE UNITS
• Holds up to 120 x 5 1/4” 
diskettes

• Lockable (2 keys supplied)
• High impact plastic lid and 
base

EPROM PROGRAMMER 
CARD
• Programs 2716, 2732, 2732A, 
2764, 2764A, 27128, 27128A, 
27256, 27256A, 27512, 27512A, 
27C64, 27C128, 27C256,

27C512
• Software set program voltage: 
12.5,21,25

• Software: Write, read, verify, 
blank, check, copy, files, 
process

* Intelligent programming 
method: 2716-6 sec/ 2732- 
12 sec / 2764-24 sec/ 27128-48 
sec/ 27256-96 sec/ 27512-300

VERBATIM DISKS
(ALL PRICES PER BOX OF 10 DISKS)

DESCRIPTION

3 1/2” 1S/2D.......
1-9 BOXES

...... $39.95
10+ BOXES 

$37.95
3 1/2" 2S/2D....... .......$46.95 $43.95
3 1/2" 2S/HD...... ...... $99.00 $89.00
5 1/4" 1S/2D....... .......$22.00 $21.00
5 1/4" 2S/2D....... .......$26.00 $24.00
5 1/4" 2S/4D....... .......$75.00 $70.00
5 1/4" 2S/HD...... ...... $41.00 $39.00



EXTERNAL PS/2* 
COMPATIBLE 5 1/4" 

DISK DRIVES 
Capacity: 360K formatted 
Track/Disk: 80/160 
Number of Cylinders: 80 
Average Access Time: 91 (94) 
msec 
MTBF: Greater 10,000 hours 
MTTR: 30 min. or less 
• External 37 pin connector 

cable
•Internal 40 pin adaptor cable 
for PS/2 models

• 40 pin card edge 
• Installation Guide
C11907 .$495

"IBM* XT* TYPE" 
KEYBOARD

$9.95C21085

$169X11098.

RIPPER STRIPPER
Remove ugly paper feed edges 
quickly and cleanly with this 
simple little gadget

L_

.only $330EGA Card.

$99

.$52

Mono Graphics Printer/ TTL$109

$169excluding RAM.
VISA

.only $109X12022.

VGA Card 256K RAM...only $655
VGA Card 512K RAM...only $825

$159
...$29
$145

Intelligent 6 port I/O Card....$995 
EPROM Programming Card$345 
Extended 3.5 M/Byte (AT).... $299

Printer Card...
Multi I/O Card.

Hard Disk Controller Card...$195 
XT 8 MHz Turbo Motherboard

Colour Graphics....................
Floppy Disk Controllers

360 K........................................
360K/ 720/1.2/1.44/ 4 way

.$29 
$49 
.$49

XT 10 MHz Turbo Motherboard 
excluding RAM........................ $199
Serial/ Parallel/ Games........ $115

Games Card...............
RS232 Card................
RS232 & Clock Card.

R
VIN

150W SWITCH MODE 
POWER SUPPLY FOR 
IBM* PC/ XT* & 
COMPATIBLES
DC OUTPUT:
•+5/13A, -5V/0.5A
• +12V/ 4.5-12V/0.5A
X11096........................ $129

180W SWITCH MODE 
POWER SUPPLY FOR 
BABY AT* 
COMPATIBLES

. 100%IBM* PC', XT' compatible
■84 Keys, including function IM M M M M M^M^M M 

keys and a numeric keypad | ALL NEW PRODUCTS:
• Low profile keyboard design
• Proper placement of shift keys 

with large key tops to suit 
professional typists

• 3 Step height/angle adjustment
• Curl lead plugs straight into 

IBM* PC/ XT*
• Status displays, Power, Cap 

lock and Numeric Lock
X12020. $89

QUICK MOUSE
MICROSOFT* COMPATIBLE
• Auto-selection and auto

transfer between mouse 
system PC mouse mode and 
Microsoft serial mouse mode

• Microsoft Serial Mouse and 
Mouse System compatible

• Super high tracking speed: 
600mm/sec

• Super high resolution: 200 DPI 
(0.12mm/dot)

• Silicon rubber coated ball
• Optical rotary encoder
X19955. .$94.95

QUALITY JAPANESE 
DRIVES

5 1/4" 360K DRIVE
•500K unformatted
■IBM' XT' compatible
C11901........................ $239

5 1/4" 720K DRIVE
•1 M Byte unformatted
•IBM* AT* compatible
C11906........................ $269

$225C11911

CONTROLLER CARD TO SUIT
$139X18009.

3 1/2" 1.44 M/BYTE 
DRIVE

•Switchable 1.44 M/Byte 
formatted or 720K formatted

•Double sided, Double density 
•5 1/4" mounted

MAIL 
ORDER 

HOTLINE 
008 335757

IBM* XT* 640K 
RAM TURBO 
COMPATIBLE 
COMPUTER
Check these features and our 
prices. We're sure you'll agree 
they're exceptional value for 
money!
• Final assembling and testing in 
Australia!
• Fast TURBO Motherboard
• AT* style keyboard
• Tested by us for 24 hours prior 
to delivery!
• 8 Slot motherboard
• 12 months warranty!
• 150W power supply

MINI VACUUM 
CLEANER

Use it to clean:
• Computer keyboards
• Printers
• Video recorders
• Computer circuit boards
C21087................... $14.95

640K RAM TURBO 
COMPATIBLE 
COMPUTER
2 x 360K Disk Drives, Multi
function Card, Colour Graphics. 
Disk Controller, 1 Serial. Parallel
Port (Clock). $1,195

*$995 WORKSTATION 
COMPATIBLE 
COMPUTER
256K RAM, Single Drive, 
Graphics and Disk Controller
Card. .$995

TOWER COMPUTER 
CASING

Remount your computer to give 
it that professional look.
• Accepts XT, AT, Baby AT and 

386 boards
. Horizontal full height hard disk 
drive mounting

• Room for 2 x3 1/2" and 
2x51/4" floppy drives

■Full height HDD plus tan mount
•Size: 165(W) x 600(H) x 500(D)
X11105...$295

MAGIC STAGE
A working bench for your 
Mouse.
•High quality ABS plastic and 
anti-static rubberised top
•Stationary holder
•Includes pull-out shelf for 

Mouse
•Dimensions: 280 x 260 x 25mm
• Fits over keyboard

WITH 20 M/BYTE HARD DISK.
& single 360K Disk Drive...$1,495
& dual 360K Disk Drives...$1,695

WITH 40 M/BYTE HARD DISK:
& single 360K V.C. H.D......$2,095
& dual 360K V.C. H.D......... $2,295

C21080 .$24.95

IBM* COMPATIBLE 
CARDS

IBM* COMPATIBLE 
EXTENDED KEYBOARD
(101 KEYS)
These new keyboards are both 
XT* and AT* compatible!
. 12 Dedicated function keys
• Enlarged "Return" and "Shift" 

key
• Positive feel keys
• Low Profile Design, DIN 

standard
• Separate Numeric and Cursor 

control keypads
• Additional Functions: Key-in

Lock, Previous Word, Next 
Work, Fast Repeat, Line Feed, 
Pause, Reset, Clear Screen

BABY AT* 
COMPATIBLE 
COMPUTER!
2M/B RAM $2,695
• Final assembling and testing 

in Australia!
• 4 M/Byte Main Board. 2 M/Byte 

fitted
• Switchable 8/10/12 MHz
• 1.2 M/Byte Floppy Disk Drive
• 80286 CPU
• Colour Graphics Display Card 
* 8 Slots
• Floppy & Hard Disk Controller 
• Printer Card and RS232 
« Keyboard
• 200W Power Supply
• Manual
• 6 Months Warranty
• Size:
360(W) x 175(H) x 405(D)mm

386 TOWER PC 
The 386 Tower PC is a high 
performance system that's IBM* 
AT* compatible. However, the 
386 Tower PC gives you 2-5 
times the performance 
FEATURES:
• Intel 80386-16MHz 
microprocessor

• Switchable 16/20 MHz 
• 2 M/Byte fitted. Total memory 
expandable up to 16 M/Byte

• Up to 2 M/Byte or 8 M/Byte
RAM modules on system board 
or on RAM card

• Option for 80287 & 80387 co
processor socket

• Operates in page mode with 
। interleave memory subsystem 
I • Shadow RAM supported to 

allow system BIOS to be 
executed on system memory 
instead of slower EPROM

• Four 16-bit I/O slot. Three 8-bit 
I/O slot, and one 32-bit memory 
slot

• 8042 keyboard controller 
I interface for AT* compatible

keyboard
• Seven direct memory access 

(DMA) channels
• Chips and Technology chip set

I • AMI 386 BIOS/ Phoenix 386 
BIOS/ AWARD 386 BIOS (AMI

I fitted)
I • 50 M/Byte hard disk. 42 M/Byte
I formatted. Fast access
I • EGA card

• 3 1/2" drive 1.44 M/Byte 
......................................$5,995

ROD IRVING 
ELECTRONICS 
All sales tax exempt orders and 
wholesale inquiries to: 
RITRONICS WHOLESALE. 
56 Renver Road, Clayton.
Phone: (03) 543 2166 (3 lines) 
Fax: (03) 543 2648 
SYDNEY:74 Parramatta Rd. 
Stanmore. 2048.
Phone (02)519 3134 
Fax(02) 519 3868 
MELBOURNE: 48 A Beckett St 
Phone (03) 663 6151 
NORTHCOTE: 425 High St. 
Phone (03) 489 8866 
CLAYTON: 56 Renver Rd. 
Phone (03) 543 7877 
MAIL ORDER 8 
CORRESPONDENCE: 
P 0. Box 620. CLAYTON 3168 
Order Hotline: 008 33 5757 
(Toll free, strictly orders only) 
Inquiries: (03) 543 7877 
Telex: AA 151938 
Fax: (03) 543 2648

I For postage rates refer to other 
R.I.E advertisement

Errors and omissions excepted. 
Prices and specifications subject to 
change.

I IBM" PC XT-. AT* ate registered trademarks of 
I international Business Machines App^e is a 
I registered trademark Denotes registered 
I t radmarks o’ their respective owners

With 20 M Byte Hard Disk.$2,695 
With 40 M/Byte V.C. H.D...$3.295 
With 80 M Byte Hard Disk..CALL



Silicon Valley 
NEWSLETTER..
Computer bus wars

To date, some 100 computer manu
facturers and developers have an
nounced their support for the new 
EISA (extended industry standard ar
chitecture) PC system bus, which they 
hope will compete with the ‘MicroChan
nel’ bus launched by IBM with its PS/2 
series of machines. Among the protago
nists of the EISA standard are Compaq, 
Hewlett-Packard, Tandy and many 
other MS-DOS PC makers.

The first EISA chip sets are expected 
to be available in sample quantities 
from Intel, this month. The first systems 
using the EISA bus are likely to appear 
around December.

In contrast with the IBM MicroChan
nel bus, which was designed to compete 
with and replace the existing PC/AT bus 
with proprietary IBM technology, the 
EISA standard is a natural extension of 
the existing bus and designed to allow 
all participating vendors to provide 
compatible higher performance ma
chines. EISA's backers believe that 
many PC buyers will shy away from a 
standard that locks them into a single 
vendor and removes the benefits of 
market competition.

NEC wins microcode 
copyright case

After nearly a year of deliberation in 
the landmark Intel-NEC microcode law
suit, Federal District Court Judge Wil
liam Gray ruled that microcodes are 
protected by US Copyright laws. But 
the big winner in the case was NEC, 
which was cleared of charges that it ille
gally copied Intel’s 8086 and 8088 mi
crocodes in its V20 and V30 microproc
essors.

The decision was hailed as a victory 
for the overall US semiconductor indus
try, as its will protect the huge invest
ments companies make in the design of 
advanced microprocessors against pi
rates. In addition to using US Customs 
authorities to prevent illegal copies of 
microprocessors to be imported into the 
United States, chip makers will also be 
able to use the ruling to put pressure on 
the government to take retaliatory mea
sures against countries that allow illegal 
copies of their products to be manufac-

marcmng motherboard connector socket, as displayed recently by Compaq Computer Corporation. H r

tured and sold in markets outside the 
US.

Not benefiting from the decision, 
however, will be Intel, despite the mil
lions of dollars the company spent in 
legal fees. Judge Gray ruled that Intel 
had forfeited its copyright claims, by al
lowing three of its 12 licensed manufac
turers of 8086 and 8088 processors to 
market their versions of the chips with
out a proper copyright notice identifying 
Intel as the originator of the processor’s 
microcode design. NEC was one of 
those licensees. In all, some 2.8 million 
processors were sold by various manu
facturers without bearing the proper 
Intel copyright marks printed on them.

10.6% of 28 million chips cannot be 
considered a small number. Intel did 
not make a reasonable effort to correct 
the oversight,” Gray ruled.

Most importantly, however, Gray 
cleared NEC of Intel’s copyright in
fringement charge. “It is my conclusion 
that the NEC microcode, when consid
ered as a whole, is not substantially 
similar to the Intel microcode within the 
meaning of the copyright law,” Gray 
wrote. As a result, NEC will not have to 
pay any damages to Intel. Worse, 
Gray’s ruling could mean that the other 
11 licensees may not have to pay Intel 
any additonal royalties on the sale of 
their versions of the Intel processors.

Murdoch buys car 
navigation company

Etak, the Silicon Valley company 
which developed a revolutionary naviga
tion system for automobiles, has been 
acquired by Australian publishing mogul 
Rupert Murdoch.

According to Etak president Charles 
Hart, his company, which had 1988 
sales of US$10 million, has agreed to a 
merger with Murdoch Electronic Pub
lishing for an undisclosed amount of 
cash.

Etak was started in 1983 by Atari
founder Nolan Bushnell. In 1985, the 
company introduced its ‘Navigator’ sys
tem which shows drivers their exact 
position on the street maps of major 
metropolitan areas in the United States. 
In operation, the car’s position remains 
fixed in the centre of a 4" display 
mounted in the dashboard, while the 
map moves in accordance to the speed 
and direction the car is driving.

The relatively high price of the sys
tem, about US$1,500, has limited sales 
to the public, as only about 3,000 of the 
units have been sold to individual 
drivers. The bulk of the company’s sales 
have been to ambulance services, police 
and fire departments, express mail, cou
rier and other transportation-orientated 
services.
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According to Hart, Murdoch’s interest 
in the company and its technolgy is in 
combining Etak’s huge street map data 
base with Murdoch’s database of hotel, 
restaurant, and other entertainment in
formation. When combined with Etak’s 
mapping technology, the Murdoch data 
could be marketed effectively to travel 
agents and corporate travel planners. It 
would enable plotting on computerised 
maps the hotels with the best rates that 
are closest to a traveller or executive’s 
key destinations in a particular city.

Zilog now profitable
Which major Silicon Valley chip 

maker has been profitable for the past 
36 consecutive months? Would you be
lieve Zilog?

Yes indeed. The company which had 
mastered the art of losing money, to the 
point where it was about the only firm 
in the red during the biggest boom in 
chip industry history (Spring 1984), is 
making money. Lots of money in fact.

After 10 long years of milking the 
petty-cash register of oil giant Exxon, 
Zilog is returning money to its parent in 
chunks of several million dollars a quar
ter. This in itself would seem enough to 
put Zilog on the list of Eight Wonders 
of the World, and should earn company 
president Ed Sack a Nobel Prize.

The new-and-improved Zilog is mark
edly different from the old Zilog in its 
product strategy as well. No longer is 
the firm clamoring for the covers of 
Home Computing, Hobby PC, and Do- 
It-Yourself Computing with ever faster 
versions of its Z80 processor. Instead, 
the firm is zeroing in on markets for 
which there are no specific trade publi
cations, such as advanced embedded 
controls for industrial equipment, com
puter communications, television sets 
and other consumer electronics equip
ment.

In particular the latter market repre
sents a bold move, as most other major 
US chip firms won’t touch the consumer 
electronics area with a ten-foot pole, 
and are subsequently locking themselves 
out of a multi-billion market.

IBM sells
Rolm to Siemens

After four years of frustration, IBM 
has decided to sell its Rolm subsidiary 
to Siemens of West Germany, but 
under the terms of the agreement, IBM 
will co-market Rolm products.

IBM bought Rolm in 1984 for a 
whopping $US1.26 billion, making it the 
largest takeover in Silicon Valley histo

ry. At the time, IBM said it would 
allow Rolm to operate as an indepen
dent subsidiary, and would not change 
anything in Rolm’s unique and highly 
valued corporate culture - which in
cludes extensive on-site sports facilities.

Although neither IBM or Siemens 
would disclose the sale price, sources in
side the company and Wall Street ana
lysts put the purchase price at about 
$US300 million.

To be sure, hopes were high for a 
successful relationship between Rolm 
and IBM when the giant computer firm 
took a 20% equity position in Rolm in 
1983. IBM hoped a close relationship 
with Rolm would enable the company 
to more easily integrate Rolm’s tele
communications products into IBM 
computers.

When IBM found that it could not 
steer Rolm in the precise direction it 
wanted, both Rolm and IBM decided it 
would be better if IBM bought the 
whole operation.

But four years and hundreds of mil
lions of dollars in annual losses later, 
the worst fears of industry analysts and 
Rolm workers have come true. Rolm, 
just as analysts had predicted, quickly 
lost the competitive edge it had over the 
competition when it operated in a free- 
spirited independent environment.

And the company has been all but 
completely absorbed into IBM’s overall 
corporate structure, as many Rolm em
ployees had feared. Today, the Rolm 
group employs only 2,200 at the Santa 
Clara campus, down from a peak of 
more than 6,000 at the time of the ac
quisition.

Wall Street analysts believe Rolm has 
been losing around $100 million a year 
during most of the past four years.

AMD pioneers 
total smoking ban 
in Texas wafer tabs

If working for AMD and other US 
semiconductor companies isn’t nerve
wrecking enough these days, with the 
continuous threat of lay-offs hanging 
above people’s heads, AMD has made 
the experience even more difficult to 
bear for those who tend to calm them
selves down by smoking.

AMD has put into effect a total 
smoking ban at its facilities in Texas, 
where it employs more than 3,000 peo
ple at plants in Austin and San Anto
nio.

It is supposed to be a pilot program, 
but analysts said they expect smoking 
bans to sweep the industry in the com

ing year as companies try to eliminate 
this potential source of contamination in 
the chip-making process.

Already smoking is banned in clean
rooms in the industry. But when work
ers smoke in the cafeteria or outdoors 
during their breaks, they are likely to 
return to the cleanrooms with smoke 
and cigarette particles stuck to their 
clothing and hair. These particles, how
ever small, often become air-borne in
side the cleanroom and end up contami
nating delicate circuits of the surface of 
wafers when they are exposed to the air 
during various stages of the manufactur
ing process.

As part of the program, AMD is 
removing all ash trays and cigarette ma
chines from the facilities and is encour
aging workers to join smoking-cessation 
classes designed by the Amercian Can
cer Society.

Hewlett recovering from 
second heart attack

Less than a week into the 50-year an
niversary of his company, Hewlett-Pack
ard co-founder William Hewlett suf
fered his second heart attack while on 
vacation in Idaho.

Hewlett was listed in a stable condi
tion in a Boise hospital, where he was 
rushed. He last suffered a heart attack 
some 10 years ago. Ironically, that at
tack also occurred while visiting his win
ter vacation home near Boise. Five 
years ago, Hewlett also underwent heart 
bypass surgery.

Vitelic raises $US39 
million for Taiwan 
DRAM plant

DRAM maker Vitelic in Santa Clara 
announced it has raised $US39 million 
from computer manufacturers and ven
ture capitalists, as part of the funds nec
essary to build an $80 million DRAM 
production facility in Taiwan.

With the planned facility, Vitelic will 
join Texas Insutruments, Motorola, and 
Micron Technology as the only US chip 
makers with a DRAM manufacturing 
capability. To date, Vitelic has relied on 
the foundry operations of Japanese, Ko
rean and Taiwanese DRAM makers to 
produce its high-speed DRAMs. The 
Taiwan plant is scheduled to be com
pleted some time in 1990, and will pro
duce Vitelic’s 1-megabit high-speed 
DRAMs.

Among the companies contributing to 
the $US39 million venture pot are 
Western Digital, Sigma Designs, and 
Genoa Systems. ®
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News Highlights
Telecom trials video distribution via fibre optics

Telecom Australia has begun the sec
ond phase of its residential fibre optics 
trials in Sydney's Centennial Park area, 
with the supply of multi-channel televi
sion programmes to some 10% of the 80 
households participating in the trials. 
The programmes include ABC and SBS 
transmissions, plus educational/demon- 
stration video material produced by 
Telecom. Provision has also been made 
for a fourth split-screen channel, to give 
viewers a ‘run down’ on all programmes 
available.

The signals are being transmitted 
from the respective TV stations to the 
Television Operating Centre in 
Telecom's City South Exchange, where 
signal quality is closely monitored. 
From there they pass to the East Ex
change, and on to the customer prem
ises all via 10um/125um single-mode 
glass fibre.

At the official opening of Phase II of 
the trials, a high-quality digital two-way 
TV link was set up between Telecom's 
city headquarters and the home of Pro
fessor Neil Runcie, one of the enthusi
astic Centennial Park residents partici

pating in the trials. The picture shows 
Professor Runcie and Telecom's Gen
eral Manager of Network and Con
sumer Services (South), John Davies, 
sitting in Professor Runcie's lounge 
room and chatting with executives at 
the Telecom end via the mobile ‘confer
encing unit’.

Phase I of the trials ended in Decem
ber 1988, with the successful connection 
of basic telephony services to the 80 
participating homes via optical fibre 
cables. The current phase, delivering 
video services to 10% of these homes is 
scheduled to run for two years. It is ex
pected to give much valuable experience 
in the planning, installation and man
agement of optical fibre services.

The success of the trials should bring 
Australia one step closer to the ‘intelli
gent home’, with interactive information 
videos, home video conferencing, elec
tronic mail and the ability to transfer 
funds electronically. By 1995, Telecom 
predicts that optical fibre could bring as 
many as 40 TV channels, 20 hi-fi stereo 
audio channels and many other data/in- 
formation services.

Practel Incentive Award
A major broadcasting industry award 

introduced last year to recognise the ef
forts of young technicans has been re
named and expanded.

The Titan Electronics Award, previ
ously restricted to technicians under 30, 
is now called the Practel Encourage
ment Award and is open to anyone 
working in the television broadcast in
dustry or production houses. It carries a 
prize of a return trip to the NAB Con
ference in Atlanta, Georgia next year 
plus $500 spending money.

The Managing Director of Practel 
Sales International, Mr Neville Wood
cock, said the award aimed at encourag
ing technicians working within the in
dustry in Australia to stay in Australia 
and help develop the general electronics 
industry.

“The Practel Encouragement Award 
is our way of trying to discover the tal
ents we have in Australia - often qui
etly working alongside us - and promot
ing them.”

Entry forms are available from 
Neville Woodcock on (08) 266 3433.

WIN-4, ABWN-5A 
ending VHF 
transmissions in June

As part of the Federal Government's 
Television Equalisation Program, view
ers in Southern NSW are now able to 
receive commercial channel WIN and 
ABC channel ABWN on UHF channels 
59 and 35 respectively. The existing 
VHF transmissions from these stations, 
on channels 4 & 5A, will cease on June 
30. By that time, it is planned that all 
necessary UHF translators should be in 
place to provide either the same num
ber of channels in each area, or in many 
cases more.

Viewers in both Canberra and Wol
longong will before long be able to view 
all three commercial networks, in addi
tion to ABC-TV and SBS-TV. In Wol
longong a new service from CBN/CWN 
(Orange/Dubbo) is now available on 
channel 65, while SBS-TV is available 
on channel 53. Similarly in Canberra, 
WIN is now available on channel 31 and 
CBN/CWN on channel 34, in addition 
to SBS-TV on channel 28.

The equalisation program will also 
provide new services for the Central 
Tablelands (Orange), Central Western 
Slopes (Dubbo) and South Western 
Slopes (Wagga Wagga) regions. These 
services are due to begin in December 
1989.
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Intel announces ‘supercomputer on a chip’
Intel Corporation has announced a 

new 64-bit microprocessor chip that in
tegrates on a single chip the computing 
capabilities previously associated only 
with supercomputing systems.

The new i860 microprocessor contains 
more than one million transistors, and 
makes use of RISC (reduced instruction 
set computing) design techniques to 
achieve a performance rate of 90,000 
Dhrystones per second. It contains 
separate and independant integer and 
floating-point arithmetic/logic units on

Computer retailer 
burning-in PC clones 
from Singapore

Sydney personal computer retailer 
Compuhelp Australia doesn't sell ma
chines or systems over the counter. In
stead, they are delivered a week or so 
later - but Compuhelp MD Graeme 
Neuhaus says this is a step forward, not 
back.

Orders placed for the firm's range of 
IPC computers are fully assembled and 
configured in IPC's factory in Singa
pore, and even put through a 48-hour 
burn-in to ensure that any problems are 
found before the systems are delivered 
to the customer. Neuhaus says this 
procedure has solved the reliability 
problems which have often dogged 
Asian machines in the past.

According to Neuhaus, his firm se
lected IPC Computer machines because 
of both their exceptional quality and the 
full factory configuration and burn-in 
service which IPC provides. “Unlike 
many Asian manufacturers, IPC does 
everything from research and develop
ment through to burn-in. And when you 
look inside one of their machines you 
see quality!”

The IPC machines are also covered by 
Honeywell Bull's ‘TotalCare’ warranty 
service. Compuhelp can supply a full 
range of models, from basic XT com
patibles through to ‘tower’ models with 
either 286 or 386 processors. Almost 
every possible combination of disk 
drives, memory and display is available, 
and all machines include fully licensed 
BIOS, MS-DOS and GW BASIC to
gether with full documentation. Compu
help also offers a 100% money-back 
guarantee if the customer is not fully 
satisfied.

The Compuhelp demonstration centre 
is at 35-37 Higginbotham Road, Glades- 
ville, or phone (02) 809 6966.

chip, along with a memory management 
unit, instruction and data cache memory 
and a graphics processor. The chip has 
a 64-bit data bus and a 32-bit address 
bus, and includes 32 x 32-bit registers 
and 16 x 64-bit registers.

Within the floating point unit, pipelin
ing and parallelism allow the processor 
to deliver two results per clock cycle, 
resulting in a peak performance rate of 
80 megaflops (millions of floating-point 
operations per second). Specialised 
graphics hardware supports rendering of 
three-dimensional objects. The data 
bandwidth for the processor is 1 giga
byte per second, eliminating any 
throughput bottleneck.

Epson announces 48-pin dot matrix printer
Epson has released a new high speed, 

high definition dot matrix printer, tai
lored for executive offices of large to 
medium size businesses and law offices. 
The printer employs 48-pin print head 
technology to produce documents of 
crystal sharp clarity, with the resolution 
of 360 x 360 dpi.

Radio Amateurs losing 576-585MHz
During the WIA/DOTC Joint Meet

ing in Canberra on November 22nd and 
23rd, 1988, the WIA representatives 
were advised that, as a result of the 
Federal Government’s television equali
sation scheme which has placed consid
erable pressure on the limited amount 
of UHF spectrum available for broad
casting purposes, the 576-585MHz band 
was to be resumed in the near future.

Negotiations were entered into, ex
ploring a number of options, including 
the possibility of using an ‘adjacent’ 
channel to the 576MHz band. (DOTC 
have subsequently advised that there is

The i860 is manufactured using Intel's 
CHMOS IV 1-micron process. Samples 
which operate at 33MHz and 40MHz 
are already available, with production 
quantities scheduled for later in the 
year. Actual size of the chip itself is 
10mm x 15mm, and in operation it dissi
pates around 3 watts.

Intel is reputed to have invested some 
US$250 million into developing the 
1-micron CHMOS technology used in 
the chip, plus another US$250 million in 
the company's new ‘Class T fabrication 
facility being used to make it and other 
new products.

US pricing of the i860 in 1000-piece 
quantities will be $750.

Called the TLQ-4800, the new 136 
column printer offers over 100 different 
print styles, including some that cannot 
usually be printed by dot matix printers. 
Printing speed is 300 characters per sec
ond in draft mode and 100 characters 
per second in True Letter Quality 
mode.

no such spectrum space available on an 
Australia wide basis.)

In a letter dated 24th December 1988, 
DOTC officially notified the WIA that 
they would withdraw the use of the 
band by the amateur service as from 1st 
March 1989. However, DOTC have 
agreed to one of the WIA proposals 
that exising amateur television repeater 
stations allocated in the affected band 
will be permitted to continue to operate 
until the frequency band is required for 
the respective area. However, no appli
cations for new Amateur Television re
peaters will be acepted for the band 
576-585MHz.
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News Highlights

Aust-made radio 
telex system

A new Australian-developed radio 
telex system is creating considerable in
terest among radiotelephone users 
around Australia, say the manufactur
ers.

The system is the ARQ Radio Telex, 
made and distributed by the Perth com
pany Barrett Communications - the 
only Australian manufacturer of auto
matic request systems.

The company says you can use the 
ARQ to send error corrected messages 
over high frequency radio circuits up to 
half way around the world. You can 
create computer files using a word pro
cessor and transmit them direct from 
disc to air using an ARQ terminal 
modem.

You can also use the system where no 
telephone lines are available, to enter 
Telecom’s telex network via the Over
seas Telecommunications Commission 
and transmit messages direct to any 
telex machine in the world.

The system includes a complete selec-

tive calling (selcall) system with 456,976 
codes. International ship number codes 
are also accessible to the user. Mining

Kambrook to manufacture
The Australian electrical manufac

turer Kambrook Industries has con
firmed its intention to enter the local 
manufacture of computers and other 
high technology electronic products.

The company has installed production 
lines in its Huntingdale plant and is pre
sently producing a limited amount of 
PC/AT style computer systems to meet 
a number of bulk orders. 

companies, exploration companies, gov
ernment agencies, ships and Interpol 
are among those using the system.

computers
“Unfortunately the company will not 

be in a position to produce products for 
general release until later in 1989,” said 
the company’s national manager, Office 
Automation Division, Mr John Rear
don. Since May last year the company 
has been testing the market through its 
subsidiary Goldstar Distributing with a 
range of XT and AT style systems 
sourced from Korea.

Spectacular

Since the introduction of VIFA speaker kits 
in Australia in 1985, thousands of speakers 
have been built with superb results. VIFA is 
now proud to release four new speaker 
kits ranging from a mere $399 to $1199 per 
pair including cabinets

Never before have speaker kits been so 
popular in Australia than after the heavy 
devaluation of the dollar. Similar fully 
imported quality loudspeakers are today 
typically 2-27s times more expensive. And 
these speakers may very well be using 
Danish VIFA drivers anyway, as VIFA 
supply more than 50 of the world's most 
respected loudspeaker manufacturers 
with drivers.

But why the big savings? Because 
fully imported speakers suffer from 25% 
import duty, 20-30% freight. 30% sales tax 
and 28% handling charges (typically). So if 
you would rather put your money into better 
quality than in other people's pockets. VIFA 
speaker kits are the only way to go

Are they difficult to build? No. the kits

are supplied with all parts needed including 
fully built crossovers and pre-cut flatpack 
cabinets ready to assemble. No soldering 
or carpentry skills are needed, just a 
Phillips head screwdriver, some simple 
hand tools and a few hours of your leisure 
time.

Are they as good as people say? Read 
the reviews, listen and compare with any 
other speakers twice the price or more. 
Need we say anymore?

VIFA for the quality conscious 
audiophile.
For full details please contact 
Sole Australian Distributor:
SCAN AUDIO Pty. Ltd.
P.O. Box 242, Hawthorn 3122.
Fax (03)4299309
Phone: (03) 4292199 (Melbourne)

(02) 522 5697 (Sydney) 
(07) 3577433 (Brisbane) 
(09) 3224409 (Perth)

Stocked by leading stores throughout Australia

In-flight 
satellite phones
British Airways has introduced a novel 
service for its passengers - the world’s 
first international passenger in-flight 
satellite telephone service. The airline 
will be offering this service on two of its 
Boeing 747 aircraft.

A telephone service from the air has 
only been available up to now in the 
USA, on domestic flights using air to 
ground communications.

“The British Airways service is a 
unique telecommunications link which 
opens up the skies on intercontinental 
flights using spare satellite capacity pro
vided by INMARSAT, the International 
Maritime and Aeronuatical Satellite or
ganisation,” said Ms Belinda Howell, 
Public Affairs Manager for Australia 
and New Zealand.

Four telephone handsets have been 
fitted to the bulkheads of the aircraft - 
two in First Class and two in the Club 
World cabin, for a six month trial peri
od. The telephones are operated by in
serting a credit card, which releases the 
handset and enables the passenger to 
return to his seat to make the call.

Initially, customers will only be able 
to make outgoing calls at a cost of 
$US9.50 a minute.
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Cray buys GaAs chips 
worth US$29 million

GigaBit Logic of California has been 
awarded a US$29 million order for cus- 
am gallium arsenide logic and memory 
.itegrated circuits, for use in the Cray-3 

supercomputer. The 1989 order is more 
than triple the unit volume of the com- 
aany’s program for Cray in 1988.

“We’re pleased the Cray-3 program 
has set new milestones for the utiliza
tion of digital GaAs IC’s,” stressed Jim 
Brye, GigaBit Logic vice president of 
sales. “With Cray Research and many 
others of our customers entering pro
duction and pre-production phases of 
their programs in the last year, we have 
established a new benchmark for the 
utilisation of digital GaAs ICs.”

GigaBit Logic believes this order is at 
least three times larger than any previ
ously reported merchant market GaAs 
IC order for shipment in a single year.

News Briefs

• Victorian electronics engineering firms Associated Calibration Laboratories 
(ACL) and LMG Communications have been merged, to provide an integrated 
supplier of specialised audio-metric and RF digital/analog services and equip
ment. The companies will operate under the Lampglass Holdings parent, with 
John Day (FIEEE USA) and Philip Fitzherbert (AFMA, MBA) as co-directors.
• Electronics retailer Dick Smith Electronics has re-opened its store in Logan 
Road, Buranda (Brisbane), next door to the store which was destroyed by fire last 
December. The company has also opened a new store in Hurstville, in Sydney's 
South, at 124 Forest Road. This effectively replaces the former Blakehurst store, 
which closed last year.
• Components manufacturer/importer Rifa has changed its name to Ericsson 
Components MD Neil McCormick says that the move is in line with rationalisation 
and growth programs begun 12 months ago.
• Phil Micklesson has been appointed NSW sales manager for component sup
plier Augat Phil's previous experience came from Anitech and Royston Electron
ics.
• Relay, components and industrial electronics supplier Email Electronics has 
appointed Klaus Bachmaier, formerly of Siemens, as Quality Manager. Greg 
Norton-Smith has also been appointed Marketing Services Manager.
• Sydney-based communications specialist Captain Communications has ex
panded its centre in Parramatta, with the addition of the adjacent premises at 26 
Parkes Street. This gives over 20,000 square feet of display space - probably the 
largest of its type in Australia.
• The Communications Product Group of Sony Australia has undergone 
changes, with Graham Bennett having been promoted to the position of Brisbane 
Regional Sales Manager. Richard Everitt has been promoted to the corresponding 
position in Sydney, while Martin Richmond has been similarly promoted in 
Melbourne.
• GEC Plessey Telecommunications (GPT) has become the first telecommuni
cations company to join the Federal Government's ‘Partnership for Development 
Program’. Under the terms of the agreement, GPT will progressively increase its 
R&D expenditure in telecomm products to at least 5% of its Australian turnover, 
by 1995-96.
• Plessey Australia has acquired a majority shareholding in Australian space 
systems design house AUSPACE, by taking over the 65% holding formerly held 
by French company Matra. AUSPACE is accredited with the Australian Space 
Board, ESA and NASA, and acted as prime contractor on the Endeavour UV tele
scope for the US space shuttle.

Optical Fibre Technology Centre established
The University of Sydney has estab

lished a centre for the development of 
optical fibre technology, intended to 
keep Australia in the forefront of this 
new field.

The leaders of the interdisciplinary 
group who will manage the centre are 
Dr Ian Bassett in Theoretical Physics, 
Dr Mark Sceats, in Physical Chemistry, 
Associate Professor Tony Stokes in 
Electrical Engineering, and Dr Simon 
Poole, who recently joined the group 
from the University of Southampton.

The original members of the group 
were drawn to the need to make the 
fibres to their own specifications to 
solve a problem in the measurement of 
high-voltage currents. Similar conclu
sions were drawn by the Transmission 
R&D Group at OTC, working in ad
vanced telecommunications technology. 
The potential of special purpose fibres 
in sensor telecommunications tech
nology is now widely known, with some 
of the outstanding ideas conceived in 
Australia at the Australian National 
University.

The heart of the centre will be its 
ability to make these special purpose 
fibres and this will now allow the full 
potential of the optical fibre technology 
to be exploited in Australia.

The interest generated by the venture 
has already been significant, with OTC 
providing the stimulus for work in opti
cal amplifiers which can replace elec
tronic devices in long-distance fibre 
optic telecommunications. BHP is inter
ested in mining and process control ap
plications and has been holding discus
sions with the Centre’s management 
group.

Dr Simon Poole, an internationally 
renowned expert in the field, is Techni
cal Director of the Centre. He will es
tablish the production facilities and col
laborate with research groups in 
Chemistry, Electrical Engineering and 
Physics which are involved in both fun
damental and applications research. The 
first fibres are expected to be drawn in 
October. ©
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FORUM Conducted by Jim Rowe

What’s better than a long - or even 
giant - crystal OFC speaker cable?
Remember my somewhat skeptical pieces in the September 
and December issues on the use of ‘oxygen free’ copper for 
speaker cables, hifi amplifier wiring and other electronic gear? 
I've had a very thought-provoking response to them, from an 
experienced radio engineer in Melbourne, and I'm sure you'll 
find it as interesting as I have.

I know some of you are probably a 
bit sick of the topic of OFC (oxygen- 
free copper) by now, having perhaps 
made up your mind either that it's ei
ther a wonderful development in the 
quest for higher fidelity, or a load of 
old cobblers being foisted on gullible 
hifi addicts by unscrupulous marketers. 
But it is an intriguing subject; I for one 
would like to get to the bottom of 
things and find out if OFC really does 
have any objective, measure, de bene
fits - as opposed to vague claims about 
things like ‘greater transparency’ and 
‘sharper attack’. Wouldn't you?

Anyway, if we look at it again this 
month, it will give you all time to write 
in those blistering letters, taking me to 
task for last month's piece about the 
death of experimental amateur radio. 
(What - not started yet? You'd better 
get cracking, because if there aren't any 
responses I'll have to assume that it 
isn't just amateur radio that died...)

Right then - who's in favour of talk
ing about OFC this month? And 
against? I think the ayes have it, folks.

Well then, the most thought-provok
ing response on this subject came in the 
form of two letters, both from the same 
writer and arriving within a couple of 
weeks of each other. The writer is Alan 
Fowler, a very experienced Chartered 
radio engineer from Melbourne, who 
has worked in both broadcasting and re
search and written many professional 
papers as well as articles for EA in the 
past.

Mr Fowler's letters were quite long - 
particularly the first - but because he 
takes such an objective line, I'll try to 
quote as much as I can. Here's a fairly 
complete sampling from his first letter:

Like most engineers, I have previously 
felt that I won't believe that a cable can 
cause distortion until I see the distortion 
actually being measured. However, your 
‘Forum’ in the December 1988 issue 
started me thinking again, and I have 
looked at some earlier scientific papers 
more carefully.

In particular, I have re-read several 
papers where the authors use the non-lin
ear voltage/current characteristic of 
metallic conduction (Refs. 2, 3, 4) to 
measure the performance of relay con
tacts. Whitley (Ref. 2) explains that 
metals are inherently non-linear electrical 
conductors, since higher current causes 
more heating and the resultant tempera
ture rise increases the resistivity.

A 100-watt electric light globe is a 
good example of the effect. Its resistance 
varies from 43 ohms cold to 576 ohms 
hot, an increase of some thirteen times. 
When they were students, Bill Hewlett 
and Dave Packard used the non-linear 
characteristics of a globe as a control ele
ment, to stabilise the output level of an 
audio oscillator. That oscillator was the 
foundation of the Hewlett-Packard em
pire.

The heat generated and the change in 
resistance depends on the current densi
ty. Relay contacts do not touch over a 
large area. Because of microscopic irreg
ularities in their surfaces, they only touch 
at a small number of what are quite lit
erally points, and which are called ‘as
perities’ (Ref. 2). The current flowing 
between the contacts is constricted to 
flow through these asperities, which have 
a very small cross-section and mass, and 
consequently show very marked and 
rapid changes in resistance with changing 
current. Kaczmarek and Kosmowski 

(Ref. 4) used the distortion to an audio 
frequency signal, caused by this rapid 
change in resistance, to measure the per
formance of contacts.

Is it possible that there is a similar ef
fect at the junctions between adjacent 
grains in a copper wire? Consider the ac
tual structure of a copper conductor at 
the microscopic level, and how a current 
flows along it.

The following points summarising cur
rent flow at the atomic level are not in
tended to be precise, but to give a gen
eral understanding of what is happening. 
A full explanation would involve a much 
more detailed understanding of solid
state physics than I have:

I. The atoms in a crystal are arranged 
in a very precise three dimensional 
array. This is usually referred to as a 
lattice.

2. The current is carried by the conduc
tion electrons from the outer shell of 
each atom. Because of the way the 
atoms are arranged in the lattice, the 
outer shell of one atom overlaps the 
outer shells of those next to it. The 
conduction electrons are then free to 
move throughout the metal.

3. If the lattice contains imperfections, 
or is disrupted anywhere, the con
duction electrons will not be able to 
move so freely. They will be de
flected or ‘scattered’ from their nor
mal path. The conduction electrons 
will be further scattered if the con
ductor is heated. These two effects 
are the cause of the resistance of a 
conductor.

4. The electrons carrying the current do 
not move through the metal at high 
speed. If it is assumed that one elec
tron of every atom takes part in the 
current, then, for a current density 
of 6A/mm2, the average velocity at 
which the electrons drift along the 
conductor is only 0.5 mm/s (Ref. 5).

5. High conductivity electrical grade 
wire is drawn from an ingot which is 
formed by melting copper under

52 ELECTRONICS Australia, May 1989



carefully controlled conditions, and 
pouring the liquid copper into a 
mould. As the molten metal cools, a 
very great number of individual crys
tals form and grow throughout the 
liquid. The orientation of the lattice 
of each crystal is purely random.

6. The individual crystals can be seen 
clearly under a microscope, and 
each appears to be separated from 
the next by a distinct boundary. This 
boundary is generally not a physical 
gap between the crystals. Samples 
are prepared for examination under 
a microscope by polishing, then 
etching. The rate of etching may 
vary with the orientation of the crys
tal lattice, so there may be a step be
tween adjacent crystals after etching. 
The etching may produce grooves of 
various depths at the boundaries, or 
both steps and grooves may be pro
duced (Ref. 6).

7. Copper oxide and other impurities 
may be swept ahead of the crystal 
face as it grows, until it meets an
other crystal growing towards it. In 
this case the copper oxide and other 
impurities will be trapped between 
the two crystals.

