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High Performance In 
Your Shirt Pocket!

3 1 /2 digit LCD Display
Ranges Max Res Accuracy
Vdc 200mV-1kV 100|iV 0.5% +1dig
Vac 2V-750V 1mV 0.75%+5dig
Adc 200mA 100gA 0.75%+1dig

10A 10mA 1.5%+5dig
Aac 200mA 100pA 1 %+5dig

10A 10mA 2%+7dig
Ohms200ii-2MQ 0.1O 0.75%+1dig

Display also has 
Low Battery & 
Over-Range 
Indication

Built In Diode Check, 
Lo-Power Ohms & 
Continuity Test Beeper

Autoranging

Memory Function for 
Relative Readings 
(DM6235 & DM6335)

Manual Ranging 
Over-Ride
(DM6235 & DM6335)

One Year Warrantx«

/
1OA Range

Hold Reading Function 
(DM6335)

Automatic
Current
Limiting

Overload Protected to 
1000Vdc/750Vac

10MQ Input 
Impedance

Look At The Low Prices!

DM6135 Autoranging $88.80 
3 1/2 digit 10A ac/dc
DM6235 As above <tQQ CH 
with Memory
function and Range Hold

Prices include 9V Battery and High Quality Silicon 
Rubber Test Leads with Screw-On Alligator Clips

DM6335 As above 
with Data Hold $118.80

Gotta 
Gatta 
GoldStar
Dealer enquiries welcome. Call (02)736 2243
Recommended prices only including Sales Tax

You've Gotta Getta Goldstar from :
A.C.T. John Pope Electrical (062) 80 6576 • J Blackwood & Sons (062) 80 5235 • George Brown (062) 80 4355
N.S.W, Ames Agency 699 4524 • J Blackwood & Sons» George Brown 519 5855 Newcastle 69 6399
• Auto-Catt Industries 526 2222 • D.G.E. Systems (049) 69 1625 • W.F.Dixon (049) 69 5177 • Ebson 707 2111
• Macelec (042) 29 1455 • Novacastrian Electronic Supply (049) 62 1358 • Oblat Pty Ltd 698 4776
• Petro-Ject 569 9655 • David Reid 267 1385 • Digitel 709 6511 • Geoff Wood 427 1676
N.TERRITORY J Blackwood & Son (089) 84 4255, 52 1788 • Thew & McCann (089) 84 4999
QUEENSLAND Auslec (07) 854 1661 • G. Brown Group (07) 252 3876 • Petro-Ject (075) 91 4199
• St Lucia Electronics 52 7466 • Cliff Electronics 341 4655 • L.E.Boughen 369 1277
• The Electronics Shop (075) 32 3632
• Thompson Instruments (Cairns) (070)51 2404 • Nortek (Townsville)(077) 79 8600
S.AUSTRALIA Protronics 212 3111 »Trio Electrix 212 6235 • Industrial Pyrometers 352 3688
• J Blackwood & Sons 46 0391 • Petro-Ject 363 1353
TASMANIA George Harvey (003) 31 6533 (002) 34 2233
VICTORIA Radio Parts 329 7888 • George Brown Electronics Group 878 8111 » G.B. Telespares 328 4301
• A.W.M. Electrical Wholesalers • Petro-Ject 419 9377 • J Blackwood & Sons 542 4321
• Factory Controls (052) 78 822 • Mektronics Co 690 4593 • Truscott Electronics 723 3094
W AUSTRALIA Atkins Carlyle 481 1233 • Dobbie Instruments 276 8888 • Protronics 362 1044
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Military 
communications

What can you do when your im­
portant military communications 
signals are being jammed? Why, 
keep hopping all over the fre­
quency spectrum, of course - as 
our article on page 10 explains.