8. In non-electrical grade copper prod
ucts, the oxygen present may be 
locked up by adding a material such 
as phosphorus to the molten metal. 
This combines to form an oxide of 
phosphorus, which tends to collect at 
the grain boundaries. The addition 
of 0.1% of phosphorus will HALVE 
the conductivity of copper (Ref. 7).

9. In Oxygen Free High Conductivity 
(OFHC) copper, any oxygen present 
is probably in the form of copper 
oxide and oxides of the other im
purities.

10. The individual grains (or crystals) in 
a copper wire are not completely 
surrounded by an oxide film as has 
been suggested. With only about 3 to 
5 parts per million of oxygen present 
(Refs. 1, 8), the oxide is unlikely to 
cover the whole surface of any crys
tal.

II. Where an oxide film is present at a 
grain boundary, it may be thin 
enough to allow electrons to move 
from one grain to the next by tun
nelling.

12. There are only a few orientations of 
adjacent crystals which will give a 

good match along the boundary be
tween the two lattices. At other ori
entations there will be a mismatch, 
and a large degree of atomic disor
der near the boundary. This mis
match will certainly effect the free
dom of conduction electrons to 
move across the boundary.

13. In a pure metal, there will be no 
physical gap at the grain boundaries, 
just the effects of the poor alignment 
of the lattices of adjacent grains.

14. If the wire were made from a single 
crystal, then the current density 
would be the same anywhere 
through a cross-section of the wire, 
for a direct current.

15. The current density at the boundary 
between two crystals will be highest 
at the places where the lattice has a 
‘best fit’ with its neighbour. For a 
direct current, the average current 
density will be uniform across the 
diameter, but there will be local 
areas of high or low current density 
at the boundary between the two 
crystals. Cornelius (Ref. 8) likens 
the electron flow through a wire to 
that of water through a tube packed 
with sand.
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Forum
I would like to suggest an alternative 

source for the distortion, to that put for
ward by Mr Kamada. It appears from 
the above that, at a microscopic level, 
the disruption to the lattice structure at 
the grain boundaries is analogous to the 
asperites in a relay contact. If this is the 
case, the electron flow will tend to con
centrate at the places of best fit of adja
cent lattices. It is also likely that there 
will be lower thermal conductivity 
around the disruptions to the lattice, so 
that there may be increased local heat
ing.

The question now is ‘Does the current 
density at these preferred spots on the 
boundaries ever become high enough to 
cause local heating at a microscopic 
level?’ If it does, the wire will be a non
linear resistor - i.e., the V/I curve will 
not be a straight line.

The signal will be distorted if the heat
ing and cooling caused by the high cur
rent densities follow the electrical wave
form, i.e., if the thermal time constant is 
short enough. The peaks of the signal 
will be compressed, causing odd-order 
distortion.

The effect will depend on whether the 
areas of best fit between the lattices of 
adjacent grains are small enough and 
few enough. Kaczmarek and Kosmowski 
(Ref.4) have shown that the areas carry
ing the current on a pair of relay con
tacts are small enough for the resistance 
changes due to heating to follow a 
10kHz signal. They have measured the 
distortion products produced, and used 
this as a measure of the quality of the 
contacts.

If this is the cause, the wire in the 
speaker voice coil may be a major 
source of the distortion. It may be 
desirable to use ‘single crystal’ high con
ductivity wire for the speaker voice coil, 
as well as for the leads.

Distortion is usually measured on the 
voltage waveform present across the 
load. The typical hi-fi amplifier has a 
very low output impedance, and may be 
considered to be a voltage source. In this 
case it may be easier to measure the dis
tortion to the current wave flowing in the 
load.

IWIRE SAMPLE-4«)

Fig.1: Alan Fowler's suggested method for measuring the distortion which 
may be introduced by a speaker cable.

Table 1. Properties of cast copper rods
Properties OCC* OFC“ ETP“*

Density (g/cm3) >8 339 >8.917 >8.810
O2 content (ppm) <10 <500
H2 content (ppm) <0.4 0.5-3 0.5-3

Purity (%) >99.997 >99.99 >99.95
Residual resistivity ratio 

(p273K/p4.2K) <10000 <700 <700
Tensile strength (kg/mm2) 12 18 —

0.2% proof stress (kg/mm2) 2 10 —
Elongation (%) 70 50 —

Surface roughness (jim) <0.1 <0.5 <15
*OCC ... 1.5mm0 “OFC ... 14mm0 “ETP ... 55 x 115 mm

I suggest that the above ideas could be 
tested by making up a number of 4 ohm 
non-inductive resistors, from various 
gauges of copper wire. These could be 
driven in turn from a high quality, low 
distortion, amplifier. In this case, the 
current waveform may be distorted, and 
it should be possible to measure the de
gree of distortion, either with a distortion 
meter as shown in Fig.l, or by using one 
of the techniques in references 2, 3, 4, 
and 9. Skov and Pearlstein (Ref. 9) use 
a technique which they claim is able to 
measure distortion of 0.000001%.

Provided that all the resistors are made 
from the same grade of material, I 
would expect the thinner wires to show 
the greatest distortion.

I would like to offer the following fur
ther points to ponder:
A. Could a single crystal of copper be 

produced, either by repeated zone re
fining, or by the crystal pulling tech
nique used to make silicon crystals?

B. Would this be an ideal starting ma
terial for drawing into wire for audio 
use? Or would the stresses caused by 
drawing to a smaller size cause dislo
cations to the crystal lattice?

C. Would the relative conductivity of the 
single crystal copper be much differ
ent to OHFC copper?

D. The connections between the speaker 
cable, the amplifier and the speaker 
may also introduce distortion, unless 
they make very good contact to the 
terminals.

E. Will relay contacts used in any 
speaker protection circuitry or equip
ment add to the distortion?

F. From Bock and Whitley's work (Ref.
2), it appears that conduction by 
electron tunnelling through thin films 
along the grain boundaries will DE
CREASE the distortion.

G. When copper is annealed by heating 
to a high temperature, then cooling, 
the grain structure changes (Ref.7). 
Many of the grains grow larger at 
the expense of their neighbors, lead
ing to fewer grains.

H. Annealed copper has a higher con
ductivity than hard drawn copper 
(Ref 5).

I. A temperature rise of 2.5°C will in
crease the resistance of a copper wire 
by 1%.
The above notes have been put to

gether after discussions with several 
metallurgists and physicists. I trust that 
they will cause a lot more thinking, and 
perhaps even move a few people to carry 
out the calculations and make the sug
gested measurements - to prove the ideas 
one way or the other.

So that's Mr Fowler's first letter, and 
I think you'll agree that it raises quite a 
lot of interesting points. By the way, 
before we go any further here are the 
references he referred to - in case you 
may want to follow them up yourself:
1. Rowe, J. ‘Forum’, Electronics Aus

tralia, Vol.50, No. 12, December 
1988, pp40-44.

2. Whitley, J.H., ‘A Measurement of 
Constriction Resistance Based on its 
Non-linearity’, Proceedings of the 
Third International Symposium on 
Electrical Contact Phenomena, 
Orona, Maine USA, June 1966, pp 
65-69.

3. Block, E.M. & Whitley, J.H., ‘Tun-
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nel Film Resistance Utilizing Non
linear Constriction Resistance Meas
urements’, Proceedings of the 16th 
Annual Holm Seminar on Electrical 
Contact Phenomena, Chicago, Illi
nois USA 1970, pp 45-49.

4. Kaszmarek, J. & Kosmowski, B.B., 
‘Constriction Resistance Measure
ments Based on the Method of 
Third Harmonic’, Proceedings of 
the 19th Annual Holm Seminar on 
Electric Contact Phenomena, Chi
cago, Illinois USA October 1973, 
pp 155-158.

5. Cornelius, P., Electrical Theory on 
the Giorgi System, Cleaver-Hume 
Press Ltd, London 1961, pp 8-9.

6. Leech, P.W. & Gifkins, R.C., ‘The 
Character of Grain Boundaries Re
vealed by Etching and Slip-Line 
Continuity’, Metals Forum, Vol.l, 
No.2, June 1978, pp. 102-109.

7. Fowler, A.M., ‘Radio Frequency 
Performance of Electroplated Fini
shes’, Proceedings of the Institution 
of Radio and Electronics Engineers 
Australia, VoL31 No.5, May 1970, 
ppl48-164 (Fig.8).

8. AS 1574-1984, Copper and Copper 
Alloys - Wire for Electrical Pur
poses , Standards Association of 
Australia.

9. Skov, C.E. & Pearlstein, E., ‘Sensi
tive Method for the Measurement 
of Nonlinearity of Electrical Con
duction’, Review of Scientific In
struments, Vol.35, No.8, August 
1964, pp962-964.

Whew! I thought Mr Fowler's point 
10 was a particularly interesting one, 
because it suggests that I was wrong in 
my own suggestion that if Mr Kamada's 
theory of semiconducting/capacitive 
layers around the grains were true, then 
a copper wire shouldn't conduct DC. 
Obviously if these barriers to conduc
tion only extend over small fraction of 
the boundary of each grain, this 
wouldn't be so.

In confess that I still have lingering 
doubts, though. If the oxide barriers do 
exist on only a small fraction of the sur
face of the metal grains, this must mean 
that (a) they would have an extremely 
low capacitance; and (b) they are effec
tively ‘short-circuited’ by the much 
larger and relatively good conduction 
paths existing over the rest of the sur
face area. So wouldn't this mean that 
they are likely to have negligible effect?

I guess this would be true more with 
OFC than with standard ETP copper, of 
course, so perhaps I'm still supporting 
Mr Kamada's theory - or Mr Fowler's 

own. And Mr Fowler's point about 
localised heating does make you think, 
doesn't it? If the size of the oxide 
‘patches’ on the grain boundaries is sig
nificant, as they may be with ETP cop
per, the areas of good ‘contact’ between 
the crystal lattices may well be quite 
small. This would not only cause high 
localised current densities and heating, 
but because of the tiny dimensions in
volved there may also be short thermal 
time constants - allowing things to fol
low audio waveforms, and introduce au
dible, and perhaps measureable distor
tion.

It sounds like someone with the right 
resources and time will really have to 
try carrying out the measurements that 
Mr Fowler suggests, using either a 
standard THD measurement set or the 
super-accurate system he refers to in his 
reference No.9.

It's still rather confusing, though, 
particularly when you try to consider all 
of the points raised by Mr Fowler. And 
even if it does turn out that the floggers 
of super speaker cables are essentially 
right, and OFC/LC-OFC/GC-OFC is 
the only way to go, there may not be 
too much cheering from the golden
eared brigade.

For example, my impression is that 
the many fine conductors in most OFC 
cable are made by hard drawing - and 
this may well introduce more disloca
tions into the crystal lattices. Moreover 
as Alan Fowler himself points out, there 
may be just as much - and possibly 
even more - distortion introduced by 
things like the contacts of speaker pro
tection relays, than by non-linear effects 
within the cables or the speaker voice
coil itself.

It seems to me quite possible that 
when we do finally get to the bottom of 
the OFC debate, the results may not 
turn out to be of much comfort to any
one. The quest for high fidelity may in 
fact get very much more complicated 
and expensive than anyone anticipated.

Fig.2: Mr 
Kamada's 
equivalent circuit 
for a copper wire, 
as modified by 
Alan Fowler.

But I'm forgetting Alan Fowler's sec
ond letter, which is in many ways a 
post-script to the first - and just as in
teresting. Here it is:

Since my first letter, I have been given 
two extracts from the Sumitomo Electric 
Technical Review, No.27, dated January 
1988. These describe how Sumitomo 
Electric Industries Ltd of Tokyo and 
Osaka, are producing single crystal cop
per wire for audio and video applica
tions - using a crystal pulling technique 
developed by Professor Atsumi Ohno of 
the Chiba Institute of Technology. It 
seems I'm just too late with my ideas. 
Oh well, 1 didn't really want to be rich!

A table given on page 141 of the Re
view compares the Residual Resistance 
Ratio of the single crystal copper with 
that of oxygen free and electrolytic tough 
pitch grades. The values are obtained by 
dividing the resistance at 273K (Kelvins) 
by that at 4.2K. The single crystal cop
per has a ratio of 10,000, compared to 
700 for the other two - i.e., at low tem
peratures the single crystal is a much bet
ter conductor than the others.

The Electronic Technicians Institute of 
Australia is an organisation established 
to protect and promote the professional 
status of technicians working in all 
branches of the electronics industry.

Membership is open to all qualified 
technicians and is graded to reflect 
training and experience.

Membership enquiries should be di
rected in the first instance to The Fed
eral Secretary, TETIA, PO Box 148, 
Riverwood, NSW 2210.
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Forum
Electrical resistance is caused by scat

tering of electrons from dislocations in 
the crystal lattice and from the increased 
vibration of the atoms at higher tempera
tures. At 4.2K there will be little scatter
ing from thermal effects, and the main 
cause of resistance will be from the de
fects in the lattice. In other words, the 
single crystal wire has substantially fewer 
defects.

Mr Kamada has proposed that the 
places of poor fit between adjacent 
grains may act as capacitors. If it can be 
assumed that the standard formula for a 
parallel-plate capacitor holds, at the 
small distances involved, a quick calcula
tion gives a capacitance of about lOnF 
per square millimetre for a pacing of 
one nanometre between the faces of adja
cent grains - i.e., a spacing just a few 
atoms thick.

At 1kHz, a lOnF capacitor has a react
ance of approximately 16,000 ohms. I 
suggest that such a capacitor will be 
shunted by the very small constriction 
resistance, where the atomic lattices of 
the adjacent grains do line up, and that 
the equivalent series resistance will be al
most vanishingly small.

I suggest that Mr Kamada's equivalent 
circuit for a metallic conductor should 
have a small value non-linear resistor 
placed in parallel with each of the ca
pacitor and diode pairs, as shown in 
Fig.2. This would take into account the 
‘constriction resistance’ at the grain 
boundaries, and would also provide a 
path for direct current.

At 10GHz, the reactance of a lOnF ca
pacitor will be 1.6 milliohms, and it 
could effect the Q of the resonators as 
described in your December ‘Forum’. 
However there are other possible causes 
for the variations in Q of the three sam
ples, and I would like to be sure that 
these have been taken into account in 
preparing the resonators.

At these frequencies, surface roughness 
can have a major effect on the Q of a 
cavity or other resonator. The skin depth 
in copper at 10GHz is 660 nanometres. 
If I remember rightly, that's about the 
wavelength of red light.

I think it was J. Allison and F.A. Ben
son in the mid 1940's who published sev
eral papers in the Proceedings of the 
IEE on the effect of surface roughness 
on attenuation in waveguides. They 
showed that the surface finish on the in
side of the waveguide changed the atten
uation - the smoother the finish, the 
lower the attenuation.

The abrasives used in metal polishing 
leave a series of fine scratches. If the 
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scratches are along the direction of cur
rent flow, they have little effect. If they 
are across it, they present a series of 
ridges and valleys, which can be 10 times 
the skin depth in height. As a result, the 
current has to take a much longer path, 
and the resistance - and hence the loss at 
10GHz - is increased. The surface 
roughness will have no effect at DC, 
where the current flows in the entire 
cross-section of the conductor.

The table given in the Sumitomo Re
view (Table I) gives values for the sur
face roughness of their single crystal 
wire, oxy gen-free copper and electrolytic 
tough pitch copper. You can see that 
there are substantial differences, and it is 
possible that the variations in Q mea
sured by Mr Kamada are due to the sur
face finish of each resonator.

Please don't think I'm knocking Mr 
Kamada's work. At this stage I'm trying 
to keep an open mind, and make sure 
that all the possible explanations are 
being considered.

Well, as you can see, this letter cer
tainly raises some further interesting 
points. It's surprising to learn not only 
that true single-crystal copper wire can 
be produced, but that Sumitomo has in 
fact been making it - and speaker 
cables from it - for well over 12 
months. And they're not just single
crystal copper, but oxygen-free as well!

I'm even more surprised that none of 
the hifi marketing people has an
nounced its availability in Australia. 
After all, there's surely only one thing 
better than OFC, LC-OFC or GC-OFC, 
and that's ‘SC-OFC’: single crystal oxy
gen-free copper, with only one crystal 
making up the whole cable conductor.

All the same, I'm still a bit unsure of 
the exact significance (or relevance) of 
that much higher figure for ‘Residual 
Resistivity Ratio’. It does show that the 
single-crystal copper has a much lower 
resistance than either normal OFC or 
ETP copper, down at 4.2K (-268°C). 
And I guess this does suggest that lat
tice defects do play a significant part in 
conductivity at these temperatures, as 
Alan Fowler suggests. But let's face it: 
we normally operate our speaker cables 
at about 25°C or 298K, along with the 
rest of our hifi gear. Or at least I do!

As far as I can see, at these tempera
tures the electrical resistance of the SC- 
OFC - as measured by normal means - 
seems to be much the same as regular 
OFC, or even ETP copper. Presumably 
this is because at these temperatures, 
it's thermal energy which is the main 
determinant of resistivity, rather than 
lattice defects. And if that's the case, 

we seem to have come full circle: I'm 
left wondering just what is the measura
ble advantage of the single-crystal cop
per, at normal temperatures and for sig
nals at audio frequencies!

Incidentally, it's a pity that the Sumi
tomo people didn't give figures for the 
actual conductivity of their single-crystal 
copper at say 273K, and compare this 
with normal OFC and ETP. Instead 
they gave us just those esoteric ‘Resid
ual Resistivity Ratio’ figures. Could this 
be because there are almost no mea
sureable differences in conductivity at 
normal temperatures - or do I just have 
a suspicious mind?

As before, we seem to be left with 
microscopic considerations, and subtle 
distortion effects - yet to be quantified 
- caused presumably by localised heat
ing at the grain boundaries in multi
grain types of copper. Or have I missed 
something?

I notice that in his second letter, Alan 
Fowler's calculations of the reactance of 
Mr Kamada's inter-grain capacitance at 
1kHz seem to support my own earlier 
comments, that these capacitors would 
surely be ‘shorted out’ by the good con
duction paths between the grains. So I 
can hardly disagree with Mr Fowler's 
suggested modification to the equivalent 
circuit, as shown in Fig.2.

Alan Fowler's comments about the 
relevance of Mr Kamada's measure
ments at 10GHz are also very interest
ing. It does seem as if there are many 
pitfalls in drawing conclusions from the 
earlier results, particularly in terms of 
implications for audio signal frequen
cies. If Mr Kamada didn't make due al
lowance for surface finish, this looks as 
if it would have a dramatic impact on 
the significance of his results - and the 
validity of his theory.

Ah well, we don't seem to be all that 
much closer to resolving the original 
question, do we - even though Alan 
Fowler's letters have thrown a lot of in
teresting light on the subject. Thanks 
for that, Alan, although in some ways 
we now seem to have even more unan
swered questions than before.

I don't know about you, but the more 
I learn about the subject of oxygen-free 
copper, the more confused I'm getting. 
One thing's certain, though - at pre
sent, I still see no sound reason for 
throwing away my low-cost speaker 
leads (using figure-8 power cable), and 
investing hundreds of hard-earned dol
lars in fancy OFC and/or single-crystal 
super cables.

But stay tuned, because you never 
know. Miracles might happen, and I 
may yet be convinced! ®
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The Serviceman I®
□l<=)

Solving a sticky 
multiple-antenna problem
Rather than hog the limelight myself again this month, I've 
decided to hand over to my old mate J.L., who runs his own 
servicing business in Hobart. In this story he tells about solv
ing a problem that had tricked others in the past, yet only re
quired commonsense to give the customer just what he want
ed.

There are some people who are lucky 
enough to live in an area where all the 
local TV channels can be received on an 
indoor antenna, without any sign of 
ghosting. But most of us are not so 
lucky, and there are a sorry few who 
have to put up with miserable pictures 
because they live in a hollow, or on the 
wrong side of a hill.

The Hobart suburb of Taroona is one 
such location. Tucked in under the 
shadow of Mt Nelson, it's a picturesque 
suburb and most residents would never 
leave their leafy surroundings - even if 
they do envy the TV service available in 
less salubrious areas.

Soon after television began in south
ern Tasmania, the local commercial 
channel built a translator to serve the 
Taroona area. The translator was lo
cated across the river, at a point known 
as White Rock.

Unfortunately, White Rock is in al
most the opposite direction to the main 
transmitters on Mt Wellington. So, to 
get good reception of the commercial 
station and to make use of any ABC 
signal that found its way over the hill, 
owners had to install two antennas - 
one facing each way.

In many cases, the ABC signals were 
so poor that viewers just didn't bother 
with a low-band antenna. They watched 
commercial TV only, until video-record
ers gave them some respite from the in
terminable ads.

Wherever both services were avail
able, signals were brought into the 
lounge room on separate cables. Chang
ing channels meant changing antennas 
as well, but this was considered a small 
price to pay for having the choice.

Combining the signals onto a single 
cable had been tried, but was never 
really satisfactory. The spurious recep
tion of high channel signals on the low 

channel antenna, and vice versa, caused 
unacceptable ghosting on both channels. 
It was easier to run two cables and swap 
them over when changing channels.

Until recently, I had never been 
called on to install a two-antenna sys
tem. When I looked at the difficulties 
involved in running two cables, I de
cided to investigate the chances of com
bining the signals, while evading the 
problems that had led other installers to 
adopt the two cable system.

Previous residents at this location had 
erected a Channel Master 3112 antenna 
with a 300 ohm ribbon lead-in, directed 
on the commercial translator at White 
Rock. The new owners wanted (1) the 
ribbon replaced with coax and (2) the 

The finished antenna assembly. The high band yagi is at the top of the mast, 
then the 3112. The combiner in its pill-box enclosure is strapped to the mast, 
just below the 3112.

antenna redirected to Channel 2, if 
there was sufficient signal while still get
ting the commercial channel.

I explained that they could have one 
or the other, but that it was most un
likely that they could have both. We 
had reason to believe that the ABC sig
nal would be quite usable, but their re
quest would demand reception of the 
high channel off the back of the anten
na.

From past experience, I knew that the 
3112 doesn't have a startling front to 
back ratio, so there was just a chance 
that the one antenna could do the two 
jobs. Unfortunately, there was no way 
to predict what would happen. One 
could only put it up and try.

The new cable went up fairly quickly 
and was soon connected to the antenna. 
The first test showed a perfect picture 
of the commercial station off the trans
lator and a most disappointing one from 
the ABC.

With the antenna rotated to the other 
direction, the results were just the op-
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Homemade antenna filters. Unit at top of picture is the combiner/balun, while 
the bottom row shows left, the low pass filter, centre the high pass filter, and 
right, the low pass filter sealed in its heat-shrink plastic and plugged with 
silastic.
posite. Perfect ABC and useless channel 
8. So, there was no alternative to a two- 
antenna system. The remaining question 
was - could I devise a way to use only 
one lead-in cable?

It so happened that I had an old 
channel 9 Yagi that I had salvaged from 
an earlier job. It needed a bit of repair 
work, but was soon fit to be used, at 
least for tests at the Taroona site. With 
a short extension mast and a couple of 
U-bolts, I was ready to begin my ex
periments.

First, I carefully adjusted the 3112 an
tenna for the best possible results on 
channel 2. Then I mounted the Yagi on 
the extension mast and bolted it in 
place about four feet above the other 
antenna.

I connected this one to the lead in 
and adjusted it for the best view of the 
commercial channel. Then, I joined 
both antennas together with firstly, a 
common combiner (actually a splitter 
used back to front) then with a VHF- 
UHF diplexer.

Flg.1: Schematic diagrams for the antenna filter units. The high-pass filter is 
on the left, the low-pass on the right.

The diplexer was a write-off, because 
the UHF branch would pass no channel 
8 at all, even though 8 and the lowest 
UHF channels are not all that far apart. 
I had hoped that it would pass some sig
nal, but it was quite unusable.

The combiner was also unusable, but 
for a different reason. In this case the 
spurious pickup on each antenna was 
such that the resulting picture was too 
smeary and ghosty to be of any use. 
Despite the perfect picture from each 
antenna separately, together they could 
deliver only rubbish.

The answer seemed to be to find 
some way to keep down this spurious 
pickup. Keep channel 2 out of the high 
band Yagi and channel 8 out of the 
3112. But short of screening the whole 
of each antenna, there seemed little 
hope of making this scheme work.

Then I had an idea. It may not be 
possible to keep the offending signals 
' it of the antennas, but it may well be 
possible to keep them out of the cables, 
before they are combined on the com

mon lead-in.
What I needed was a low pass filter 

on the channel 2 antenna and a high 
pass filter on the other one. Mounted 
right at the antenna terminals, these fil
ters should minimise the interference. 
Or at least they might - I hoped!

Some time ago I had devised what I 
then called a Wave Trap, to reduce 
channel 2 in a receiver that was suffer
ing from insufficient AGC control. That 
had worked quite well, reducing the 
channel 2 signal by about 12dB, enough 
to solve that problem. But would it be 
enough to solve this problem? I set 
about finding out.

I made up two little filter sets, con
sisting of two lOpF disc ceramic caps 
and 2 small inductors wound from 1mm 
enamelled copper wire. The values were 
selected entirely by guesswork, using a 
little theory and absolutely no mathe
matics.

The components were mounted on 
small pieces of Veroboard, about 10 x 
15mm. They were arranged in a square 
format, as shown in the diagram. The 
filter could be used for either high pass 
or low pass, simply by selecting the side 
of the square to be attached to the an
tenna.

The theory works like this: An induc
tor has an impedance directly propor
tional to frequency. So considering the 
channel 2 antenna, if the low band sig
nals were fed in series with the inductor 
they should pass with almost no attenu
ation. At the same time, the inductance 
should restrict the high band signal 
passing on to the cable.

On the other hand, a capacitor offers 
little impedance to high frequency cur
rents, so the filter capacitor which sits 
virtually across the antenna terminals 
acts as a short circuit to any high band 
signal which appears on the antenna. 
Another similar capacitor at the input 
to the feed line also tends to short out 
any high frequencies which may reach 
the line.

For the high band antenna, the filter 
is effectively ‘rotated by 90°’ and it can 
be seen that the inductors will now form 
a short circuit to low frequency signals 
across the antenna terminals and the 
input to the feedline. Conversely, the 
capacitors offer a low impedance to 
high band signals passing on to the 
feedline.

I fitted each filter to its appropriate 
antenna and took some signal strength 
measurements before I combined the 
two cables. I had been prepared to find 
several dB's of insertion loss after fit
ting the filters, but as far as I could 
measure, the loss was less than IdB for
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the wanted signal in either case.

For the unwanted signal though, the 
story was very different. The high band 
signal on the channel 2 line was down 
by 12dB, and that of channel 2 on the 
channel 8 line was fully 15dB less than 
before the filter was fitted.

The output from each of the two an
tennas was on 300-ohm ribbon, and I 
didn't have a suitable combiner of this 
type. There are commercially made di
plexers that might have served in this 
position, but they have to be specially 
ordered. In any case, they are all 75-

Fig.3: Schematic diagram of combiner and balun. The extra filter components 
in the combiner result in steeper attenuation slopes than those shown by the 
graphs in Fig.2, which were calculated for the antenna filters alone.

result. Knowing the difficulty that 
others have had with the one-cable sys
tem, and from the early tests on the 
combined signals without the filters, I 
would never had expected such a good 
result.

There was a secondary effect on this 
installation that was not appreciated 
until the graphs (Fig 2.) were plotted 
later. The crossover point is some 7dB 

down from the two television channels. 
This crossover just happened to be in 
the middle of the FM band, so the sys
tem has the added advantage of reduc
ing the possibility of FM interference.

I have made up another set of filters 
and a combiner, for use on an up-com
ing job where I may be able to surprise 
the customer by eliminating his antenna 
switch.

Fig.2: Graphic representation of 
combined filter action. Filters are 
most effective on widely separated 
channels. With this arrangement 
channels 4 and 5 would be seriously 
attenuated.
ohm equipment and at this point I was 
working in 300-ohms.

In fact, I had very little 300-ohm gear 
at all. The only thing I could find was 
an old Hills outlet socket adapting 75- 
ohm coax to a 300-ohm socket. It con
sisted of a balun and a coax saddle 
clamp fitting on a small square of circuit 
board.

I considered adapting the board to 
make it into a combiner and balun, but 
then decided that I could do the same 
job, only better, by reassembling all the 
parts onto a strip of Veroboard.

I also wondered about the effect on 
the impedance of the coaxial cable by 
paralleling two 300-ohm inputs. But at 
this stage I was just experimenting and 
any mismatch could be corrected later, 
if it was seen to be necessary.

Then I had another idea. Why not in
corporate more filter elements in the 
combiner? Inductors in the low band 
lead and capacitors in the high band 
lead. Theory suggested that these 
should do no harm and it cost me al
most nothing to pop them in.

With everything wired up and con
nected to the television set, we got ab
solutely perfect pictures on both chan
nels, without any sign of ghosting or in
terference.

I must admit, I was surprised with the

Ever thought of contributing 
to ‘Serviceman’?

Our regular ‘Serviceman’ is getting on toward retiring age, and does not 
wish to continue ‘slaving away’ full time in his own workshop. This means 
that there will be fewer stories of his own to relate in these pages.

But while he might be getting a little beyond hoisting heavy TV's onto the 
bench, he can still drive his word processor - and is still capable of writing up 
the stories, provided the ‘raw material’ is available. And of course we're still 
very keen to keep the ‘Serviceman’ column bubbling along, because it's ex
tremely popular.

This is where you come in. If you are an active ‘electronics technician’ fix
ing electronic gear (not just TV sets), and you have the ability to describe an 
interesting problem and the way you went about solving it, then you can be a 
contributor to these columns. And you don't even need to be writer to do it 
- although we're quite happy to accept stories that are already written, if 
you're able to do this.

But if writing isn't your bag, here's all you need to do: simply get a cas
sette recorder and a copy of the relevant circuit diagram. Record your de
scription of the symptoms, your investigation, and the final solution. Send us 
the cassette and a copy of the circuit diagram, and leave the rest to us.

If your story is used, this will of course earn you a publication fee. It's not 
possible to say what the payment for any particular contribution might be, 
because it all depends on the time needed to turn your notes into a story. 
But anything that is usable must be worth at least $50. If the contribution is 
in good shape and needs little work to get it to publication standard, then the 
payment could be considerably more.

Please bear in mind that typing the material into the EA computer costs 
lot of money, so a long story can earn less than its apparent value. Still, we 
will be as fair as is commercially possible and we will encourage good con
tributors with good fees.

Remember, you don't have to be able to write finished material. All we 
need is a clear outline of the problem and how you went about solving it. We 
use 18 to 24 different stories each year so there is plenty of room for your 
contribution. Why not give it a go?

60 ELECTRONICS Australia, May 1989



The parts can be built up on any 
scrap of Veroboard or similar PCB ma
terial. The capacitors are common disc 
ceramic or tubular ceramic items. I used 
lOpF units, but any low value caps 
would do. The lower the value, the 
greater the rejection figures would be 
although only a mathematician (which I 
am not) could tell you by how much.

The inductors were wound from 1mm 
enamelled copper wire, salvaged from 
the heater winding of an old valve TV 
set power transformer. I wound eight 
turns around the 2.7mm diameter shaft 
of the largest tool in a set of Jeweller's 
screwdrivers. The inductance could be 
anywhere from a little to a lot, but 
whatever it was, it worked well in this 
application.

The values selected for these filters 
just happened to suit the channel 2 - 
channel 8 separation required for this 
installation. They would also suit most 
other situations, with 1-2-3 low band 
channels and 7-9-10 high band.

If required to separate channels 3 and 
6 (or similar closely spaced channels), 
then much steeper slopes are needed 
and this can be achieved by using larger 
inductors and/or smaller capacitors. 
Again, a mathematician could calculate 
the requirements, but the filters are so 

easy to make that it's quicker to try it 
and see.

The filters were attached to a short 
length of 300-ohm ribbon then covered 
with heat-shrink plastic and the open 
end filled with silastic. I imagine that 
this will make a totally weather-proof 
fitting.

The combiner was enclosed in a plas
tic pill box, about 3cm in diameter and 
8cm long. I drilled a hole for the coax 
in the bottom and cut two slots for the 
ribbon in the lid. After assembly and 
testing, I closed the box and sealed the 
top slots with silastic. It was then firmly 
taped to the mast and should stay up 
there for years.

As I said earlier. It was all done with 
a little bit of theory and no maths at all.

As a footnote to this story, I should 
tell you about the customer's reactions 
when I told him I would replace the old 
channel 9 antenna with a proper chan
nel 8 unit, as soon as I could get one.

He would have none of it and insisted 
that the old one was working perfectly 
and he wanted it left where it was.

I didn't argue but simply told him 
that I wouldn't charge him for the old 
wreck, only for the time I had spent re
pairing it for the tests. I warned him 
that rough weather might knock the old 

antenna about, but he was quite uncon
cerned.

When his cheque arrived, it was made 
out for $20 more than my bill, and 
there was a note saying ‘Thanks for 
your efforts; the extra covers the an
tenna which wasn't charged on your 
bill.’

Why can't all customers be like that?

Fault of the Month
Sony KV-1612AS
SYMPTOM: Won't start up. Remote 
control can turn on the stand-by light, 
but there are no other functions accessi
ble either from the handset or front 
panel controls.
CURE: R603 (47k ohms, 1 watt non 
flammable) open circuit. This resistor 
supplies Vcc to the pulse-width modula
tor and error amplifier in the power 
supply. Without it, the chopper could 
never get started.

This information is supplied by courtesy 
of the Tn manian branch of The Elec
tronic Technicians' Institute of Australia. 
Contributions should be sent to J. Lawl
er, 16 Adina Street, Geilston Bay, Tas
mania 7015.

Interested in joining the 
staff of EA?

Australia’s leading electronics magazine requires a project 
designer/writer for its editorial staff. This position involves the 
design and development of hobby electronics projects, and then 
writing about them for the magazine.
You’ll need a sound knowledge of electronics theory and practice, 
and lots of enthusiasm. You’ll also need to be able to express 
yourself clearly, in writing. But apart from that, we have no 
preconceived ideas about your background. You might be a 
student, a technician, a fully qualified engineer or just a keen 
enthusiast.
If you believe you’re the person we’re looking for, ring 
Jim Rowe on (02) 693 6620, or send your resume to him 
at Electronics Australia, Federal Publishing Company, 180 
Bourke Road, Alexandria 2015.

ELECTRONICS Australia, May 1989 61



Construction project:

Versatile Sub-woofer 
adaptor
Upgrade your hi-fi system with this inexpensive box of tricks. 
It incorporates an active low-pass filter with a variable cut-off 
frequency, and dual-phase outputs for running a stereo amp 
in bridge configuration.

by ROB EVANS
It's a familiar story. Your faithful old 

speakers with the 12 inch (sorry, 
300mm) bass drivers have been given 
the flick, in favour of a pair of those 
clean sounding bookshelf units. It may 
have been a space crisis, spouse pres
sure, or simply sonic considerations that 
forced the retirement.

But while the immediate problem is 
solved, a niggling feeling still remains. 
The old monoliths may have sounded 
pretty ragged in the mid-range area, but 
you do miss the extended bass response 
they offered. Well, here we have a low- 
cost solution - the EA Sub-woofer 
adaptor.

This design is really a combination of 
two ideas. Firstly, it attenuates, adds 
and filters the output signals from the 
existing system, producing a suitable 
drive signal for an additional amplifier 
and sub-woofer combination. Secondly, 
it inverts this signal to generate an extra 
output which, in combination with the 
first, will drive a stereo amplifier in 
bridge mode for (theoretically) four 
times its normal output power.

For those not familiar with the con
cept of running an amplifier in a 
bridged configuration, this was dis
cussed in some detail in an article enti
tled ‘Bridge adaptor for stereo ampli
fiers’ in the June ’85 edition of EA. But 
for those without the patience or back 
issues, a brief explanation may be in 
order.

A bridged stereo amplifier effectively 
runs in ‘push-pull’ mode, with both 
channels of the amp driving only one 
loudspeaker. One channel is supplied 
with a signal that is 180° degrees out of 
phase with the other, by use of the in
verter mentioned above. For the sake of 
explanation, consider the input signal at 

a single point in time, say the positive 
peak of a sine-wave.

In this case, an amplifier capable of 
50W (into 8 ohms) will produce a maxi
mum of about +28 volts at its active 
output terminal. If one of the channels 
has an inverted input (now a negative 
peak), its active output will be -28 
volts. So, if a loudspeaker is connected 
between these two points, the total volt
age appearing across its terminals is 56 
volts. Presto! 56 volts (peak) into 8 
ohms represents 196W RMS.

However, in reality not many amps 
make it quite this far. This is because in 
effect, each channel is running into 4 

The completed prototype of the adaptor. Independently powered by a 
low-cost plug-pack, it can easily be connected to almost any hi-fi system.

ohms, where due to losses, few ampli
fiers deliver double their 8 ohm power 
figure. Nevertheless, a figure of 80W 
into 4 ohms is quite common, and will 
produce a very respectable 160W in 
bridge mode.

So there we have bridge amps; but 
what benefits can we expect of a sub
woofer system itself? Apart from the 
obvious extension in the overall low fre
quency response, there are a few hidden 
advantages.

In fact hidden is just what a sub
woofer system may be, at least in physi
cal terms. The actual sub-woofer enclo
sure can be installed well out of sight 
without affecting its performance, since 
the low frequency energy from such a 
system is largely non-directional. It is 
this directional freedom that allows us 
to sum the low frequency information 
from the two primary stereo channels, 
and use only a single sub-woofer ampli-
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fier and speaker combination. The final 
result has the response and power of a 
much larger system, but to the casual 
observer it appears as just the two main 
satellite speakers.

Of further advantage is the ease in 
which a sub-woofer may be added to an 
existing system. No modifications are 
necessary, since the Sub-woofer Adap
tor simply samples the signal at the 
main amp's speaker terminals. Because 
the basic system does not have to be 
changed (or upgraded) in any way, a 
sub-woofer must be the easiest and 
cheapest way to improve your current 
setup.

However the cost may be reduced 
even further if a retired stereo amp and 
speakers are pressed into service. The 
spare amp may be run in bridge mode 
for a dramatic increase in power, and 

for example, the extended bass response 
of your old monoliths utilised. While 
the speakers may not have the power 
overhead you really need, the narrow 
bandwidth involved (say 30Hz to 80Hz) 
reduces the continuous dissipation to 
some degree. In practice, this setup 
works surprisingly well.

Nevertheless, for the best possible re
sults we would recommend constructing 
the ‘100W sub-woofer speaker enclo
sure’ (or similar), as described in the 
August ’82 issue ofEA. This delivers a 
flat response down to about 30Hz, and 
uses a rugged 250mm speaker that is 
readily available.

So if the concept of a sub-woofer is 
appealing, read on - we'll show you 
how our new circuit works, how to 
build it, and how to loosen your lounge 
room floorboards!

The circuit
As you can see from the circuit dia

gram, there's really not much to the 
Sub-woofer Adaptor. The low-pass filter 
stage is formed around ICla and pro
duces the ‘in phase’ signal, while the re
maining op-amp (IClb) is arranged as 
an inverting buffer to generate the ‘out 
of phase’ signal. A TL072 FET-input 
dual op-amp was chosen for ICl due to 
its favourable noise and distortion per
formance, and of course its low cost and 
general availability.

In order to process the output signal 
from the main amplifier, the left and 
right channels are summed and attenu
ated in the circuit by RI, R2 and RV1 
(the ‘level’ pot). This provides an ap
propriate low impedance source (less 
than Ik) for the filter circuitry, and a 

Use this component 
overlay as a 
construction guide. 
The PCB is our 
multipurpose pre-amp 
board as published in 
November ’88.
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Sub-woofer
signal level of about one tenth of the 
main amplifier's output.

Since the remaining circuitry operates 
at unity gain, we can expect a maximum 
output of around 4 volts if both chan
nels of the main amplifier are operating 
at say 50 watts (2 x 20V RMS). While 
this should provide more than enough 
level for any amplifier driving the sub
woofer, the input attenuation may be 
altered by scaling the values of Rl and 
R2.

The remaining input resistors, R3 and 
R4 are included to protect the main am
plifier against any polarity errors in the 
wiring between its output, and the 
adaptor's input terminals. If for exam
ple, the positive and negative from one 
channel were transposed, the positive 
would be connected to ground via one 
or both of the 10 ohm resistors. In this 
case the resistor(s) will take the full 
speaker signal, and quickly bum out.

While this may seem a little destruc
tive, if the negative inputs were wired 
directly to ground, a polarity error 
would short circuit the main amp's out
put (since the negative output is gen
erally at ground potential) causing a se
vere overload - this would be rather 
more destructive and expensive.

After the input attenuator network, 
the signal passes to a low-pass filter 
comprised of ICla, R5, R6, RV2 and 
Cl to C3. This is a 2nd order design, 
and results in an attenuation rate of 
12dB per octave above the cut-off fre
quency. While a more complex 3rd 
order configuration would have in
creased the slope to 18dB/octave, listen
ing tests showed this to be of little 
practical advantage. Also, the simpler 
circuit allowed the cut-off frequency to 
be continuously variable, by the simple 
addition of a dual gang pot.

The filter's output then feeds both the 
‘in phase’ connection and the inverting 
stage, which is composed of IClb and 
R7 to R9. This provides the ‘out of 
phase’ output, and operates at unity 
gain since R7 and R8 are of equal 
value.

While we have called the filter output 
‘in phase’, the signal exhibits a small 
phase shift in the pass band, and in
creases to 90° at the cut-off frequency. 
Above this point, it rapidly moves to
wards 180°. This is the logical output to 
use for a single mono amplifier (that is, 
not bridged), since any signals above 
the cut-off frequency that are common 
to both the main speaker system and 
the sub-woofer, will tend to cancel -

Inside the unit. Note that the case is connected to the signal common via the 
RCA output sockets.

this results in quite a smooth low-end 
response.

The remaining circuitry involves the 
power supply, which rectifies and filters 
the output of an AC plugpack. Diodes 
DI and D2 rectify the positive and 
negative half cycles respectively, while 
R10 and Rll limit the charging current 
to the smoothing capacitors C4 and C5. 
The resulting positive and negative rails 
are applied directly to IC1, while C6 
and C7 bypass the supply at high fre
quencies.

Construction
For convenience, we have used the 

multi-purpose preamp PCB (code 
88opl0) presented in the November 
1988 issue of EA. This measures 125mm 
x 45mm and accommodates all of the 
components for the Sub-woofer Adap
tor with room to spare. In this circuit 
the power supply is arranged for an AC 
plug pack, however the PCB allows for 
a number of other configurations. For 
example, you can power the circuit 
from an amplifier's DC supply rails, or 
from a dedicated transformer with a 
split secondary winding. For these and

SPECIFICATIONS

Harmonic Distortion: 0.006% THD (ref: 300mV output) 
Signal/noise ratio: -83dB with respect to 300mV output 
Input impedance: 1 ok ohms
Output impedance: 
Maximum output voltage: 
Cut-off frequency range: 
Filter slope: 

other alternatives, see the November 
’88 issue.

Begin the construction by mounting 
the lower profile components, including 
the three wire links. The long link 
across the top of the PCB should be run 
in insulated wire, so as to avoid any 
electrical contact with other compo
nents. Work through to the larger com
ponents, taking particular care with the 
polarity of IC1, DI, D2, C4 and C5.

Next, fix the pots and input/output 
sockets to the front panel of the case, 
and mount R3 between the negative ter
minals of the output connector. Using 
the component overlay as a guide, wire 
the plug pack lead to the PCB, and at
tach lengths of hookup wire to th- ap
propriate pads for the pots and sockets. 
Then the PCB may be mounted on 
standoffs to the base of the case, and 
the hookup trimmed to length and sol
dered to the front panel parts.

Shaking the floor
Using the Sub-woofer adaptor is quite 

straightforward. First, connect another 
set of speaker leads in parallel with the 
existing system (at the main amplifier 
terminals is easiest), and wire these to

less than 1k ohms 
approx 6V RMS 
60Hzto130Hz 

-12dB per octave
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PARTS LIST
1 PCB 125 x 45mm, code 

88op10
1 aluminium box 150 x 95 x 

55mm
1 plug-pack, 6-12V AC
1 spring loaded speaker con

nector, 4-way
2 chassis mount RCA sockets
2 knobs
4 PCB standoffs
Resistors
All 1/4W, 5%: 2x10 ohm, 2 x 22 

ohm, 1 x 5.6k, 2 x 10k, 2 x 
12k, 2 x 39k

1 1k log single gang pot
1 50k linear dual gang pot
Capacitors
2 0.1 uF monolithic ceramic
3 22nF metallised polyester
2 220uF 25V PCB mount elec

trolytic

I
 Semiconductors

1 TL072 (or similar) dual op
amp

2 1N4002 diodes
Miscellaneous
Nuts and bolts, hookup wire, 
rubber grommet or cable clamp.

OUTPUT

IN PHASE OUT OF PHASE

INPUT

the input of the adaptor. They may be 
light duty wire, due to the high input 
impedance of the adaptor. Also, only 
one negative wire is really necessary 
since the negative terminals are inter
nally connected.

Then connect the adaptor's output to 
the amplifier chosen to drive the sub
woofer. If the amplifier is a mono unit, 
simply use the ‘in phase’ output. How
ever, to connect a stereo unit in bridged

+ - - +

A full size reproduction of the front panel artwork.

A plan view of the PCB. There’s plenty of room for future additions or 
modifications.

mode, the ‘in phase’ output should be 
sent to one channel (say the left auxil
iary input), while the ‘out of phase’ sig
nal should go to the other (‘aux’ right). 
To preserve the phase sense, the posi
tive connection of the sub-woofer 
speaker should be wired to the positive 
(red) terminal of the amp's left channel 
output. Conversely, the speaker's nega
tive wire goes to the positive terminal of 
the amplifier's right output. Note that 
the amp's negative terminals are left un
connected.

Next, select a signal source, wind up 
the wick of the main amplifier and see 
what happens. When driving the sub
woofer with a bridged stereo amp, try 
leaving the adaptor's level control at 
maximum, and adjust the volume bal
ance between the main speakers and the 
sub-woofer with the sub-amplifier's vol-
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Sub-woofer
ume control. If this turns out to be too 
touchy, back off the adaptor's level con
trol. Naturally, when using a mono amp 
without a volume control, the balance is 
adjusted with the level control on the 
adaptor.

An effective method of adjusting the 
overall response of the system is to use 
the combination of an audio oscillator, 
a reasonable quality microphone, and a 
standard tape deck. First, connect the 
oscillator to both channels of the main 
amp and the microphone to the ‘mic’ 
input of the tape deck. Then sweep the 
oscillator through the low frequency 
area of interest, and monitor the micro
phone output level on the deck's inter
nal meters.

After that, simply adjust the adaptor's 
frequency and level controls for the flat
test overall low frequency response. In 
fact depending on the speakers in
volved, we found that this method will 
generally produce a remarkably smooth 
and extended low-end response. How
ever, take care not to overdrive the sys
tem with the continuous sine-waves in
volved - in other words, keep the vol
ume to a low level.

If the above method is inconvenient

The actual size PCB pattern for those who wish to make their own.

(say your tape-deck is at the cleaners), 
you will have to rely upon your ears - 
this is the point of the exercise, after 
all. Try turning the frequency control to 
minimum, selecting a reasonable sub
woofer level and slowly increasing the 
crossover frequency until a broad peak 
is heard. The peak is caused by a sig
nificant output from both the main 
speakers and the sub-woofer. There
fore, since the main speakers have 
started producing an output, this fre
quency should be just above their natu- 

rai low-frequency cut-off point. So, 
back off the frequency control a little, 
and you are in the ball-park area - after 
that, it's purely subjective tuning.

In fact, subjective tuning is the bot
tom line, regardless of the initial balanc
ing technique. For example, you may 
enjoy the system with extra energy in 
the 40 to 60Hz region, which can pro
vide spectacular results on some pro
gram material. What's important above 
all else, is how you like to listen to your
music.

FOR SATELLITE TELEVISION
SATSCAN

47 Westminster Blvd, Elanora, Queensland 4221 (on the Gold Coast) 
Phone (Os5) 33-9647. Fax (075) 33-9948,24 hour auto answer.

FOR A FULL LINE OF SATELLITE SYSTEMS & PARTS
SYSTEMS FOR INTELSAT FROM $1750 (FOR OVERSEAS TV) 
SYSTEMS FOR AUSSAT FROM $2500 (FOR AUSTRALIAN TV)

• Dishes and Mounts Now Carrying Paraclipse 12, 14,1 6. Convertible
• Receivers Manual and Remote Control also SCPC (For Radio)
• Adjustable IF Bandwidth Filters
* f°r 'n*e'sat and Aussat, Linear, Polariser, Authomode
• LNA s & LNB’s C/Band 55, 45, 40, 35 DEG K, Also Ku LNB’S
• System Converters NTSC/PAL, Secam/PAL
• Vidiplex Decoders,E/Pal Converters, Narrow Audio Demodulators
• Actuator Arms and Positioners
• Cable Sets, Coax, Connectors
• Line Amplifiers, Power Dividers 2 Port and 4 Port
• Installation Aids, Db Meters. Avcom Spectrum Analysers

________________________ FM the BEST PRICES CALL OR FAX SATSCAN. TOM COURTNEY VK40DG



alliance IN TEST & MEASURE MENj_

FLUKE PHILIPS PHILIPS

FLUKE 87
■ 41/2 digit mode
■ True RMS
■ Min Max Average recording
■ Frequency, Duty Cycle, Capacitance
■ 1000V RMS input protection
■ Back lit display
■ High Resolution Analog 

display
3 year warranty

IVAS S632.00

NOW $480.00

WAS $167.00

NOW $128.00

FLUKE 25
■ Designed for rugged outdoor use and 

(Mine Safety)
■ Analog/digital display
■ 0.1% basic de accuracy
■ 100|xV to 1000V ac and de
■ 0.1 fi A to 10A, all fused
■ —15°C to 55°C operation
■ 3 year warranty

WAS $495.00

NOW $389.00

FLUKE 73
■ Rugged and versatile
■ Volts, ohms, 10A, diode test
■ Autorange
■ 0.7% basic de accuracy
■ 2000 + hour battery life
■ 3 year warranty

ACCESSORIES
Here are some of the wide range of 
accessories available, 
★ 80i — 410
5 to 400A hall effect ac/dc clamp-on current 
probe. WAS $310.00 NOW $234.00

★ 80T — 150u
Universal temperature probe

WAS $279.00 NOW $218.00

★ 80TK
Type K thermocouple module for use with 
interchangeable probes

WAS $142.00 NOW$107.00

★ C100
Universal carry case for all handheld
DMMS WAS $84.00 NO W $56.00

(All prices are recommended retail prices 
exclusive of Sales Tax)

Available from the following stocking distributors:
ACT: lohn Pop« (»2) «HW. — ÄÄ Ä'/bÄ
Son, 609-0111 George Brown & Co, 519-5855 DGE Systems (049) A 425^ QLD: Auslec, (07) 854-1661
Petro-Ject, 569-9655. David Reid, 267-1385. NT: J. Blac woo , ( Havtech 844-9396. Thompson Instruments (Cairns), (070)

ÄKÄSTÄ A«™ ™yl« -«,.,233. Do»«

478-1366



Construction project:

Low cost IR 
movement sensor
Protect your home with this compact, 
infrared movement detector. It
than many commercial units.

by JEFF MONEGAL
Home burglar alarms are now almost 

a necessity - a sign of the times, it 
seems. Having an alarm system is fine, 
providing all it does is warn the owner 
of intruders. The phenomenon of the 
false alarm is now almost as common as 
the alarms themselves, and usually re
sults in the owner switching the thing 
off altogether, or the rest of the public 
ignoring it when it does go off.

The passive infrared detector (PIR) is 
now the preferred device as the sensor 
in most current model alarms, as it is a 
more reliable way of detecting an in
truder without detecting everything else.

Previously, sensors such as ultrasonic 
devices or Doppler type microwave 
units used movement as the means of 
detecting an intruder, and on many a 
windy night alarms could be heard 
going off with monotonous regularity. 
One also wonders how many cats and 
dogs were relegated to the great out
doors when the alarm was set for the 
night. And who can forget the Bogon 
moth plague - sirens were sounding for 
a week!

The infrared detector to be described 
in this article could very likely be inter
faced into an existing alarm system, so 
you could update rather than replace 
your entire alarm. Or you can make 
your own alarm system, as this project 
includes an interface PCB, which can 
accept up to four PIR detectors. The in
terface has a relay stage and an integra
tor to ‘count’ pulses, minimising false 
alarms. It also has a voltage regulator, 
and can power all four modules.

The project is therefore more versa
tile than commercial units, but at a frac
tion of the cost. The complete kit (de
tector plus interface) is available for 
only $47.90 from Oatley Electronics.

inexpensive passive 
costs under $40, and is smaller

and PETER PHILLIPS
The complete PIR module is even less 
at $39.95. The PIR device is also avail
able from Philips.

The unit has a range in excess of 10 
metres and uses a dual element sensor. 
Also, with the addition of a white filter 
(supplied) it can be used in daylight 
conditions (direct sunlight excluded) 
and could even be used inside your car. 
The kit even includes two lenses - with 
a choice of narrow or wide angles of ac
ceptance.

By adding a light dependent resistor

The completed passive IR sensor unit 
itself, only slightly smaller than 
actual size. The circuit involves only 
three op-amp ICs.

(LDR), it could be used to switch on a 
light at night as you approach, but be 
disabled during the day. Very handy at 
the front entrance. Such a device might 
also deter an intruder, or you could' 
switch the sensor over to the alarm cir
cuit when this type of protection is 
wanted.

For those with an upmarket sense of 
automation, the sensor could even be 
used to detect someone's presence and 
activate an automatic door opener. It's 
really a case of letting your imagination 
decide what you want it to do.

The heart of the project is the passive 
infrared sensor (PIR) device. This 
works by sensing a change in radiated 
heat, caused by movement of a human 
body and is one of the most reliable 
means of people detection around 
today. Once the heat change has been 
detected a pulse is generated, which is 
passed on to the interface PCB.

If there are sufficient closely spaced 
pulses, the integrator section within the 
interface PCB will cause a relay to op
erate, which can then be used to drive 
various other devices, for example, a 
larger 240V AC relay, allowing mains 
powered appliances to be operated.

The time that the device remains 
turned on is adjustable by selecting dif
ferent timing resistor values during con
struction. But before we deal with such 
details, let's first take a look at the PIR 
sensor.
The PIR sensor

The sensor relies on the fact that the 
human body emits infrared radiation - 
assuming it is alive, of course! This 
radiation is in the 8 to 10 micrometre 
wavelength region of the spectrum, and 
the sensor used in this project is sensi
tive to radiation in this band. The emis
sion of infrared radiation by the human 
body is present under all conditions, re
gardless of clothing or the surrounding 
temperature.

Fig.l shows the internal circuit dia-
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Fig.1: Showing the internal 
circuit of the PIR detector.

BAND PASS FILTER
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The interface section, shown here on a separate PC board. It can be used 
with up to four of the sensor units, and includes an integrator.

tector is made of polyethylene and has a 
special pattern of grooves and ridges 
moulded into one side. These are then 
divided into sections, with each one 
forming a separate lens as shown in 
Fig.4. It is this pattern that gives the 
PIR sensor its greater range. The lens 
used with the prototype actually 
achieved ranges up to about 12 metres 
with a field of view of nearly 70°.

The lens is mounted so that it curves 
around the sensor. The distance the lens 
is placed away from the sensor should 
equal the focal length and in this proj
ect the distance is 15 to 20mm, as 
shown in Fig.3. The sections of the lens 
divide the field of view into fields or 
beams, as illustrated in Fig.4.

When a heat source, such as that 
from a human body moves across these 
beams, energy is focused onto the sen
sor elements, one at a time. This causes 
that element to produce an additional 
voltage, overcoming that produced by 
the other element due to the ambient 
radiation level.

The end result is that an AC voltage 
is produced when someone moves 
across the field of view. The frequency 
of this voltage is directly related to the 
speed of movement, and at normal 
walking speed this frequency is about 
6Hz. The output voltage developed by 
the elements is buffered by the FET 
mounted inside the sensor case.

The PIR sensor is a very sophisticated 
device, and our description is merely a 
basic coverage. There have been several 
books published about these devices, if 
you want to know more about the sub
ject.

Having explained the sensor, now to 
the circuit of the complete project.

gram of the PIR sensor used in this 
project. Two heat sensitive lithium tita
nate elements are used to detect the in
frared radiation, and because of the two 
elements, the sensor is known as a dual 
element type. Single element types are 
available, but are not as sensitive as the 
dual type.

When heat energy from a person falls 
on these elements, a small voltage is 
produced. In the dual element type the 
voltages produced by the two elements 
will cancel each other if the energy is 
common to both elements. This feature 
ensures rejection of common mode 
heat, such as changes in the ambient 
temperature.

However, if heat is focused onto one 
element at a time, a differential output 
voltage will result. This way, energy 
that enters the sensor from all direc
tions, making it common to both ele
ments, will produce no output voltage; 
but energy that is directed onto a single 
element will produce a voltage. A volt
age that is twice that from a single ele
ment device, according to the manufac
turer.

The problem is how to focus the heat 
from a distance of up to 10 metres onto 
the device - as without focusing, the 
sensor will only produce a useable out
put voltage for a range of around 1 
metre.

During the early 1800's, Augustin 
Jean Fresnel, a French physicist experi
mented with lens systems and light and 
defined the principles of bending light 
using a lens. He knew nothing of the 
PIR of course, that was many years 
away, but it was his work that eventu
ally led to the development of the Fre
snel lens.

The Fresnel lens used with a PIR de-

CASE -»A
(BOTTOM HALF)

FRESNEL 
LENS

(TOP 
HALF)

S-Æmrr

Fig.2: The Fresnel lens for the 
detector is divided into a 
number of sections.

SENSOR

PCB

FOCAL
LENGTH

Fig.3: The focal length of the 
lens used in this project is 
around 15 to 20mm.
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IR sensor

The circuit diagram 
of the PIR detector 
section. ICs 1 and 
2 amplify the 
output of the 
detector, and IC3 is 
a comparator.

The PIR detector module. The PCB has since been changed slightly and the 
holes on the bottom right are for components now on the interface PCB

The circuit
As the circuit diagram shows, the 

whole thing is quite simple. However, 
despite its apparent simplicity, this cir
cuit was the result of considerable re
search.

We started with a circuit based on the 
PIR manufacturer's suggested circuit, 
using an LM324 quad op-amp. This was 
finally rejected as being unreliable, in 
that some LM324 ICs worked and 
others gave false alarms. We could find 
no explanation, as the circuit was other
wise performing correctly.

We finally decided that quad devices 
have different characteristics to four sin
gle op-amp ICs; perhaps there is some 
interaction between the individual am
plifiers. For this reason, the circuit uses

70 ELECTRONICS Australia, May 1989



individual ICs for each amplifier, al
though the final circuit is totally differ
ent to the manufacturer's suggested 
one.

Starting with the PIR device, Rl and 
Cl decouple it from the supply line and 
R4 is the load for the sensor. The signal 
from the sensor is coupled to the input 
of the first amplifier (IC1) by C2. Resis
tors R2 and R5 (decoupled by C3) bias 
the amplifier so that its output is at half 
rail voltage, allowing the AC signal to 
swing around this quiescent value. The 
gain of IC1 is set to 27 by R5 and R6, 
and this stage acts as a buffer (with 
gain) to the sensor.

The amplified signal is applied to the 
input of the second amplifier IC2, via 
C5. This stage has a gain of 150, deter
mined by R7 and RIO. Capacitor C8 
sets the frequency response of the am
plifier to a suitably low value, to mini-

The interface PCB. Up to four detector modules can be connected to, and 
powered by the interface.
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The circuit diagram of the 
interface section. The time 
the relay remains on is set 
by the link.
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mise transients and amplification of high 
frequency noise. The total gain of the 
two stages is therefore approximately 
4050. 1C2 also has its output biased at 
half rail and under no-signal conditions 
its output will be around 4.5V DC.

IC3 is a voltage comparator and com
pares the output of IC2 to the voltage 
at its non-inverting terminal. This volt
age is adjustable via RV1, with its 
upper limit set to 4V by Rll and its 
lower limit set to 2.5V by R14. These 
two voltage limits were determined by 
experiment, and give the highest sensi
tivity without false triggering for one 
setting, or a range of only a few metres 
for the other.

When infrared energy falls onto the 
sensor, a signal is produced as already 
described. This voltage is amplified and 
applied to the comparator. If the signal 

voltage causes the inverting terminal of 
the comparator to become negative with 
respect to the non-inverting terminal, its 
output will swing positive. This will light 
the LED and produce a pulse that can 
now be used by the interface circuit.

The interface
The interface section can have up to 

four detector modules connected to it. 
In fact you can have even more if you 
want to add extra isolating diodes.

The positive-going signal from a de
tector module will be passed to R16 by 
the diode which that module is con
nected to. The diodes effectively act as 
an OR gate, while also isolating each 
module from the others.

When a pulse is received, it will 
charge Cll by a small amount. If no 
more pulses occur Cll will be dis

charged by R17. However if someone 
(welcome or otherwise) is moving to in
tersect the beams, a series of pulses will 
be generated as each intersection oc
curs. Each pulse will further charge 
Cll, until after 2 or 3 closely spaced 
pulses the voltage across Cll will reach 
the upper hysteresis point of the 
Schmitt input NAND gate IC5a, causing 
its output to switch to OV.

NAND gates IC5b and lC5d act as a 
timer, and the output of the timer (pin 
4 of IC5d) is used to drive QI, via ZD1 
and R26. Transistor QI is turned on 
when the output of IC5d goes low, in 
turn operating the relay. The time that 
the relay stays on is determined by C13, 
charging through either R22 or the par
allel combination of R22 and R23.

Normally the output of IC5d is high, 
causing the NAND gate of IC5b to be-
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Low cost IR movement sensor

These photos 
show how the 
lens is fitted to 
the case. Cement 
the lens to the 
underside of the 
case lid to 
prevent it 
moving.

have as an inverter. When the output of 
IC5a goes low, the output of IC5b will 
become high, causing a logic 1 to ap
pear at the input of IC5d. This will now 
set the output of IC5d low, operating 
the relay as already described. How
ever, C13 will charge via R22 (or R22 
in parallel with R23), and eventually the 
input to IC5d (pin 5) will fall to a logic 
0. Note that while this input is a logic 1, 
the output of IC5d is a logic 0, causing 
the output of IC5b to be held high by 
the feedback between these two gates.

When the capacitor is sufficiently 
charged, the input to IC5d falls to a 
logic 0, resetting the whole circuit. If 

The PCB artwork, reproduced actual size.

the timing resistor is only R22, the time 
delay equals approximately 100 seconds. 
If the link is inserted to set the timing 
resistor to the parallel combination, the 
time will be about 10 seconds. The 
choice of times is up to you, and is set 
by including or excluding the link dur
ing construction.

When the timer is triggered, the logic 
1 at the output of IC5b also causes C12 
to commence charging through R21, 
taking about 150 milliseconds to reach 
the upper hysteresis point of the 
Schmitt trigger input of IC5c. When this 
point is reached, the output of IC5c 
goes low, discharging Cll via R18 and 

isolating diode D6. This resets the inte
grator and holds it in this condition 
until the timer has timed out.

The relay can be used to operate an
other relay, a piezo alarm device or 
anything else within its contact ratings. 
Because the relay contacts are rated at 
110V AC or 24V DC (up to 3A resis
tive load), it should not be use to oper
ate a 240V appliance directly. It has 
both normally open and normally closed 
contacts.

Pin 6 of IC5d can be used as a control 
input. By taking this input low the timer 
will be reset and any remaining time 
cancelled. The control input must be
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Fig. 5(b): The lens will protrude into 
the underside of the case, and can 
be cemented to the case. Mount the 
PIR to give a focal length around 
18mm as shown

taken high or allowed to float before 
the timer can be retriggered. If this 
input is taken to ground via an LDR 
(light dependent resistor) then the unit 
can function as an automatic light 
switch that only operates during the 
night hours.

IC4 is a 5V three-terminal regulator 
with its reference pin held about 4 volts 
above ground by the voltage divider ac
tion of R19 and R20. This gives a sup
ply rail of about 9V DC. The input volt
age is 12V DC, via protection diode 
D8. The interface PCB can be used to 
power the modules.
Construction

Start construction of the project by 
giving the PCB the customary check for 
any track shorts or other problems. 
Check particularly for shorts between 
tracks that run close to each other, and 
any track breaks. Check also that the 
PCB will fit neatly inside the bottom of 
the case. Trim the board if necessary.

Next decide if the PCB is to be sepa
rated into two sections (detector section 
'and interface) or if it is to be enclosed 
in the one case. The prototype is shown 
as two separate modules, and if the 
whole PCB is to be enclosed in the 
same case, a larger size than that shown 
will be needed.

If you decide to construct the unit as 
two separate modules, cut the PCB as 
shown in the layout diagram. This can 
be done with either a guillotine or a 
hacksaw. Draw a line across the PCB 
before cutting to ensure it is cut correct
ly-

Next insert all resistors and capaci
tors, taking care to correctly orientate 
the electrolytics, as being polarised they 
will only function properly with the cor
rect polarity of DC voltage across them. 
The diodes can now be placed; again 
pay particular attention to the polarity. 
Note that D6 and R18 are mounted 
vertically.

Fig.5(a): Cut the opening for the lens 
and the LED using the dimensions 
shown. These only apply to the 
recommended case.

Next the semiconductors can be in
stalled. IC sockets are recommended 
(except for IC4), as the extra cost will 
soon pay off if an IC is found to be 
faulty. When the transistor, IC4 and the 
IC sockets have been soldered in place, 
mount the relay. The final components 
to install are the PIR device and the 
LED. However, before mounting these, 
the lens should be fitted to the case so 
the height of the PIR detector can be 
set for the correct focal length.

To fit the lens, cut a rectangle in the 
top of the case as shown in Fig.5. Note 
that the dimensions shown are for the 
recommended case only; other cases can 
be used, but you will need to determine 
the relative position of the cutout. The 
case has tapered sides, and the dimen
sions shown are relative to the top, and 
all are outside measurements.

Be careful when cutting the opening, 
as the plastic case is fairly fragile. First 
mark the rectangle on the case, then 
drill (carefully) inside the markings to 
eventually remove the cutout required. 
File the rectangle to get the correct 
sized opening. Then, using a hacksaw, 
cut 1mm deep nicks in each corner as 
shown in Fig.5, at an angle of around 
45°. Also, drill a 3mm hole for the LED 
indicator, along the centre line of the 
case, 8mm from the bottom.

Then form the Fresnel lens into a 
semicircle and fit it into the four corner 
cuts. The smooth side should face out, 
and the 4 sector section should be at the 
bottom. The lens is 25mm wide, and the 
cuts should allow the lens to be held

PARTS LIST
1 PCB coded OEPIR88
1 Case, 53 x 87 x 30mm
1 PCB mount 12V relay
1 PIR sensor type RPY97 with 

Fresnel lens
Semiconductors
3 TL071 op amps
1 7805 5 volt regulator
1 4011 quad NAND gate
1 BC558 transistor
6 1N914 diodes
2 EM401 diodes
1 3mm Red LED
Resistors
All 1/4 watt:

2 x 2.2M, 1 x 1.5M, 1 x 1M, 1 
x 270k, 6 x 100k, 2 x 47k, 1 x 
33k, 1 x 15k, 4 x 10k, 1 x 8.2k, 
1 x 4.7k, 1 x 2.2k, 2 x 1k, 1 x 
220, 1 x 150.

1 4.7k trimpot.
Capacitors
3 100uF electrolytic
6 10uF electrolytic
3 0.1 uF monolithic
2 47nF ceramic
1 680pF ceramic
Miscellaneous
Hook up wire, 3 x 8 pin IC sock

ets, 1 x 14 pin IC socket.

A full kit of parts for this project is 
available from:
OATLEY ELECTRONICS
5 Lansdowne Pde,
Oatley West. NSW. 2223
Phone (02) 579 4985
Postal Address (Mail orders)
PO Box 89, Oatley, NSW 2223

The prices are as follows:
Complete PIR detector kit, including 
case, lens and white filter (interface 
section components not included, but 
PCB includes both sections.).... $39.95 
PIR detector, white filter and two lens
only...........................................$26.00
PCBonly.................................  $7.00

......................................................$7.95
Post & Packing charge............... $2.00 

reasonably firmly. Next adjust the apex 
of the lens so that it is about 10mm 
above the top of the case. Once you are 
happy with the result, apply adhesive to 
the underside of the case and the lens 
as shown in Fig.5. Nail polish will hold 
the lens quite well, although we used a 
silicone-based adhesive.
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Low cost IR movement sensor
Now proceed with installing the PIR 

device. Exercise great care with it, and 
solder it into the PCB as quickly as pos
sible. Insert the device into the PCB 
and adjust the lead length so that it is 
approximately 18mm from the apex of 
the lens. This dimension is not particu
larly critical; in fact we achieved excel
lent results with a focal length of 25mm. 
Also, fit the LED indicator, and adjust 
its height so that it fits neatly into the 
hole in the top of the case, sufficiently 
proud of the top of the case to be vis
ible when lit.

The time delay should now be de
cided on, and the link either used or 
deleted. Finally, the interconnecting 
wires can be soldered to link both 
PCBs, unless you have elected to keep 
the board as a complete unit. Finally, 
once everything is complete, recheck 
your work to ensure that there are no 
problems with soldering and that all 
components are in properly and the cor
rect way round.
Testing

Once you're convinced that all is 
ready, apply 12V DC to the interface 

PCB as shown, and switch on. If all is 
well the LED will come on and the 
relay will latch after a second or two. 
After about 10 to 20 seconds warmup 
time, the LED should go out and the 
unit is now ready for use. The relay will 
remain on for whatever time delay you 
have selected, although it can be reset 
with the control line as already de
scribed.

If the unit doesn't work, use the volt
ages shown on the circuit diagram as a 
guide to fault finding. The values shown 
are approximate, as they depend on the 
rail voltage and the impedance of the 
voltmeter. They are the quiescent 
values, and assume the PIR device is 
inactive. You should be able to measure 
values that are consistent, if not exactly 
the same. Look particularly for incor
rectly polarised electrolytic capacitors, 
or capacitors that are leaky. The circuit 
is relatively simple, and you can be as
sured that it works as described if built 
correctly.

Installation
Installing the completed project is 

really up to the requirements of the 

user. The sensor should be about two 
metres above the ground and focused 
towards an entrance. Don't try and 
make the one sensor perform every
thing; you may need to build two or 
more to get the kind of protection you 
want.

Once installation has been completed 
the sensitivity should be adjusted to suit 
the particular installation. Test the 
sensitivity by actually moving around, 
rather than merely waving your hand. 
Adjust it to give reliable indication of a 
person in the room, but not so sensitive 
that it reacts to the cat!

For the prototype, we obtained a 
range of above 10 metres with a field of 
view of approximately 70° at maximum 
sensitivity. At minimum sensitivity a 
range of about 4 metres was obtained 
with the same field of view. This may 
vary between units, however.

The three wires connecting the detec
tor module to the interface should be 
run away from any other wiring to mini
mise noise pickup. Hopefully, with one 
or more of these detectors, you won't 
become part of the robbery statistics or 
disturbed by false alarms. m
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COMP°^>
289 Latrobe Street, 

MELBOURNE
PHONE: (03) 602 3499 FAX: 670 6006

SYDNEY (Office Only): (02) 906 2411

FREE PRICE LIST rangeofS&odïmîts

WE SPECIALISE IN SEMICONDUCTORS
IN COMMEMORATION OF E.A.’s 50TEARS IN PRINT WE OFFER THE 

FOLLOWING SPECIAL PRICES VALID UNTIL 1-5-89

MEMORY
2764 .....................
27128...................
27256...................
27512...................
27C64...................
27C128.................
27C256.................
27C512.................
4164.....................
41256...................
411000.................
6116.....................
6264 .....................
62256...................
48Z02 ...................

$5.50 
$8.50 
$9.50

$18.50 
. $6.00 
. $9.00 
$10.00 
$19.00

$5.00 
$15.00 
$40.00

$5.00 
$15.00 
$25.00 
$19.00

LOGIC
74LS00 ........ 300 74C02 ...... ... 500 74HC00... .... 300
74LS02 ........ 30C 74C14...... ... 500 74HC08... .... 300
74LS04 ........ 30C 74FOO ...... .... 500 74HC14... .... 500
74LS08 ........ .300 74F02 ...... .500 74HC123.. 500
74LS10 ........ .300 74F04 ...... 500 74HC244.. ... 600
74LS74 ........ .400 74F74 ...... ... 600 4001 ...... 300
74LS244 ...... 600 74AC00 .... . . . . . . . 500 4011....... . . . . . . 300
74LS245 ...... 600 74AC14.... .... 500 4013....... . . . . . . 400
74LS373 ...... .600 74ACT138 . .. $1.00 4071 ...........300
74LS374 ...... 600 74ACT374 . $1.00 4584 ....... . . . . . . 500

MICRO’S AND PERIPHERAL CHIPS
Z80A CPU.... $2.50 64B180.... $15.00 6821 ........... $2.00
Z80A PIO .... $2.50 68B09...... $10.00 8251 ........... $3.50
Z80A CTC.... $2.50 6303RP.... $12.00 8255........$3.50
70108(V20)... $16.95 8085 ........ $4.00 80287-10.. $450.00

LINEAR
TL072 ....................  950 1488
TL074.................... $1.25 1489
7805UC.....................450 7812

350 LM324
35C LM339
45C LM555

300 LM380N. .
300 LM386N. .
250 XR5534AN

$1.50
$1.50
$2.50

ALL PRICES INCLUDE SALES TAX. TAX EXEMPT AND OEM P.O.A
Freight: The prices quoted are ex Store, cost of delivery and the risk of loss in transport fall upon the purchaser.

For the convenience of customers, delivery can be arranged through the supplier at the schedule of rates set out

Minimum 
Charge 
ONLY

below.
1. Local Cost $2.50
2. Interstate Post $3.50
3. Carrier: Melbourne & Metropolitan — $5 up to 3kg
4. Carrier: Interstate — $8 up to 3kg

Only SMALL ITEMS will be sent by post.



AT LAST! A Cheap Stepping Motor
forcTi^^ HIGH °UALITY Phll'PS brand 4’PhaSe UniPolar The manufactuier was
forced to sell this stock FAR BELOW his cost and we can pass these massive savings on to you1
“to r“ RtS is pS/ ’ Pef,WmanCe featUnn8 3 ,48 S'epS 4°mNm

INCLUDED IN THE COST is a Sprague UCN4202 4-phase stepper motor driver chip. This will 
drive the motor directly from logic and a nominal 12V supply. Once again full data on the 
chip is included.
The current WHOLESALE cost of the motor ONLY from Philips is over $75 +20% sales tax i e 
around $90. You can purchase the motor and driver IC in 1-off from us for this month only 

$59! That makes the stepper under $50! Limited Quantity 
Cat. YM-2700

Stepper Motor and UCN 4202 chip $59
UCN chip available separately $10 (Cat. ZK-8842) 
Philips SAA 1027 4-phase driver IC (designed especially 
for the motor) Cat. ZK-8843 $15.
Data included with SAA 1027.

24 PIN CENTRONICS TYPE

CONNECTORS-
Another surplus stock buy. Amphenol series 57 (same as 
Centronics 36 pin but with only 24 pins). Save a fortune over 
normal prices.
• Solder plug with metal backshell
Cat. PP-0900 (100 available)

$2.00 each
• Solder Socket with Metal Backshell
Cat. PS-0901 (100 available)

$2.00 each
• IDC Plug
Cat. PP-0902 (250 available)

$2.50 each
• IDC Socket
Cat. PS-0903 (300 available)

$2.00 each
1-9 Boxes 10+ Boxes

$39.95 $37.95

$46.95 $43.95

$99.00 $89.00

$22.00 $21.00

$26.00 $24.00

$41.00 $39.95

Here 's what you get

• 5 Slotted Bits 0-1,3-4,5-6, 8-10,12

30 PIECE ENGINEER’S DRIVER SET
At last! A driver set incorporating those obscu.e shaped heads!

BE—5“^
INCLUDES ALL OF THESE PIECES:

National Linear Data & 
Applications Set

You get National Linear Data books Vol 1.2 & 3 and the 
ALMOST-IMPOSSIBLE-TO-GET latest printing of National 
Semiconductors Linear Applications.
(Please note that Linear Applications can't be sold sepratelv) 
Cat. BN-4000

4 BOOKS FOR ONLY $79.95

Battery Powered Cordless 
Soldering Iron 

‘‘TOILET DUCK”
The alternative to the gas-type portable irons. Uses 2 x C NiCads 
and they can be recharged in the 'Duck'. Tip retracts back into the 
body of the iron when not in use. Named after the famous toilet 
cleaner as it looks the same. Supplied with one tip and one spare 
plus small quantity of solder.
Dimensions: Length (0/A) 210mm x 30(W)mm. Charger not supplied 
FOR MORE INFO SEE 1989 CATALOGUE
Cat. TS-1430
Extra tipsCat. TS-1432 $4 95

ONLY $19.95

DIRT ' 
CHEAP!!

BRAND NEW CATALOGUE
If you haven't got our brand new bumper 
148 page catalogue yet (it was FREE in 

March issues of Electronics Australia and 
Silicon Chip) don’t worry. It’s still only $1 

and contains about 4000 different 
products. Call into four stores, or send $2 

to PO Box 185 Concord 2137 and we’ll 
send you one.

EXTENDED TRADING HOURS!!
Parramatta 
Gore Hill 
Hurstville 
York Street 
Springvale 
Melbourne City 
Buranda Old

Sat till 4pm, Thurs till 8.30pm
Sat till 4pm
Thurs till 8.30pm
Thurs till 8.30pm
Sat till 2pm, Fri till 8.30pm
Fri till 8.30pm
Thurs till 8.30pm

SYNTOM - Drum Synthesi
Ref: Silicon Chip May 1989
Fantastic drum synthesiser kit that will add real depth to any 
performance. See the 1989 Jaycar cat for full details 
Cat. KJ-6502

$42.50

• 4 Philips Bits No. 0,1,2 8.3
• 4 Square Recess Bits No. 0,1,2 & 3
• 6 Torx Bits T10, T15, T20, T25, T30, T40

2 Pozidrive Bits No. 1 & 2
• 1 x 1/4" Drive Socket Adaptor
• 1 x 1/4" Drive Hex Bit Holder 
And its all housed in a sealable 
tough plastic case.

Cat. TD-2000 $19.95

/COMPUTER LEAD BARGAINS^
SAVE 50% on normal price

• 250 Male to 25D Male 1,8mt Cat. PL-0856
Normally $19 95

ONLY $9.95 SAVE $10.00
• 25D Male to 25D Female 1.8mt Cat PL-0855
Normally $19.95

ONLY $9.95 SAVE $10.00
• Centronics PIug to 25D Male 1 8mt Cat. PL-0854
Normally $18.95

ONLY $9.95 SAVE $9.00

DIRT 
CHEAP!!

'WIRE WRAP WIRE BARGAIN > 
Save $2 per pack
3.5' length
Black Cat. WW-4310
Blue Cat WW-4312

Green
Red

Cat. WW-4314
Cat WW-4316

ONLY $3.95
Packs of 100 NORMALLY $5.95
5.5' length
Blue Cat WW-4332 Red Cat. WW-4336

^NORMALLY $6.95 Packs of 100 QNLY $4 95

VERBATIM DISKS AT 
UNREAL PRICES 
Compare our prices with 
your normal supplier.
Description 
3.5" 1S/2D 

Cat XC-4720 
3 5' 2S/2D 
Cat. XC-4721 
3.5' 2S/HD 
Cat XC-4722 
5 25" 1S/2D 
Cat. XC-4725 
5.25- 2S/2D 
Cat. XC-4726 
5.25" 2S/HD 
Cat XC-4727



Automatic Telephone
Diverter new model for 1989

This device will divert an incoming call to. say. an unattended 
office, surgery or home, to another location. (Two exchange lines 
are required). The unit will divert EITHER of the incoming lines. 
Supplied with 240V plug adaptor, instructions and telephone leads. 
Double adaptor Cat. YT-6020 $4.95 may be required. Measures 
190(W)x 110(D) x35(H|mm.

CatYT-6510 4

$249

Quality Disks at P
Another Jaycar direct import. Would you believe - computer disks with a LIFETIME GUARANTEE for less money than you have ever had 

to pay before I
51/4" DSDD 48TPI DOUBLE SIDED/DOUBLE DENSITY
$6.50 for 10 W/Ml
31/2“ MF2DD 135TPI DOUBLE SIDED/DOUBLE DENSITY
Cat XC-4736

$26.95 for 10
51/4' DSHD 96TPI DOUBLE SIDED/HIGH DENSITY
Cat. XC-4732
$18.95 for 10 ----------- --------------
All disks are supplied with envelope, index labels and write-protect tabs. Remember, these disksight be cheap ut they are good quality.

We are so impressed by the quality we are happy to offer a lifetime guarantee.

NEW KIT- Versatile Sub-Woofer Adaptor
Ref: EA April 1989 .
This unit enables you to get from a stereo signal subwoofer signal information. You can then 
feed the subwoofer signal thru a separate power amp/subwoofer speaker enclosure.
It's a great way of having the space benefit of high performance book-shelf speakers with 

thundering bass down to 30Hz!
The Jaycar kit includes all specified components, metal case < j and Scotchcal panel.

Cat KA-1717 $29.95 k '
100 watt Mosfet Subwoofer Amp to suit. A
IRef: EA August 19821 -A - •
Cat KA-1452 $134.50 /power supply extra!

100 watt 250mm Subwoofer speaker
las discussed in text!
Cat CW-2119 $129.50 I

END OF MODEL RUNOUT

SAVE - $44 OFF!!
2010 MkllA Stereo Equaliser (1 octave)

This is the famous Jaycar 2010 one control per octave equaliser. This kit would look good with any Hi Fi 
system and performs beautifully. For full details see the Jaycar 1989 catalogue.
Cat. KJ-6365

ONLY $125

SAVE UP TO AN AMAZING $2< 
HUNG CHANG 20MHz CRO

CRO - NORMALLY $899Ca QC,90° 
NOW ONLY $719 SAVE $180 
PROBES (TWO) NORMALLY $99 
NOW ONLY $79 for 2 SAVE $20

CRO & 2 PROBES

ONLY $798
SAVE $200

8" (200mm) PLASMA LAMP
The most beautiful thing we have ever seen.
Just imagine, a beautiful plasma display in your own home lor 
under $2001
Walch as the red glowing element in the centre of the 200mm 
glass sphere projects beautiful blue lightning outwards to the 
inner surface of the ball where it magically changes back to 
crimson. This event occurs simultaneously al least 50-100 
times all over the inside of the sphere and 
is constantly in motion.
It is truly beautiful to watch. 
The intensity of the display 
can be controlled by a slider 
pot mounted on the attractive 
base. In addition you can 
trigger the performance by 
means of a sensitive sound 
activated circuit.
The entire unit comes with its 
own dedicated power supply 
and is packaged in an 
attractive gift carton. 
This beautiful instrument will 
give countless hours of 
pleasure and relaxation and 
is truly unique.
Cat. XP-1000 

$169 
SAVE $30

Cat QC-1902 .

*OPEN AN ACCOUNT WITH JAYCAR
Jaycar is now accepting account applications from all 
established companies who can exhibit good trade references 
For application details see our store managers or phone 

(02) 747 2022

c Aixurr CiYVti; i'AVTI
Turn your surplus stock into cash.

Jaycar will purchase your surplus stocks of 

components and equipment.

CALL GARY JOHNSTON OR 
BRUCE ROUTLEY (02) 747 202;

'Minstrel 2-30 Speaker Kit
Ref: Silicon Chip Feb. '89
This is a co-operative speaker project between Silicon Chip and 
Jaycar. Using an 8- woofer and a dome tweeter with pre-built 
crossover unit the system has been acclaimed for its superb sound 
reproduction. The cabinets measure 490(H) x 303(W) x 290(D)mm. 
FOR FURTHER INFORMATION SEE OUR 1989 CATALOGUE - 
AVAILABLE NOW!

Pair of speakers and Crossovers Cat. CS-2540 $143
Cabinets (pair) Cat CS-2542 $129
PURCHASE BOTH SPEAKERS AND 
CABINETS TOGETHER AND PAY ONLY 

$269
ROUTLEY



JAYCAR - LEADING THE WAY IN NEW PRODUCTS
h»_________ _ _____ _____________

<Deluxe Black Rack 
Cabinets with Handles

QUALITY ANO DESIGN FUNCTIONABILITY AT A DOWN TO 
EARTH PRICE - A JAYCAR DIRECT IMPORT PRODUCT 
Jaycar proudly announce a range of 5 beautiful black, direct 
import rack cabinets.
Give your equipment a real 1st class appearance. All aluminium 
construction, removable top and bottom panels, black finish with 
high quality brushed anodised front panel. Handles and rubber 
feet supplied, along with all screws, nuts, etc., to assemble.
Individually cartoned, supplied in flat pack. These cabinets really 
look the part and check out the low prices compared to other 
ones.

HB-5380
HB-5381
HB-5382
HB-5383
HB-5384

A
255
353
429
429
429

B 
73 
98 
62 
95 
122

C 
177 
203 
203 
292 
292

D
305
401
481
481
481

E 
75 
100 
69 
100 
126

Each
$39.50
$49.50
$49.50
$65.00
$75.00

$36.50 
$46.00 
$46.00 
$61.00 
$70.00

MASSIVE SCOOP PCUC1IASE
Powerful 12V DC Motor!