Projects to build
Our construction projects this 
month include an improved 
VHF-UHF masthead amplifier 
for TV and FM reception, the 
long-awaited Super Timer (fi­
nally!), the receiver-decoder sec­
tion of our 16-channel UHF Re­
mote Control, and the two core 
boards for our Real World PC 
Interface.

DSP feature
Digital signal processing tech­
niques are coming into much 
wider use, thanks to the develop­
ment of new specialised computer 
chips. Learn more about DSP 
and the new chips in our special 
feature starting on page 116.
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Letters to 
the editor

Electrostatic speakers
Following the comments of Steven 

Robinson regarding your review of the 
book “Electrostatic design and construc­
tion” by Ronald Wagner, I can only 
agree with the comments Steven has 
made and after designing and building 
electrostatic speakers myself for the last 
20 years would like to add a few com­
ments of my own to the subject.

Firstly the electrostatic panels in the 
book design would have the defects in­
dicated by Steven but not necessarily 
from the choice of diaphram material as 
he indicated. The author used a set of 
design parameters using a fixed spacing 
design. It can be shown that the three 
high frequency drivers will be direction­
al, because the diameter to length ratio 
of these drivers is not optimised but is 
of a uniform length to ease construc­
tion. If the drivers are constructed to 
the dimensions in my own calculations, 
it will be found that the radiation angle 
will approximate 90 degrees which is as 
good as can be expected from designs 
without the use of multiple angled 
drivers or doublets to determine the 
radiation pattern.

Secondly no absorbent material is 
used in the design to reduce rear radia­
tion at high frequencies, and if some ab­
sorbent material is used this will im­
prove the image substantially as Peter 
Walker has researched.

Thirdly the author has designed each 
individual panel with a resonant fre­
quency of one octave below the design 
cutoff frequency. Without the use of a 
bandpass filter to drive each section this 
can only result in a far from flat re­
sponse and no matter how much me­
chanical damping one may introduce the 
fundamental problem will still exist. 
Fortunately the solution is a simple one 
in that a first or second order RC band­
pass filter can be constructed to sub­
stantially reduce the levels at the reso­
nant frequency. At the low frequency 
end of the spectrum the design can be 
modified to trade off some efficiency for 
an improved low frequency perform­
ance.

The fourth design problem involves 
the obvious lack of calculation or meas­
urement of the capacitance of each 
panel, so that the correct value of series 
resistance can be calculated for the low

pass filter sections of his crossover. It 
can be shown that the crossover fre­
quencies at the high frequency end are 
incorrect as the same value series resis­
tors (390K) are used for each section. 
And this value will be determined by 
the amount of open space of the plates 
used.

Problem number five is the use of one 
diaphram for the entire passband. Here 
intermodulation distortion products will 
result from non linear piston displace­
ment, as the high frequency drivers are 
not being used to provide diaphram dis­
placement equal to that at the centre of 
the driver. The solution here is also a 
simple one in that the placement of 
additional spacers between the low fre­
quency sections and the mid-high fre­
quency drivers will stop these drivers 
being modulated altogether by the low 
frequency panels.

If one uses the above design changes 
a satisfactory result should be obtain­
able.

Two further notes for prospective 
constructors. As the power content in 
each part of the spectrum differs with 
musical content two audio transformers 
could be used in place of one wide 
bandwidth unit. In practice I have used 
valve guitar amplifier output transform­
ers in reverse to drive the bass drivers 
and grain oriented Hi-Fi push pull 
6GWB type output transformers for the 
high frequency drivers. This also allows 
simple conventional crossovers to be 
used at the voice coil impedance level 
for better bandpass characteristics.

Also if you are looking for a manufac­
turer of mains or output transformers a 
small company in South Australia 
(Bland Sales & Service, at 14 Forsters 
Rd, Ridley ton) will wind custom trans­
formers at a reasonable price.