This motor, as used in automotive thermatic type fans, has 
incredible torque. It is a 'pancake' style unit with a 8mm 
diameter output shaft (with flat). We have scooped up a smallish 
quantity of these at a great price! Grab one now for an incredible 
$25. Worth over $601!

Cat. YM-2706 $25
Dimensions 130 (approx) dia 

4O(approx) deep 
20mm shaft length 
8mm output shaft 
3 mounting holes 
triangularly spaced 
@ 105mm

SPECS 
Speed 
Torque

Jaycar Soldering Iron
Ideal for the hobbyist and handyman. Our lowest price 240 volt 
quality iron has a stainless steel barrel. 30 watt 
Cat. TS-1450 

$16.95

ECONOMY DIGITAL 
MULTIMETER
Digital multimeter at an analog pricel
• 3.5 digit LCD display
• 20 ranges
♦ Diode checker
• DC 10 amp. 1000V, 0-20M ohm. etc
• 1500 hour battery life
• One hand operation with 
unique feature where probes can 
mount into either sida of the case 
• Tilting bail 
• Safety test leads 
• 3 month warranty 
Cat. QM-1410 

$59.95

$30
ONLY$369 A PAIR

r

- «

SA-70 2-way kit 

complete with cabinets 
and crossovers.
70W RMS power handling.

5AYCAR DiGiTALMClTiMETER'X
(With almost everything - SAVE $50 over others)

LOOK AT THESE FEATURES ■ 
• 34 ranges - 3.5 digit LCD display | 

• High impact yellow case 
• Small size-only 133 x 70 x 30mm | 

10 amp AC and DC. DCV > 1 % worst ■ 
• Diode tester-continuity buzzer I 

Frequency counter 10Hz - 200kHz | 
• Built-in 20MHz logic probe ® 

• Capacitance tester 1 pF - 20pF I 
• Tilting Bail - Safety test leads 
One hand operation with unique | 

feature where probes can 
mount into either side of the case 

• 3 month warranty
Cat. QM-1400

$99.95

'Thinking about 
investing in a 
VIFA speaker 

kit?

SAVE
1800 RPM ® 12V
1.5kg/cm 0 1800 RPM

Power Consumption 70W @ 12V
Weight 600 grams

s, i

Ultrasonic Air Humidifier
CREATE YOUR OWN CLIMATE IN YOUR
OFFICE OR HOME
Features
• Cutout switch when water runs out
• Generous 6.75 litre water tank
• Ultra quiet operation
• Adjustable intensity control
• Adjustable humidity control
• Air filter included
• Humidifies up to 4,000 cubic feet 
Specifications 
• 40 watts
• 240V AC power source
• Humidity control 30 - 90%
• Dimensions 375(L) x 150(W) x 290(H)mm
Cat. YH-5500

WAS SELLING FOR $149 in 1986
NOW ONLY $99.50

Let Jaycar tempt you Into making 
that decision NOW and SA VE UP 

TO $200 PER PAIR.
All our stores have the new upgraded Vifa kits on 
demonstration so drop in and have a listen. 
Remember, you will pay about twice as much for 
similar pre-built, imported apeakera when, in fact, 
they will probably have Vifa apeakera in them 
anyway. See our 1989 catalogue for full detaila. 
(Demonatration apeakera are not at Concord).

SA-13P 3-way kit 

complete with cabinets 
and crossovers. 
130W RMS power handling. 
Cat. CS-2485/CB-2467

$200
ONLY $999
A PAIR

Cat. CS-2471/CB2472

SAVE 
$50
ONLY $449
A PAIR

SA -1 00 2-way kit 

complete with cabinets 
and crossovers. 

1OOW RMS power handling. 
Cat. CS-2460/CB-2482

SAVE
$100

ONLY $699

SA-50 2-way bookshelf 

kit with cabinets and 
crossovers. 

30W RMS power handling.

Cat. CS-2450/CS-2452

SAVE



NEW KITS FROM J A Y C AR
¡Telephone Bell 
Monitor/Transmitter
Ref: Silicon Chip April 1989
This kit simply plugs in parallel with your tele
phone. When the phone rings, it broadcasts a 
sequence of tone signals to a portable FM radio. 
You can buy a cheap portable radio for around 
$20 to act as a receiver, that's far cheaper than 
a kit would cost. Kit includes PCB, box, tele
phone plug and all specified components.
CaL KC-5048

$16.95

Auxiliary Brake 
Light 
Flasher
Ref: Silicon Chip April 1989
Reduce your chance of a rear end collision by 
building this simple lamp flasher kit It drives an 
auxiliary brake lamp mounted on the rear parcel 
shelf. Kit includes PCB. box and all specified 
components.
Cat. KC-5049

$17.95

Auto Tune Up 
Adaptor
Ref: EA April 1989
Turn your multimeter into a tacho/dwell meter 
with this simple adaptor. It's easy to build and 
may be calibrated for 4.6 or 8 cylinder petrol en
gines. Any multimeter above 20k/V will do. analog 
or digital. Kit includes PCB, die cast box and all 
specified components.
Cat. KA-1716

$29.95

Car Brake 
Lamp 
Monitor
Ref: EA April 1989
This device will warn you if your vehicles brake 
lamps aren't working as they should - hopefully 
before another motorist rams into your rear end. 
Kit includes PCB, box and all specified compo
nents including 12V bezel.
Cat. KA-1715

$24.95

1/3 Octave Graphic Equaliser
Ref: Silicon Chip March 1989
TOTALLY NEW DESIGN - STUNNING AUDIO PERFORMANCE
Jaycar, along with Silicon Chip have taken the best features of the 28 band graphics and 
incorporated them into this TOTALLY NEW ELECTRONIC DESIGN which features VASTLY 
SUPERIOR audio performance to our old graphics. Apart from the 4 extra bands (which now 
extend from 16Hz to 20kHz) the new 'Studio Series' graphic features radically new slide 
pots, especially made for the project. Mounted in a standard 19' 2 unit configuration, and 

power directly from mains.
SEETHE JAYCAR 1989 CATALOGUE

Cat . KC-5050 FOR FULL TECHNICAL SPECS

TTL ■ ANALOG VIDEO CONVERTER
Refer EA Feb 89
This kit will allow you to use an analog 
RGB colour video monitor as a CGA colour 
monitor for your IBM PC or compatible. Kit 
includes PCB, box. panel, D sockets and plug 
and all specified components.

Cat. KA-1711 $49.95

$29.95Cat. KA-1714

BETA TESTER
Refer Silicon Chip Feb 89 
Great NEW kit. Will measure the 
gain of a transistor, test NPN. PNP 
and power transistors. PLUS, 
by trial-and-error, you can 
identify BCE on an unmarked 
device. Kit includes PCB, box and 
all specified components.

3 4

«4M»

BEEPO GONTINUITYTESTER
Refer EA Feb 89
This all-singing, all-dancing continuity tester 
kit features three audio tones, operation over 
six decades of resistance, auto-polarity reversal, 
and an ambient current so low. it needs no 
ON/OFF switch.
Kit includes PCB, box and all specified 
components. Batteries extra (Cat. SB-2369 
$4.35 for 2 Alkaline)

Cat. KA-1710 $19.95
PCB SHORTS LOCATOR

Refer EA Feb 89
This simple kit will help you locate shorted tracks on 
printed circuit boards by means of a varying audio tone. 
It's easily built and much cheaper than commercial units 

Cal KA-1712 $22.95

naycar

I? ELECTRONICS ,

MasterCard

^■■1 SYDNEY - CITY
VISA

PARRAMATTA

ICONCORD

HURSTVILLE

Cat. KC-5047

$18.95
MAINS MUZZLER
Refer Silicon Chip Jan 89 
A line filter kit for your computer 
which incorporates an effective filter 
for mains borne interference and a 
varistor to clip dangerous spike 
voltages. Kit includes PCB. 
box (HB-5446) 4 mams sockets and 
all specified components.

Cat. KC-5046 $55.00
“Beat Me” Metronome
This unusual project is actually a metronome that has its rhythm set by simply tapping the unit at the 
desired rateu can tap it with a drum stick, pencil - even your fingernail 4 times, and the "Beat Me" 
mimicsate at which it was tapped indefinitely - so simple!
The Jaycar kit includes case, speaker and all electronic components. It runs on a 9V battery (not

supplied).

Size: 130 x 68 x 41mm

HEAD OFFICE
l 115 Parramatta Road Concord 2137
^Telephone (02) 747 2022

' Telex 72293
I FACSIMILE (02) 744 0767

MAIL ORDERS
P.O. Box 185 Concord 2137
HOTLINE (02)7471888
FOR ORDERS ONLY
TOLLFREE (008) 022 888

POST & PACKING
$5
$10
$25
$50
OVER $100

S9 99 
$24.99 
$49.99 
$99.99

$2.00 
$3.75 
$4.50 
$6.50 
$1000

| MAIL ORDER VIA YOUR ROAD FREIGHT ANYWHERE IN AUSTRALIA $13.50

117 York St. (02) 2671614 -
Mon-Fri 8.30 - 5.30 Thurs 8.30 pm - Sat 9 -12

355 Church St (Cnr. Victoria Rd) (02) 683 3377
Mon-Fri 9 - 5.30 Thurs 8.30 pm - Sat 9 ■ 4pm

115 Parramatta Rd (02) 745 3077 -
Mon-Fri 8.30 - 5.30-Sat 8.30-12

121 Forest Rd (02) 570 7000-
Mon-Fri 9 ■ 5.30 Thurs 8.30 pm ■ Sat 9 -12

GORE HILL

BURANDA QLD

MELBOURNE-CITY

SPRINGVALE VIC

188 Pacific Hwy cnr Bellevue Ave (02) 439 4799 •
Mon-Fri 9 - 5.30 Sat 9 - 4pm

144 Logan Rd (07) 393 0777 -
Mon-Fn 9-5.30 Thurs 8.30 - Sat 9 ■ 12

Shop 2.45 A’Beckett St City (03) 663 2030
Mon-Fri 9-5.30 Fri 8.30-Sat 9-12

887-889 Springvale Road Mulgrave (03) 5471022
NrCnr. DandenongRoadMon-Fri9-5.30Fn8 30-Sat9- 2



Circuit & Design Ideas
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ALL DIODES 1N914
IC1 = 4066
IC2 = 4001

resultant high output resets 
IC3 via ICld which is gated on whilst 
the one-shot is off.

"ll D1° 
IClaL^

■^|lC1b|2

3------

2

The aim of this project was to build a 
cheap but secure keypad activated 
switch using readily available parts. 
Estimated cost of parts including key
pad but excluding relay and 
board is approximately $10.00.

The main advantages of this 

circuit

are:
circuit

1. ‘Code’ buttons pressed out of se
quence will reset circuit.

2. Buttons pressed too quickly will not 
access code.

3. Code easily changed.
4. Latched or momentary output.

IC3 is a decade counter with the ‘0’ 
output high in the reset condition and 
all others low. When four correct code 
numbers are entered in correct se
quence IC3 is clocked four times and 
the resultant high ‘4’ output drives QI 
which in turn drives the relay. R5 & C3 
form a RC network which resets IC3 via 
Dll after approximately 1.5 seconds. 
Omission of R5 gives a ‘latched’ output.

IC2a&b and R3 and Cl form a one- 
shot of short duration. This one-shot is 
triggered by the transfer of a ‘high’ 
through ICla,b or c. This can only be 
achieved if the correct code number is 
pressed, as only one row of the keypad 
has a high input from IC3 and thus only 
one switch is gated on by any of diodes 
D4-7. The one-shot, when triggered, 
80 ELECTRONICS Australia, May 1989

C1
th

10uF

D12
*

clocks IC3 and simultaneously disables 
the reset circuit. No other code number 
can be accepted until the one-shot has 
reset.

If an incorrect number is pressed a 
low is transfered via the keypad and any 
of Dl-3 and this pulls the input of IC2d

Slave flash unit
Some time ago a friend of mine pur

chased a second underwater flash and 
wanted to convert the first unit to a 
slave flash. He asked me to convert it 
for him. .1 searched around the market 
and the only slave attachment available 
is a NISSIN brand unit, which is a self 
contained light sensor and SCR firing 
circuit, set into a plastic mould about 
the size of an index finger to the first 
joint. Unfortunately there was no way 
that it could be connected inside an un
derwater strobe. The other solution was 
an EA flash unit using a solar cell and 
step-up transformer, but the solar cells 
are no longer available, so it was a de
sign from scratch project.

The result is as shown, which can be 
constructed for under $10.00 and can be 
used both underwater and on land. The 
BPW50 is only available in some elec
tronics outlets but there is no shortage

C5
100pF

~Tc< h H

i RL1

i-------o
OUTPUT

The one-shot acts as a safeguard, as 
the next code input cannot be entered 
until the one-shot has reset. Therefore 
buttons pressed too quickly will result in 
a reset.

The code can be changed by the relo
cation of diodes D4-7, or the relocation 
of the column connections of the key
pad.

‘KRL’
Toowoomba, Qld.

of supply.
In this circuit the only critical compo

nent is the 5.6k resistor which must be a 
fraction above the resistance of the 
BPW50 at maximum light level - other
wise the unit will trigger sporadically. I 
have found that 5.6k is about optimum. 
The advantage of these slaves is that the 
BPW50 can be mounted remote from 
the rest of the firing circuit.

A. Lukevich,
Floreat Park, WA $40



Decimal display 
of binary numbers

Displaying a binary code in decimal is 
not as simple as first appears. Although 
there are chips available for this pur
pose (BCD-7 segment decoders), most 
are only suited to decimal values up to 
9. While it possible to incorporate addi
tional logic supporting these ICs to en
able them to display digits beyond 9, 
(or beyond 15 for a hex device), it be
comes impractical when the range of 
values to be decoded is much greater 
than 15.

The circuit shown uses a 74C926, (4 
digit-7 segment display counter/latch de
vice) and three 4029 presettable up/- 
down counters. The idea is to display 
the binary code in decimal form by si
multaneously counting down the binary 
input counter towards zero while clock
ing the 74C926 up towards the original 
binary input.

The binary input value is loaded into 
each of the 4029 counters (IC1 to IC3), 
forcing the carry out terminals of at 
least one of the counters to go high, de
pending on the input value. These 
counters are connected in cascade, giv
ing, in effect, a 12 bit counter. When a

Claytons car alarm
This simple ‘Claytons’ car alarm 

flasher has been operating reliably for 
over three years, and consists of a 
modified UJT relaxation oscillator cir
cuit. It pulses at approximately 1Hz.

To complete the deception, I 
mounted the oscillator in a small metal 
box, complete with two old electret 
mike inserts, to give the appearance of 
ultrasonic transducers. I then turn the 
device on or off with a hidden switch, 
and so far - the car hasn't been stolen.

Lindsay Franklin, 
Woodville Gardens, SA. $15

carry-out terminal goes high, the output 
of the NOR gate IC4a goes low, causing 
the outputs of AND gates IC5a and b 
to go low also. This inhibits the latch in 
IC6, and also prevents it from resetting. 
IC5b also prevents the counters from 
reloading the binary number.

Under these conditions, the counter 
in the 74C926 and the input counter, 
IC1-3 are able to count in the required 
directions, driven by the clock oscillator 
of IC7. The input counter is clocked to
wards zero, and the counter in IC6 is 
clocked up from zero. When the input

BINARY INPUTS

(LSB) / 0 1 2 3 4 5 6 7 10 11 ' (MSB)

♦5V •5V
llÏm A 12 13 3

*5V 

9^61
PI P2 P3P4 8/0 uzn

IC3 ci 
4029

PE

,10

68

UJT TYPE 
2N2160

68

o<12V

330pF,J;

16V T

Di“
-h--------O0V
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* IC4b IS USED AS AN INVERTER 
TO REDUCE COMPONENT 
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RS e 
74C926 , 
“□UT-S

C1
InF __

JOIpF

5] 

6

ICSb

12

counter has reached zero, the output of 
IC4a will go high (on the positive edge 
of the clock pulse) as all carry-out ter
minals are reset to zero.

Because the clock is still high, the 
latch section of IC6 will be enabled, 
storing the internal counter's contents 
for subsequent display. When the clock 
signal goes low, the counter is reset and 
the binary number at the input is again 
loaded into the input counter to restart 
the whole process.

The capacitor from the output of IC4a 
to ground is included to prevent glitches 
occurring - for example, when the 
carry-out terminal of IC2 goes high 
while that of IC1 goes low. The circuit 
speed is limited only by that of the ICs, 
(around 3MHz), and it could be ex
panded to allow the decoding of even 
larger inputs by including more input 
counters and display drivers.

The use of TTL equivalents would in
crease the available speed, although the 
circuit complexity would also increase. 
One possible use, in conjunction with 
an appropriate 12 bit A to D converter 
would be a 4-digit multimeter.

IC4a

• 5V

104 = 4002
IC5 = 4082

David Burchell, 
Pascoe Vale South, Vic

iQ1 
'BC548

02 
BC548

03 
BC548

IBC548

$50
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Construction project:

A dual voltage 
electronic 'megger'
This new design for an electronic meg-ohm meter features a 
choice of two testing voltages - 500V or 1000V - and a large 
easy to read meter. It can resolve resistances from 1 to 200 
megohms, which makes it very suitable for insulation testing.

by PETER HARRIS
The most common types of megohm 

meter measure at a ingle voltage. This 
is adequate for a go/no-go test, but will 
not conform to some electrical wiring 
regulations. A dual voltage unit will 
however cover all wiring insulation test 
specifications (for house and industrial 
wiring).

The unit described here provides 
500V range which is used for testing 
wiring up to 250V AC, while the higher 
1000V range is for testing wiring up to 
440V AC. The usual measurement is to 
measure the insulation resistance be
tween active and earth on wiring instal
lations and to measure between active
earth and neutral-earth on appliances.

Incidentally the design of this project 
has been carried out by the R&D de
partment of Altronics, in Perth. As a 
result the design itself and the PCB pat
tern, etc., are proprietary and cannot be 
reproduced commercially. However full 
kits of parts for the project are available 
from Altronics - please see the firm's 
advertisement in this issue.
Circuit description

The circuit for the new meg-ohm 
meter is fairly straightforward. It basi
cally consists of a regulated DC-DC 
converter producing 500 or 1000 volts, 
and a current metering circuit. I will 
start with the DC-DC converter.

IC2c, 1/4 of a 4093 quad CMOS 
Schmitt NAND gate, is configured as a 
square wave oscillator. This works as 
follows. Pin 8 is tied to the 9 volt rail 
(high). This makes the NAND gate 
work like an inverter. Initially pin 9 is 
low (capcitor Cl is discharged), which 
means that pin 10 is high. Cl will now 
start to charge, via RI.

When the voltage on pin 9 reaches 
the upper threshold level of the Schmitt 
input, the output will change state. 
When this happens the capacitor will 
start to discharge, via RI, until the 
lower threshold level is reached, where
upon the output will change state again. 
The whole process is repeated at a rate 
determined by RI and Cl - here ap
proximately 3kHz. IC2d is connected as 
an inverter so that there are then two 
signals, 180° out of phase.

The two out of phase signals are then 
fed to two further NAND gates, IC2a 
and IC2b. Assume for the moment that 
pins 2 and 5 are high, thus gates a and 
b will act like inverters. These gates 
then drive transistors QI and Q2 alter
nately, so that 9 volts is applied to each 
half of the transformer primary. This 
simulates an 18 volt square wave ap
plied to the primary of the transformer.

The transformer then steps up this 
primary voltage to 400V across the full 
secondary and 200V at the centre-tap - 
allowing for losses. Switch Sia is used 
to select these voltages for the 500V 
and 1000V measurement ranges, respec
tively. The output from the transformer 
is then fed to a voltage quadrupler con
sisting of D1-D4 and C6,7,9,10. This
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gives 800V and 1600V DC respectively 
for the two settings, provided that the 
inverter runs continuously. This is 
where the regulator part of the circuit 
comes into the picture, based around 
IClc.

The voltage at the cathode of DI is 
divided down via the string of 3.3M 
resistors R9-13, and R14 (or R15). The 
voltage at pin 9 of IClc for the 500V 
setting of SI is thus 150k/(150k+16.5M) 
x 500V = 4.5 volts. The same feedback 
voltage is also produced for the 1000V 
range, by switching in R15 (75k) instead 
of R14 via Sib (75k/(75k+16.5M) x 
1000V = 4.5volts).

This voltage is compared to a refer
ence voltage at pin 10 of IClc, formed 
by R6 and zener diode ZD1, together 
with trimpot RV2, R7 and C4. RV2 is 
adjusted to give 4.5 volts at pin 10.

If the voltage at pin 9 starts to go 
higher (i.e., the output goes higher), 
pin 8 of IClc will go low. This shuts off 
the drive to QI and Q2, so the output 
of the DC-DC converter falls. This 
makes pin 9 go lower and hence pin 8 
goes high again, and the inverter re
starts. It's in this way that the DC out
put from the converter is regulated, at 
either 500V or 1000V.

At the cathode of DI is also a series 
10M resistor R8, which limits the cur
rent to the test terminals to lOOuA. So 
much for the DC-DC converter or ‘high 
voltage power supply’ section of the cir
cuit.

Now comes the relatively easy part - 
measuring the unknown resistance. The 
theory here is that you have a known 
resistor (R16) connected in series with 
the test resistance, connected across the 
known output voltage of our DC-DC 
converter.

By measuring the voltage developed 
across the known resistor, you can 
therefore find the current flowing 
through the two resistors - by Ohm's 
law. Then, because the two resistors are 
connected across a known voltage, you 
can work out the voltage across the un
known resistor and hence its resistance. 
This is easy to do here, because every
thing (except the unknown resistor) is 
kept constant - allowing the meter to be 
calibrated directly in terms of resistance 
across the test terminals.

The metering circuit consists of ICla, 
IClb, the lOOuA meter movement and 
associated components. Resistor R16 in 
this case is the ‘known’ resistor. The 
voltage across R16, proportional to cur
rent, is then amplified by ICla, with 
gain set by RV3 or RV4, depending on 
which range is selected. The gain will be 
higher for the 500V range, as the cur-
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Megohm Meter
rent and hence the measured voltage 
will be lower.

The output voltage from ICla is then 
fed to IClb, connected as a voltage-to- 
current converter to drive the meter 
movement. The gain of ICla is set so 
that when the test probes are shorted 
together (zero unknown resistance), the 
meter reads full scale (calibrated 0). 
This corresponds to lOOuA of meter 
current.

RV1 is used to adjust for the input 
offset of op-amp ICla, which produces 
a non-zero output when no voltage is 
present across R16. It does this by 
creating the same voltage at the nega
tive terminal of the meter as the posi
tive terminal, thus no current will flow 
into the meter.

The only thing I haven't mentioned so 
far is the 9V battery, SI and C8. The 
9V battery consists of six ‘AA’ cells in 
series. A A cells are used because the 
current drain is too high for a normal 
‘216’ type 9V battery.

SI is the TEST button, which applies 
power to the circuit when pressed. C8 
decouples the power source and filters 
against the switching spikes of the in
verter.

the circuit PCB
Now after all that, I hear you ask 

“Why not just put the meter in series 
with the test resistor?”. This could have 
been done, but the accuracy would be 
poor and calibration would be difficult.

Construction
The very first thing to do is to read 

these instructions! This may sound silly 
for some, but it can save some time and 
possibly avoid a disaster.

The next thing to do is to check to 
make sure you have all the bits - both 
components and tools - to finish the 
project (e.g. pliers, drill, soldering iron, 
wire, etc.). Check off the parts against 
the parts list. Check that the PCB is 
OK, making sure there are no shorts or 
hairline fractures in the tracking and 
that all the holes are drilled and clear of 
solder. It is easy to go over any clogged 
holes with a hot iron.

Start construction by mounting all the 
resistors, diodes and other low profile 
components first. Push all the leads 
through so that the components sit hard 
on the PCB, bending their pigtails 
slightly outwards. The reason for doing 
this is so that when you turn the PCB 
over to be soldered, all the components 
don t fall out. Mount the PCB pins next 
(for the same reason).

Next mount the higher profile compo
nents (capacitors, transistors, etc), leav-
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position it such that all the holes line up 
properly and then solder it. Next take 
the nut, shakeproof washer and ‘posi
tion’ lock washer off the switch, and ro
tate the shaft fully anti-clockwise. Then 
put the position lock washer back on, 
with its spigot in the number ‘3’ hole. 
Refit the shakeproof washer and nut 
again by hand, to hold things in place 
until you mount the PCB in the case.

Now to the transformer. You will 
note that the hard work has already 
been done. The secondary of the trans
former has been wound. All you have 
to do is determine the connections of 
the secondary and wind on the 16 pri
mary turns.

Note that there are four wires for the 
secondary - two 400 turn windings. The 
windings are wound in series, i.e., one 
winding on top of the other. The two 
‘starts’ will come out on one side of the 
bobbin, and the two ‘finishes’ on the 
other side. Try not to handle these thin 
wires too much, as the acids on your 
fingers will eat through the insulation 
and eventually the copper itself, in time 
to come.

Make sure the secondary is fully insu
lated before winding the primary, using 
PVC tape. The transformer produces 
some pretty high voltages which will arc 
across any badly insulated wires.

The primary is wound in bi filar form. 
This means that the two half-windings 
are wound together.

Divide the copper wire supplied into 
two equal lengths and label the starts of 
each winding (SI, S2) and the ends (Fl, 
F2). This makes life easier when con
necting the potcore up. Then place the 
two ‘starts’ so that they come out of the 
bobbin in the same radial location as 
the secondary starts, but at the other 
end cheek. Leave about 75mm of each 
free, and then handling both together - 
as if they were a single wire - carefully 
and evenly wind 16 full turns over the 
insulated secondary. Bring the ends out 
again in the same position as the starts, 
and apply a small layer of PVC tape to 
hold everything in place.

Finally cut the wires to length and 
strip and tin the ends. Be very careful 
when taking the insulation off the fine 
wire as it is very easy to break. Now 
mount the complete potcore assembly 
on the PCB, using the bolt and plastic 
washers and using the small assembly 
diagram as a guide.

Don't tighten the bolt up too tightly, 
as the ferrite core may break. To finish 
the job secure the nut with some nail 
varnish or similar to stop it from coming 
undone. Note that the assembly mounts 
on the copper side of the PCB (so it

will fit in the case!). Wire up the con
nections according to the overlay.

Now your attention can be turned to 
the meter. Carefully remove the meter 
cover and unscrew the scale, being very 
careful not to bend the pointer. Now

NOTES
RV1 OFFSET
RV2 VOLTAGE TRIM
RV3 FULL SCALE

ADJUST 500V
RV4 FULL SCALE

ADJUST 1000V

At top is the PCB overlay diagram, showing the location and orientation of 
the on-board parts. These are also shown in the photo above.
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Megohm Meter
stick the new scale over the old one, 
making sure it is aligned properly. This 
done put the meter back together and 
mount it in the front panel.

Solder some leads to the PCB so that 
it can be tested before mounting it on 
the front panel. That's about all, until 
the calibration is complete.

Calibration
Please note that the DC-DC con

verter in this project produces very high

PARTS LIST

1 Jiffy box, 198 x 113 x 63mm
1 100uA meter MU 65
1 Custom meter scale
1 PCB, 102 x 78mm, K2555

Resistors
All 1/4W 5%: 5 x 1k, 1 x 3.3k, 1 x 

4.7k, 1 x 15k, 1 x 22k, 1 x 
27k, 2 x 150k, 1 x 470k, 1 x 
1M, 5 x 3.3M

1 10M 1/2W
1 75k 1% metal film
2 10k horizontal mount trimpot
1 50k horizontal mount trimpot
1 100k horizontal mount trimpot

Capacitors
1 820pF greencap
2 10nF greencap
1 0.1 uF greencap
5 47nF 630V greencap
1 220uF 16V RB electro

Semiconductors
2 IN914/1N4148 diodes
4 IN4007 diodes
1 6.2V 1/2W zener
2 BC327 transistor
1 LM324 quad op-amp
1 4093 quad NAND gate

Miscellaneous
6 PCB pins, 0.9mm
1 TO-3 insulated bush
1 Fluted knob, 20mm
1 25 x 60mm aluminium strip 

(for battery clamp)
1 Pre wound bobbin
1 FX2240 pot core
2 Banana sockets; one red, 

one black
1 Set test leads
1 Battery snap
1 Push button switch
1 3 pos 3 pole rotary switch
1 6 x AA battery holder 
nuts, bolts, washers, solder, 
medium wire and 0.5mm 
enamelled copper wire

A closeup view showing the converter transformer mounted on the copper 
side of the PCB, with the wiring leads taken to the appropriate pads.

AC and DC voltages. Contact with 
these voltages can be extremely un
pleasant - so be careful when carrying 
out the following calibration procedure.

Before firing up the megohm meter 
make sure everything seems to be OK 
according to the diagram. Check all 
your solder connections for bridges and 
dry joints. Follow the wiring exactly - 
all the usual sort of stuff.

Now set all the trimpots at mid posi
tion, turn the selector switch to 500V, 
apply power and press the test button. 
The DC-DC converter should run (indi
cated by a hissing sound from the trans
former) and the meter will probably in

dicate something. If nothing happens at 
all, then check the connections to the 
transformer and the connections to the 
battery and meter.

If all seems well, then connect a volt
meter (to read 500/1000V) between the 
cathode of DI and OV. Press the test 
button and adjust RV2 for a reading of 
500V, although a few volts either side 
won't make a lot of difference. Now 
switch to the 1000V range and check 
the voltmeter for a reading of 1000V.

Note that RV2 will affect both the 
500 volt and 1000 volt ranges, so if nec
essary adjust RV2 for a compromise be
tween the two.
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Now disconnect the voltmeter and ad
just RV1 for a reading of infinity on the 
meter. Select the 500V range again and 
short the probes out. Adjust RV3 for a 
reading of zero. Finally switch to the 
1000V range and adjust RV4 for zero 
reading. And that's it! Now you can as
semble the PCB onto the front panel, 
put the clip on the battery, screw the 
thing together and give it a final test.

Note that if you try and measure the 
voltage at the test terminals, you will 
get a substantually lower reading due to 
the internal resistance of the meter. For 
example if you use a digital meter with 
10M ohms input, the voltage on the 
1000V range will fall to 500V (due to 
R8) and the megohm meter will read 
10M.

Note also that when the meter is 
switched off and the test button is 
pressed the inverter will still run, but 
there will be no voltage at the test ter
minals.

If it doesn't work
If the meter doesn't spring into life 

when you first turned it on, don't de
spair. Be assured the design will work, 
and the problem will probably turn out 
to be something simple - like a diode 
wired in reverse polarity, or bad solder
ing, etc.

The first thing to do if it doesn't work 
is to determine the main area of the cir
cuit where the trouble lies. This will 
make it a lot easier to track down using 
logical deduction.

Say, for example, that the inverter 
does not function. Firstly determine if 
the oscillator is working. Check at pin 
10 and pin 11 of the 4093 - with a mul
timeter, these should read about 1/2 
supply voltage, while a CRO should 
show square waves at about 3kHz. Pins 
2 and 5 of the 4093 should both be 
high, and therefore pins 3 and 4 should 
read virtually the same as pin 10/11.

If all that is OK, then make sure that 
there is 9V at the emitters of QI and 
Q2. If these transistors get hot or fail, 
then the transformer is probably the 
problem (make sure that all the starts 
and finishes go to the right place).

If pins 2 and 5 of the 4093 are low, 
then check that ZD1 is in the right way. 
There should be approximately 6V 
across ZD1, and 4.5V at pin 10 of IClc 
(LM324). Check that the 9V supply is 
getting to pin 4 of the LM324.

The idea is to try all of these things in 
methodical fashion, and sooner or later 
you must find the problem. The same 
applies if the DC-DC converter is work
ing correctly, and the fault seems to be 
in the metering circuit. ®

GET YOUR TRAINING NOW
AND BE PREPARED FOR THE FUTURE

If you’re interested in electronics, a Stotts Home Study 
Course can make it even more interesting. It could lead to an 
exciting career in the fast-growing field of electronics.

Stotts electronics courses offer plenty of practical work 
and ‘hands on’ experience through custom-designed kits. You’ll 
be skilfully guided by experienced, professional instructors, with 
individual attention and advice. You study at home, at your
own pace.

Choose from Stott’s range of electronics courses: 
Introduction to Electronics, Radio and Television Servicing,
Radio Receivers, Colour Television, 
Introduction to Micro Computers,

Servicemen or Industrial Electronics
MAKE YOUR MOVE TOWARDS A BRIGHTER 
FUTURE. SEND THE COUPON TODAY.

AN AUSTRALIAN TRADITION

r PLEASE send me free, and without obligation, 
I FULL DETAILS OF THE FOLLOWING COURSE: I
। ___________ ___________________________________ ____________ (PLEASE PRINT) |

। MR. MRS. MISS AGE--------------
1 ADDRESS____________ ___________________ ________________________

_______________________________ _ __________ POSTCODE_________
Stott's undertake that no sales counsellor will visit you. 
Melbourne, 140 Flinders Street 3000 Tel 654 6211 
Sydney, 383 George Street 2000 Tel 292445 
Brisbane, 65 Mary Street. 4000 Tel 2213972

Adelaide, 226 Pulteney Street. 5000. Tel 223 3700
West Perth, 25 Richardson Street. 6005 Tel 322 5481
Hobart, 2 Davey Street 7000 Tel 34 2399
New Zealand, Box No 30-990 Lower Hutt Tel 676 592

ALA/ST6820/EA589



HEAVY
DUTY

10-15mAfor9V 120mA 

Cat.No.
S 5020 AA 1.2V 500mAh

Cuts any shape cut out in 

steel, aluminium 
or plastic. Very easy 

to use. Capacity 

steel 1mm 
aluminium 1.6mm 

T2355 
Normally 
$19.95 '
ONLY $14.95

16 Way Parts Drawer Set

With

•ayi Jack O'Donnell M/Dlrector

10-99 
$3.25 
$2.50

$ 3.95 
$3.00

See through acrylic parts drawer. Slide-in Ident 
card fronted drawers. Ident cards supplied. 
Sturdy steel construction. Value Plus!

H0240 WAS $29.95 NOW ONLY
$20 SAVE $9.95 
Utility Parts Case

i

Altronics For Quality 
Fastest Delivery Service Bar None

Australia's

• BANKCARD • VISA • MASTERCARD • PHONE TOLL FREE 008 999 007 
• NEXT DAY JETSERVICE DELIVERY 

Country clients please allow an additional 48-72 hours

Fantastic New SOLDERING SPECIALS IN 89
De-Solder Iron Special $49.95

NIBBLER

Excellent new iron, screwdriver temperature adjustable between 250oC and 450oC enabling very 
delicate soldering on low settings with surprising heat energy reserve on maximum setting.

Relative temperature is indicated by LED lamp brightness.

Much lower cost than a soldering station.
T2445 Great Value at $37.95

Fantastic Value at only $29.95

Ideal for the service technician and hobbyist alike. Allows components to be 
quickly and cleanly removed with one hand. Comes with a cleaning wand. 
240V AC 501 Iz. 30WISHC Approval W/22281Ea»y single handed actionlSimple cleaning action.

NEW for'89 t 1250 Normally $59.95 
Temperature-Adjustable ^50°C to 45O°C~

TOROID POWER 
TRANSFORMERS

As used in EA and Silicon Chip Projects 
All Primaries 240V

160VA (Watt) Models 
$05 NOW $60

M 3050
M 3055
M 3060
M 3065
M 3070
M 3075
M 3080

12V +12V
18 + 18
25 + 25
30 + 30
35 + 35
40 + 40
45+ 45

300VA (Watt) Models

M 3085 
M 3086 
M 3088 
M 3090
M 3092 
M 3100 
M 3105

12 + 12
18 + 18
25 + 25
30 + 30
35 + 35
40 + 40
45 + 45

IMylar 
Stereo 

Phones

Mic
Simply brilliant Mylar Stereo headsets 

Adynamic mic combination.
Headphone: 20Hz - 20,000Hz, 32Ohm, 3.5mm 

stereo jack, 6.35mm stereo jack, adaptor.
Microphone: Dynamic type, 3000hm, 100Hz- 
15,000Hz, 3.5mm mono jack.

C 9055 $29.95 VALUE!

Toggle Switch 
Bargain

S 1010 SPDT 250V 3A $1.90 
1 -9 $1.20 10-24 $1.10 25+ $1.00
S 1020 DPDT 250V 3A $2.50

1 -9 $1.50 10-24 $1.40 25+ $1.25

Audio Purists This is For You!
VIFA 2 Way 
100 Watt
Weatherproof 
Speaker
Look for product review feature in Electronics Australia Magazine April/May '89
The heart of the system is the now famous 5" VIFA Woofer/Midrange, computer optimised for use in 
a 5 litre Bass reflex cabinet.
The classic VIFA 19mm ferro fluid Dome Tweeter is incorporated with the crossover network as 

employed with the SA-50 bookshelf system.

Has unique overdrive protection enabling amplifier input of up to 100 Watts without damage. 
Overall performance and appearande is superior to any competitive weatherproof speaker on the 

Australian market.
Each speaker is sup|>liod compete with mounting brackets.

C0970 Black, C0972 White, ONLY $399.00 pr
OR $199.50ea

Featuring a clear plastic lid so you can tell 

contents at a glance. Simple slide lock. 48 
partition combinations. Very sturdy ABS plastic. 

h 0249 was $23.95 NOW
ONLY $20.00 SPECIAL

TOP PRODUCT FOR '89 - FANTASTIC ULTRASONIC CLEANER
PIN POINT 

ULTRASONIC 
CLEANER

Awarded the Good 
Product Design 
Award for CETDC 
in 1987. This fan
tastic Ultrasonic 
cleaner can earn its 
cost a hundred 
times over in clean
ing Computer 
Connectors, PCB’s 
Switches, Relays, 
Jewellery, Glasses. 
Watches, etc.

Pin Point Ultrasonic Cleaner uses a transducer 
generator to produce millions of activated 

microscopic cleansing bubbles, which blow 
dirt, grease & grime off surfaces, and deep 

into cracks and holes. Pop your dirty 
watches, glasses, connectors etc into 
the cleaners stainless steel basin, add 
a cup of tap water, and three minutes 

later see the difference. The results are 
instantly revealing.

Nicad Rechargeable Batteries
Premium Grade - Good for up to 1000 re-chargo». 
Charge Rate 45-50mA fur AA, 20mA fcr AAA,

1-9
NORMALLY

---------------------_____ --------- $3.99
THIS MONTH'S SPECIALS $ 3.50
S 5021 AAA 1.2V 180mAH $ 4.50
THIS MONTH'S SPECIALS $ 4.00

Noise
Cancelling 
Microphone
C0304 $29.80
NOW $19
For Professional 2 way Radios on Aircraft, Boats, 
Vehicles &. also Industrial PA Systems.
Fantastic voice clarity, absence of feedback and 

background noise. Frequency Response 400- 
8KIlz. Impedance 160 Ohms. Sensitivity -65db 

Thumbwheel Switch
BCD 0-9
Panel mount BCD 

coded units that simply 

slot together to 
produce »witches of 
required size.
I’CB’a are Hold |Ua tod 

copper on epoxy 
GbrcglaM, continuous 
load 1A max. Panel 

cutout for one unit 
16mm x 30rnm. Allow 

further 8mm per extra

S 3300 NORMALLY 

$6.95 el NOW $5
S 3305 End Cepe/pr 
$1.75 10 up $1.60 ea.



*
 Famous Goldstar Brand 20 Meg 

Dual Trace Cro Sensation
Available from Altronics or Altronics Mail Order Department Only 

Sorry Not Available From Dealers.
$300 Off Last Years Price

12 Only At A Never To Be Repeated 
___________Price of $599___________

★ ★BE QUICK BE QUICK BEQUICK**

Phone Order To Reserve Your. Now

VALUE Increase YOUR SECURITY! VALUE
Infra Red Movement Detector

Pulse Count Type
Our 1989 Model IRD now includes pulse count circuitry with a specific 

time delay between pulse sensing. Throe pulses of IR radiation arc 
required to trigger the detector. Providing the detectors are sensibly 

positioned false triggering is completely eliminated.

Features:
•Lens simply 'snaps’ to either wide angle (range 40ft) for normal use 

or Narrow angle (and 80ft plus) for corridor applications.
•Snazzy Integral mounting bracket allows corner 90o mounting.

•12V DC Powered
•Built-In test lamp.
• Relay output SPST 30V la max.
• 9-18V DC

S5301 Excellent value 
at $79.00

Passive Infra-Red Lite Guard
Floodlight Control

How often have you thought there could be a prowler outside your door?
Install a Lite Guard & (once armed) any "guest" will be floodlit when detected by this highly 

sensitive Infia-Rcd Detector.
The Lite Guard detects a moving person or vehicle by comparing lie background temperature with a 

rapid change of temperature across the detection beams. So when I .¡to Guard detects movement 
across the coverage area it will turn on the floodlight(x) for 1-20 minutes ax preadjusted.

Security: Prowlers are startled by an unexpected blast of light.
Convenience: Lite Guard will detect your arrival & turn light on to welcome you home.
Energy Saving: Built-in photo cell deactivates unit in daylight.

S5350 was $135.00 SPECIAL ONLY $99.00
Please note: Floodlamps & holders not supplied

2 Amp Regulated Save! Solar Cell Module
.4V«l450inA
Great experiments Solar 
Module. Connect in parallel 
or scries as you wish.
Terminal strap enables easy 
interconnection to other cells.

A 0210 previously $5.98ea
NOW ONLY $5.00ea
10 Cells or more $4.00ea

OUR TOPgk ! .ATONAL STËÏW CONSOLE MIXERSELLER!

Ideal for "live" recording, our NEW Audio
Mixing Console has truly 
sophisticated features:
• PA mixing
• Fantastic tape recording
o Stereo/mono VCR recording
• R/L 5 band graphic equalisers
• Taikover facility
• Separate headphone level control
• Patch switch bank

A 2570 240V Mains Operated

Normally $499 
This Month $399

You Save $100.00
• Individual controls for Microphone, Phono 1&2, Aux. line 1&2, and Master slide level 
controls.
Bier*; up to two magnetic or crystal turntables, two tape decks and two microphones 
-all at once!!
FULLY PROFESSIONAL SPECS:
. Input - Mic 1: 0.5mV, 600 Ohms, Mic 2: 0.5mV, 600 Ohms (Low imp.). 2.5mV, 10kOhms (low Imp ); Phono 
142 (Mag.) 3mV, 50k0hms; Phono 142 (Cry.). 150mV, 100kOhms; Tape/Tuner 142 150mV, tOOkOhms . 
Equaliser - 5 frequency bands: 60Hz, 250Hz, 1kHz, 4kHz, 12kHz - Boost Cut Range, plus or minus 12db @

Multi Sector Burglar 
Alarm

Protect your Home or Business from Intruders with this “Stale of 

the Art" Burglar Alarm System
Over the last few years, House Break-Ins have increased dramatically. 

The recovery rate of stolen goods is very low. Now more than ever 
before, it nukes extremely good sense to build and install this ingenious 
Multi-Sector System. This unique Alarm System incorporates the 
features of the more expensive commercial models - at a fraction of the 

price.

Features:
• 8 sectors can be monitored Independently • Each Input circuit Is provided with an Indicator 
LED and a sector On/Off switch • Individual sector Isolation • Inputs accept both normally 

closed and normally open sensors • Two Inputs provided with an entry delay • Alarm Is 

disabled by frontpanel key switch • Internal trip warning buzzer • Unique circuit detects 

tampering • Automatic muting of the siren driver when under test • Fully variable exit delay 
• Will drive external horn speaker • Alarm output variable between 1 & 15 minutes • When 

triggered, gives a connection to external devices e.g. Bells, TV Camera etc • Switched output 

can be used to send a silent alarm • Full battery back up • Alarm will operate for approx. 2 

days with mains disconnected • Supplied In an attractive functional security case.

(See EA Jan/Feb’85)

Kit(Less Battery Back Up) K 1900 $149.50 
j Back Up Battery 12V 1.2AH S 5065 $24.95

More TOP VALUE SECURITY KITS on our 2nd DPS
Flat Key Cam Lock Telephone or Security

Xa Keyboard Switch
- Matrix Type

Zinc alloy dic e Mt housing with 
italnlcM steel cap. Key 
removable in either petition 
2 solid brasa key» supplied 

S 2550 WERE $4.95 
NOW ONLY $4.00es 

S 2552 Spare Key Blanka

Specifications: Contact Conductive rubber. 
Rating 1X3 24V 5mA. Contact Roxixlance 200 

Ohms . Max. Withstand Voltage 250V AC. 

Bounce 5m sec. max.

S 5380 WERE: $9.90ca
10 up $K.90ea NOW ONLY $7.50ea

Transformer Bargains
M 2165 240V to 9,12,15,18,21, 24 V @ 60VA (60W)
Normally 26.50 NOW $19.00 10 Up $15.00ea

M 2175 240V to 12,15,24,30V @ 120VA (120W)
Normally $39.95 NOW $30 10 Up $26.00ea



DC Electronic Fuse 
(See KA Nov'H7) 
Simply dips acrons the 

DC Funo holder, Offers 
protection adjustable 
fr<wn 0-10A in 2 ranges.
Features:
* Fast blow - slow blow 
setting.
* Manual .eset button.
* LED fuse tripped 
indicator.
* Operates off 1 single 

9V battery (not 
supplied)
• Two current Settings easily adjustable via a 

pot and calibrated scale.
* 1 loused in a rugged Jiffy Box. 
A must for prototyping and service work

TEST EQUIPMENT ;

Portable 
Multimeter 
With Bench 
Stand

Includes Continuity Buzzer 
20,000 Ohms/Volt DC • 8,000 Ohms/
Volts AC, Mirror backed scale • Over
load protected, 10 amp DC current 
range. Unique carry handle doubles as 
a bench stand. Q 1080 JOBITO

NOW $29.95

RF Signal Generator USEFUL
INTERESTING, 
PRACTICAL ■

Specifications:
Frequency Range 100Hz - 150MHz, in 6 ranges 
RF Output Level 100mV RMS Accuracy +/-3% 
Modulation:-« Internal (30% depth) 1KHz 
• External 50Hz - 20KHz • Crystal Locked 
Oscillator.

FABULOUS
KITS

q isso $225.00 House Guard Alarm
Digital MultimeterWith Built-In Capacitance Meter inr“?: p-------------- ------------------ 1
All the normal ranges of current, resistance and voltage plus a convenient Audio Frequency 1
and simple to use capacitance meter in five ranges, plus transistor tester. I ■ »*
Check the features of this top quality digital multimeter from the Labtcch I dl G I 310 I

System i MStsst

All

and simple to use capacitance meter in five ranges, plus transistor tester.
Check the features of this top quality digital multimeter from the Labtcch
range.: * Continuity Test • Buzzer Sound: Less than 200 ohm 
* Capacitance: 5 Ranges 2000pF - 2O4F * Transistor Tester
DC Voltage 

DC Current 

AC Voltage 
AC Current 

Resistance

.2, 2, 20, 200,1000V
200uA, 2rnA, 20mA. 200mA, 2A, 10A

.2, 2, 20, 200, 750V 

200uA,2mA, 20mA, 200mA, 2A, 10A 

200, 2K, 20K, 200K, 2M, 20M

General: Display: 3 1/2 digit LCD, 0.5" height, with 

polarity and LO-BAT indication • Overrange Indication 
Maximum Common Mode Voltage: 500V peak
Power: 9 V alkaline or carbon-zinc battery.
Dimensions, Weight: 170mm x 87mm x 42mm, 350 grams

Specifications: Input Impedance: 10M on all ranges 

Normal Mode Noise Rejection: 46db at 60Hz (IK unbalanced) 
Common Mode Noise Rejection: lOOdb at 601 Iz 

Overload Protection: 1000V de or peak on all ranges 

Response Time: less than 1 Second. —

O 1065 USUALLY $139.00
SPECIAL PRICE $99.00 SAVE

? LIGHT UP YOUR LIFE! **
Up To Now Similar Lamps Sold For
$1,000 And More 

Plasma 
Lamp 
Display 
Fantastic pulsating 

high voltage Plasma 
discharge continually 

changes shape and 

direction. Mode 
selectable to either 

fingertip control or 

sound activated e.g. 
from voice or sound 

system. Provides

NEW FOR'89

In testing audio circuitry it is necessary to have an 

accurate audio signal source. It even allows you 

to test 455KI Iz IF stages!

Specifications: SAVE
Frequency Range 10Hz 1 MI Iz .

Accuracy +/- 3% +2Hz $50
Output Waveforms: Sine: 8V RMS
Square: 10V P-P

Output Attenuator: -20db, -40db and fine adjust.
| 01540 was $249.00 NOW $199

We have lots of specials we 
couldn't fit. Come In and look 
around and make sure you have 
our NEW 1989 Catalogue

Fantastic New Alarm 
Project - Easy to 
Build as it all 
assembles on a 
single PCB.
Includes 12V 1.2 amp 
hour Inbuilt lead 
calcium backup 
battery.

(See EA April *89)

Features: Delayed and

I Beat Triggered
I Strobe (See AEM July 85)

instant inpul
• Entry and exit delay • Panic alarm input 
• Battery backup • Line monitoring • Soft 
alarm start • Lamp telltale ouput 
• Auxiliary relay for external siren etc.
• Key switch operation • Operates on 
virtually any type of sensor.

> k 1910 $89.00
: Audio Oscillator & 

Function Generator
This Ultra low distortion oscillator is 
comparable with the very best 
laboratory standard sine wave 
oscillators. As well as having very low 
distortion it has excellent envelope 
stability, square wave output and 
output metering.

I Add More Life To Your Next Party
I Hashes in time to your music, or as normal

I strobe. Exclusively customised by Altronics 
I into our 11 0480 Instrument Case. Includes 

I silk screened panel.

K 5790 $79.95 NOW $75.00
I For Inoreaaed Power Two
| Tube Option
। K 5795 $16.50 NOW $15.00

Line Filter and 
Conditioner™^

a«»T i
• • • - «■* J

endless fascination as it sizzles and arcs.
Supplied complete with AC Mains Adaptor.

Price Breakthrough for '89 
A 0120 $199.00 NOW PRICE 

SLASHED TO $150

Smooth power for stereo, TV & computers. 
Altronics customised version Ixiuxcd in strong 
Jiffy Box. Nickel sprayed for F.MI shielding.

K 6040 was $39.50
NOW ONLY $35.00

Machined Pin Sockets
Gold Plated Sockets
For applications demanding 100%

Active Direct Injection Box

(See EA Dec'86)
Frequency range 10Hz-100KHz in 4 

ranges • Output level 3V RMS max. 
adjustable • Attenuator Odb - 10db, 
-20db, -30db, -40db, -50db plus fine 
adjustment. • Output impedance — 
600 Ohms unbalanced • Output 
waveforms — sine and square 
• Sinewave harmonic distortion 
(typical) - 1KHz less than .01% — 
100Kz less than .02% • Square wave 
rise and fall times ,50nS.
Save $200 and More by Building

This Fine Kit Project

K 2540 $155.00
Discolite ~

(See Silicon Chip July/Aug'88)

All 30% OFF!
P 0530 8 Pin 
P 0532 14 Pin 
P 0534 16 Pin 
P 0536 18 Pin

$1.10
$1.45
$1.65
$1.80

Now 
.79 

$1.00 
$1.15 
$1.25

(See EA Oct'87)
Converts high impedance unbalanced inputs to 
low impedance balanced outputs. Dozens of 

studic/PA uses.

1 Features:
I • Sturdy diecast box

I • Black tough IndusL powder coat finish
1 • Professionally screen printed.

Add Some Colour To Your Next 
Party - Great For Parties, Shop 

Displays & Special Lighting Effects 
The Discolite flashes party lights on & off 
in beat with music from your amplifier. 
• 4 light channels controlled by 4 
separate audio channels • Forward 
reverse & auto-reversing chaser patterns 
• Simultaneous strobe on all four



50MHZ Digital Universal High Power Amplifier Module
Utility Timer

March'88) 
Time your STD 

calls and Save 

Money. Timing is 

adjustable from 10 

seconds to 15 

minutes. It features 

a ten way count 
down LED display 

and buzzer. 
Altronics Kit 

features full kit 

and silk screened 

front panel.

Kl425 was
$28.50 NOWL $25.00 SAVE

Frequency Meter
(See EA May *88)

Fantastic for Work 
Bench & Tool Box For 

Leas Than $100

Easy to build. Over 8m
50MHz in 5 ranges.

1 Features high input 
impedance overflow 

LED indicator. KHz & 

MHz LED Indicators. 

All components mount i!
onto a single PCB.

Complete with pre
punched & silk screened 

front panel. Ideal for use 

in testing CB radios, 

TV’s & AM Radios etc.

K2510 $99.00 VALUE

(See SC Dec'87 or our *89 Cat for full spes.)

High power rugged reliable design featuring low 

distortion and inbuilt speaker protection.
All components, including output tranistors mount 

on a single PCB. Suitable for high quality guitar 

amp. public address or in a high fidelity stereo 
amplifier. Kit includes angled heatsink bracket, 
main heatsink and unlike other kit suppliers, the 

In-Built Poly switch for loudspeaker protection. 
Output Power: 100W into 4 Ohms 150W into

4 Ohms

100W Version K 5140

NOW $65.00
150W Version K 5150 $99110
NOW $95.00

Capacitance Meter
Adaptor

» ü

(Sec SC Nov’87) 

Great for hand selecting 

exact values e.g. exact 
values for timer circuits 

etc.
This clever add-on 

adaptor increases the 
range of your digital 

multimeter. It allows 

measurements up to 
2.2uF. Plugs directly 

into your meter via 

inbuilt banana plugs. 

Kit includes pre
punched silk screened 

front panel.
Suits Labtech Q 1075

K 2520 WM $24.99
NOW $20.00 SAVE!!!

12/240V Inverter for Small Appliances
(Sea EA Aug'85)

Doubles as 
Battery 

charger under 
normal mains 

conditions

K 6705

$89.00

This inverter is ideally suited to powering low wattage mains appliances from 
the car battery while camping. Similarly, it has uses in boating. Typically, it can 
be used to power an electric shaver, electric blanket, electric can opener or a 
40W light bulb.

K2555

MeggeT-------
Meter

Sec EA April/May 89 

Checks electrical 

wiring and appliances 
for insulation 

breakdown.
Insulation breakdown 

can be determined by 

the use of this dual 

range megohm meter. 
Ideally suited for 

checking breakdown 
in electrical wiring, 

appliances 

transformers, 
automtive generators 

and alternators etc. 
Breakdown can be 

measured at either

Car Parking Proximity Detector &
(Sec Silicon Chip J an’89) **

Ever reversed into a parking spot and hit the car behind you?
Well Uiis proximity detector is die answer. A buzzer starts beeping • >
and just before you hit the object the buzzing becomes continuous. 1

Connects to your reversing light circuit, so it comes on automatically 
every time you reverse. Effective range of about 1 metre. Complete 

with all parts, boxes and cable.

K4310 MOST USEFUL KIT $34.50 NEW FOR ’89

560V or 1000V depending on the required 

situation.
Would null tUcIriciaru or technicians work 
van, tool box or work bench.

REAL VALUE $79.00

Desk 
Mounted 
Magnifier 

Lamp

Find Circuit Faults in A Jiffy
This unit magnifies any object under a 
clear, cool fluorescent light.

Normally $270

ALT ROD IO Manufacturers, Contractors and Bulk Users 
Please Contact Our Wholesale Dales Dept.

Sydney (NSW Only) Colin Fobister (02) 437 4077 
Melbourne (Vic/Tas Only) Brian Sorensen (03) 811 9967 

Perth (W.A., S.A., OLD., N.T.)' (09) 328 2199

174 Roe St. Perth W.A. 6000
PHONE TOLL FREE 008 999 007

Perth Metro & After Hour* (09) 328 1599
ALL MAIL ORDERS

P.O. Box 8350 Perth Mail Exchange W.A.6000
ALTRONICS RESELLERS

Chances are there is an Altronics Reseller right near you - check this list or phone us for 
details of the nearest dealer. Pleas« Not«: Resellers have to pay he cost of freight and 
insurance and therefore the prices charged by individual Dealers may flightly 
from this Catalogue - in many cases, however, Dealer prices will still represent a 
significant cost saving from prices charged by Altronics Competitors.
Don't forget our ExprMS Mall and Phon« Ord«r S.rvlc« - tor th« cost of • local call, 

Bankcard. Vis« or Mastercard holders can phon« orcter lor um. day d,,P4toh.
Blu« Ribbon Dealers are highlighted with a ■ These Dealers generally carry a 
comprehensive range of Altronic products & kits or will order any required item for you.

STANDARD DELIVERY * PACKING CHARGE $4-00 to 1Kg $7 over 1Kg AUSTRALIA 
WIDE — We process your order the day received and despatch via. Australia Post. 
Allow approx 7 days from day you post order to when you receive goods
S7 no OVERNIGHT JETSERVICE — We process your order the day received and 
despatch via"ov«'nlght J.te«rvlc. Court« lor delivery next day Country areas please 
allow additional 24-48 hours. Weight limit 3Kgs (3Kgs covers 95% of Orders).
$10.00 HEAVY HEAVY SERVICE — All orders of 10Kgs or more must travel Express 
Road - Please allow 7 days for delivery.
INSURANCE — As with virtually every other Australian supplier, we send floods at 
consionees risk Should you require comprehensive insurance cover against loss or damagi please adS° % value (minimum charge $1). When phone ordenng

please request "Insurance".
TOLL FREE PHONE ORDER - Bankcard Visa.
toll free up to 6pm Eastern Standard Time. Remember with our Overnight Jatwrvtc« we
deliver next day.

Esperance Comma nicatlons 713344 GERALDTON K.B.Electronics &
MANDURAH Lance RockWA COUNTRY Albany bp Electronic, i« 412681 esperance^Oscltronic 854836

Marine 212176 KALGOORLIE Todays E ec NT ALICe SPRINGS Ascom Electronics 521713 Farmer Electronics 522967
Retravision 351246 WYALKATCHEM D & J Peas caro™ VICTORIA CITY All Electronic Components 6623506 SOUTH
ACT CANBERRA Bennett Commercial Electrontos 805359 Sc.en«ron.cs = CR0¥DEN Truscott Electronics

MELBOURNE Winscott Trading 6995740 SUBURBAN CH El ENHAR 0^^ ,411411 MORWELL Morwell Electronics 346133

■ 7233860 PRESTON Preston Electromcs 4840191 COUNTHT B Electronics 3902399 FORTITUDE VALLEY Economic
QUEENSLAND CITY Delsound P/L 8396155 SUBURBAN CAPALABA Dav d Hal^ World . 518555 BG^pABgRQ Bob Elkins

Electronics 2523762 WOODRIDGE David Hall Electronics CKAY Philtronics ■ 578855 ROCKHAMPTONAccess Electronics (East
Electronics 721785 GLADSTONE Supertromcs 724321 MACKAY Philtro Solex ■ 722015 SA CITY Electronic Comp &
st.) 221056 Electron World 276966 E|ectronic8
Equip. 2125999 Force Electronic ■ 2125505 SUBURBA Electronics ■ 3471 188 LONSDALE Force Electromcs
■ 3823366 ENFIELD Force Electronics « 3496340 FINDO Evre Electronics ■ 454764 TASMANIA HOBART George Harvey
■ 3260901 COUNTRY MT.GAMBIER David Reid Electronics ■ 2671385 CARINGHAH Hicom
■ 342233 LAUNCESTON George Harvey ■ 316533 Nichols Radio> TV^3161 N5>W C j(¡g 6Q97218 COUNTRY cOFFSHARBOUR Coffs

Unitronics 5247878 CHARMHAVEN Charmhaven Electromcs 043 926266 Elect.Supplies ■ 621358 NOWRA Ewing
^X^gRAY^



Software Product Review:

Leap - before you look 
into speaker enclosures
‘Leap’ is a new analysis/design package for loudspeaker 
enclosures, written last year in the USA. It is considerably 
more powerful than earlier packages, and has been well 
received overseas by professional enclosure designers EA 
was given the opportunity to try out the first sample to reach 
Australia, and here's what we found.

by JIM ROWE
When I studied audio engineering at 

uni, back in the dim dark days of the 
late 1950's, the design of loudspeaker 
enclosures seemed to be pretty crude. 
You measured the speaker's resonant 
frequency in free air, and designed the 
enclosure to resonate at the same fre
quency. Hopefully the two would act 
like a pair of over-coupled tuned cir
cuits, and you'd get a ‘double-humped’ 
response which extended down lower 
than the speaker by itself. That was 
about it.

Of course some boxes seemed to end 
up sounding pretty peaky and ‘boomy’, 
and if this happened you had to put fill 
up the box with sufficient ‘bullswool’ or 
acoustic resistance material to damp the 
peaks, and make it all sound smoother 
- more or less.

1 remember it all seemed a lot more 
like an art than a science, with not 
much of an attempt to analyse what was 
really going on.

But then in August 1961, Australian 
engineer Neville Thiele published a 
paper in the Proceedings of the IRE 
Australia, with the unassuming title 
‘Loudspeakers in Vented Boxes’. In it 
he analysed the behaviour of the com
plete loudspeaker-enclosure system, and 
showed that its performance could be 
analysed and manipulated reliably and 
accurately knowing a small number of 
basic parameters. He even showed how 
these parameters could be easily and 
reliably measured.

Theile's paper was to become a land
mark in the design of loudspeaker en
closures around the world, acknowl
edged as the first to provide a complete, 
comprehensive and practical under-
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standing of vented-box systems on a 
quantitative level. But strangely enough 
it took 10 years before this achievement 
was widely recognised.

In May 1971, the paper was reprinted 
in the US Journal of the Audio Engi
neering Society. Then in the June-Octo
ber issues of the same JAES, four fur
ther papers were published by Dr Rich
ard Small of the University of Sydney. 
These built upon and extended the 
work , of Neville Thiele, hitting the 
world's audio engineers with a kind of 
‘double whammy’ that they couldn't ig
nore.

From that point onwards, there were 
no excuses. Theile and Small had shown 
that the design of loudspeaker enclo
sures could be done properly, using sci
ence - art could be kept for other 
things.

Since then, of course, the Thiele/S- 
mall model and design technique have 
become not only an established part of 
speaker enclosure design engineering, 
but a prominent feature of the advertis
ing copy used by marketing people 
throughout the world, when flogging al
most any kind of loudspeaker box. Such 
is the price of fame!

All of the foregoing is by way of in
troduction, of course. Suffice to say that 
since 1973, and with the growth of per
sonal computers, inventive programmers 
have produced various software pro
grams designed to make it easier for 
people designing speaker systems to 
perform the necessary calculations, and 
in many cases plot out a graph showing 
the predicted response. The package re
viewed here is the latest of these loud
speaker system CAD packages to be

produced.
‘Leap’ is its name, really an acronym 

standing for ‘Loudspeaker Enclosure 
Analysis Program’. It was written last 
year by Chris Strahm, of Portland Ore
gon, in the USA, and is marketed by 
his company CNS Electronics. It seems 
to have quite a big impact in both the 
USA and Europe, by all accounts, and 
now it is being marketed in Australia by 
exclusive distributor Speaker Technolo
gies - a subsidiary of amplifier designer 
Peter Stein's company ME Sound.

Peter and his colleague Trevor Wilson 
were kind enough to let me try out the 
first sample of the package brought into 
the country, along with a stripped-down 
version which will also be sold (rather 
more cheaply) as a ‘Demo’ program. 
Needless to say, I was very interested to 
try out both, although I freely admit 
I m anything but an experienced loud
speaker system designer.

Leap's features
Leap is claimed to be the most so

phisticated and powerful package of its 
kind available, and it's certainly more 
impressive than others I've seen. The 
main package consists of an A4 ring 
binder packed with about 20mm of 
manual, plus the software itself on both 
5-1/4" (three disks) and 3-1/2" (two 
disks) floppies. The stripped-down 
demo version is simply a single 5-1/4" 
floppy with some basic notes.

The main software itself is copy pro
tected, incidentally, and will only let 
you make two working copies on a hard 
disk or other floppies. If you change 
machines or whatever, you have to ‘de
install it back onto the master disks, 
and then re-install it. A bit irritating, 
but I guess the software involved a big 
investment and Mr Strahm is entitled to 
make sure he isn't ripped off. The 
demo version is not copy protected.

Like other speaker enclosure CAD 
packages, Leap essentially allows you to 
feed in the appropriate parameters for 
both the loudspeaker ‘driver’ itself, and 
the enclosure. It then plugs these values 
into its system model and crunches



Above and below: samples of two of the graphs produced by Leap, the acoustic SPL amplitude and phase and the cone 
excursion and group delay time. Note that all calibrations are absolute. The normal title area has not been reproduced
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Leap - before you look into speaker enclosures
through all the calculations to work out 
what happens at each frequency in the 
range 10 - 1000Hz. You then have the 
option of seeing the results, either plot
ted on the screen, printed out on paper 
(using almost any standard 9-pin or 24- 
pin dot-matrix printer), or both.

No less than 10 different performance 
parameter curves can be produced, one 
pair on each of five standard semi-log 
graphs:
1. SPL on-axis response, showing both 

amplitude in dB and phase shift in 
degrees.

2. SPL power response, again showing 
both amplitude and phase shift.

3. Cone excursion in mm, and acoustic 
group delay in milliseconds.

4. Speaker impedance, showing both 
magnitude in ohms and phase shift 
in degrees.

5. Amplifier current, showing ampli
tude in dBi and phase shift in de
grees.
All of the parameters are plotted in 

absolute rather than relative form, by 
the way - to make this possible, you 
also have to feed in data such as the 
power input level and the distance at 
which the simulated SPL is to be mea
sured. On the screen plots there are 
also a pair of cursors, which you can 
move along to any desired frequency, 
and then read out the exact values of 
the parameters at that point - very im
pressive!

One of the points made in the intro
ductory part of the manual is that this 
main Leap analysis ‘goes beyond’ the 
now-traditional Thiele/Small 2nd/4th- 
order high pass filter approximation, 
performing a ‘true classical analysis’ of 
the speaker-enclosure electroacoustic 
system. It apparently still uses a simpli
fied lumped-constant mathematical 
model, to allow reasonably fast calcula
tions on a typical PC, but claims that 
this model used is ‘entirely different’ 
and gives a ‘much more accurate’ simu
lation of the system concerned.

Again according to the manual, the 
reason for using a more elaborate 
model has been to make allowance for 
the fact that various parameters are not 
fixed, but functions of frequency. It is 
claimed that particularly in the case of 
complex and larger enclosures, substan
tial errors can occur if this is not taken 
into account. More about this later.

Leap comes with a built-in ‘data li
brary’ on disk, with parameter informa
tion supplied for 15 loudspeaker drivers 

and a similar number of enclosures - in 
both cases, mainly for products widely 
used in the USA, as you'd expect, but 
selected ‘international’ models such as 
drivers from KEF, Vifa and so on are 
certainly represented. In any case, the 
package makes it easy to feed in the pa
rameter data for any speaker or enclo
sure you wish, and add these to the li
brary.

There is provision for a total of 100 
speaker entries and the same number of 
enclosure entries - plus a total of 10 
speaker/enclosure ‘working design’ en
tries. You actually create one of these 
design entries each time you model a 
speaker/enclosure combination and plot 
its performance.

Even this 100+100+10 entry total 
isn't the limit, because in fact Leap al
lows any number of these ‘Libraries’ to 
be stored on disk, and retrieved as de
sired. So its overall data storage ca
pacity is virtually unlimited.

Quite separately and independently 
from its main analysis function, Leap 
also provides what is called its ‘Quick 
Cabinet’ option. This is in fact a stand
ard Thiele/Small analysis, intended 
mainly to allow ‘balkpark’ evaluation of 
Vab and Fb figures before entering a 
full enclosure design into the main 
analysis program.

Quick Cabinet also lets you see 
quickly what general type of response 
alignments can be obtained from a 
given speaker, for either sealed or 
vented enclosures. In each case it plots 
the responses for each of the main 
alignment options, on the screen (only).

Incidentally the Demo version of the 
package includes Quick Cabinet, al
though it lacks the main analysis sec
tion. So for many people who just want 
to produce the odd enclosure design on 
a ‘hobby’ basis, the Demo version 
would probably be quite sufficient.

Another very nice feature of the 
Leap package is a set of very useful 
data appendices, at the back of the 
manual. And probably the most inter
esting of these is the first, with some 12 
pages of information on how to measure 
the various loudspeaker parameters 
needed by Leap for its analysis. Since 
Leap needs a total of 15 parameters, 
rather more than the three needed for 
Thiele/Small, this is quite important.

The other appendices deal with enter
ing parameters from manufacturers' 
data sheets (with warnings about possi
ble errors and inconsistencies); convert
ing ‘infinite baffle’ parameters to ‘free 

air’; cabinet and speaker development 
tips; Leap's library data structures; how 
to ‘de-install’ your working copy; Eng
lish-Metric unit conversions; and elec
tro-acoustic equations.

What we found
Initially I had a basic play with the 

main Leap package myself, going 
through the built-in Tutorial as sug
gested in the introduction. This was 
fine; in a few hours, I had a very good 
idea of Leap's capabilities, and how you 
drive them.

Overall, I must confess I was already 
very impressed at this stage. Leap 
makes it very easy to feed in the pa
rameter data needed, and even cross
checks them for consistency as you do 
so. If they don't ‘gel’, it soon lets you 
know, and gives you the opportunity to 
modify them until they do.

Then when you've fed in the data for 
the speaker and enclosure you want (or 
selected entries from the Library), it 
performs the main number-crunching in 
quite a short time - even without maths 
co-processor.

I actually tried it on both a PC/XT 
running at 8MHz, and two different PC- 
AT's running at 10MHz and 12MHz re
spectively - none of them fitted with a 
co-processor. Naturally it ran fastest on 
the last of these, but even on the XT 
the time taken for an analysis was only 
a couple of minutes - quite acceptable.

Incidentally, Leap actually provides a 
choice of five different analysis modes, 
with different ratios of calculation/inter- 
polation. Mode 1 forces it to calculate 
values for all 552 discrete frequencies, 
giving maximum resolution but also the 
longest crunching time. The other four 
modes allow the process to be speeded 
up, by trading calculation for (linear) 
interpolation. The factors available are 
2x, 4x, 8x and 24x, the last giving a 
kind of ‘rough but quick’ approxima
tion.

So if you are using a fairly slow ma
chine, you can use the 24x option to 
home in on the final design, and then 
switch to the highest-res lx mode to 
produce the final plots.

In my case the 10MHz AT was fitted 
with an EGA card, and the screen plots 
with this were very nice indeed. But the 
other two machines had Hercules-clone 
hi-res monochrome adaptors, and here 
there was a disappointment. Despite the 
fact that Leap's set-up screen includes 
the option of using a Hercules card (and 
needless to say, I tried setting it up this
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way), it simply wouldn't produce screen 
plots at all. Whenever you tried to get a 
plot, the screen dropped out of synch 
into a pattern of moving horizontal 
lines.

You could still get the curves plotted 
out on the printer, though, so all was 
not lost.

Actually Leap's printing function is 
quite flexible. You can produce either a 
quick ‘draft’ plot, or a full-resolution 

« plot - the latter tending to take rather 
longer, especially with a 9-pin printer 
where it has to make multiple passes to 
achieve the full resolution. And for the 
full resolution plots you have the choice 
of either ‘across’ or ‘sideways’ orienta
tions, and even the ability to specify the 
overall width and height. So you can 
produce plots of almost any size and 
aspect ratio you wish.

Samples of some of the printed plots 
are reproduced here, and as you can see 
Leap does a very nice job. They're fully 
labelled, and of course calibrated in ab
solute units. Printout of a full-resolution 
plot takes around 7 minutes.

In addition to trying out the full pack
age, I also tried out the Demo version. 
As noted before this is essentially a 
stripped-down version of the main pack
age, packed into a single floppy disk 
and primarily intended to ‘sell’ the main 
package. Although it lacks the main 
analysis routine and has a subset of the 
speaker/enclosure data library, with 
some library management functions dis
abled, it will still plot out sample curves 
on both the screen and printer, and give 
you a good idea of how it all works.

More importantly, perhaps, it still has 
Quick Cabinet in full working order, so 
you can actually do basic Thiele/Small 
alignments for any speaker in the Demo 
disk's library, or for a speaker of your 
own if you have measured the three 
main parameters. And although Quick 
Cabinet doesn't print out the response 
for the various alignments, it plots them 
quite happily on the screen. It lives up 
to its name, too, giving you three sug
gested alignments for either a vented or 
sealed box in a very short time (around 
20 seconds on a 10MHz AT).

All in all, then, my impression of 
Leap in both the full and Demo ver
sions was that it is excellent - apart 
from the hassle with getting screen plots 

• on a machine with a Hercules-type 
video card. But what about those claims 
that Leap goes where no speaker CAD 
package has gone before, ‘way beyond’ 
Theile/Small?

Never having gone all that deeply into 
the theory of loudspeakers in enclo
sures, I decided that the best way to

tackle this aspect would be to seek help 
from someone who had. And who bet
ter than the great Mr Neville Thiele 
himself, who happens to reside in our 
own fair city of Sydney - and also hap
pens to be one of nature's gentlemen, 
as I've found to my great pleasure on 
previous occasions.

In response to my call, he confirmed 
that yes, he would be delighted to have 
a look at Leap, and give me his reac
tions. So a couple of days later I found 
myself in the founder of modern 
speaker design's very own office, install
ing Leap on his PC-XT while he looked 
through the manual.

As luck would have it, Neville's ma
chine also happened to be fitted with a 
Hercules card - so again we couldn't 
show any of Leap's impressive curves 
on the screen. But we could print them 
out on the printer, and at least this gave 
him a good idea of its capabilities.

It was no trouble at all to feed in the 
parameters for a speaker that Neville 
knew well, and compare Leap's calcu
lated alignments with those he would 
have worked out the official Thiele way. 
We did this using both Quick Cabinet 
and the full analysis routine, and there 
was close agreement.

He seemed to be very happy with the 
way Leap guides you through the over
all process; the way it cross-checks the 
speaker parameters for inconsistencies, 
when you're feeding them in; the abso
lute scaling of the SPL response and 
other parameters; and the use of the 
constant-voltage technique of measuring 
speaker parameters.

One thing he wasn't quite so happy 
about was the use of a sealed test enclo
sure to measure the moving mass and 
compliance of the speaker cone. Even 
though this approach was suggested in 
his own original 1961 paper, he would 
nowadays recommend doing these 
measurements with a vented test enclo
sure, because of the difficulty in ensur
ing that it really is sealed and airtight. 
In fact the vented-box approach was 
noted in the 1961 paper, and in his sec
ond paper in the November 1973 issue 
of Proc. IREE Aust, he emphasised 
that it was rather less prone to error. 
Better to have a box with a deliberate 
and known vent, rather than a nomi
nally sealed box that mightn't be!

Apart from this, Mr Thiele's basic 
reaction to Leap was much the same as 
mine (whew!) - he was quite impressed. 
It seems capable of doing pretty well 
everything one would want, and with 
more than sufficient resolution and ac
curacy.

But what of that claim about Leap's 

going way beyond Thiele/Small?
Neville admitted that he was inevita

bly a little biased here, but he was quite 
happy to agree that (a) some of the 
speaker/enclosure parameters (such as 
voice coil inductance and resistance) 
may well be, and probably are, fre
quency dependent rather than fixed; 
and (b) the original Thiele/Small model 
doesn't allow for this.

On the other hand, he points out that' 
even if you allow in the system model 
for the frequency dependence of these 
parameters, you're still faced with a 
problem: at which frequency do you 
measure the parameters, and which 
value do you feed into the program?

Leap solves this by measuring voice 
coil resistance at DC and inductance at 
1kHz, and presumably makes the ap
propriate allowances. This is not neces
sarily wrong, according to Thiele, but 
not necessarily right either.

As I understand it, things boil down 
to this. There's still a lot of debate in 
speaker system design circles, as to the 
exact ‘no holds barred’ model to be 
used, if you do indeed want to go that 
far. Chris Strahm's approach as em
bodied in Leap certainly seems to be a 
credible one, although there are also 
others.

For the present, Neville Thiele and 
apparently quite a few other experts 
seem to hold that there really isn't a 
great deal of point in trying to go ‘fur
ther’ than the original model.

Either way, of course, Leap will do 
what you want - because it gives you a 
choice of either the Thiele/Small model 
or the fancier one complete with bells 
and whistles.

Quoted price for the full Leap pack
age is $339.00, plus sales tax if applica
ble and $10 for shipping. Price of the 
Demo version is a very attractive $29, 
again plus tax if applicable.

It's available from Speaker Technolo
gies, PO Box 50, Dyers Crossing NSW 
2429 or phone (065) 50 2254, or alterna
tively PO Box 368, Hurstville NSW 
2220, phone (02) 57 5605.

Finally, a postscript regarding the 
problem with Leap's screen plots, on 
machines with Hercules-type video 
cards. Speaker Technologies has 
checked this out with CNS Electronics, 
who advise that there does seem to be a 
problem with Hercules cards in coun
tries like Australia with 50Hz power 
mains. Currently they're looking into it, 
and hope to come up with a solution 
soon.

But for the moment, you'll need a 
CGA or preferably an EGA to see 
Leap's beaut curves on the screen. ©

ELECTRONICS Australia, May 1989 95



New Products

Miniature colour 
TV camera

A new, miniature, colour TV camera 
originally developed for medical appli
cations in the USA by MP Video comes 
in a 44 x 43mm package weighing only 
71 grams.

The RP-7 industrial version of the 
camera can be used as a stand-alone 
system for use in awkward or cramped 
places, or its RGB output can be inte
grated with computer programs for 
image processing. It is shielded against 
EM and RF interference, and has a 
high resolution, 420 line, 2/3rd inch 
CCD image sensor. Being all solid-state 
the RP-7 is robust and impervious to 
shock and vibration.

The camera has push-button white 
balance, a built-in colour bar generator 
for accurate monitor adjustment, multi
ple video outlets, and an optional alpha
numeric character generator.

Further information is available from 
Industrial Television Services, 15 Coola- 
roo Road, Lane Cove 2066 or phone 
(02) 427 0294.

Handheld ‘multiscope’
The new Multiscope 100/120 is a 

multi-purpose portable instrument de
signed for use by service technicians in 
field work. Features of the 100 or 120 
include:
• Dual-channel storage oscilloscope.
• 10MHz analog bandwidth with a 

maximum sampling rate at 20MHz.
• Small size (260 x 105 x 39mm).
• Multimeter functions which calculate 

true-RMS or average values, fre
quency and period measurements.

• Automatic analysis of signal with op
timisation of the timebase, trigger 
and trace cursor positions.

• Storage capability and auto calibrate.

The Multiscope uses flat panel LCD 
and digital technology to achieve the 
portability and performance of a full 
size digital oscilloscope and multimeter.

For further information contact Uni
versity Paton Instruments, 106 Belmore 
Road North, Riverwood 2210 or tele
phone (02) 53 0644.

Metrix digital 
multimeters

The Metrix 40 Series DMMs are in
tended for the most difficult areas of 
production, service and maintenance. 
Their rugged construction allows them 
to be used on the test bench, in the 
plant or out in the field.

All models feature 4000 count resolu
tion, autorange with manual override, 
memory function, very fast peak hold 
(5ms response), waterproofing on 
models MX43, MX45 and MX47, diode 
test and audible continuity. They also 

come with a four-year warranty.
The Metrix 40 Series measures volt

age ranges from 0-400mV to 0-1000- 
VDC (750AC), current from 0-400uA 
up to 10A AC and DC, and resistance 
up to 20M.

The full-function Model 47 also fea
tures direct temperature measurement, 
using a K type thermocouple plus true- 
RMS AC or AC & DC. This last fea
ture is especially useful in applications 
where AC components are superim
posed on a DC value, for example, the 
output of a thyristor, However, in appli
cations where only the AC component 
is of interest, such as noise level in a 
power supply, advantage can be taken 
of the AC-only coupling feature - which 
has a bandwidth greater than 20kHz.

The Metrix 40 Series with 4 year war
ranty is available from a wide network 
of Elmeasco authorised distributors or 
Elmeasco offices around Australia.

Greenpar SMA 
connectors

Greenpar SMA Series connectors fea
ture the BS 9210 N0006 mating face and 
are fully compatible with all the require
ments of MIL-C-39012 intermating with 
all the SMA series connectors.

These connectors are suitable for use 
on both flexible and semi-rigid cables, 
optimum results being achieved with 
RG-402/u semi-rigid cable with excellent 
VSWR performance to 18GHz.

Bodies, pins and contacts are gold 
plated. Passivated stainless steel bodies 
are also available.

For additional information contact 
ACME Electronics, 205 Middleborough 
Road, Box Hill 3128 or phone 
(03) 890 0900

500W & 1.2kW 
sinewave inverters

Power Conversions have released the 
latest in their range of sine wave DC- 
AC ultralightweight inverters; a true 
500 watt continuous (1000 watt peak) 
output and a true 1200 watt continuous 
(2000 watt peak) output model.
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Using a technique patented by Power 
Conversions, these inverters are ultra 
lightweight (5kg and 11kg respectively), 
compact, quiet, efficient (up to 87% 
and 90% respectively, 72% and 78% at 
10% load) and very competitively 
priced.

Features include: High efficiency 
(documentation available), crystal 
locked 50Hz frequency, sinewave output 
(less than 2% distortion), output volt
age regulation ±1% from 5% to 100% 
load, full current limiting, full transient 
protection, input over and under volt
age protection, over temperature cut
out, ±0.9 power factor loads, 19" rack 
mount (3U for 1200 watt unit, 2U for 
500 watt unit), foolproof operation, 
fully isolated to 2kV, reverse polarity 
protection.

The 1200 watt MODULAR power 
converter also features an autostart se
lector switch, external synchronisation 
facility and full opto-coupled alarm/sta- 
tus I/O. This model has a preferred 
input voltage of 42-58V DC, while the 
500 watt SLIMLINE model has a pre
ferred input voltage of 21-28V DC.

For further information contact Power 
Conversions, 4 Shamouni Court, Frank
ston, 3199 or phone (03) 789 7354.

Miniature DC/DC 
converters

Ericsson Components is now releasing 
a new series of 0.3-6W hybridised 
DC/DC converters named Power Indus
tries, offering single or dual 5, 9, 12 and 
15V outputs from 5, 12, 24 and 48V in
puts.

All units have isolation between input 
and output (5OO-25OOV DC) and are 
protected against short circuit. A high 

switching frequency (80-120kHz), an ef
ficient thermal management and high 
efficiency result in higher power densi
ties than conventional converters using 
the same footprints.

The units come in DIL 16, DIL 24 
and other standard packages like 31 x 
31 x 10mm and 51 x 51 x 10mm. The 
case material is self extinguishing and 
the potting is approved for aeronautical 
applications. The technical specifications 
make these DC/DC converters ideal for 
professional industrial, computer and 
telecom applications.

For further information contact Erics
son Components (RIFA), 202 Bell 
Street, Preston 3072 or phone 
(03) 480 1211.

Desoldering tool/iron
The new Altronics T1250 desoldering 

iron is designed for fast and efficient 
servicing of PCB's, being both sturdy 
and easy to use.

The tool combines a snap action, 
plunger operated solder extractor with a 
30 watt earthed soldering iron. It is 
SEC approved, simply cleaned, and 
spare tips are available.

Further information is available from 
Altronics Distributors, 174 Roe Street, 
Perth 6000 or (09) 328 1599.

Locally made 
rocker switch

The new 52 Series (double pole) and 
44 Series (single pole) rocker switches 
spearhead Swann's ‘Third Generation’ 
switch range. Many innovations com
bine to make the new 52 and 44 Series 
switches superior to those which have 
gone before.

Tamper resistant ports allow gasses to 
escape the switch body, whilst still 
maintaining suitability for strict SECV 
and Australian Approvals, unlike some 
opposition switches which expose the in
ternal switching mechanism to both en
vironmental contamination and danger
ous tampering. Barrel resistors have 
been utilised, allowing modern resistor 
technology to push the mechanical de

sign of switch illumination systems to a 
new level of simplicity and reliability. 
Spring actuation of gullwing contacts 
has been designed into these switches, 
to provide ultra-positive detent in both 
OFF and ON positions, and more con
stant contact pressure resulting in higher 
performance under load.

For further information on these 
items please contact Swann Electronics 
Group, 5 Dunlop Road, Mulgrave 3170 
or phone (03) 560 7555.

Long life axial fans
Canon has released a series of axial 

fans available in both 12V and 24V DC. 
The are long life axial fans with brush
less motors and two ball bearings. Spe
cially designed fan blades ensure partic
ularly low noise.

The product's safety design minimises 
flux leakage. The motor is protected 
against faulty power-supply connections 
and mechanical locking, ensuring safe 
operation. Finger-guard protectors are 
provided for all models.

Further information is available from 
Crusader Electronic Components, 81 
Princes Highway, St Peters 2044 or 
phone(02) 516 3855.

Coaxial cable stripper
Warren & Brown & Staff, established 

and respected tool makers to Australian 
industry since 1921, were requested by a 
major telecommunications company to 
develop a coaxial cable stripper that, 
unlike all previously employed, would 
meet the requirements of efficiency and 
longevity of cutting blades.

After investigation into the shortcom
ings of existing products and drawing on 
the experience of long serving staff, the 
W & B TC155/6 high quality, reliable 
and easy to use strippers and associated 
cutter cassettes were developed in re
sponse to this challenge.

The unique feature of the TC155/6 is 
in the patented rotary blade cutting ac
tion, which when rotating forward 
around the cable, establishes a rolling 
and skiving action necessary to cut 
through the outer braid and foil: then in 
reverse the blades lock to slice through 
the dialectric, leaving the cable cleanly 
prepared for connector fitting.

The TC156 stripper adjusts to varying 
cable diameters from 5mm up to 7mm 
and will accommodate the ten presently 
developed cutter assemblies for popular 
cable/connector combinations. More will 
be developed in response to user needs.