Notwithstanding the above comments 
I would highly recommend the purchase 
of “Electrostatic Loudspeaker Design 
and Construction” and believe that the 
information therein is a valuable addi­
tion to any bookshelf. Secondly I would 
also refer interested parties to two other 
articles published, one in Elektor, Sep­
tember 1981 about the ESL-63’s, and 
the second an article in Electronics Aus­
tralia in February and March 1976 
about building electrostatic tweeters.

Graham Dicker 
Blackwood, SA
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MEK danger
In the March 1988 issue there was a 

letter in which a correspondent states 
that he uses MEK to clean PCB’s. I en­
close an extract from the Australian 
publication “Aviation Safety Digest” 
which should be brought to the notice 
of anyone contemplating the use of this 
solvent.

Please publish this extract as a contri­
bution to safety.

Max Riley, VK2ARZ
Mortdale Heights, 2223

Here is the extract:
EYESIGHT IS PRECIOUS
At a recent safety conference, an eye spe­
cialist described a hazard that could af­
fect each of us and our families. That 
hazard is the catalyst or hardener added 
to fibreglass resin before the resin is ap­
plied. The eye specialist stated that a 
drop of this catalyst in the eye will pro­
gressively destroy the tissue of the eye 
and result in blindness. This will occur 
even though an attempt is made to wash 
the catalyst from the eye. Furthermore, 
once the chemical has started to destroy 
the eye, there is no known way of stop­
ping the destruction or repairing the 
damage.

The specific toxic agent involved is 
methyl-ethyl-ketone peroxide (MEKP). 
In laboratory tests, MEKP in solutions 
of varying concentrations was found to 
cause eye problems ranging from “irrita­
tion” to “severe damage”. The maxi­
mum concentration producing no appre­
ciable irritation was a solution containing 
only 0.6% MEKP. Material published 
on the subject indicates that washing an 
affected eye within four seconds after 
contamination prevented injuries in all 
cases, but no known chemical neutralizer 
has been discovered. Suggested precau­
tions for catalyst users are eye-protective 
spectacles and the immediate availability 
of a source of bland fluid such as water 
for thorough washing of ocular tissues.

One disastrous experience was de­
scribed. While fibreglassing a chair at 
home, a victim had both eyes contami­
nated by MEKP. Though he made an 
effort to wash his eyes out, several 
minutes apparently elapsed before he 
found water. The sight of one eye was 
lost immediately, the other was lost grad­
ually over a period of about eight years. 
Its deterioration was described as resem­
bling that resulting from mustard gas 
burns during World War 1.

This fibreglass resin danger was previ­
ously unknown to those attending the 
conference, though many had used fibre­
glass resin at work or at home. The haz- 

(Continued on page 137)

Editorial
Viewpoint

The year that was, 
and the better year ahead

Here we are again, nearing the end of another eventful year. How time 
flies when you're having fun - and/or working hard!

Actually this year has been a little more eventful for EA than any of us 
would have wished. That holocaust a few months ago in our office building 
really set us back quite a bit, and for much longer than most of you probably 
realised. As I write this we're still working from two tiny and incredibly 
jammed rooms in what's left of the old building, and only due to move into 
our new temporary quarters shortly. We'll be there for quite a lot of next 
year, while the main building is knocked down and rebuilt.

One of the really distressing things about the fire was that directly or indi­
rectly it caused production delays, which filtered down through the printing, 
binding and distribution stages - generally growing longer in the process 
(Murphy's Law, I guess!). And the end result has been late arrival of quite a 
few issues, not just on the news stands but for subscribers as well.

This has been incredibly frustrating for everyone concerned, and I can't 
blame those incensed readers and subscribers who wrote in to complain. But 
to the many others who have accepted the delays with nary a murmur, please 
accept our grateful thanks for your patience and understanding.

Needless to say we've all been working extremely hard to overcome the ob­
stacles and get everything back on time, and I'm fairly confident that we're 
just about there now.