Further information is available from 
Australian distributor Mijell Enter
prises, 5 Barriedale Gve, Frankston 
3199 or phone (059) 711 853.
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Construction Project:

Build your own 
etching tank for PCBs
The fast and elegant way to etch your one-off printed circuit 
boards is with a vertical etching tank, using air bubbles to 
keep things moving. Here's how you can build your own tank, 
using less than $40 worth of materials.

by DAVID EATHER
This project comes from the desire 

for a better way to etch printed circuit 
boards. Like most hobbyists, I used to 
sit watching etchant wash over PCB's in 
a plastic tub until all hours of the morn
ing. After wrecking one more shirt, I 
decided there had to be a better way.

A bit of research showed there are 
three main ways to etch a PCB. It can 
be placed in a bath of etchant and agi
tated periodically. This is the lowest 
cost method, but is also the slowest.

The fastest method is spraying the 
etchant onto the PCB. It is unfortu
nately also the most expensive method.

A middle of the road approach is 
bubble etching. This is nearly as fast as 
spray etching, while being cheap and 
simple to make at home. A bubble 
etching tank can save you one half to 
three quarters of the time used to etch a 
PCB.

And the cost? Even if you have to 
buy everything including the tools, the 
bubble etching tank will still cost you 
under $40.
Construction

Most of the commercial etching tanks 
are either moulded PVC or acrylic. An
other suitable material is glass, and this 
is the material I have chosen. Glass is 
cheap, readily available, needs no exotic 
tools and is easier to work with than 
semi-molten lumps of acrylic.

The first step is to decide what is the 
maximum size of PCB's you want to 
etch. Mine were all smaller than 125 x 
150mm, so if this suits your needs you 
can use my measurements directly.

I have called the longer side of the 
PCB its ‘width’ and the shorter side its 
‘height’. None of the measurements are 

critical, but I suggest you use the clear
ance specified.

Calculate the required sizes for all the 
pieces of glass (see table 1 for the 
recommended clearances). Having done 
that, the next step is to draw a cutting 
diagram. Draw each piece of glass. 
Keep in mind the need for best use of a 
single sheet, and also try to minimise 
the number of cuts.

It is important to remember you can't

The author's prototype etching tank, complete with ‘air stone’ and fish-tank 
air pump. It gives very speedy PCB etching.

stop a cut in glass half way along. Also 
larger pieces are easier to cut off than 
small bits. Mark on the drawing the 
order in which the cuts will be made 
(see Fig.l).

Place the glass on a smooth hard sur
face, covered with a cloth such as a tea 
towel. The dining room table generally 
makes an ideal surface for this, if you 
are a bachelor. Mark out the cuts one 
at a time.

Glass is cut by scoring the upper sur
face with the glass cutter, then flexing 
the glass away from the scored line (the 
same way as cutting ferrite).

For large pieces this is best done by 
placing the cut uppermost over a 
straight edge and snapping by pressing 
down on either side of the cut. Smaller
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Fig.1: How to cut all of the pieces for a tank the same size as the author's, 
from a single sheet of glass 400mm square. The cuts are numbered in order.

Pearts list

Sheet glass - all 3mm thick:
Front/back of tank: 200 x 

200mm, or (PCB width 4- 
50mm) x (PCB height + 
75mm)

Sides (2 off): 192 x 25mm, or 
(PCB height + 67mm) x 
25mm

Base: 192 x 23mm, or (PCB 
width + 43mm) x 23mm

Stand: 250 x 75mm, or (PCB 
width + 100mm) x 75mm

Cover: 225 x 50mm, or (PCB 
width + 75mm) x 50mm

PCB hanger: 250 x 15mm, or 
(PCB width + 100mm) x 
15mm

N.B. All of the above pieces can 
be cut from a single sheet of 
glass 400mm x 400mm - see 
Fig.1.

Miscellaneous
Fish tank aerator pump and tub

ing to match
'Air stone’ aerator block (approxi

mately the length of your PCB)
Silicone Sealant (silastic)
Super glue
Fishing line to suspend PCB

pieces can be snapped by grasping ei
ther side of the cut and snapping by 
hand. Make sure you snap the glass im
mediately after scoring.

For those unsure, many glass cutters 
come with instructions and the hard
ware salesmen are happy to explain how 
they work. It really is easy.

When finished cutting, find the stand 
and the base. The base is cemented on 
to the centre of the stand. ‘Super Glue’ 
is suitable.

When the glue has set run a thick 
bead of silicone sealant (silastic) around 
the base. This is for setting the front, 
back and sides into. Run a thin bead of 
sealant up the long edges of both side 
pieces. Place these to one side.

Put the back in place, making sure it 
overlaps the base by an even amount on 
each side. Take one of the sides and put 
the lower edge in place. Then join the 
long edge to the back. Repeat for the 
other side. Finally put the front in 
place. One person can do this, but an 
extra pair of hands will help.

Place a couple of rubber bands 
around the etching tank and square up 
the sides. Leave the etching tank until 

the silastic has dried, then trim off the 
excess and test for leaks. Remember 
neatness counts - but on this job not as 
much as the water proofing!

An aerator pump and ‘air-stone’ block 
of the type, used to aerate fish tanks 
are used to provide the air bubbles 
which provide etchant circulation and 
aeration, to promote rapid etching.

Connect the air-stone to the pump 
and place the air stone in the bottom of 
the tank. Lastly, make a way to support 
the PCB in the tank. You can hang it 
via a couple of holes discreetly drilled in 
the PCB itself, or use fishing line to 
make a sling to hang from the piece of 
glass cut for the purpose. I sit the PCB 
directly on the air stone, but this makes 
removing it a little more difficult.

Etching tips
This bubble etching tank can be used 

with either ferric chloride or ammonium 
persulphate. However I strongly recom
mend ammonium persulphate.

Many hobbyists are under the impres
sion that ammonium persulphate is diffi
cult to use. This is not true. The only 

trick is that ammonium persulphate will 
not etch at all until heated to over 30- 
40°C, and works best at 60-70°C.

In practice this is easy to achieve by 
mixing the ammonium persulphate with 
hot tap water. Ammonium persulphate 
etches faster, is cleaner and easier to 
handle than ferric chloride. In the dry 
state ammonium persulphate will not 
stain and should an accident happen 
after the etchant is mixed, the stains are 
less noticeable.

To use this tank with ammonium per
sulphate, first pre-heat the tank by fill
ing with hot tap water (about as hot as 
you can stand without discomfort). 
Leave this for a minute or two and 
empty.

Refill the tank with hot water so it 
will cover the PCB, then add the appro
priate amount of dry etchant. As a 
starting point, I suggest using about a 
quarter of a cup of etchant for each 100 
square centimetres of copper to be 
etched.

Lower the PCB into the tank and turn 
on the bubbles. You should now be 
able to fully etch a PCB in five to ten 
minutes. It's as simple as that! ®
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PCB Feature:

PCB laminates
Over the years, a number of different kinds of PCB laminate 
material have been developed for the electronics industry - 
and development of further materials is continuing. Here's a 
rundown on the types that are available, their properties and 
their uses.

by JIM
Printed circuit technology was first 

developed in the 1940's, during World 
War II. The initial impetus was to pro
duce circuit assemblies that were light in 
weight but at the same time strong and 
ruggedised, for airborne military use. 
However as the technology developed, 
it was soon realised that because the 
copper conductor pattern on printed cir
cuit boards or ‘PCB's’ effectively per
formed most of the wiring between 
components, the potential saving in 
manual labour made the technology 
equally attractive for mass-produced 
consumer equipment.

Of course further development subse
quently took place, resulting in tech
niques for automated ‘pick and place’ 
assembly of components on the PCB's - 
using either ‘inserter’ machinery for 
conventional leaded components, or 
more recently the ‘onserter’ machinery 
for surface-mounted parts. And for bulk 
soldering of the components into circuit, 
once they are assembled, using either 
wave soldering, or reheating of solder 
paste using the vapour-phase or infra
red distributed heating techniques.

As a result, PCB technology has be
come very close to universal in most 
areas of today's electronics industry. 
Open up almost any kind of electronic 
equipment, and with rare exceptions 
(such as microwave gear or very high- 
powered equipment) you'll find the cir
cuitry based on one or more PCB's.

Essentially a PCB consists of a sub
strate or base, formed from a sheet (or 
sheets) of insulating material, providing 
mechanical support for one or more 
relatively thin layers of conducting ma
terial (usually copper) which are formed 
into a pattern of thin conductors to 
becomethe actual circuit wiring.

In the first, relatively crude PCB's, 
the conductors were indeed formed by
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printing tracks on the surface of the 
substrate using conducting inks. It was 
from this technique that the terms 
‘printed circuit board’ and ‘PCB’ arose, 
but in practice true printed conductors 
were soon found to be rather less than 
satisfactory - except for specialised ap
plications such as thick- and thin-film 
circuits built on ceramic, sapphire or 
other relatively exotic substrates.

The technique which rapidly became 
almost universal for producing the con
ducting tracks was the subtractive pro
cess , otherwise known as chemical foil 
etching. Here a continuous sheet of 
copper film is first bonded to the 
surface(s) of the substrate, to form a 
metal-clad laminate. Then the desired 
conductor pattern is formed on the sur
face of the copper film, in resist form - 
i.e., in a material which will protect the 
copper against chemical action. Follow
ing this the laminate is placed in an 
etching bath, where a chemical agent 
such as ammonium persulphate, ferric 
chloride, cupric chloride or chromic and 
sulphuric acids is used to etch away all 
of the copper other than that protected 
by the resist. The boards are then 
washed, and the resist removed to leave 
the desired pattern of copper conduc
tors.

There is an alternative technique, 
known as the additive process, where 
the desired pattern of conductors is 
formed directly on the substrate surface 
by selective metal plating. However this 
is not nearly as widely used as the etch
ing method.

Whichever kind of technique is used 
to form the actual conducting tracks, 
however, there is always the need for 
the substrate material itself - either with 
or without a bonded layer or layers of 
metal cladding. And in most cases the 
substrate is itself formed as a laminated 

composite structure - generally one 
formed from one or more layers of a 
reinforcing material, such as paper, or
ganic or non-organic cloth, held to
gether with a bonding agent which is 
typically a thermosetting resin such as 
epoxy or phenolic.

The reason for using this kind of com
posite laminate structure is to achieve 
sufficient mechanical strength, com
bined with stability and light weight - as 
well as desirable electrical properties. 
Thermosetting resins such as phenolic 
or epoxy are themselves brittle and of 
low strength, but when reinforced with 
glass, cotton or paper the resulting com
posite material has much greater 
strength both mechanically and electri
cally than either of its constituents.

The first PCB's to appear were gen
erally based on a substrate of phenolic- 
bonded paper laminate. Phenolic is a 
thermosetting resin formed by catalysing 
phenol or creosol, and as a result these 
PCB's were often described as being 
made from ‘SRBP’ (synthetic resin- 
bonded paper).

Phenolic-bonded paper laminate is 
low in cost, but still relatively weak and 
brittle mechanically. It also tends to 
have relatively poor resistance to mois
ture, causing its electrical performance 
as an insulator to deteriorate under

Fig.1: The ‘glass’ reinforcing in an 
epoxy-fibreglass PCB laminate is 
generally a plain weave of ‘E’ glass 
fibre.



conditions of high humidity.
Substituting cotton cloth for the paper 

gives better mechanical strength and 
moisture resistance, but poorer per
formance as a dielectric. As a result, 
other kinds of laminate were developed 
- in particular, the so-called epoxy 
fibreglass type which uses one or more 
layers of woven glass cloth, bonded with 
an epoxy resin.

The glass used as the reinforcing in 
this type of laminate is usually what is 
called ‘E-glass’, consisting mainly of 50- 
55% silicon dioxide, 8-13% boric oxide, 
15-20% calcium oxide and 10-15% alu
minium oxide. This is drawn into a fila
ment and then woven into a plain
weave cloth, as shown in Fig.l.

The woven glass cloth is then passed 
through through a tank of resin (usually 
epoxy), then through a set of rollers or 
‘doctor’ blades to remove the excess 
resin. It is then passed through an oven 
at a controlled rate, to produce partial 
curing and make it ‘tack-free’. This pro
duces a material called pre-preg (short 
for ‘pre-impregnated’).

To minimise further curing the pre
preg material is usually kept under re
frigerated conditions, until it is to be 
used to make either normal single-layer 
copper-clad laminate, or for making 
multi-layer boards.

To make normal single-layer copper- 
clad laminate, a number of layers of 
pre-preg sheet are sandwiched together, 
with a final layer of copper foil on the 
outside - or outsides, if double-sided 
board is to be produced. The number of 
sheets of pre-preg used in the ‘book’ 
will depend upon the thickness of the 
laminate to be produced. Then the as
sembled ‘books’ are placed in a heated 
hydraulic press, and subjected to both 
heat and pressure for about three hours.

The pressure and temperature profiles 
of the press are carefuly adjusted so 
that the resin first flows, and then fully 
cures, to bond all of the layers - includ
ing the copper foil(s) - into a single 
strong laminated sheet.

Epoxy fibreglass laminates have been 
available for some time in various 
grades, and currently form the most 
widely used substrates for PCBs. How
ever in recent years various other lami
nate materials have been developed, 
generally for specialised applications in
volving operation at ultra high frequen
cies, high temperatures or high voltages. 
Examples of these more specialised 
laminates are those using nylon fabric 
reinforcing, or bonded using thermoset- 
ting/thermoplastic resins such as polytet
rafluoroethylene (PTFE), silicone, poly
sulphone, polyester, polyimide and bis-

TABLE 1: Typical characteristics for NEMA-grade PCB laminates
Properly XXXPC FR-2 FR-3 FR-4 FR-5 FR-6 CEM-1 G-10/11 G-30 G-60

Volume resistivity, min. 
(ohm-cm 1/16"-1/8") 107 107 10® 109 109 109 109 109 109 —

Surface resistance, 
minimum, ohms 106 106 107 107 107 107 107 107 10® —

Dielectric breakdown, 
min. kV, parallel to lam. 15 15 30 40 40 30 40 40 40 —

Dielectric constant 
at 1 MHz 4.6 4.6 4.6 5.2 5.2 4.2 4.6 5.2 4.35 3.1

Dissipation factor 
at 1MHz .035 .035 .035 .025 .025 .017 .035 .015 .014 .006

Coefficient of thermal 
expansion, cm/cm/°C x 10'5 2 2 2 0.9 0.9 1 — 0.9 0.3 0.7

Water absorption, max 
(% over 24h—1/16") 0.75 0.75 0.65 0.25 0.25 0.18 0.3 0.25 0.75 0.29

Flexural strength, 
min. psi—lengthwise 12k 12k 20k 60k 60k 15k 50k 60k 60k 24k

Flexual strength, 
min. psi—crosswise 10k 10k 16k 50k 50k 15k 40k 50k 50k 16k

Peel Strength, min. 
(Ibs/in width, 1-oz Cu.) 6 6 8 8 8 7 7 8 9 8

Some of the main physical and electrical parameters of PCB laminates, 
compared for the main grades currently available.

maleimide/triazine or ‘BT’.
How many different kinds of PCB 

laminate are there? The American Na
tional Electronic Manufacturer's Associ
ation (NEMA) specifies around 30 dif
ferent types of laminate material, al
though of these only about 10 are com
monly used for PCB fabrication. Let's 
look at these briefly in turn:

Grade XXXPC: This is a phenolic resin 
bonded paper laminate, reasonably 
moisture resistant compared with earlier 
types. It is suitable for use at radio fre
quencies, and designed for easy punch
ing at relatively low temperatures. As a 
result, this laminate is still used for a lot 
of equipment made in very large vol
umes, where punching is cost-effective 

Fig.2: The dielectric constant (left) and dissipation factor of Norplex-Oak 
‘Polysulfone’ direct bond PCB laminate, as a function of microwave 
frequency.

as opposed to drilling.
Grade FR-2: This is also a phenolic 
resin bonded paper laminate, similar to 
XXXPC but less flammable.
Grade FR-3: An epoxy resin bonded 
paper laminate, with superior mechani
cal strength and dielectric characteristics 
to FR2 and XXXPC. Suitable for 
punching at room temperature.
Grade FR-4: An epoxy resin bonded 
glass fabric laminate, the most widely 
used type for general-purpose PCBs. 
Excellent mechanical and good dielec
tric properties, under both dry and 
humid conditions. Reduced burning rate 
compared with grades G-10/G-11.
Grade FR-5: An improved epoxy resin 
bonded glass fabric laminate, similar to
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PCB laminates
FR-4 but with improved flexural 
strength. Excellent mechanical and di
electric properties, moisture resistance 
and low burning rate.
Grade FR-6: A thermosetting polyester 
bonded glass mat laminate. Lower di
electric constant than FR-4 or FR-5 
laminate, also improved dissipation fac
tor and water absorption characteristics. 
However it has poorer mechanical 
strength.
Grade CEM-1: An epoxy resin bonded 
laminate with glass fabric surfaces and a 
cellulose paper core, making it suitable 
for punching. Not as moisture resistant 
as FR-4, FR-5 or FR-6.
Grade G-10: An epoxy resin bonded 
glass fabric laminate, with excellent me
chanical and good dielectric properties. 
Similar to type FR-4, but slightly more 
flammable.

To these common laminate materials 
can be added the newer and more ex
otic laminates, such as these:
Grade G-30: A high-temperature polyi- 
mide-resin bonded glass fabric laminate. 
This has very high dimensional stability, 
high moisture resistance and outstand
ing electrical characteristics. No vola
tiles are generated during the final poly
merising stage, so the pressed laminates 
are void-free. This makes it very suit
able for making multi-layer PCB's.
Grade G-60: A laminate produced by 
Norplex-Oak, and using Union Carbide 
‘Polysulfone’ thermoplastic as its sub
strate material. The main feature of this 
material is a very low dielectric loss and 
closely controlled dielectric properties, 
making it suitable for use at gigahertz 
frequencies for microstrip lines, etc.

A summary of the main characteristics 
of each of these types of laminate is 
shown in Table 1. The dielectric and 
loss performance of Norlex-Oak direct 
bonded polysulfone PCB material at mi
crowave frequencies is shown in Fig.2.

Of course each of the above laminates 
tends to be available in a number of dif
ferent thicknesses, for different pur
poses. A typical thickness for single 
layer PCB laminate is around 1.5mm, 
with copper foil on either one or both 
sides. However for additional mechani
cal strength and rigidity, for special ap
plications, it is available in sheets up to 
at least 3mm thick.

On the other hand for applications 
where the laminate must be flexible, or 
it is to be used to make multi-layer 
boards, many grades are available in 
thicknesses down to 0.1mm.

Fig.3: Typical tooling and laminating press make-up for multilayer PCB's, 
showing the alternate layers of pre-etched thin laminate and 
bonding/insulating layers of ‘pre-preg’ material.

A similar range of choice is typically 
available in terms of copper foil thick
ness. The foil thickness most commonly 
used is 35 microns (,035mm, or .0014"), 
commonly called ‘1-oz’ foil because one 
square foot weighs one ounce. However 
‘2-oz’ or 70 micron thick foil is available 
for making PCB's where the conductors 
must carry high currents, or need to be 
thicker to minimise losses due to skin 
effect, etc.

Much thinner foils are also available, 
for special applications - including 
PCB's where extremely narrow tracks 
and high track densities must be pro
duced. Here ‘0.5-oz’, ‘0.25-oz’ or even 
‘0.125-oz’ foil may be used, with thick
nesses of 20, 10 and 5 microns respec
tively. The advantage of these thinner 
foils is that there is less ‘undercut’ dur
ing etching, giving stronger tracks which 
are less likely to peel off the laminate. 
There is also less drill bit wear during 
drilling of the PCB's, and drilling burrs 
are less of a problem.

Incidentally, many of the laminates 
used in producing PCB's are also avail
able without copper cladding, for use as 
insulating and lightweight construction 
materials both elsewhere in electronics, 
and in other fields.

Multi-layer PCB's
So far, we have been talking mainly 

about the laminates used for single-layer 
PCB's, which are produced by etching 
copper-clad laminates that are fully pro
cessed. Let us now look briefly at the 
more elaborate multi-layer PCB's.

These are made using a combination 
of very thin standard copper-clad lami
nates, with layers of the partially-cured 
unclad prepreg material used for bond
ing layers. The reason being, of course, 
that the copper patterns destined to be 
‘inside’ a multi-layer board must be 
etched before it is finally laminated.

The first stage of manufacture of a 
multi-layer PCB is to etch the various 
layer patterns into suitable very thin 
sheets of standard fully-cured standard 
copper-clad laminate. If necessary, 
these are also drilled and plated to pro
duce any through-board ‘via’ connec
tions that will ultimately become hidden 
once the full multi-layer PCB is assem
bled.

The etched individual layer boards are 
then treated to produce an oxide layer 
on the surface of the etched copper, to 
provide a good surface for final bond
ing. Then the boards are very carefully 
cleaned, to remove all traces of etching
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resist and other contaminants. Finally 
they are baked for a period of about 30 
minutes at about 100°C, to remove all 
moisture and trapped solvents.

The various layers are then assem
bled, together with layers of pre-preg 
laminate to provide the additional insu
lating and bonding layers. Many of 
these identical board sandwiches or 
‘packages’ are stacked, and placed be
tween steel ‘tooling plates’ top and bot
tom with pins for accurate registration. 
The complete assembly is then placed in 
a heated hydraulic press, and heated for 
around 45-60 minutes at a temperature 
of 150-230°C and a pressure of about 
250psi (for epoxy/glass).

What happens during this operation is 
that the resin in the pre-preg layers first 
flows and then cures, bonding the vari
ous layers together to form the final 
multi-layer assembly. The final boards 
are usually allowed to cool down to 
around 50-65°C, under full pressure, 
and then baked for 3-4 hours at about 
148°C for stress relief.

The tooling plates and arrangement of 
layers in a laminating press are shown 
in Fig.3.

Most multi-layer PCB's are made 
from epoxy-glass laminate, typically FR- 
4 or similar material for the etched 
layers and matching pre-preg material 
for the bonding layers. However for ap
plications where dimensional stability is 
critical, the newer polyimide materials 
may be used.

Multi-layer PCB's with up to 40 dif
ferent layers are technically possible, 
and have been used for specialised ap
plications. However most multi-layer 
boards have between 4 and 18 layers.

For satisfactory multi-layer boards, 
the etching, drilling and laminating 
operations must be carried out with 
great accuracy of registration. The 
platens of the laminating press must 
also be maintained in very accurate par
allel alignment, and the press pressure/- 
temperature profile adjusted very care
fully to ensure correct flow of the resin 
during the curing.

I hope the foregoing gives you a rea
sonable insight into the various laminate 
materials used for PCB manufacture, 
and how they are used. It's a specialised 
field, but an understanding of the basics 
can be worthwhile when you are trying 
to select the most appropriate material 
for a particular job, or trying to track 
down the cause of a subtle electrical or 
mechanical problem.

My thanks to Mr Leenders, of the 
O.H. O'Brien division of Anitech, Aus
tralian distributors for Norplex-Oak, for 
his courteous help in preparing this arti
cle. ®

9TENNYSON P GRAPHICS

Tennyson Graphics can do your 
photoplotting with 
the speed of light.

Tennyson Graphics are Australia’s only 
company with state of the art laser photoplotting 
and computer graphics.

So we can photoplot artwork masters of your 
printed circuit boards with higher speed, higher 
resolution and higher accuracy than anywhere else 
in the country.

You can even choose your own non standard 
apertures on our Scitex Response 280 System. It can 
also do step-and-repeat and nesting up to 1000 mm 
x 1850 mm.

And of course we can accept data on tape or 
floppy disk in industry standard Gerber, Autocad 
and Smartwork file formats.

Tennyson Graphics will be happy to give you the 
full story if you phone on (03) 551 8600.

TENNYSON GRAPHICS
A DIVISION OF REPROCART PTY. LTD.

7 PLANE-TREE AVE 
DINGLEY, VIC. 3172 

TELEPHONE (03) 551 8600 
TELEX: 34457 

FAX: (03) 551 8828
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PCB Technology Feature:

State of the PCB 
art in Australia
Alcatel STC is Australia's largest designer and manufacturer 
of communications equipment. Here's a rundown on the 
company's PCB manufacturing and assembly facilities, which 
employ the very latest world-class technology to process over 
a million boards a year.

by J.M. HAMILTON
Industry sectors always have a base 

technology - a fundamental process 
without which the higher levels of those 
industries cannot exist. With a national 
electronics, computers and communica
tions industry, the base level of these 
technologies is its capacity to design, 
produce and assemble the latest in 
printed circuit boards (PCBs).

Australia can buy components cheaply 
overseas, but if we are to retain a 
healthy electronics manufacturing sector 
we have got to make and assemble 
printed circuit boards in our own back
yard - and to a standard equal to any in 
the world.

Electronics is a fast-changing business 
with new designs and new components 
arriving on the scene every day, and 
board manufacture and assembly tech
niques must keep pace. Fortunately in 
Australia, this is an area in which we 
now excel.

It is now quite apparent that surface 
mounted component (SMC) technology 
is the way to go, unless the circuit is de
signed to carry heavy current loads. 
Surface mounting was invented in the 
late 1970's and has been gradually intro
duced into production over the last dec
ade.

The delays came about because of the 
need to design small components to fine 
electronic tolerances, and the long hard 
battle which had to be fought just to get 
standards in place for component 
geometry. Size and shape become of 
critical importance when these miniatu
rised items need to be positioned with 
little spatial tolerance.

In Australia, the electronics industry's 
acceptance of SMC followed the lead of 
the Europeans in waiting for the com

ponent industry to get its house in 
order. This cautious approach has 
meant that Australia avoided many of 
the mistakes made by other countries 
during the early SMC years.

“By waiting, we have been able to 
choose the best methods of assembly 
available, culminating in one of the 
country's largest and most advanced 
SMC installations at the Alcatel STC 
Commander Telephone System plant at 
Liverpool, which opened in late 1987,” 
states the company's manufacturing di
rector, Graham Tonkin.

“The initial advantage for us with 
SMC technology came from the size re
duction, which allowed us to put more 
functions on the one board”, he ex
plains. “The SM components were 
about a quarter the size of the older 
‘through-hole’ components, and for the 
Commander, this meant that we could 
more effectively package the electronics 
to allow more flexible designs within the 
same overall-sized product.”

Electronics companies around the 
world are finding that the higher board 
packing densities also lead to simplified 
circuit designs with multifunction VLSI, 
greater reliability and robustness of 
components and connections, and in 
many cases higher-speed operations be
cause circuit distances are compressed.

Not everything in the garden comes 
up rosy, however. As components get 
smaller the distance between contacts 
on ICs and VLSIs become much finer, 
and so the placement of components - 
and the soldering methods used - 
become critical. Most surface-mounted 
boards now in production are based on 
ICs with contact leads designed around 
50-mil (.05") centres, but as VLSI chips 

increasingly pack in more devices, lead 
counts rise. New families of components 
are emerging, with leads on extremely 
tight contact pitches of 25 , 20 and even 
15 mils (.015") - which places even 
more pressure on the accuracy of board 
manufacture, design, and component 
placement.

Alcatel STC is Australia's largest de
signer and manufacturer of communica
tions equipment. Its printed boards are 
designed on the company's CAE/CAD 
system, which both generates the photo
graphic artwork to make the printed cir
cuit boards and provides the informa
tion need to control the automatic ma
chinery. The boards are screened and 
etched at the company's Alexandria fa
cility, which produces 1.2 million boards 
a year for a wide range of products 
made in Australia: from telephones to 
line and power equipment, to AXE ex
changes and optical fibre links.

Communications has now become the 
world's first truly internationalised in
dustry - the central manufacturing busi
ness of our emerging ‘global village’. So 
no advanced country can afford to be 
left behind in communications manufac
ture - or it will soon become a client 
state of its more advanced neighbours. 
As Graham Tonkin says, Alcatel STC's 
ability to manufacture such an extensive 
range of communications equipment in 
Australia is enhanced by his company's 
links to Alcatel NV's Advanced Manu
facturing Technology Centre (AMTC), 
based in Belgium.

“The AMTC has become a central 
clearing-house for industry knowledge 
acquired from our associated Alcatel 
companies worldwide”, he explains. 
“The Centre's major task at the present 
moment is in rationalising and standar
dising manufacturing techniques - and 
we monitor this constantly.”

“They are always researching new 
production methods, and we can go to 
them for advice on new processes or for 
help in the purchase of any type of au
tomated assembly equipment or compo-
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Alcatel STC's surface mount technology produces miniaturised printed circuit 
control panels for the Commander Telephone System.

nents. We often send our people over 
to Europe to keep up with the latest 
developments.”

As a result of these training and 
knowledge links to the world's No.l 
communications equipment manufactur
er, the company's Liverpool SMC in
stallation is a world-class facility utilis
ing up-to-date assembly and soldering 
techniques.

The SMC process, despite its com
plexity, is accurate and highly produc
tive. The blank boards are held in a 
magazine and after a solder paste has 
been silk-screened onto the surface, 
they are fed, one at a time, onto the 
line. The first step is a Dispenser Mod
ule, where a programmable syringe dots 

the board with epoxy adhesives to hold 
the components during the soldering 
process. A special sensing feature con
trols the positional accuracy of the dots 
to within 0.1mm, while still achieving a 
throughput of 12,000 dots per hour.

The board then enters the ‘Onserter’, 
which selects resistors, capacitors and 
LEDs before placing them on the sur
face of the PCB with a positional ac
curacy of nearly 0.05mm. The Onserter 
uses a vacuum pick-up nozzle to handle 
the components and it is able to orien
tate and lay them accurately at a rate of 
6,000 per hour.

An infra-red glue cure and reflow sol
der system firstly cures the adhesive so 
that nothing can shift during the follow

ing reflow soldering operation, which 
utilises infra-red heating to melt the tiny 
particles of solder within the solder 
paste previously screened onto the 
board.

It takes about five minutes to repro
gram the Onserter for the second run. 
The boards can then be returned for the 
second pass through the machine, to 
mount components on their ‘other’ 
sides.

The second side is glued and compo
nents laid using the Onserter, and the 
adhesive cured in the IR process. They 
are then put through an in-line flow sol
der machine, to solder the components 
in place without dislodging those al
ready mounted on the first side.

Occasionally a vapour-phase soldering 
machine is also used. This process im
merses the boards in the heated vapour 
of Flourinert, which is a totally inert liq
uid that boils at 215°C. As the vapour 
condenses on the contacts of the board, 
the heat transfers to the contact points, 
reflowing the solder and completing the 
soldering operation.

These soldering processes are the key 
to the reliability of the SMC boards, 
since they largely eliminate problems of 
thermal mismatch. Early SMC tech
niques often faced problems caused by 
the lack of flexibility inherent in compo
nent leads - which, in through-the-hole 
techniques, take up any expansion and 
contraction differences between the sub
strate and the components reasonably 
uniformly, so thermal mismatch is mini
mised.

The progress of surface mounting 
techniques increasingly demands that 
board laminates have better dimensional 
stability and a controlled co-efficient of 
thermal expansion. A lot of work is 
going on around the world to discover 
new resins and laminates suitable for 
board manufacture.

The present epoxy-glass substrates 
will probably give way to boards using 
the new BT (bismaleimide and triazine) 
thermosetting resins which, when mixed 
with epoxy, help maintain dimensional 
stability while substantially reducing the 
dielectric constant of the board. Dissi
pation factors can be reduced by up to a 
third.

Australian manufacturers are also fix
ing their sights on tomorrow's highly 
automated factory, where in-circuit and 
functional testing will be pushed to the 
limits by elaborate on-board VLSI 
chips. Testability will need to be de
signed into the boards to cope with the 
increased complexity - especially where 
analog and digital components co-exist 
side by side. ®
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PCB Technology - News & Products

Vapour-phase soldering medium

Unlike many of the soldering options 
available for mass production, vapour 
phase reflow soldering assures precise 
temperature control in a clean, non-oxi
dising, non-flammable soldering envi-

Fume extraction for hand soldering

Are you worried about what your 
hand soldering operative breathes in? 
The George Brown Group has an
nounced a new concept in hand solder
ing which is already used in overseas 
factories, and has now been tested in an 
Australian production line.

The Weller Fume Extraction Solder
ing Station is the result of close co
operation between The George Brown 
Group, Cooper Tools, Neographics and 
a prominent communication manufac
turer. It is quite obvious when viewing 
the flux residues drawn in by the system 
that these noxious by-products would 
otherwise have been breathed in by the 
operator.

Removing the flux ‘smoke’ has a 
much wider effect than just making the 
operator’s job more pleasant. It allows 
for more concentration on the item 
being soldered, thus improving quality. 
Health problems due to flux inhalation 
will decrease, thus reducing the amount 
of sick time taken.

Systems are available to suit from 1 
up to 20 work stations. Installation is 
simple and can be carried out to suit 

ronment. And 3M Australia claims that 
its ‘Fluorinert’ liquid is the key to effec
tive use of the vapour phase soldering 
process.

When one of the ‘Fluorinert’ liquids is

any production layout.
For further information contact your 

local George Brown Group office or 
George Brown Group Marketing Divi
sion, 456 Spencer Street, West Mel
bourne 3003 or phone (03) 329 7500. 

heated to its boiling point, a saturated 
primary vapour zone is created. The 
workpiece or component to be reflow 
soldered is lowered into the primary va
pour zone. The vapours condense, 
transferring heat to the workpiece and 
causing the solder to reflow. (The com
ponent can also enter the vapour zone 
on a continuous belt for an in-line sys
tem).

Since every surface is covered by con
densing vapour, the entire workpiece is 
uniformly heated, regardless of the 
product’s size or shape - making the va
pour phase reflow process essentially in
dependent of the product geometry.

Applications that can capitalise on 
high production/low cost vapour phase 
soldering with 3M’s ‘Fluorinert’ liquids 
include surface mounted leaded or lead
less components, wire-wrap pins and 
through-hole leads, attachment of edge 
clip/terminals and reflow of the electro
plate on PCBs.

For more information on Fluorinert 
and the vapour phase condensation re
flow soldering method contact 3M Aus
tralia at 950 Pacific Highway, Pymble 
2073 or phone (02) 498 9292.

PCB design, photoplotting
A new company has been established 

in Melbourne to provide a full range of 
services in printed circuit board (PCB) 
design, high precision photoplotting and 
prototyping.

PCB Resources, based in the Mel
bourne suburb of Mount Waverley, was 
formed by Martin Gregory and Andrew 
Kluchareff who between them, have 
more than 40 years experience in all 
aspects of quality PCB design, including 
multilayer and surface mount board de
sign techniques. The company offers ac
curate PCB design, precision photoplot
ting, fast turnaround and competitive 
pricing.

Additional PCB design services of
fered include schematic design, elec
tromechanical design (ACAD), blank 
PCB sourcing, multicolour artwork 
checkplots (Protel PCB or Autotrax); 
and prototype PCB loading and testing.

For further information contact PCB 
Resources, Suite 9/417 Ferntree Gully 
Road, Mount Waverley 3149 or phone 
(03) 544 6955.

Flexible PCB technology
Email Electronics has recently been 

awarded the exclusive distribution 
agency in Australia and New Zealand
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for an exciting new PCB manufacturing 
technology. The technology, developed 
by Bayer in Germany and marketed by 
Wilde MIT, is a revolutionary process 
where copper tracks can be deposited 
directly onto plastic substrates such as 
polycarbonate, polyimide and polyester. 
This offers significant advantages over 
conventional etching technology in re
gards to cost, performance and design 
flexibility.

The main application of the process 
known as ‘Bayprinf will be for mem
brane keyboards and flexible PCB’s. 
Current membrane keyboards use con
ductive inks, which are prone to field 
failure as a result of contact tarnishing 
and silver migration. The ‘Bayprint’ 
process however can be used to produce 
gold plated contacts, giving reliability 
while remaining very cost competitive.

Future developments are for the pro
duction of three dimensional circuit 
boards deposited directly onto injection 
moulded substrates.

While production of ‘Bayprint’ sub
strates will initially take place at Wilde’s 
manufacturing plant in Germany, a 
local facility is planned for installation 
at Email Electronics’ Huntingdale plant 
in 1990.

For further information regarding the 
applications of ‘Bayprinf contact Alan 
Fancke at Email Electronics, 15-17 
Hume Street, Huntingdale 3166.

Pen ‘draws’ PCB tracks
Planned Products of Los Gatos, Cali

fornia has introduced a low cost pen 
that makes applying solderable conduc
tive electronic traces to most surfaces as 
easy as writing. Through advances in 
valved pen and polymer ink technolo
gies, the pen writes with highly conduc
tive silver ink. Electronics hobbyists will 
find hundreds of uses for the Circuit 
Works pen, including PCB fabrication 
and repair, electromagnetic shielding 
and conductive point to point traces. 
The pen incorporates a valved tip to 
allow the smooth application of the liq
uid silver conductor. Normal writing 
pressure opens the valved tip and the 
liquid conductor flows easily.

When not in use the pen’s spring 
loaded tip closes to prevent drying. 
Traces as narrow as 1/16" are easily 
drawn, and the pen comes filled with 
enough silver conductor to make 150 
feet of conductive traces.

Circuit Works polymer ink dries in 
minutes at room temperature and is sev
eral times more conductive than solder. 
Solderable terminations are possible 
using a 250°F cure for 10-15 minutes 
after application.

Individual Circuit Works Conductive 
Pens sell for US$9.95 plus $2.00 for 
postage outside the USA, and handling. 
To order send a cheque or money order 
to Planned Products, 21105 Santa Cruz 
Highway, Brush Road, Dept. FEA, Los 
Gatos, CA 95030, phone (408) 
353 4251 or (408) 354 4818.

AutoCAD photoplotting
Printed circuit board design and 

photoplotting company PCB Resources 
can now offer fine resolution photoplot
ting services from AutoCAD drawings.

The company can now offer a com
prehensive service of PCB design from 
start to finish, or photoplotting, even 
from a client-supplied AutoCAD file. 
The ability to provide photoplot posi
tives from AutoCAD files also allows 
reduced scale drawings for inclusion in 
manuals or other publications.

PCB Resources, a Victorian-based 
company, provides an extensive range 
of services or consultancy, in PCB de
sign and surface mount technology.

For additional information contact 
PCB Resources, Unit 9/417 Ferntree 
Gully Road, Mount Waverley 3194 or 
phone (03) 544 6955. ®

FAST, ACCURATE 
PHOTOPLOTS

■ High quality - State of the art Marconi Plotter
■ Versatile - Hundreds of apertures standard

- Programmable apertures on request
■ Precision - 0.0001 (1 /1000th) on an inch resolution
■ Fast - 24-hour turnaround typical
■ Cost effective - Better aperture matching means faster plots
■ User friendly - We will help to configure your file and 

minimise plot time to suit your PCB manufacturer.

PCB
RESOURCES PTY LTD

ELECTRO-MECHANICAL DESIGN
PCB PROTOTYPE SERVICE AND 
PRODUCTION SOURCING

PCB RESOURCES PTY LTD 
9/417 FERNTREE GULLY ROAD 
MOUNT WAVERLEY 3184

— PROTEI —
AUTOTRAX $1290
SCHEMATIC $890

— RACAL-REDAC —
CADSTAR INTERACTIVE $3600 
CADSTAR SCHEMATIC $900

— PC-CADAT —
ADVANCED SIMULATION $6000

— ORCAD —
SCHEMATIC P.O.A.
DIGITAL SIMULATION from $1900

— PSPICE —
ANALOGUE

SIMULATION from $1295 
available now from

RCS CADCENTRES
03 499 6404 

OR 
02 805 1916

PH. 544 6955
FAX. 543 6335

ARTWORK 
DESIGN

HIGH PRECISION 
PHOTOPLOTTING

CALL
MARTIN GREGORY
ANDREW KLUCHAREFF

MkAdd/2126

ELECTRONICS Australia, May 1989 107



MATE - A handy accessory
Recent comments from vintage radio collectors indicate that 
there is a need for an alternative programme source, for times 
when there is an absence of suitable transmissions. If you 
enjoy demonstrating or listening to your vintage radios, you 
will find this ‘Mate’ useful - as well as deriving satisfaction 
from building some working equipment.

Tapes of the old classic radio shows 
are becoming very popular, and repro
ducing them through a radio of the era 
enhances their entertainment value. 
Furthermore, increasing numbers of ex
isting AM medium frequency stations 
are being lost to vintage radio, as they 
transfer to the FM VHF bands.

A specification was drawn up and 
some experimental work was done, to 
see if it would be practical to produce 
what is in effect a miniature AM broad
cast transmitter. The criteria it had to 
meet were these:
1. Construction should be simple and 

use components that are readily 
available and inexpensive.

2. Power and range should be strictly 
limited.

3. A multimeter should be the only test 
equipment necessary for setting up.

4. It should accept either monaural or 
stereo programme input from the 
headphone or extension speaker 
sockets of receivers, cassette, CD or 
record players.

5. Have 90% modulation capability, 
with no audible degradation of the 
programme material.

6. Use a minimum of current so that it 
could be powered from a receiver.

The result was the MATE (Micro 
Amplitude - modulation Transmitting 
Equipment). Like radio controlled toys 
and wireless microphones, it is a limited 
radiation device transmitting a very low 
powered signal, sufficient to cover a 
room or display area. Appropriately, it 
uses techniques frequently found in 
early broadcasting transmitters.

At this stage, I would suggest that 
readers not familiar with the workings 

of broadcast transmitters should study 
the article in the October 1988 issue of 
EA, Part 4 of the ‘Basics of Radio 
Transmission’.

Early AM transmitters
Fortunately for early broadcasters, 

and this project, a class-C valve oscilla
tor is easy to amplitude modulate, as 
the relationship between its HT voltage 
and power output is very linear.

Modulated oscillators can be simple 
and effective transmitters, and were 
used by some ‘B class’ AM broadcasting 
stations well into the 1930's. They have 

The author s prototype for the ‘MATE’ mini-transmitter, built on a disused 
power supply chassis.

limitations, which are somewhat aca
demic in the case of the MATE. These 
are lack of crystal frequency control and 
frequency shift with modulation, both of 
which can create problems for adjacent 
transmissions.

Heising or choke modulation was 
general, but during the 1930's, series 
modulation which needed no expensive 
choke or transformer was popular - and 
this seemed to be an attractive proposi
tion for the MATE.

Experiments were promising, and re
sulted in a single valve oscillator and 
modulator capable of using common 
types of double triode. A triode ampli
fier was added to increase audio gain, 
and the overall result is a very simple 
but effective little transmitter.
Why use valves?

No excuses are offered for using 
valves. Apart from being appropriate 
for a vintage radio project, valve equip-
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Underneath the chassis of the prototype, which also includes the power 
supply circuitry.

standard anode-tuned superhet oscilla
tor, except that it is series rather than 
shunt fed. A receiver oscillator coil is 
suitable, or one can be readily wound 
on a piece of broom handle using ena
melled winding wire of about 36 SWG 
or 0.2mm diameter. The tuned anode 
(plate) winding has 100 turns, while the 
tickler/grid winding has 25 turns. Small 
plated nails can be used to provide ter
minations for the windings.