In fact - dare I say it? - next year is really beginning to look quite promis­
ing. We're now working with a full editorial team again, augmented by our 
regular contributors. There are lots of interesting construction projects in the 
pipeline, plus plenty of helpful general articles for both newcomers and old 
hands alike. All in all (and barring further fires, floods or hurricanes), I'm 
confident we're going to have a great deal to interest and help you in 1989 - 
our 50th year as a monthly, and our 67th year of continuous publication. So 
stick with us, the best is yet to come!

And in the meantime, from all of us labouring here at the makeshift EA 
offices, to all of our many readers, contributors, advertisers and friends: our 
very best wishes for a Merry Christmas and a Happy New Year.
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What’s New In ç i
Entertainment Electronics

Wall-mount hi-fi speaker
Jamo Art is a new high-performance 

loudspeaker from one of the world’s 
leading loudspeaker manufacturers. 
Similar in size to a 20" TV screen, the 
design is super flat and very elegant. 
But the sound reproduction is anything 
else but flat: it is claimed to be full and 
dynamic, with clear resonance-free bass.

Despite its size and flat square ap­
pearance, the internal cabinet volume is 
surprisingly large. Jamo Art is designed 
to be wall mounted. In so doing, the 
cabinet is acoustically coupled to the 
wall, enabling it to reproduce the deep­
est possible bass from the compact en­
closure design.

It is almost impossible to make a flat 
loudspeaker using conventional produc­
tion techniques. The front panel of 
Jamo Art is made of a one-piece injec­
tion moulded ABS material, reinforced 
by a complicated computer-optimised 
pattern of ribs for optimum stiffness of 
the front panel. The back panel is a 
form-pressed heavy steel plate which, 
on the inside, is covered with a syn­
thetic foam material for optimum damp­
ing. The front and back plates are 
screwed together locking the two drivers 
in position, eliminating any resonances.

This newly developed 2-way loud­
speaker utilises a rubber roll surround 
5" woofer for the bass and midrange 

area. It is efficient and has very low dis­
tortion.

To further enhance the bass response 
Jamo Art is an integrated bass reflex 
cabinet. The bass reflex port has been 
designed as an integral canal.The bass 
reflex opening has been positioned on 
the rear side of the cabinet so the bass 
output through the port is further en­
hanced by the wall itself. A new 1" im­
pregnated textile dome tweeter provides 
wide dispersion. The loudspeaker is 
suitable for amplifiers with an output of 
30-90 watts per channel. The frequency 
response is quoted as 40-20,000Hz.

Sound reinforcement system

Audio Engineers has introduced the 
Shure Audiomaster, a compact sound 
system with optional six, eight or ten in­
puts and 200 watts of power.

The Audiomaster system consists of 
the Audiomaster 1200 Mono Power­
mixer which is a mixer/amplifier with six 
inputs, which can be expanded to eight 
or ten inputs. Power output is 200 watts 
minimum with 4-ohm speakers and 120 
watts with 8-ohm speakers. It weighs 12 
kilos, is 7" high and mounts in a stand­
ard 19" rack. There are separate moni-

For those who desire a more conven­
tional looking loudspeaker, a bookshelf 
version of Jamo Art is also available. 
This speaker is called Monitor-One and 
is finished in either black or white lac­
quer. The components used are identi­
cal, and technical data is very similar.

As the lowest octaves in e.g., classical 
music are difficult to reproduce without 
having very large speaker cabinets, 
Jamo has developed an active sub­
woofer to match either enclosure. The 
subwoofer has a built-in 55 watt ampli­
fier and is connected directly to the am­
plifier in parallel with the main speak­
ers.

The SW-50 subwoofer is finished in 
either black or white lacquer, and can 
be positioned anywhere in the room, as 
low frequencies are non-directional.

For further information contact the 
Sole Australian Distributor, Scan 
Audio, 52 Crown Street, Richmond 
3121 or phone (03) 429 1299.

tor and reverb mixes and concentric EQ 
controls for each input and monitor 
mix.

There are a range of compatible op­
tions such as the 3200 Speaker, the 1200 
MX Expansion Module, carrying cases, 
microphones and speaker cable to make 
the Audiomaster system a flexible, rug­
ged, compact and high-quality sound 
reinforcement system.

For further information contact Audio
Engineers, 342 Kent Street, Sydney or
phone (02) 29 6737.
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Sony products for kids
Kids as young as 4 now have a selec­

tion of ‘My First Sony’ products to call 
their own. The product line includes a 2 
unit walkie-talkie headset, (ICB-1000) a 
cassette-recorder with microphone for 
children’s home recording, (TCM-4000) 
a radio cassette recorder with AM/FM 
tuner (CFM-2000) and a child’s version 
of the one and only Sony Walkman - or 
should it now be called ‘Toddleman’? 
(WM-3000).

The walkman comes with a volume 
limiter switch that, when turned on by 
Mum or Dad, restricts the volume level 
to protect tiny ears even though the 
child may have the normal volume con­
trol turned to maximum. It also has a 
see-through back panel with colourful 
working parts.

The walkie-talkie set is Department of

Communication permitted and operates 
to a distance of 300 metres depending 
on land formation and building interfer­
ence.

The radio cassette player has an 
AM/FM tuner, a cue and review func­
tion, rounded corners, a big moulded 
handle and big colour coded buttons for 
tiny hands to operate.

Last, but knowing Sony not least, is 

the recorder music machine designed to 
let budding stars sing along with their 
favourite artist or record their own com­
position.

All four ‘My First Sony’ products are 
lightweight and durable with a sturdy 
plastic shell in colourful combinations or 
red, blue and yellow with big soft touch 
buttons for easy identification and 
operation by young fingers.

New cartridge, 
amplifier from Ortofon

To celebrate the company’s 70th 
birthday, Danish hi-fi maker Ortofon 
has announced a new cartridge and its 
first-ever power amplifier.

The Anniversary Cartridge, which, 
not surprisingly, has been named MC70, 
has been developed using the knowl­
edge and expertise gained in the pro­
duction of the MC3000, and with ma­
jority of the high quality materials that 
were incorporated in this top-line car­
tridge. Only minor changes have been 
made: a somewhat modified rubber 
bearing and the diamond has been 
ground with a slightly different radius.

In spite of the quality level and price 
(calculated at approx. 25% less than the 
MC3000) Ortofon has elected to pro­
duce and sell only 800 pcs of this prod­
uct. Each MC70 will be numbered from 
1 to 800. The number is engraved on 
the topside of the cartridge, and printed 
on the ceramic plate, inside the box lid,

ABC instais local speakers in Lismore studios
Shown here is part of the studio 

equipment from Audiosound Labora­
tories at the new ABC studio complex 
in Lismore NSW.

Main studio monitors are the 8035 ex­
tended bass system, offering sub-woofer 
performance with a very smooth time 
aligned top-end at a fraction of the 
price of fully imported systems.

Other monitors used are the 8025 
mini-monitor, which though quite small 
has a -3dB point at 50Hz; the 8011 A; 
and for general purpose program moni­
toring the Audiosound Laboratories 
8002’s are used.

Also supplied were the new PM60 2 
unit balanced input MOSFET power 

on the reverse side of the owner’s 
manual, and, finally, it is written on the 
B&K graph giving the specific data.

Ortofon’s first power amplifier, 
PPA600, has been developed over the 
last year in close collaboration with the 
firm’s Italian distributor. It has been

amplifiers, which offer high perform­
ance and reliability at a modest price.

For further information contact 
Audiosound Laboratories at 148 Pitt 
Road, North Curl Curl 2099 or phone 
(02) 938 2068.

thoroughly tested, and the first 50 units 
produced.