As the coil is connected to HT volt
age it should be kept away from fingers, 
and if used, a shielding can should have 
a minimum of twice the coil diameter.

Tuning is controlled by variable ca
pacitor VC1. This can be an old oscilla
tor padder, from a valve set, or even a 
transistor receiver tuning capacitor. As

ment in this case is far less complex and 
is easier to adjust than a semiconductor 
unit. The MATE uses only two valves, 
and a handful of components.

Operation is very simple, and con
struction and layout are not at all criti
cal. One half of the double triode (V2a) 
is a classic tuned anode oscillator, with 
tickler feedback to the grid. The other 
section (V2b) is the series modulator, 
which is driven in turn by a resistance
capacitance coupled triode voltage am
plifier (VI). The HT current of about 4 
milliamps and filament requirement of 
6.3V (AC) at 0.6A can easily be sup
plied by any medium-sized valve radio - 
or alternatively, a self contained power 
supply can be used.

Housing for the MATE can be as 
simple or as elaborate as the builder 
wishes. The prototype was built on a 
disused power supply chassis, but a util
ity box would make a more attractive 
unit. However, if appearance is not im
portant, there is no reason why it 
should not be built on an old receiver 
chassis.

The audio input socket is connected 
to the modulation level control by a 
pair of 10k resistors, used to combine 
stereo signals, with one input being ign
ored for monaural sources. If the lead 
from the control to the voltage amplifier 
grid is longer than a few centimetres, it 
should be shielded by using a piece of 
thin coax or screened cable.

The voltage amplifier can be just 
about any small triode or triode-con
nected sharp cutoff pentode. Some suit
able types are listed in the table. The 
oscillator/modulator can be a 
12AU7/ECC82, 12BH7 or 6CG7. These 
valves were popular in black and white 
TV receivers, and if necessary can still 
be purchased at reasonable prices.

The oscillator is quite similar to a

The circuit for the ‘MATE’ - effectively a very low powered AM transmitter, 
using a triode RF oscillator V2a series modulated by V2b. Incoming audio is 
amplified by V1.

The matching power supply circuit. The value of the series HT resistor needs 
to be selected to suit the transformer secondary voltage - see text.
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RED & GREEN 
* "RISTON"

RE56S/1 $4.37
RE56S/5 $18.53
RE610S/1 $8.19
RE610S/5 $36.02
RE1012S/1 $15.77
RE1012S/5 $70.58
GE56S/1 $4.56
GE56S/5 $19.45
GE610S/1 $8.55
GE610S/5 $37.86
GE1012S/1 $16.32
GE1012S/5 $73.35

Other sizes upto 12" x36"
available.
Also available in double sided.
Prices subject to 20% sales tax
if applicable plus $5.00 postage.
Red Riston Developer Solution
1 litre CRD30/10 $4.40
10 litres CRD30/100 $33.50

Red Riston Stripper Solution
1 litre CRS40/10 $4.20
10 litres CRS40/100 $30.00

Green Riston Developer
Powder
100 gm CGD30/1 $2.40

Green Riston Stripper
Granules
70 gm CGS40/07 $1.95

Ammonium Persulphate
Etchant 
600gm CAP/6 $5.95
2500g m CAP/25 $19.75

fDynamark Reversing Film
8007S/1
8007S/10

$5.46
$45.69

Developer 1 Itr 8500/10 $9.89

'Du Pont registered trade mark.
t3M registered trade mark.

All prices quoted are subject to sales
tax of 20% if applicable.
All prices FOB/BNE.
Please note chemicals cannot be posted.
Please advise surface transport required.

L. E. B OUGHEN ik CO.
33 RAILWAY TERRACE. MILTON. QLD. 4064
□ P.O. BOX 136, TOOWONG. QLD. 4066 □
□ PHONE (07) 369 1277 □ FAX (07) 368 3193 □

Vintage Radio

SUITABLE VALVE TYPES
V1 AUDIO AMPLIFIER 

Ignore unused sections of 
multiple valves

V2 OSCILLATOR/ 
MODULATOR

DIODE TRIODES: 6AV6 6AT6
EBC81 EBC91

PENTODE
(Triode Connected): 6AU 6 EF94

DOUBLE TRIODES
(One Section): 12AX7 12AT7

ECC83 ECC81

OCTAL
(Metal, G or GT): 6B6 6Q7

6SQ7 EBC33

NOVAL: 12AU7 
12BH7 
6CG7 
ECC82

OCTAL: 6SN7

both sets of plates are ‘hot’, care should 
be taken to ensure that there is no elec
trical contact with the chassis.

Although a short length of wire will 
do for an antenna, a nice touch is a 
telescopic aerial rod salvaged from a 
transistor radio or a TV ‘rabbit's ear’ 
antenna.

An integral power supply is conven
ient, but optional. The current drain is 
so small that just about any transformer 
with a 6.3 volt heater winding and a 
200-volt or greater HT winding will do, 
along with its associated rectifier. The 
value of the series resistor is dependent 
on the transformer voltage, and is best 
found by experiment. As a guide, a 285 
volt transformer needs 15k, whilst for a 
385 volt transformer, 33k is about right. 
The power rating should be at least 5W.

The alternative approach of borrow
ing power from an existing valve re
ceiver is simple. HT can be picked up 
from the screen grid pin of the output 
valve, with the negative lead being con
nected to the receiver chassis. The 
heater leads can be conveniently fed 
from the appropriate pins of the same 
socket.

Setting up is simple. After checking 
the wiring, switch on the power and as
certain with a receiver that the MATE 
is producing a carrier. If it is not, the 
connections to one of the coil windings 
may have to be reversed.

To make sure that you are not receiv
ing a harmonic, tune the receiver up
wards from the low frequency end of 
the dial. The first MATE signal encoun
tered will be the fundamental. Now use 
the tuning capacitor to set the transmis
sion frequency to a section of the

ANODE
V2a

ENAMELLED 
WIRE 36SWG 
OR 0-2mm

TWO LAYERS 
OF PLASTIC v 
TAPE WOUND 
OVER TUNED 
WINDINGS

TUNED 
WINDING 
100 TURNS

TICKLER

CATHODE 
V2a

25 TURNS
w^GRID CAPACITOR 

V2a

If you want to wind your own 
oscillator coil, here are the details. 
The wire should be enamelled 
copper, or 36 SWG or 0.2mm 
diameter.

broadcast band that is vacant in your 
area. Connect your programme source, 
and adjust the gain control to produce a 
modulation level that does not cause au
dible distortion on programme peaks. If 
you can check with an oscilloscope, 
limit modulation to 90%.

An unexpected and successful use has 
been found for my own prototype 
MATE, shown in the photographs. On 
a couple of occasions, I have provided 
background music for functions held in 
a medium-sized hall. Receivers tuned to 
the MATE were placed at strategic 
places around the hall, and volume 
levels set individually. Much favourable 
comment resulted from people intrigued 
by old ‘cathedral’ radios supplying their 
entertainment! <3
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s1395
Full-featured professional PCB layout for both 
through-hole and SMD designs. Auto compo
nent placement from Netlists. Interactive and 
Full Autorouting. Support for popular printing/ 
plotting formats including Gerber format pho
toplots.

Flexible, easy-to-use schematic capture 
program for both digital and analog circuit 
designs. Netlist transfer to PROTEL- 
AUTOTRAX completes a powerful end-to-end 
circuit board design system.

PMMMff s495 
Easy to learn, easy to use manual PCB design 
package. Capable of producing professional 
artwork for multi-layer, through-hole boards to 
32 x 32 inches. Host of powerful editing fea
tures make efficient PCB lay-out a breeze. 
Gerber and NC Drill output.

PROTEL TECHNOLOGY PTY LTD
Incorporated in Tasmania A Member of CRITEC CORPORATION

G.P.O. Box 536F, Hobart, TAS 7001
Telephone: (002) 730100 International: ‘6102 730100
Facsimile: (002)731871 International: ‘6102 731871

QUICK 
START 
CIRCUIT 
DESIGN

EASY, 
LOW
COST 
PCB 
DESIGN

PROTEL PHOTOPLOTTING We now offer complete photoplotting 
and board manufacturing services. Phone David Warren for details.

TOP 
OF THE 
UNE 
IN PCB 
DESIGN

Power and Speed at an affordable price,on your IBM PC.

Or CAD the powerful and easy to use Electropij Design Software 
now provides complete End to End Design.

First design vour circuit using the Schematic Design Tools (SDT),

OrCAD/SDT Features:
•Over 3700 unique library parts and graphic parts editor
•Unlimited levels of hierarchy
•Standard macros supplied and user entry of keyboard macros 
•Netlisting to 22 other packages plus other post processing utilities
•Variable size worksheets, text and output
Simulate vour design with Verification/Simulation Tools (VST),

OrCAD/VST Features:
• 14,000 gate capacity from up to 50 channels input
• 10,000 events per second (8MHz AT)
• 10 breakpoints, 16 AND/OR signals per breakpoint
•Logic analyser format simplifies data analysis
•Selectable minimum or maximum delays and model library source
Finally produce vour design using Printed Circuit Board (PCUh

OrCAD/PCB Features:
•Auto routing up to 32" x 32" with 16 copper layers maximum 
•Selectable track, via and isolation from 0.001” to 0.255"
• Square, rectangular, round, oval and SMD pads
• Grid bases of 100, 50. 25. 10, 5 mils. Off grid to 1 mil.
• Ratsnest, force vector for placement optimization

All OrCAD products are fully compatible and include
12 months free updates and support.

CUT OUT AND MAIL TODAY.
We will send you a FREE Demo and Literature.

Name-------------------------- ------------------------------------------------
Title—------------
Company_________________ _ __________________________
Address—_________________ _________ _________________
Telephone Fax__ ______

Prometheus Software Developments Pty Ltd
260 high Street Kew. Vic. 3101.

Telephone: (03) 862 3666.
Fax: (03) 862 2092.
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Toshiba develops 
45ns 16Mb DRAM, 
8ns 1Mb SRAM

Researchers at Toshiba Corporation 
in Japan have succeeded in developing a 
new prototype 16-megabit CMOS (com
plementary metal oxide semiconductor) 
dynamic random access memory 
(DRAM) chip. The new 16M-DRAM 
features a typical access time of 45 
nanoseconds - the world's fastest, and 
low power consumption of 65mA at a 
cycle time of 150 nanoseconds.

In order to shorten access time, 
Toshiba researchers have used a 0.6-mi- 
cron design rule; the new device inte
grates approximately 35 million transis
tors and capacitors on a 7.87mm x 
17.4mm chip - compared with the 2.2 
million elements of a 1-megabit DRAM 
chip. This reduction in chip size contrib
uted to the fast operating speed.

Also, the new 16M-DRAM is fabri
cated on an N-type substrate, while to 
date almost all DRAMs have tradition
ally used P-type substrates. This is be
cause the historical stream of DRAM 
development originates from the period 
when N-channel MOS DRAMs, which 
used P-type substrates, were dominant. 
Toshiba researchers have completely 
overthrown this tradition, and also 
added a new ‘third’ P-well (an area dif
fused by impurities) to the conventional 
double-well to create a ‘triple-well’ 
structure.

The newly added P-well enables most 
N-wells to be electrically separated from 
the N-type substrate, thus eliminating 
the invasion of electrons from the sub
strate to the circuits fabricated in 
N-wells. This enables engineers to attain 
the optimum distribution of electrons 
between P-well and N-well in order to 
achieve the best performance of transis
tors. This improves the reliability of the 
device, and at the same time, realises 
faster access time.

Another design characteristic facilitat
ing the faster access time is that triple 
polysilicon/double metal technology is 
fully utilized in the chip layout. Most 
peripheral circuits are placed in the cen
tral part of the chip, to shorten 
address/data paths and to minimize wir
ing.

Researchers developed and applied an 
advanced trench capacitor by improving 
technology established in the company's 
development of 4M-DRAM. An addi
tional polysilicon layer was formed on 
the side walls of the trench, through 
which the doping of impurities is carried 
out. The polysilicon layer makes it pos
sible to diffuse impurities thinly and 
evenly, and this eliminates current leak
age between capacitors, despite their 
closer proximity in the highly integrated 
circuits. The new trench structure has 
great advantages in terms of suitability 
for mass-production, due to structural 
simplicity and a smooth transition path 
from 4M-DRAM.

Toshiba researchers have also suc
ceeded in developing the world's first 
prototype of a 1-megabit BiCMOS static 
RAM, compatible with emitter-coupled 
logic ICs, which are increasingly used in 
high-end engineering workstations and 
other high-speed office automation 
equipment. The new device, fabricated 
with a 0.8 micron design rule - the fin
est rule used in BiCMOS circuits, fea

tures a typical access time of 8 nanosec
onds - the world's fastest. Power con
sumption is 500 milliwatts at 50MHz 
cycle time.

BiCMOS is a structure which com
bines two types of widely-used silicon 
technologies on a single silicon sub
strate: CMOS (Complementary Metal 
Oxide Semiconductor) and bipolar. 
CMOS devices feature lower power 
consumption, less heat dissipation and 
higher integration density than bipolar 
devices, but are not as fast. On the 
other hand, bipolar devices generally 
operate faster than CMOS devices, and 
also have superior output drive capabil
ity.

By blending the merits of both struc
tures, the new BiCMOS SRAM 
achieves faster access time than CMOS 
SRAMs, and higher integration and 
lower power consumption than bipolar 
SRAMs. Until now, the world's largest 
capacity bipolar SRAM has been 64- 
kilobit, and access time of the fastest 
CMOS SRAMs has been around 15 
nanoseconds.
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IR preamp has current 
sink for extraneous light

Infrared remote control circuits tend 
to be susceptible to interference, as the 
infrared diode on the input side nor
mally receives the infrared spectrum of 
impinging daylight in addition to the 
useful signal. Additional interference is 
caused by the 100Hz ripple of incandes
cent bulbs and frequency components 
from the spectrum of fluorescent lamps.

The new Siemens TDE 4061 infrared 
preamp circuit integrates a low-noise 
preamplifier with parallel current sink 
which serves to discharge the undesired, 
low-frequency diode currents. The cur
rent sink also stabilizes the operating 
point at the input of the preamplifier, to 
1.4V. A bandpass filter which follows 
improves the signal-to-noise ratio. 
There is also a demodulator.

The TDE 4060 amplifier is available 
as a variant without the demodulator, 
but is otherwise identical. An AGC cir
cuit over the current sink prevents the

interference amplitude from overdriving 
the amplifier and obliterating the useful 
signals.

For further information contact the

Communications Equipment Depart
ment of Siemens, 544 Church Street, 
Richmond 3121 or phone 
(03) 420 7314.

Surface-mount zeners
After the successful introduction of 

the Minimelf diodes, ITI Intermetall has 
now also made available zener diodes 
for surface mounting, in the well known 
rectangular Jedec TO-236 plastic pack
age.

The BZX84 series with a rating of 
350mW are supplied on 178mm diame
ter reels of 3000 pieces, and will compli
ment the SMD Transistors already 
available from ITT Intermetall in the 
same package.

For further information contact Cru
sader Electronic Components, 73-81 
Princes Highway, St Peters 2044 or 
phone (02) 516 3855.

Controller for 32 ISDN 
subscribers

Using CMOS technology, Siemens 
has succeeded in producing a single chip 
capable of switching both the B and D 
channels from up to 32 ISDN subscrib
ers onto internal PCM highways. The 
PEB 2055 extended PCM interface con
troller (EPIC) is a successor to the PEB 
2050 NMOS chip - a peripheral board 
controller which serves eight ISDN sub
scribers.

The PEB 2055 is suitable for applica
tions in digital subscriber modules and 
for switching functions in PCM systems. 
With its quadrupled B channel capacity, 
the new chip is on a par with the PEB 
2075 ISDN D channel exchange control
ler (IDEC) for the D channels, whose

capacity has now also been quadrupled 
with respect to the PEB 2070 (for one 
D channel).

The D channels (16kbit/s each) mainly 
transport the control and switching data 
between subscribers; and the B channels 

(64kbit/s each) carry the actual flow of 
data.

For further details contact the Com
munications Equipment Department of 
Siemens, 544 Church Street, Richmond, 
3121 or phone (03) 420 7314. ®
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You can now purchase any of these specially selected books from the easy to order 
Electronics Australia Bookshop.
Titles cover a wide range of electronic, scientific, and technical books and will be 
updated regularly to keep you abreast of the latest trends.

Superconductivity — The Threshold of a New Technology: Jonathan L Mayo
Written for the general science reader, this book explains the discoveries, explores the applications and examines the 
implications of the most exciting physical breakthrough since electricity. 160 pp HEA001 $26.95

Experiments in CMOS Technology: Dave Pronchnow
Experiments in Gallium Arsenide Technology: D. J. Branning
These books provide readers with everything they need: each project is complete with an accurate schematic diagram, parts 
list, and PCB template (where applicable) HEA002 HEA003 $34.95

50 CMOS IC Projects: Dolton Horn
This book is a collection of 50 interesting and practical digital electronics projects based on the extremely popular CMOS ICs 
for electronics experimenters with intermediate or higher skills. 240pp HEA005 $34.95

Delton T Horn’s All-Time Favorite Electronic Projects: Delton T Horn
Horn has garnered countless favourable reviews over the years — Back Stage: “Delton T Horn offers expert advice on 
achieving top performance for minimum price,’’ and Hands-On Electronics:” Horn has avoided the temptation to become 
overly theoretical in his presentation. Instead, he has provided easy-to-follow explanations, supported by generous doses of 
drawings, diagrams and schematics.” 96 pp HEA006 $15.95

The Encyclopedia of Electronic Circuits: Rudolf F Graf
Includes more than 1,300 designs. “An invaluable reference tool for every hobbyist, technician, student and design 
professional 768pp HEA007 $59.95

The Giant Book of Easy-To-Build Electronic Projects: Editors of Elementary Electronics
A huge variety of projects designed to be put together in only a few hours and at a minimal cost. 325pp HEA008 $29.95

The Illustrated Dictionary of Electronics — 4th Edition: Rufus P Turner and Stan Gibilisco
This handy guide defines more than 27,000 vital electronics terms, acronyms, and abbreviations — more than any other 
electronics reference. 656pp HEA009 $45.95

Master Handbook of 1001 Practical Electronic Circuits. Solid State Edition Kendall Webster Sessions. “An ideal source book 
tor the engineer, technician or hobbyist” (Electronics Today International) Thoroughly indexed, with more than 1,000 
illustrations. 420pp HEA010 $42.95

25 Fun-to-build Projects for Learning Electronics Theory: The Editors of Elementary Electronics.
are s'mP'e understand and apply when they are incorporated in interesting projects such as these 210 

PP ntAUll $10.Hu

Servicing Radio Hi-Fi and TV Equipment Third Edition: Gordon J King
‘Thoroughly recommended’ Electrical and Electronic Trader ‘A long standing favorite’ Electronics Monthly HEA012 $31.95

Communication Satellites — The Technology of Space Communications: Larry Blonstein
A technical introduction to commuication satellites that explains, giving dates and worked examples, how satellites work how 
tney are constructed and used, and optimization of space communications systems. HEA013 $34.95

LSI Interfacing: Mike James
mi?mim!°P^ Snie181 interfape chips. lt examines general principles of data transfer and connecting devices to 

1 COve s a rar!?e P devices bY presenting block diagrams, pinouts and their software aspects together
with a discussion of programming methods. 2166pp HEA015 $34.95



BOOK SHOP
Oscilloscopes Revised Second Edition: Ian Hickman
This revised edition has been updated and enlarged to cover new instruments. Illustrated with diagrams and photographs of 
many more instruments, the book will appeal to everyone who wants to know about oscilloscopes, from the school student tot 
he graduate, from the hobbyist to the technician. HEA016 $17.95

Practical Design of Digital Circuits: Ian Kampel
“This is a book which the reader will refer to repeatedly as a source of instruction and inspiration”, Whats New in Electronics 
HEA017 $36.95 

110 IC Timer Projects for the Home Constructors: Jukes H. Gilder HEA029 $21.95

Beginners Guide to Digital Electronics Ian R. Sinclair
HEA018 $14.95

Beginners Guide to Electronics — Fourth Edition: Owen Bishop
An essential and often reprinted book for the newcomer to electronics. The subject is treated with the minimum of 
mathematics. HEA019 $19.95

Beginners Guide to Integrated Circuits: Ian R. Sinclair
“As before Ian Sinclair has managed to produce an outstanding book for the beginner to electronics.” Everyday Electronics, 
Reviewing first edition. HEA020 $14.95

Newnes Audio and Hi-Fi Engineers Pocket Book: Vivian Capel HEA021 $29.95

Newnes Radio and Electronics Engineer’s Pocket Book: Seventeenth Edition Keith Brindley
An invaluable compendium of facts, figures and formulea which is indispensable to the designer, student, service engineer and 
all those interested in radio and electronics. HEA023 $19.95

Newnes Television and Video Engineer’s Pocket Book: Eugene Trundle
“A thoroughly up-to-date reference book on domestic TV/Video systems is very welcome and this book fulfils its aims 
admirably . . .” Television “a gem of a book” ... can be used by service engineers throughout the world” Elecktor 
Electronics HEA024 $29.95

Newnes Computer Engineer’s Pocket Book: Michael Tooley
“A very full and useful compendium . . . very practical . . . good value” NATFHE Journal HEA025 $29.95

Newnes Engineering Science Pocket Book: J. 0. Bird
“A wealth of information which will be most useful to students and engineers alike” Elecktor Electronics HEA026 $29.95

Newnes Electronics Pocket Book: E. A. Parr
“An excellent and useful book for daily use that is unreservedly recommended to anyone with an interest in electronics” 
Elektor Electronics HEA027 $29.95

Newnes Physical Science Pocket Book for Engineer’s J. 0. Bird and P. Chivers
“The selection of material is sensible and balanced” Times Educational Supplement HEA028 $29.95
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Basic Principles of VCRs - Part 5

Playback Circuitry
This month we'll examine the playback 
circuitry of a typical video cassette recorder. 
We'll also look at picture ‘drop out’ correction 
and noise cancelling circuitry, together with 
long play operation in the newer VCRs.

by DAVID BOTTO
In practice, most of the circuitry 

shown as small sections in this chapter 
is contained in a few large scale inte
grated circuits. Also it should be under
stood that circuitry can vary in different 
VCRs. However the schematics shown 
will serve to illustrate the basic princi
ples of the playback circuitry.

Fig.l is a simplified block schematic 
showing how the recorded magnetic in
formation on the video cassette tape is 
supplied to the early stages of the cir
cuitry.

As the head drum rotates each video 
head in turn ‘scans’ a single tape ‘track’. 
Each track, you'll recall, contains one 
field of picture information.

On playback this induces a signal volt

age in each head as that head detects 
one ‘field’ of picture. From channel 1's 
head the first field of picture data is fed 
first to rotary transformer Tl, and then 
to the channel 1 preamplifier. Channel 
2's head scans the next picture field 
feeding the signal via rotary transformer 
T2 to channel 2 preamplifier.

Transistors QI and Q2 are cut off in 
the playback mode. In the record mode 
9V DC+ is applied to point X, switch
ing QI and Q2 on and effectively short
ing points A and B to chassis. Elec
tronic switch SW1 is closed in the play
back mode, open in the record mode.

At point C in Fig.l the signal wave
form from channel 1 pre-amplifier - as 
viewed on a suitable oscilloscope - ap

pears as in Fig.2(a). At point D the sig
nal appears as in Fig.2(b). The two sig
nals now enter the switching amplifier. 
Fig.2(c) shows the 25Hz signal, ob
tained from the head drum, that enters 
this amplifier at point E.

You'll remember that the video head 
drum speed and phase is accurately con
trolled by the servo circuitry. (See part 
3 of this series). This ensures that the 
25Hz signal generated by the head drum 
will correctly control the switching am
plifier so that each two recorded fields 
of the picture are properly synchro
nized.

The 25Hz signal controls the internal 
circuitry of the switching amplifier so 
that it amplifies the signals from the 
channel 1 and channel 2 preamplifiers in 
turn. The output signal from electronic 
play/record switch SW2 at point F ap
pears as in Fig.2(d). Notice that the 
ends of the waveforms in Figs.2(a) and 
2(b) have been slightly clipped.

The waveforms of Fig.2(a-c) are use
ful in servicing, when checking the 
video heads of a VCR for wear or dam
age. In older VCRs using discrete cir-

Fig.2 (right): Showing the way the replay signals from 
the two heads (a,b) are combined in the switching 
amplifier, controlled by switching signal (c), to produce 
the combined signal (d). Waveform (e) shows the effect 
of a faulty head.
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This photo shows a printed circuit board housing VCR circuitry very similar (though not identical) to the VHS colour 
schematic described in the text. Three ICs contain most of the circuitry.

cuitry the waveforms can all be seen 
separately. In a newer VCR where most 
of the circuitry shown in Fig.(l) is con
tained within a single integrated circuit, 
the waveform of Fig.2(d) can usually be 
viewed.

Fig.2(e) shows a typical waveform 
(point F) produced by a VCR with one 
good head and one faulty head. For this 
test the circuitry must be in good order, 
and the heads clean.

At point F the signal includes both 
the playback frequency modulated lumi
nance signal and also the down con
verted 627kHz colour signal. Point G 
feeds to the playback luminance circuit

ry, and point H to the playback chroma 
circuitry.

Luminance processing
The signal at point G feeds to point 

G1 in Fig.(3). The high pass filter re
moves the 627kHz colour signal, so that 
only the luminance FM signal enters the 
FM amplifier at point I. This amplifier 
is designed so that its maximum gain is 
at 4.8MHz - the white peak area of the 
signal.

From the FM amplifier (point J) the 
signal feeds to the input of the FM 
AGC (automatic gain control) ampli
fier. The AGC circuit now corrects any 

changes in the strength of the FM signal 
that might be caused by variations in 
the video head to tape contact.

Signal ‘drop-out’ may be present, due 
to possible faults on the magnetic cas
sette tape, spoiling the quality of the 
picture as shown in Fig.4(a).

From the output of the AGC ampli
fier (point K) the signal is supplied to 
the switching circuit. It's also fed to the 
drop-out detector circuit. This circuit 
detects any drop-outs in the signal.

If signal dropout is present in a line of 
signal, the drop-out detector generates a 
narrow square wave signal during the 
period of drop-out only. This pulse ap-

Fig.4: Waveforms for the 
dropout correction circuit.
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Playback Circuitry

pears at point L, with a waveform as in 
Fig.4(b). When this pulse is present the 
switching circuit will not accept signals 
from point K but only from point N. 
The signal output from the switching 
circuit is fed back to the switching am
plifier via delay line 1, which delays the 
signal by one exactly line of picture, 
and through the feedback amplifier to 
point N.

The signal at point N cannot re-enter 
the switching circuit unless the narrow 
square wave pulse from the drop-out 
detector appears at point L, during the 
drop-out period. The switching circuit 
now blocks the original signal input 
from point K so that the signal from the 
previous line is accepted at point N for 
as long as the dropout persists.

The nett result is that signal from the 
previous line is inserted into the missing

juitt
Fig.5: When it reaches the FM 
demodulator at point P, the signal is 
a rectangular wave.
drop-out section, thus maintaining pic
ture quality - see Fig.4(c).

The FM luminance signal at point M 
now enters the FM limiter circuit and 
emerges at point P as a neat FM square 
wave signal (Fig.5) and is then fed to 
the FM demodulator. The FM circuitry 
will be considered in the final article of 
this series.

The demodulated luminance signal 
(point Q of Fig.3) goes via electronic 
play/record switch SW7 to the base of 
emitter follower transistor Q3. Capaci
tor Cl and coil LI form a 4.433619MHz 

acceptor trap which prevents stray 
pickup from the colour circuitry affect
ing the luminance signal.

The signal at the emitter of Q3 is sup
plied to the low pass filter (point R) 
and then to a delaying circuit, which 
delays the luminance signal by approxi
mately 600 nanoseconds to ensure that 
the luminance and colour signals arrive 
together at the luminance and colour 
mixer (see Fig.7). The reason for this 
delay of the luminance is that the colour 
signal will be slightly delayed by the 
chroma playback circuitry. At point S 
(assuming that a colour bar signal is re
corded on the magnetic tape) the signal 
appears as in Fig.6.

Part 4 of this series explained how, 
during the recording process, the signal 
levels of the high frequency parts of the 
video signals are boosted, particularly 
on low level signals. This prevents inter
ference at low signal levels from causing 
picture noise on the recorded signal.

In the playback process the signal 
must be de-emphasized. Fig.7 shows a 
block schematic of the final section of 
the luminance playback circuitry. Point 
SI connects to point S in Fig.3.

The equalising amplifier boosts the 
signal in the 2MHz section (Fig.8) and 
then feeds the signal through the de-em-

Fig.9: After 
de-emphasis, the 
luminance portion of 
a colour-bar signal 
has the normal 
‘staircase’ waveform.

Fig.8: The response of the luminance 
equalising amplifier, with a broad 
peak at 2MHz.

phasis amplifiers. The signal emerges at 
point U with the spikes removed, and 
now appears as a normal ‘staircase’ 
luminance waveform (Fig.9) - assuming 
that the recording is of a colour-bar sig
nal.

Because high frequency noise may be 
present on the signal at point U 
(Fig. 10a) noise cancelling circuitry is in
cluded. The circuit shown consists of 
two filters and an adding/mixing circuit. 
The signal is fed along one path through 
high pass and non-linear filters, and en
ters the mixer at point V looking like 
Fig. 10(b). At the same time it is also 
fed through the low-pass filter, and at 
point W its waveform is as Fig. 10(c).
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(a) NOISE

(b)

-J

Fig.12 (above): 
The full 
composite colour 
signal, containing 
both luminance 
and colour 
components.

Fig.10: Operation of the noise cancelling circuitry, 
with (d) the output signal.

Fig.11 (left): The 
‘cotton-reel’ 
colour signal, 
before adding to 
the luminance 
signal.

The signals at points V and W are then 
added or mixed together to produce an 
interference free signal - Fig. 10(d).

SW8 is an electronic play/record 
switch, shown in the playback position. 
In the luminance and colour mixer sec
tion the colour signal (Fig. 11) fed in at 
point CHR is mixed with the luminance 
signal from point X. Fig. 12 shows the 
resulting signal at point Y.

Output amplifier 1 supplies output to 
point Z, for direct connection to a video 
monitor or to another VCR etc. Output 
amplifier 2 further amplifies the signal 
supplying the RF (VHF or UHF) modu
lator that connects to the TV antenna 
socket of the TV used to view the re
corded programme (point Zl).

The crystal oscillator that feeds into 
output amplifier 2 at point OS is con
trolled by switch SW9. Closing SW9 
produces a monochrome test signal at 
point Zl which appears at the RF out 
socket of the VCR. One channel of a 
TV receiver is then tuned to receive this 
pattern. For normal viewing SW5 is 
switched to its ‘open’ position.

Colour playback
Block schematic Fig. 13 shows the 

play/record colour circuitry of a typical 
VHS machine. It's the same diagram 
shown in the last chapter, but with the 
playback sections of the circuitry added 
(shaded areas). Electronic play/record 
select switches SW3-SW6 and SW10- 
SW12 are shown switched to the play
back position.

Point H in Fig.l is taken to point CPI
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Playback Circuitry
in Fig. 13. At this point the signal in
cludes both the luminance signal and 
the colour signal. The low pass filter cir
cuit removes the luminance signal so 
that only the down-converted 
626.953kHz colour signal (usually re
ferred to as the 627kHz signal) feeds 
into amplifier P at point CP2. The sig
nal now appears as in Fig.ll (again as
suming a colour-bar test signal). You'll 
recognise this as the standard ‘cotton 
reel’ waveform.

The signal then enters an amplifier, 
emerging at point CP3 and feeds via 
electronic play/record switch SW3 into 
the ACC (automatic colour control) cir
cuitry.

In the play mode the ACC (Auto
matic Colour Control) detector operates 
in exactly the same way as in the record 
mode - described in part 4 of this series 
- keeping the colour burst signal at a 
constant level.

During the recording process the 
luminance signal input to the white clip 
circuitry (point E2 of Fig.9) is obtained 
from the TV signal being recorded, and 
passed through the synch separator. In 
the playback process the white clip 
input (the luminance signal) is obtained 
from the recorded luminance signal on 
the magnetic video cassette tape (point 
RS connects to point WCL in Fig.7).

The waveform at point RS appears as 
in Fig.9, but is supplied by the recorded 
luminance signal instead of the received 
television signal. Except for this the 
operation of the white clip circuitry — 
described in section 4 — is exactly the 
same as in the replay mode.

The output of the ACC amplifier (C2) 
enters the main converter at LI via ca
pacitor C4. Viewed on an oscilloscope 
the ‘cotton reel’ waveform appears as in 
Fig.ll, but with the colour burst ampli
tude held at a constant level.

In both the record and the playback 
mode a 5.060572MHz signal enters the 
main converter at point Ml. How this 
signal is produced and its purpose was 
discussed in parts 1 and 4 of this series. 
However, we'll include a brief reminder 
here of how the 5.060572MHz fre
quency is made up.

Crystal oscillator 1 generates a fre
quency of 4.435572MHz This frequency 
is the sum of the colour subcarrier fre
quency (4.433619kHz) and 1/8 of the 
line frequency (15.625kHz divided by 8, 
or 1953.125Hz). The resultant signal of 
4.435572MHz enters the second con
verter at point OS.

The rotational signal frequency is 
equal to 40 times the line frequency, or

Fig.14: The vector diagram for a red 
colour, on alternate lines.

40 x 15.625kHz which is 625kHz. This 
625kHz signal enters the second con
verter at point RO.

The 4.435572MHz signal is added to 
the 625kHz signal within the second 
converter, so that a resulting signal of 
5.060572MHz appears at point CON2. 
It's then fed via bandpass filter 5 into 
the main converter (point Ml).

You'll recall that in the RECORD 
mode with switches SW3 and SW4 set 
to their other positions, the 
4.433619MHz received TV colour signal 
enters the main converter at point LI. 
Inside the main converter it beats with 
the 5.060572MHz signal.

Two signals are produced at point CS, 
one of 626.953kHz (the difference sig
nal) and the other of 9.494191MHz (the 
sum). Low pass filter 6 allows only the 
down converted 626.953KHz signal to 
enter the 627kHz amplifier.

In PLAYBACK mode as shown, the 
output from the ACC circuitry (point 
C2) is the off-tape 626.953kHz down- 
converted colour signal, which enters 
the main converter at point LI.

This down-converted signal beats with 
the 5.060572MHz signal which enters 
the main converter at Ml. This again 
produces two signals, of 5.060572 - 
0.626953MHz = 4.433619MHz (the co

lour subcarrier frequency) and 
5.060572MHz + 0.626953MHz = 5.6- 
87525MHz, at point CS. The 
4.433619MHz filter allows only the 
4.434619MHz colour subcarrier signal to 
pass to point CP4, supplying the signal 
to amplifier Q.

Vector restoration
In the transmission of the PAL colour 

signal the phase of the (R-Y) signal is 
reversed by 180° as alternate lines of 
the picture are transmitted. This is done 
in order to cancel out colour phase er
rors due to transmission path distortion. 
Fig. 14 shows the vector diagram for a 
red colour. The upper phasor line we'll 
call line 1. The lower line represents the 
phasor for the next line, which we'll call 
line 2.

Azimuth recording prevents ‘crosstalk’ 
- the picking up of unwanted signals by 
one video head from the track recorded 
by the other video head, at luminance 
signal frequencies. However at the 
lower frequencies used by the colour 
signals it is not so effective. So the rota
tional 626.953kHz colour recording sys
tem previously described is used.

Fig. 15(a) represents the recording of 
the down-converted rotary colour sig
nals on the magnetic tape. We'll assume 
that each line consists only of a red co
lour. The channel 1 video head records 
each line of the picture in the same co
lour phase as the PAL signal. The chan
nel 2 head records the signal with a 90° 
phase delay for each line.

In the playback process, the colour 
signals recorded by the channel 2 head 
are returned to their correct phase by 
the rotational circuitry. Otherwise, the 
colours viewed on the displayed picture 
would be incorrect. This is known as 
vector restoration.

When the VCR is in the playback 
mode each head tends to pick up a little 
of the colour signal from the other 
track. For example channel l's head re
sponds to part of the channel 2 track 
signal. The small arrows in Fig. 15(a) 
represent the crosstalk interference 
picked up by channel l's head from the 
channel 2 track.

Fig.15(a): The way 
down-converted 
rotary colour signals 
are recorded on the 
tape - assuming a 
constant colour, say 
red. The channel 2 
head records the 
signal with a 
90-degree phase 
delay.
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When the signals arrive at point CP5, 
the colour vectors for the channel 2 sig
nal have been corrected by the rotary 
circuitry. However the crosstalk vectors 
remain on the channel 1 track signal.

This signal appears at the output of 
amplifier Q, and goes directly to the 
mixer input at point CP6. The signal 
also passes through the two-line delay 
circuit, so that the signal at point CP7 is

Fig.15(b): Inside the replay colour 
mixer, delayed signals at CP7 are 
used to cancel crosstalk.

delayed by two lines. Inside the mixer 
line 3 (Fig. 15a) is combined with de
layed line 1 (Fig. 15b), line 4 is com
bined with delayed line 2, and line 5 
with delayed line 3 and so on.

You can see that the small crosstalk 
vector arrows in Fig. (15b) exactly can
cel out those in Fig.(15a), so that the 
colour signal at point CP8 is free from 
crosstalk.

The signals are then amplified by out
put amplifiers la and 2a and feed via 
switch SW12 to preset control VR7, the 
playback colour gain control. The signal 
at point CP10 is supplied to point CHR 
on Fig.7. Here the ‘cotton reel’ colour 
signal of Fig. 11 is combined with the 
luminance signal (Fig.9) to produce the 
output signal of Fig. 12.

Because of slight variations in the 
tape and video drum rotation speed, 
and possible ‘stretch’ in the magnetic 
tape, frequency and phase errors occur 
in the playback colour signal entering 
the main converter at point LI. We'll 
call this variation Fv. To compensate 
for Fv, tiny changes in phase and fre
quency must be made in the signal en

tering the converter at point Ml.

APC circuitry
The APC (Automatic Picture Control 

or Automatic Phase Control) circuit op
erates only in the playback mode. The 
colour signal (Fig. 11) is taken from 
point CP9 and fed through switch SW4 
into the burst gate (D2). The burst 
gate, controllei by the off-tape line sync 
pulses fed in it JI, allows only the co
lour burst signal to pass to point J2.

The 4.433619MHz colour burst signal 
is taken via electronic switch SW10 to 
the APC detector (APC1). The signal 
from the 4.433619MHz crystal oscillator 
is supplied to the APC detector at point 
APC2, via switch SW5. Within the APC 
detector the phase and frequency of the 
burst and crystal oscillator signals are 
compared (Fig. 16).

Any differences in the two signals 
cause a corrective voltage (APC3) to be 
sent to the 4.435572MHz oscillator, 
slightly changing its phase and fre
quency to compensate for Fv.

The ID detector
In the record mode the ID (indenti- 

fication) pulse detector obtains its input 
via switch SW5 (other position) from 
point OS. In the playback mode its 
input comes from the 4.433619MHz 
crystal oscillator.

Inside the ID detector the burst signal 
is compared with the 4.433619MHz 
crystal oscillator signal. If a difference 
between the two is detected, then the 
ID detector output (ID to RC) via the 
rotational control circuitry slightly 
changes the phase of the output (point 
RO) of the 90° rotational circuitry. This 
provides further correction for Fv.

Colour killer
When recording or playing back 

monochrome pictures, a colour killer 
circuit may be used. These circuits oper
ate by switching or biasing off the 
chroma circuitry in the absence of a co
lour burst. This prevents ‘colour splash’ 

spoiling the displayed picture.
However many TV stations now con

tinue to transmit the colour burst even 
when the programme is in mono
chrome. For this reason, instead of co
lour killer circuitry modern VCRs have 
a user operated B/W (black and white) 
switch which turns off the colour circuit
ry-
‘E to E’ facility

During recording or when tuning the 
VCR to the desired TV channels the E 
to E (Electronics to Electronics) facility 
is used. The complete video picture sig
nal and the audio signals being recorded 
are taken to the RF modulator, which 
converts these signals into a TV signal 
that may be viewed on the user's TV 
receiver.

Betamax colour playback
The Betamax system uses principles 

basically similar to the VHS system - 
but with some significant differences 
which we'll briefly consider. A simpli
fied section of the colour replay ar
rangement is shown in Fig. 16. It's help
ful to compare this diagram with the 
Betamax diagram in part 4.

The signal at point K has a frequency 
of 5.1230721MHz for one field of the 
picture. With the succeeding field the 
signal frequency changes to 
5.1191659MHz, returning to 
5.1230721MHz for the third field, and 
so on. The circuitry producing these two 
frequencies was explained in part 4.

In the replay mode the two down- 
converted off-tape colour subcarriers re
corded on the cassette magnetic tape 
(685.5469kHz for channel 1's video 
head, and 689.4531kHz for the channel 
2 head) feed into point A through the 
ACC amplifier into the second mixer 
(B).

The channel 1 off-tape signal is phase 
shifted by +45° each line, and the chan
nel 2 signal by -45° for each line.

The 685.5469kHz signal beats with the 
5.1191659MHz signal, producing sum 
and difference signals of 4.433619MHz
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Playback Circuitry
Bandpass filter 1 allows only the 

4.433619MHz signals to reach point P. 
At point PB1 the pilot tone gate allows 
only the special pilot tone signal that 
was recorded on the tape to pass to 
point PBO into phase comparator B. 
Here the signal at point PH is compared 
with the pilot burst signal. The output 
at point PHI controls the phase of oscil
lator 1, compensating for variations in 
tape and video drum rotation speed and 
any ‘stretch’ in the tape.

After reaching point PL1 the chroma 
signal enters a two-line delay circuit. 
It's then taken (PL2) to phase correc
tion circuitry (not shown) and finally ar
rives at the luminance and colour mix
ing amplifier.

LP operation
Many of the newer VCRs have a 

‘long play’ mode, involving two speed 
operation. This makes it possible to 
have as much as eight hours of record
ing on a single video cassette.

The normal tape speed of a VHS ma
chine is 23.39mm per second. For long 
play operation it runs at half speed, or 
11.695mm per second. Two additional

Fig.17: An additional pair of heads 
are mounted on the head drum, for 
VCRs offering a ‘long play’ mode.
video heads are incorporated in the 
head drum.

Fig. 17 shows the relative positions of 
the video heads in a typical head drum. 
The long play heads are slightly thicker 
than the standard play heads. Electronic 
switching selects the required heads as 
standard or long-play modes are re
quired. Because luminance crosstalk in
creases at the lower tape speed, addi
tional circuitry is included to overcome 
this.
Audio circuitry

In a standard VHS recorder the mag
netic audio track or tracks are located 

at the top edge of the cassette magnetic 
tape, as explained in part 2.