Features include 225W per channel 
output into 8-ohm loads (both channels 
driven), 40A peak output current capa­
bility and all-metal 19" rack construc­
tion.
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Entertainment Electronics

Sanyo Australia is particularly proud 
of its new advanced VWD-5P camcord­
er, which boasts such features as vari­
able shutter speeds from l/5Oth of a sec­
ond through to l/4000th of a second.

Other features include digital two 
zone autofocus, a more advanced type 
of focusing for clearer images, even 
through glass; 6 times power zoom with 
macro function; auto back-light; 9 times 
and 21 times forward search as well as 7 
times and 19 times reverse search. And 
of course, features such as slow motion

Spectacular 
Release

Vila
NEW SA-100

SPEAKER KIT

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 2-2'/? 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 

frame advance, still picture and tape 
counter are also included. Dual voltage 
for overseas travel is another handy fea­
ture.

Another novel feature on this model 
is a title inserter enabling the user to 
professionally insert movie titles at the 
beginning of recording in a choice of co­
lours of white, blue , red, yellow and/or 
black.

Complete with hard carry case and ac­
cessories the VWD-5P camcorder has 
an RRP of $3299.00

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) 5225697 (Sydney) 
(07) 3577433 (Brisbane) 
(09) 3224409 (Perth)

Stocked by leading stores throughout Australia

‘Intelligent’ CD player
Marantz has released its super-smart 

model CD75DX CD player. The 
CD75DX includes ‘Favourite Track Se­
lection’, a device which allows pre-pro­
gramming of up to 226 discs. The FTS 
memory stores information on the pre­
ferred tracks on each disc; it then iden­
tifies the disc and automatically plays 
the selected numbers every time the 
disc is inserted into the player. The se­
lections can easily be changed, or the 
FTS memory can be over-ridden and 
the complete disc - or any part of it - 
played at will.

The CD75DX also has sophisticated 
conventional programming of individual 
discs. The player can directly access up 
to 99 tracks, with random access 
memory for 20 tracks. Programming can 
be by track, index or time - and can be 
done from the CD75DX’s remote con-

‘Super’ mini earphones
Arista Electronics has supplemented 

its extensive range of high quality head­
phones and other audio accessories with 
the new ‘super-mini’ earphones Model 
No. EPS-200.

The EPS-200s are suitable for use 
with all digital equipment including CD 
DAT and are naturally also suitable for 
use with analog hi-fi equipment. Fea­
tures include a samarium cobalt mag­
netic transducer, and a 1.25m high qual­
ity shiedled cable with a gold right an­
gled plug to make a solid connection. 
The EPS-200’s fit into a dispenser type 
protective black carry case which fits 
neatly into a purse or a pocket for 
safety and portability.

The individual left and right earpieces 
of the EPS-200’s are specially designed 
to fit comfortably into most ears and 
deliver clean crisp sound direct to even 
the most discerning ear. They carry a 
recommended retail price of $39.99.

For further information contact Arista 
Electronics, 57 Vore St, Silverwater 
2141 or phone (02) 648 3488.
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remembers favourite tracks

trol. The remote control also allows ad­
justment of volume from the armchair.

Designed and built in Europe, the 
CD75DX is claimed to be one of the 
most technically advanced players on 
the Australian market, with twin 16-bit 
digital-to-analog converters and three 
separate power supplies to ensure signal 
purity and delivery of the truest sound.

Provision of four-times over-sampling 
and digital filtering removes the need 
for steep analog filtering which can

New Akai VCR has 
Dolby Surround Sound

Dolby Surround Sound offering con­
cert hall realism has now been brought 
into the home, thanks to Akai. The 
company’s new VS-A/7 HQ hi-fi stereo 
VCR incorporates a host of technologi­
cal developments including Dolby Sur­
round Sound, hall surround, synthesised 
stereo, built-in 10W stereo amplifier, 
universal remote control and a host of 
of other features.