In the recording process the audio 
tracks are first ‘wiped clean’ by the 
audio erase head, which has a bias oscil
lator signal supplied to it. Then the 
audio signals to be recorded (which may 
be mono or stereo) are applied to the 
audio record head(s) proper, together 
with a suitable ultrasonic biasing signal. 
The process is the same as in a standard 
audio tape recorder, which was de
scribed in part 1. However some late 
model VCRs such as the Video 8 sys
tem are now using a section of the heli
cal ‘video’ tracks to contain the audio 
signals.

The Video 8 PCM method is an ex
tremely sophisticated compression/ex- 
pansion analog to digital recording pro
cess.

In the final part in this series we'll 
consider the complete VHS machine, 
including the power supplies and timer/- 
clock assembly. The operation of the 
video head rotary transformers will also 
be explained, with the aid of diagrams 
and photographs. In addition there will 
be a discussion of VHS-C compact cas
settes, the new S-VHS system and a 
look at possible future VCR develop
ments. ®
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IF SO CONTACT

CIRCUITWORKS
* ALL TYPES OF ANALOGUE & DIGITAL 

BOARDS.
* GENERAL ELECTRONIC DRAFTING.
* WE CATER FOR THE HOME HOBBYISTS & 

PROFESSIONAL WORK CENTRES.
$ CIRCUIT BOARD PRODUCTION IF 

REQUIRED.
* PROMPT SERVICE.

MODEMS
AT WAREHOUSE PRICES

PHONE: (07) 3591285
65 EVANS STREET, KEDRON, OLD. J

Buy direct from Australia's leading 
manufacturer and save on quality < 
AVTEK Modems.

A range of 16 internal & external modems 
from low priced manual to fully automatic 2400 bps 

models complete with power supply, instructions and

F FROM * 
ONLY 
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MAJOR 

RESULTS
Research into the causes 

and prevention of Multiple
Sclerosis has already had 
important results. A cure 

could be only dollars away.

MS
Multiple Sclerosis.

telephone connections.
Designed and built in Australia, all Avtek Modems are guaranteed, with 
service and technical support available direct from Avtek.

CALL TODAY ON 
008 25 2754 or (02) 888 5333

TOLL FREE SYDNEY RESIDENTS
For further information and to see how much 

you can save on the best modem 
for your needs.

(A Member of the NetComm Group of Companies)
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Copyright, valves and suggestions
Anxious to make your fortune in electronics? Perhaps you 
might be able to plagiarise an idea from EA to help you on 
your way. But is it legal? That's one of the topics this month. 
There's also a short dissertation on TTL to CMOS interfacing, 
with a few reader comments on how we should check circuits 
presented to us for publication.

It's funny how projects from the past 
keep cropping up. This month it seems 
the emphasis is on the older projects, 
even as far back as 1951! Still, regard
less of when the project, or circuit, was 
published, it's fair game for this section.

We generally seem to get more mail 
concerning older projects compared to 
that for the more recent ones, which 
suggests one of two possibilities: the 
new ones don't give any problems, or 
the new ones aren't being built. I sus
pect there is a combination of the two, 
with readers taking a conservative ap
proach towards the latest projects by 
waiting to see how much errata is gen
erated.

And that's the function of this section 
- to alert you to any difficulties that 
other constructors have encountered. 
But we need a few pioneers to feed us 
with the bad (or good) news. So don't 
keep your problems to yourself, share 
them with us and all the other readers. 
That is, your technical problems any
way...

Are projects patented?
The question of whether magazine 

projects, or sections thereof are subject 
to copyright is an interesting one and 
has been prompted by a letter from a 
reader who wishes to remain anony
mous. Fair enough, it's an issue that 
seems to evoke an air of secrecy. The 
letter, duly edited to retain the ano
nymity requested is as follows:

/ am interested in developing a mar
ketable item that uses a certain section of 
a project described in EA. Are magazine 
projects subject to copyright, or may I 
use any or all of the ideas contained 
within them? (anon)

The short answer is that the circuit 
techniques used in Electronics Australia 
are effectively ‘Public Domain’, once 
they have been published. However, 
let's just expand on that, because there 
are some things that you aren't free to 
use.

For example, the text and diagrams 
associated with a project or any article 
are subject to copyright, and may only 
be used with the publisher's permission. 
This applies whether you intend to use 
the material to make money or other
wise. We are often quite happy to give 
permission to individuals wishing to use 
material in the magazine, but we need a 
written request and you need our writ
ten reply.

Some projects are presented with cer
tain sections withheld, for example the 
PCB artwork. Projects of this kind are 
usually offered to the magazine by a kit 
supplier, who is keen to retain sole 
rights to the project. If a third party de
cides to sell such a kit he runs the possi
ble risk of legal action by the original 
developer, although the magazine would 
not be involved.

This sometimes raises the vexing 
question of whether a developer would 
do better marketing his project without 
publishing it. It may be that the idea is 
so good a fortune could be realised by 
marketing it privately. A magazine such 
as EA will only pay a fixed amount, 
whereas a good project might catch on 
and be a commercial winner. Then 
again it may not.

There's one more thing. If you plan 
to market kits or assembled units for 
projects such as our ‘Playmaster’ series 
of amplifiers, you must use the parts 
and circuit configuration specified, if 

you are to use our ‘Playmaster’ name. 
Otherwise you'll have to sell it under 
your own name, if you make changes.

But apart from these qualifications, if 
you think our projects have circuit ideas 
that could make you a million then go 
for it. Just don't tell us when you buy 
your own island in the South Seas - we 
might get a little jealous!

A bad design?
The next correspondent raises quite a 

few points in a letter that has a fairly 
severe tone to it. The letter is in re
sponse to a previous letter concerning 
problems with a VZ-300 RAM expan
sion circuit, presented as long ago as 
May 1987 in our ‘Circuit and Design 
Ideas’ section. Although the circuit in 
question is now somewhat dated, the 
points raised are interesting. Here's the 
letter, in reduced form.

The VZ-300 RAM expansion circuit 
presented in the Circuit and Design Ideas 
(EA May 1987) section has two glaring 
faults. The first is that the Z80 CPU, as 
used in the VZ-300 has TTL level output 
voltages, that is, less than 0.8V (low) 
and greater than 2.4V (high), whereas 
the CMOS logic gates used in the circuit 
have CMOS level inputs less than IV 
(low) and greater than 4V (high). Be
cause of the incompatibility of the logic 
families used, it is probable the circuit 
will not operate correctly.

Secondly, the propagation delay of 
300ns for the 4008 adder would be likely 
to create problems, due to the access 
time of the VZ-300.

Might I suggest that when checking 
computer circuits for feasibility, you 
check particularly the following points. 
1. Correct pinouts of ICs.
2. Correct Boolean logic.
3. Logic family compatibility.
4. Propagation delays.

Clearly, the third and fourth points 
have been overlooked in the circuit, and 
I doubt if the designer ever actually 
tested his design or perhaps he got lucky 
with a very fast 4008 in his prototype.

Might I also suggest that you request a
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declaration from contributors stating that 
they have tried the circuit presented to 
save problems such as these. (M.S., 
Clarence Park A)

OK, the circuit referred to by M.S. is 
now over two years old, and delving 
back to it is not really going to prove 
anything. The reason I have published 
the letter is to be able to air the techni
cal aspects of interfacing logic families, 
and to answer the suggestions by the 
correspondent on how we should check 
circuits presented for our Circuit and 
Design Ideas (CDI) section.

Examining various data books on the 
subject, I have to agree with M.S. con
cerning the likely incompatibility prob
lems with interfacing a TTL-compatible 
IC to a CMOS type. The problems will 
arise when the TTL device goes high, 
and it is usual to include a pull-up resis
tor from the output to the 5V rail to get 
as high an output level from the TTL 
device as possible.

However, my own experience has 
demonstrated that most TTL compatible 
ICs (such as the Z80) will produce an 
unloaded output level of around 3.5V 
when the output is high. Most CMOS 
inputs will also recognise an input volt
age of 2.5V or more as being a logic 1. 
So while the data books state certain 
limits, in practice one can often get 
away with interfacing TTL directly to 
CMOS. The simple answer is to add the 
pull-up resistors, which can be any 
value from Ik to 10k, although 2.2k is a 
typical value.

Propagation delays are another vari
able, and the times specified by manu
facturers are always worst case. It often 
happens that CMOS ICs from one 
manufacturer will have different speci
fications to those from another, and 
generalising is often very misleading. 
For example, the Fairchild manual gives 
a typical propagation delay for the 4008 
(at 5V) as 150ns, and 300ns as the maxi
mum.

What I am trying to say is that I be
lieve the circuit referred to by M.S. has 
every chance of working, although it 
does break ‘good design’ rules. So if I 
had applied the criteria suggested by 
M.S., this circuit would have passed my 
inspection, on the basis that I would not 
be prepared to reject it as technically 
inoperable because it breaks a few 
rules.

Then again, how on earth would we 
have the time to analyse all circuits pre
sented by contributors for our CDI sec
tion, using the criteria suggested by 
M.S.? These circuits are presented with 
the disclaimer that we have not tested 
them - a sort of ‘buyer beware’ clause. 

Our main concern is whether the circuit 
is likely to be of interest to other read
ers. Sorry M.S., we cannot abide by 
your suggestions as many excellent cir
cuit ideas would never be printed.

Finally, I doubt if a signed declaration 
by contributors confirming that they 
have tested their circuit would solve 
anything. All the signing in the world 
simply means the prototype worked, 
which may be the result of good luck, 
or it may mean considerable research to 
ensure repeatability has been under
taken - who knows? Also, I question 
whether contributors would bother to 
dream up a circuit that they never actu
ally built and submit it for publication 
anyway. We take the attitude that most 
contributors are honest, and our dis
claimer takes care of the rest.

Vocal canceller
This project goes back a few years, 

but a reader who has recently built it 
seems to be having a few problems. His 
letter is as follows:

/ recently completed the Vocal Cancel
ler project described in EA April 1982. 
Although everything else works, it does 
not seem to cancel the voice as described 
in the magazine. I have changed various 
components, including IC1, but when 
tested from a tape recorder, as described 
in the article, the voice is not cancelled.

Our resident audio expert Rob Evans 
has provided me with the following re
sponse:

To test the operation of the vocal can
celler, short the left and right inputs to 
ensure that a true mono signal is ap
plied to IC1. Then apply an audio signal 
or test tone to one of the inputs, and 
adjust the ‘null’ control RV1. Since the 
unit cancels any common mode signal, 
you should be able to eliminate the 
sound at the output or reduce it to a 
very low level.

If this is not the case, remove the 
input short and check the components 
between the input connections and pins 
2 and 3 of the IC. Also, double check 
that both inputs are arriving from your 
amplifier, by switching the canceller to 
‘normal’ mode and verifying that both 
the left and right outputs are present.

Valve suppliers
We occasionally get letters asking us 

where valves might be purchased. The 
following letter is typical, and the reply 
may be useful if your trusty valve ampli
fier or transmitter has finally died.
Could you advise me where I could ob
tain an 807 beam power valve. I have a

SBS
RADIO & TV

LISTING.
In the January 1989 issue of Electron

ics Australia we published a listing of all 
the Radio and Television stations in 
Australia. However, the Special Broad
casting Services’ listing (better known as 
SBS TV & Radio), was inadvertently 
left out. It is as follows. We will also be 
publishing an updated version of all 
Radio and Television stations in the 
January 1990 issue.

SBS TV-STATIONS
Call Location Freq. 

(MHz)
Power 
Watts

ACT
SBS28 Canberra 527.260 200K
SBS/54 T uggeranong 709.250 400
SBS/58 Tuggeranong 737.250 750

NSW
SBS28 Sydney 527.250 300K
SBS/32 Wollong. Nth 555.250 2.5K
SBS45 Newcastle 646.250 300K
SBS53 lllawarra 702.224 600K
SBS/58 Cooma 737.260 100
SBS/58 Gosford 737.198 200
SBS/58 Goulburn 737.260 500
SBS/58 Kings Cross 737.250 1K

VIC
SBS28 Melbourne 527.250 300K
SBS/51 Upwey 688.224 160
SBS/58 Marysville 737.250 10
SBS/58 Warburton 737.250 150
SBS/68 Ferntree Gully 807.224 350
SBS/69 Selby 814.198 500

QLD
SBS28 Brisbane 527.224 300K
SBS/48 Currumbin 667.250 2K
SBS/61 Gold Coast 758.250 50K

SA
SBS28 Adelaide 527.224 300K
SBS/43 Adi. Foothills 634.224 2K

WA
SBS28 Perth 527.198 300K

TAS
SBS28 Hobart 527.224 225K

SBS RADIO
Call Location Freq. Power

(kHz) Watts

NSW 
2EA Sydney 1386 5000
2EA Newcastle 1584 150
2EA Wollongong 1485 150

VIC
3EA Melbourne 1224 5000
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Play master No 1, designed I believe by 
John Moyle in Radio and Hobbies in 
1951, that uses these valves. The ampli
fier has worked excellently over the 
years, and still does, but is overdue for 
some new valves. (A.F., Aitkenvale 
Qld).

Valves are not exactly freely available 
these days, but the following sources 
are some that we know of.
Resurrection Radios, 53 Lang Street, 
South Yarra 3141 or phone (03) 
820 1315;
Orpheus Radio, RSD B98, Ballarat 
3352 or phone (053) 34 2513;
Waltham Dan, 96 Oxford Street Dar
linghurst NSW or phone (02) 331 3360. 
You could also try Dick Smith Electron
ics and other large parts suppliers, as 
they occasionally hold some valves in 
stock without advertising them in their 
catalogs.

You could also try a small advertise
ment in the Marketplace section in EA, 
as other readers may have spare valves 
they would be willing to part with. As a 
final suggestion, there are several com
panies in England or the US that 
specialise in selling valves. Their ad
dresses are best obtained by referring to 
an imported electronics magazine.
Bipolar electrolytics

The following letter was addressed 
to retired EA editor-in-chief and 
regular contributor Neville Williams, 
whose answer is printed immediately 
after it. Neville originally referred to 
the use of bipolar electrolytic 
capacitors In his series ‘An 
Introduction to Hifi - 21’ in EA, 
Oct.’88. The correspondent questions 
the notion of using two standard 
polarised electrolytic capacitors of 
twice the required value, connected 
in series to make a bipolar 
electrolytic.

It would seem to me that making an 
HuF bipolar electrolytic by connecting 
two 22uF electrolytic capacitors in series 
is the wrong way of going about it. I 
propose that an HuF bipolar should be 
made from two lluF electros connected 
in series.

I suggest that under the conditions of 
applying an AC signal, the electrolytic 
capacitor that is ‘reverse biased’ would 
appear as a resistor in series with the 
other capacitor. Because the resistance 
value would be small, the total effective 
capacitance would be lluF, for either 
polarity of the applied voltage. If I am 
correct, then connecting two 22uF elec
trolytics in series would end up giving a

NOTES & ERRATA
PC-DRIVEN FUNCTION GENER
ATOR (January 1989): The identi
fication of capacitors C2 and C5 is 
transposed on the PCB overlay dia
gram. Also the pin numbers for 
pins 3 and 16 of IC2 are transposed 
on the circuit schematic. The -12V 
rail connects to pin 3, not pin 16 - 
the PCB is correct.

total capacitance of 22uF, although two 
non-polarised capacitors (e.g., paper) 
would give the lluF value. (B.G., 
Korumburra, 3950)
• Years ago, when bipolar electrolyt
ics were not always available, it was 
common practice to use polarised types 
back-to-back, as in the article referred 
to, each capacitor being twice the speci
fied value. I cannot remember this prac
tice ever being challenged before.

Without being able to quote chapter 
and verse, I simply assume that most 
modern electrolytics will retain some
thing like their rated value for long 
periods, provided they are not subjected 
to DC voltages and currents which are 
likely to de-form or re-form the electro- 
lytically based dielectric.

While the measured leakage may vary 
with the polarity of the applied voltage, 
I do not go along with the idea that the 
capacitors would change dynamically 
from capacitor to resistor and vice 
versa, from one half-cycle to the next of 
the applied audio voltage. By connect
ing them back-to-back, they tend to 
protect each other from any DC compo
nent that might be present.

Playmaster 60-60
The Playmaster 60-60 amplifier has 

featured in these pages before. The fol
lowing letter is from a reader who has 
had some experience with this project. 
He offers a solution to a problem that is 
possibly fairly common with this ampli
fier:

/ am writing to hopefully help others 
who have constructed the Playmaster 60- 
60 stereo amp, with all suggested errata 
and modifications, only to find they can
not set the quiescent current.

I recently had occasion to look at such 
an amplifier constructed by a friend. 
After ensuring that my friend had con
structed the amplifier correctly, I 
checked and found the amplifier was os
cillating supersonically. The oscillation 
commenced at the point where the volt
age across the fuse resistor reached ap
proximately 7 volts, as VR1 was being

FAN CONTROLLER (Circuit and 
Design Ideas February 1989): The 
circuit diagram should show a 150k 
resistor connected between the ‘in
side sensor’ input (LHS of the 2.2k 
resistor), and the +12V rail. Also, 
the resisitor feeding the base of T4 
should be 3.3k rather than 3.3M, 
and the emitter of T3 should be 
connected to earth.

adjusted, and then rapidly raced to al
most rail voltage.

Both channels exhibited the same 
symptoms. The 68pF compensation ca
pacitors were replaced with known 
values but the symptoms remained. A fix 
was found by soldering a 68pF capacitor 
across the 4.7k resistor between the base 
of Q10 and the -50 volt rail for each 
channel. The oscillation completely dis
appeared allowing the voltage to be ad
justed to the required 11.2 volts. I hope 
this can be of assistance. (E.M., Cam
bridge Park NSW)

Why??
It is said the sine wave is the funda

mental waveform from which all other 
waveforms can be constructed. How 
then does a square wave relate to a sine 
wave? Both waveforms look and sound 
totally different, yet are related quite 
closely.

Answer to last month's 
Why??

Last month we asked why the input 
capacitance of a transistor seems to be 
higher than its specified value when 
used as a common-emitter amplifier.

The answer lies with Miller's theo
rem. This theorem states that the ca
pacitance between the collector and 
base (or gate and drain for a FET) will 
appear across the input terminals, 
(base-emitter) but multiplied by (1 + 
Av), where Av is the gain of the ampli
fier.

In other words, if Cix and Cbe are 
both 6pF, and the gain of the amplifier 
is 100, the total capacitance that will be 
present across the input terminals of the 
amplifier is (Cbe x 101) + Cbe, which 
equals 612pF. Considerably more than 
the 12pF you may have expected.

If the resistance of the signal source 
is high, say around 100k, the upper cut
off frequency (-3dB point) will be 
around 2.6kHz, using the equation of 
1/6.28RC. If Miller's theorem didn't 
apply, this frequency would be over 
132kHz. Quite a difference! ®
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Letters Continued from page 5 
rads was written mf and it is only com
paratively recently that uF has been 
generally accepted, as an alternative to 
(Greek letter) mu-F. Neither of these 
changes involved any alteration of 
values, only of name. And please note: 
your use of mF is dreadfully confusing 
to us older users.

Your new policy of nanofarads and 
millifarads is an attempt to introduce 
new values into the range. As you have 
argued in the case of the symbols, I 
have not yet seen a good and valid rea
son for the introduction of these new 
values. The old values were quite ade
quate in the UK, USA, Japan and Aus
tralia, until the Europeans decided to 
try to impose their ideas on us all.

Nanofarads was a European standard, 
yet in the symbols case you vehemently 
oppose the European standard. (Millifa
rads you've conjured up from I don't 
know where.)

If your arguments are going to carry 
any weight, they must be consistent. 
What's it to be? Rectangles and nanofa
rads? Or zig-zags and uF?

Jim Lawler
Geilston Bay, Tas.

Comment: Thanks for your views, Jim. I 
guess during this transitional era it's 
inevitable that we're going to be accused 
of either being ‘old fashioned’, ‘confus

TRONICS 2000

ing’ or ‘inconsistent’ - but at least we're 
not boring! Incidentally I would scarcely 
describe the few changes we have made 
as ‘desperate’.

Anniversary message
I was delighted to learn that Electron

ics Australia has reached its golden fifti
eth year - an accomplishment that most 
magazines never attain.

As a reader of Electronics Australia 
for the past twenty years, I find that the 
last two decades culminate a half-cen
tury of faithful service to emerging engi
neers and scientists who are practising 
hobbies based on the information your 
inspiring articles provide. Additionally, 
Electronics Australia offers a pleasant 
respite from the turmoil of everyday 
travail that professionals and electronics 
technicians endure on the job.

The measured accomplishments of 
Electronics Australia give to our indus
try an elevated bench mark of quality 
performance that must be achieved if 
we are to serve our readers faithfully 
and endure the test of time.

Continue your worthy efforts and ful
fill the destiny of truth and education 
that our worthy industry expects from 
all of us.

Julian S. Martin, Editor
Popular Electronics
Farmingdale, New York ®

JOIN THE 
WIRELESS 

INSTITUTE OF 
AUSTRALIA

I

The Wireless Institute of Australia 
(W.I.A) represents radio amateurs in 
local and international matters and 
provides assistance, education and 
many other services. As a member 
you will receive:

• AMATEUR RADIO the monthly 
magazine of the WIA.

• News of DX, propagation, clubs, 
satellites, etc.

I

OTHER SERVICES INCLUDE:

I • A world-wide QSL service

■ • Weekly news and information 
broadcasts

I • Books and publications sales

। • Classes for students for the Novice. 
Limited and Full Call Certificates

■ • Lessons by correspondence

| • Participation in contests, seminars 
and field days

• Sole representation for amateurs at 
government level

STEPPING MOTORS 
SERVO MOTORS

SANYO DENKI STEPPING MOTORS
Sanyo Denki Stepping Motors are of the efficient, latest design hybrid type. 
Torque outputs vary from 1 to 150 Kgm Cm with speeds up to 3000 rpm. Very 
economical drive units are available to suit all motors for interfacing to 
computers for programming under BASIC.

IKI MOTOR FEATURES
• Compact, Lightweight, High out-put
• Excellent Servo Characteristics
• Well matched line-ups and options
• Controller Units available in full line up

TYPICAL APPLICATION
• Positioning Control of Conveyors
• Industrial Robotics
• Locating and Position Control
• Press Position Control
• Work Position Control
• Simplified NC Machine Retrofitting
• X-Y Table Location Control

¡ Learn more about the W.I.A. and

AMATEUR RADIO

। Forward this coupon, or write to:

I W.I.A.
I RO. BOX 300
I CAULFIELD SOUTH
■ VICTORIA 3162
I Registered Address 3/105 Hawthorn Road, Caulfield 
"North

I Please send a WIA membership form to:
¡NAME.............................................

I Address

I

I

DRIVE UNITS AVAILABLE FOR ALL MODELS 
L/R DRIVE UNIT AVAILABLE IN KIT FORM

MELBOURNE: 18-20 Syme St.. Brunswick. Ph: (03) 387 0655 Fax: 387 9062
SYDNEY: 25 Hector St.. Sefton. Ph: (02) 644 8133 Fax: 644 3550
ADELAIDE: A.F. Hay. 116 Gilbert St.. Adelaide. Ph: (03) 51 3941

Postcode......................
BKP88/129A

I
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“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.

May 7939
Remote control units for pick-ups: The 
latest craze in the USA is for remote 
control units which will allow records to 
be played through a radio set, but with
out a connecting wire.

The devices are, in fact, small trans
mitters. An oscillating receiver valve is 
modulated by the output from the pick
up, and the signal that results is picked 
up by the set, and heard via the loud
speaker.

The idea is quite a workable one, and 

we have carried out some experiments 
in the past with such units. The attitude 
of the PMG towards them in Australia, 
however, is rather hard to gauge. They 
are actually unlicensed transmitters, and 
could be picked up some distance from 
the set. In the event of interference 
with the neighbour’s programme, trou
ble might start.

May 7964
Translator TV: A recent amendment to 
the Wireless Telegraphy Act in Austra
lia has opened the way to the use of 
television ‘translators’. By picking up 

television signals in favourable locations 
and re-directing them into ‘shadowed’ 
areas, translators can bring TV pro
grams to communities, which local 
topography robs of a normal service.

Operating in the VHF band, between 
45 and 222Mc, the coverage of televi
sion transmitters is limited to an area 
which is commonly described as ‘slightly 
beyond the visual horizon’. While the 
use of tall transmitting masts, promi
nently sited, can yield surprising cover
age, some signals may skim right over 
the top of communities hidden from the 
transmitter by intervening high ground.

Translators can serve these communi- 
tites by automatically rebroadcasting the 
television signals into the shaded area. 
The translator is located on a hill or 
tower where it can receive the original 
television signal to best advantage. The 
signal is then amplified, converted in 
frequency to another standard television 
channel and transmitted to the area 
below. Here it is picked up by normal 
domestic TV receivers tuned to the sec
ond channel.

Translator systems with one watt of 
RF power output or less can typically 
provide good service to about 30 miles. 
Yagi type antennas are commonly used 
to direct the limited power for most ef
fective coverage of the desired area. ®

MAY CROSSWORD
ACROSS

1. Intermittent eye-catcher. (7)
5. Rank serviceman? (7)
8. Concerned with light and 

sight. (7)
9. State of electrical

equilibrium. (7)
11. Mode of tape deck. (4)
12. Brand of rechargeable

battery. (5)
13. Rectification form, —-

wave. (4)
16. Manifestation of lightning. 

(6)
17. Sound of interference. (6)
19. Australian standards 

authority. (1,1,1)
21. Small unit of length. (6)
23. Period preceding 5 down.

(6)
27. Having a boundary 

somewhat like 35 across.
(4)

28. Particle detector, —- 
chamber. (5)

29. Effect of excess radiation. 
(4)

32. Maximum. (7)
33. Consequence of 16 across 

(7)
34. Computer bugs. (7)
35. A Lissajous figure. (7)

DOWN
1. Kind of disk. (6)
2. Parallel currents do it. (7)
3. Break into computer 

system. (4)
4. New recordings. (8)

SOLUTION FOR MARCH
0000053 rara00Hnan 
D000H0H1H 
0011^000 ldBHlUH00 
□ 0 Q El O 0 0 0 
HEKin 00000 nraBii 
ui n a a a s n 0 

EJK0B0H El 
□ IH B 0 0 B 
b uiraanMQ aramo ra n h 0 s h n 0 
0HB0 U0fJW0 0000 BBnnMBBEi 
1:101110000 U0MB0E!l.’J n b n b a 0 ra n 
00000000000000

5. Paths of satellites. (6)
6. Collection of data. (4)
7. Part of a switch. (7)

10. Physical phenomenon. (6)
14. Vertical oscillators with 

digital loop support! (5)
15. Play series of quitar notes.

(5)
18. Remove ripple. (6)
20. First Canadian satellite. (8)
22. Device for battery 

maintenance. (7)
24. Said of knowledgeable 

crossword solver? (5-2)
25. Anodesin thermionic valves.

(5)
26. False. (6)
30. Morse senders. (4)
31. Term describing method of 

current balancing. (4)

128 ELECTRONICS Australia, May 1989



E A marketplace E A marketplace
ADVERTISING RATES FOR THIS PAGE

SMALL ADDS: The minimum acceptable size of 2 centimetres x one column costs only $50. Other sizes up to a maximum of 10 cen
timetres are rated at $25 a centimetre. CLASSIFIEDS: $4 for 40 letters. Just count the letters divide by 40 and multiply by $4, ROUND 
UP TO NEAREST WHOLE NUMBER. CLOSING DATE: Ads may be accepted up to the 18th of the month two months prior to 
issue date. PAYMENT: Please enclose payment with your advertisment. Address your letter to THE ADVERTISING MANAGER, 
ELECTRONICS AUSTRALIA, PO BOX 227, WATERLOO, NSW 2017.

FOR SALE
NEW RADIO VALVES: For entertain
ment or industrial use. Waltham Dan, 
96 Oxford St., Darlinghurst, Sydney. 
Phone (02) 331-3360.
RADFAX2: Hi-Res radio fax, morse and 
rtty program for IBM PC/XT/AT on 360K 
5.25" floppy + full Doc. Need CGA, 
SSBhf, FSK/Tone decoder. Has re-align 
auto-start view save print. Also “RF2- 
HERC” same as above but for hercules 
card, and “RF2EGA” for EGA card 
(640x350 mode). Programs are $30 each 
+ $3 postage ONLY from M. Delahunty, 
42 Villers Street, New Farm 4005, Old. 
Ph: (07) 358-2785.
ELECTRONICS ENGINEER: Analog, 
digital, power design, prototypes. $35 per 
hour. (059) 964-4353 A.H.
1 MEG PRINTER BUFFER KIT: REV H 
boards now available. Supports 8K to 
1MEG. $39 kit consists of Double sided 
PCB, EPROM, and instructions. Optional 
additions include 2 by 7 SEG LED front 
panel display of percentage full, 1 to 99 
copies select, 3 polled computer inputs, 
printer switches, computer switches, and 
serial converter boards. For a free cata
logue send a 39c stamp to Don McKen
zie, 29 Ellesmere Crescent, Tullamarine 
3043.
j=====: KIT REPAIRS! ===== 

Repairers of all EA, ETI, 
AEM and Silicon Chip projects. 

Got a problem! Or queries;
Ring any time 9 am-9 pm Mon-Sun

EEM ELECTRONICS
10 Bouverie Place, Epping 3076 

(03) 401-1393

PRINTED CIRCUIT BOARDS
Minimum postage & packaging on all EA & 

ETI Project PCBs.
PCBs made to order — 48 hr prototype 

service.
Bankcard/Mastercard 
ACETRONICS PCBs 

112 Robertson Rd, Bass Hill 2197 
(02) 645 1241

- - - - - - - - - - - - KIT REPAIRS- - - - - - - - - - - - -
★ Repairers of all EA ETI AEM & Silicon Chip 

Kits
* Suppliers and installers of best quality 

security equipment
* If it’s electronics you need call us, we might 

be able to help you.
Got a problem or queries ring

9 a.m.-9 p.m. Mon.-Sun.
EEM ELECTRONICS Specialists in electronics 

and electronics security
10 Bouverie Place, Epping 3076 (03) 401-1393 

EX-ABC AUDIO TAPES: W wide on 
101/2" Standard metal spool $6.85. Ro
bust metal spool $12.85 7" spool 
$2.85. 5" spool $1.25. Post extra. Also 
in stock 1/z", 1" and 2" tapes. Waltham 
Dan, 96 Oxford St., Darlinghurst, Syd
ney. Phone (02) 331-3360.
AMIDON FERROMAGNETIC CORES:
Large range for all receiver and trans
mitter applications. For data and price 
list and 105x220 SASE to: R.J. & U. S. 
Imports, P.O. Box 157, Mortdale, 
N.S.W. 2223. N.S.W. Geoff Wood Elec
tronics, Lane Cove. Webb Electronics, 
Albury. A.C.T.: Electronic Components, 
Fyshwick Plaza, Vic.: Truscott Electron
ics, Croydon. W.A.: Willis Trading Co., 
Perth.

A NEW CONCEPT FOR LOW VOLTAGE PROJECTS 
COPPER FOIL TAPE: thin pure copper tape backed by 
special hi-tack adhesive. Current carrying capacity, 5 
amps, FULLY TESTED at 24V 5A. Not recommended 

for mains voltage
4 75mm ... RRP $8.03 6mm...RRP$9.84 8mm... 

RRP $13.60 33 metre rolls
GIFFORD PRODUCTIONS

P.O Boi 62, St. Kilda, Vic. 3182 (03) 534-3462

------------------- LASER OPTICS
Build yourself a Laser and Save Big Bucks. Kit 
Includes, Laser Tube, Transformer, Board, Wir
ing, Case, Caps, Resistors, Transistors. Many Uses 
— Discos, Relay Activation 300 Metres, Levelling, 

Security Effects, Alignment.
Buy Now and Save Hundreds.

Price $435 Includes Postage Phone (08) 296-7464 
Till 9 p.m., Or Send For an Info Pack to

LASER OPTICS.
3 Tarnham Road, Seacombe Heights S.A. 5047.

R a Di<0 Pit Ltd |
Established 1933

IS THE ONLY COMPANY 
WHICH MANUFACTURES AND 

SELLS EVERY PCB & FRONT PANEL 

published in EA ED & Silicon Chip 

651 Forest Road Bexley 2207 
AUSTRALIA

RING (02) 587 3491 FOR INST AN1 PRICES 

24 HOUR TURNAROUND SERVICE

For all your ★ Electronic Components ★ Tools & Test
gear ★ Kits ★ Security ★ Remote Control ★ Design & Service

Call-NEWTRONICS
131 Pacific Hwy, 

Charlestown, NSW, 2290

WANTED
RCA-CA-3035 OR: RCA-3035 VI or Sk- 
3254 or Equiv. Any quantity will pay one 
dollar each for this obsolete IC. Also 
need Intel or Equiv. 8089-A 1984 or 
older. Call (071) 47-5364 or write to E. 
Tano, 16 Netherby Rise, Sunshine 
Beach, Qld 4567.

Value Amplifier Books: Circuits and In
formation. Noel Watson, P.O. Cooran, 
4569. Ph: (071) 85-1586.

FIX-A-KIT
$15 PER HOUR LABOUR .

No charge for kits that can't be repaired.
3 months warranty on repairs. 

Construction available.

HYCAL INSTRUMENTS
Design, manufacture, repair of electronic equipment

(02) 633 5897

THE BUBBLE-ETCHER

Our Bubble-Etcher now has a heater.
Reheats the etchant when you need it. 

The air bubbles do the stirring.
The perspex tank forms a vertical slot.

You see the etching proceed. 
Suits board up to 12" x 10". 

Ask us for a brochure.

Sesame Electronics Pty Ltd 
P.O. Box 452, Prahran 3181

Phone (03) 527 8807

P.C. BOARD MATE
PRINTED CIRCUIT BOARD HANDLING RACK

FEATURES
• OPEN PLAN BASE allows excellent ventilation flow for curing or drying 
applications
• TEMPERATURE TOLERANCE 150"C +
• CHEMICAL RESISTANT constructed from re- mtorced heat stabilised plastic 
glass compound
• ACCOMMODATES 26 PANELS
• AVAILABLE IN FOUR COLOURS red blue, yellow, green Ideal lor process control 
(other colours on special request)
• STACKABLE nests for easy storage
• DESIGN eliminates chemical contamination and staining problems associated 
with timber racks ano minimises damage to the printed surface
• DESIGNED and manufactured in Australia

ENQUIRIES: PC BOARD SERVICES, 5 SYDNEY 
ROAD, BAYSWATER, VIC 3153, AUSTRALIA. 
PHONE: (03) 720 5433

Mail Order via your phone
Ph: (049) 439 600 or by
Fax:(049) 439 809



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.

ADVERTISING 
INDEX

Supplier State A B c D E F G
All Electronic Components Vic • • • • •
Altronics WA.NSW • • • • • • •
Acetronics NSW •
Chapman, Lance NSW • •
Dick Smith Electronics All • • • • • • •
Eagle Electronics SA • • • •
Electronic Brokers Vic •
Electronic Component Shop Vic • • • • •
Emona Instruments NSW •
Geoff Wood Electronics NSW • • • • • •
George Brown Group All • • • •
Jaycar Electronics Eastern • • • • • • •
Pernea Electronics Vic • •
Pre-Pak Electronics NSW • • •
Preston Electronics Vic • • • • •
RCS Radio NSW •
Rod Irving Electronics Vic • • • • • • •
Scientific Devices Vic •
Sheridan Electronics NSW • • • •
Tandy Electronics All • • • • •
Wagner Electronics NSW • • • •

KEY TO CODING D Components
A Kits & modules E IC chips & semiconductors
B Tools F Test & measuring instruments
C PC boards and supplies 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 subscription enquiries should be directed to: 
Subscriptions Department. Federal Publishing Co. PO Box 227. 
Waterloo 2017. Phone. (02 ) 693 6666
BACK ISSUES: Available only until slocks are exhausted. Price: 
$4.50
PHOTOSTAT COPIES: When hack issues are exhausted.
photocopies of articles can be supplied. Price: $4.50 per project 
or $9 where a project spreads over several issues.
PCB PATTERNS: High contrast, actual size transparencies lor 
printed circuit boards and front panels are available. Price: $5 for 
boards up to 100 square centimetres; $10 for larger boards. Please 
specify positive or negative.
PROJECT QUERIES: Advice on projects is limited to postal 
correspondence only, and to projects less than live 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 be 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 2(117. 
Please note that we are unable to supply back issues, photocopies 
or PCB artwork over the counter.

Photostat copies..........................................Back Issues ...................................................

Total price of magazines/phoiouopies. No off issues reg x$4.50=$
including postage and handling.

Cheque’ Money Order Please tick box to indicate
method of payment
'Pit ase make payable to the Federal Publishing Company Pty Ltd

Mastercard American Express ) Visa . 1 Bankcard U Tick Z
^aro Expiry Date

□m m on m i i~ns
Signature .

Credit Card No (Unsigned Orders cannot be accepted)

NAME:................................................................................................................

ADDRESS:....................................................... ...............................................

............................................................... POSTCODE.....................

Acetronics........................ 17,129
Altronics.............................88-91
Avtek Electronics................... 123
Circuitworks.......................... 123
Companion Computers.........123
Current Solutions.................. 122
Dick Smith Electronics....... 26-27
Eagle Technologies.................33
Electronic Computer Shop...... 75
Elmeasco...............................IFC
Energy Control........................39
EEM Electronics.................... 129
Federal Publishing.18,19,114,115
Geoff Wood Electronics...........13
Hewlett Packard.................. OBC
Hi-Tech Software....................25
Hycal Instruments.................. 129
Jaycar................................ 76-79
Kenelec..................................... 9
Kepic......................................... 8
Laser Optics.......................... 129
L E Boughen & Co................. 110
Mijell Enterprises................... 122
Oatley Electronics................. 123
Obiat....................................... 31
Parameters............................. 57
PC Board Services................ 129
PCB Resources..................... 107
Perna Electronics....................30
Phillips Scientific & Industrial ...67
Prometheus Software'............111
Protei Technology................. 111
RCS Design.......................... 107
RCS Radio............................ 129
Richard Foot.......................... IBC
Rod Irving...........................40-45
Satscan................................... 66
Scan Audio.............................. 50
Sesame Electronics...............129
Stotts....................................... 87
Tennyson Graphics............... 103
Tron ics 2000......................... 127
University Paton Instruments...24
Vicom International.............12,74
WIA....................................... 127

This index is provided as an additional service. 
The publisher does not assume any liability for 
errors or omissions.



Non-CFC Service Aids
for the Australian electronics industry

PROPELLANT

NON-CFC

Top quality, value for money, service 
aids formulated specifically for the 
Australian electronics, electrical and 
computer industries - and they won't 
harm the environment.
Electronic Freezing Spray
Non-CFC, non-corrosive, safe method of cooling electronic 
components to detect dry joints and other thermal faults. 
Electronic Cleaning Solvent No.l 
Fast drying non-CFC solvent blend for cleaning electronic 
components and circuit boards. 
Printed Circuit Board Lacquer 
Specially formulated lacquer designed specifically for pro
tecting circuit boards and components from environmental 
attack. Can be soldered through for component replacement 
and acts as a solder flux.
Protek
General purpose maintenance, dewatering and penetrating 
fluid for protecting, lubricating and rust prevention.
Heat Sink Compound
An efficient, non-toxic paste with excellent thermal conductivity 
over a wide temperature range.

Available from:
NSW
• Digital Pty Ltd YAGOONA Ph 796 2888 
• WES Components Pty Ltd ASHFIELD Ph 797 9866 
• Carramar Radio CARRAMAR Ph 726 3628 
• Macelec Pty Ltd WOLLONGONG Ph (042) 29 1455 
• D J Coulter Wholesale Pty Ltd MAYFIELD Ph (049) 67 1455 
• Novocastrian Electronic Supplier BROADMEADOW Ph (049) 62 1358

Electronic
Circuit Boote

Cleonet
Removes solder ^ 

and contaminan«

OZONE

• Vimcon Pty Ltd WOLLONGONG Ph (042) 28 4400
• Sheridan Electronics Pty Ltd REDFERN Ph 699 5922
• NEC Home Electronics Aust Pty Ltd REVESBY Ph 774 5122
• Jaycar SYDNEY Ph 267 1614
• Jaycar GORE HILL Ph 439 4799
• Jaycar HURSTVILLE Ph 570 7000
• Jaycar CONCORD Ph 747 2022
• Jaycar PARRAMATTA Ph 683 3377
• Royston Electronics SILVERWATER Ph 647 1533

Queensland
• AES Electronics FORTITUDE VALLEY Ph (07) 252 8233
• Selectro Parts Pty Ltd YERONGA Ph (07) 848 8197
• Jaycar BURANDA PH (07) 393 0777
South Australia
• George Brown Group Hilton (08) 352 2222
• St Lucia Electronics BOWEN HILLS (07) 252 3762
• St Lucia Electronics GOLD COAST (075) 32 3632
Northern Territory
• AES Electronics DARWIN (089) 81 6602

Victoria
• Electronic Engineering Supplies BRAESIDE Ph (03) 587 3888
• Royston Electronics NOTTINGHILL Ph (03) 343 5122
• Jaycar MELBOURNE PH (03) 663 2030
• Jaycar SPRINGVALE Ph (03) 547 1022
W.A.
• Everett International Pty Ltd WEST LEEDERVILLE Ph (09) 381

rf RICHARD FOOT PTY. LTD.
26-30 Tepko Road. Terrey Hills, NSW Australia 2084
P.O. Box 245, Terrey Hills, NSW Australia 2084
Fax: (02) 450 2569 Telephone: (02) 450 2133 Telex: AA24777



we never

"Why settle?"For under 
$15,000, the HP 8590A Portable RF 
Spectrum Analyzer is such a good buy 
that you can 
afford one 
for every 
bench. Yet it's 
no stripped 
down, low- 
tech model.

It's loaded.
You'll find every essential 

measurement tool in the HP 8590A, 
plus more of the right bells and 
whistles than analyzers three times 
as expensive.

And there's a wide frequency range 
(10 kHz to 1.5 or 1.8 GHz), large 
amplitude range (-115 dBm to 
+ 30 dBm), plus 50 or 75-ohm input. 
Frequency accuracy runs ± (5 MHz 
+ 1% of span).

Take care of the basics with three 
simply labelled keys: FREQUENCY, 

SIAN and AMPLITUDE. The entire 
keyboard is that easy to understand. 
There are 14 dedicated keys for 
common functions plus softkeys 
for over 80 special tasks.

Three optional digital interfaces 
make the HP 8590A completely 
programmable for automated pro
duction testing. And you can use just 
about any desktop or HP hand-held 
computer to do it.

Use the HP 8590A's briefcase handle 
to carry it anywhere. It weighs just 
13 kgs, slips into all the tight spots, 
and it's sturdy enough to withstand 
the rigors of real portability.

Pick up the phone and call 
HP's Customer Information 
Centre STD-free on (008) 033 821 
to find out more on the HP 8590A 
Portable RF Spectrum Analyzer. HEWLETT

PACKARD
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