Mr John Karbowiak, national sales 
manager of Akai Australia, says that 
“although there are simpler surround 
sound systems using variations of third 
or phantom channel concepts, the VS- 
A77 uses the motion picture Dolby 
Stereo System”. 

upset the dynamic performance and 
stereo image. The ultra-compact single­
laser beam assembly is mounted on the 
latest fully floating die-cast mechanism. 
With a low moving mass it has fast ac­
cess times, high tracking stability and 
much reduced susceptibility to acoustic 
feedback.

The CD75DX has optical and elec­
tronic digital outputs for direct connec­
tion to separate digital processors, such 
as Marantz’s CDA94.

“Such complex surround decoders 
were first available only in expensive 
motion picture theatre projection and 
professional equipment. You normally 
had to attend the cinema to experience 
the feeling. The Akai Dolby Surround 
System VCR brings this realism within 
the reach of the domestic consumer”.

The synthesised stereo feature inverts 
the phase of the rear speakers and 
delays the rear channel by 20 millisec­
onds. This can be used on mono trans­
missions and videos to recreate a 
pseudo stereo effect.

The VS-A77 is a full HQ stereo hi-fi 
VCR incorporating Akai’s DX-4 head 
system. The double azimuth crystal fer­
rite heads are claimed to deliver stun­
ning picture quality in both SP and LP 
modes. ®

Problems?
...and you 

don't have our 
new 120 page 
electronic parts 
and accessories

catalogue...

At last... 
a TRADE 

catalogue for 
the consumer

ARISTA... Your one-stop 
problem solver.

...Audio Plugs and Sockets... 
...Speaker Accessories...

...Turntable Belts...
...High Quality Monitor PC Cables... 

...Shielded Audio and Speaker Cables... 
...Power Supplies for Audio Equipment...

...Complete Range of Replacement 
and Hi Fi Component Speakers...

...Audio Crossovers and Attenuators... 
...Speaker Selector Switching Units...

...Bookshelf and Mini Speaker Systems... 
...Harmony Speaker Systems...

...Audio Leads and Plug Adaptors..
...Replacement Styli and Carbo Tips.. 

...Earphones and Headphones...
...CD Player to Amplifier Adaptors... 

...Record, CD and Tape Care Accessories...
...CD and Cassette Storage Cases... 

...Mixing Consoles and Stereo Amplifiers.. 
...Graphic Equalisers and Spectrum Analisers...

Just aboutanythlng 
you want...

Get your catalogue complete with 
RECOMMENDED RETAIL PRICES 

free from your local ARISTA 
dealer or send $2.50 P & H 
and your return address to:

ELECTRONICS PTY LTD
PO BOX 141, LIDCOMBE, NSW, 2141
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A look at ‘jamming’, ‘frequency hopping’ etc:

The changing face of 
Military Communications
Good communications may not win a war, but poor 
communications can certainly lose one. Ian Graham reports 
here on the radio technology of today's electronic warfare.

Radio is a key element in the busi­
ness of moving information around. But 
radio signals do not discriminate be­
tween receivers. Essentially they can be 
received by allies and enemies alike.

Military forces face the problem of 
feeding information from dispersed mo­
bile radio transmitters at the fighting 
front to command centres reliably, with­
out allowing the same information to 
fall into enemy hands.

Racal-Tacticom's BCC39 military radio communications systems can transmit 
voice and data on any of 285,000 channels.

A great deal of time, effort and 
money have been invested in developing 
ways of denying the enemy access to 
communications. This electronic cat- 
and-mouse game has hotted up consid­
erably in the past ten years, as the cost 
of computer memory and digital elec­
tronics has fallen. Because of this, each 
new generation of communication 
equipment can be both cheaper and 
more versatile than its predecessors.

Computers are numerical creatures. 
Even the most sophisticated computers 
at the heart of talking, seeing and hear­
ing robots work by processing numbers. 
Modern weapons invariably use comput­
ers at some point in their aiming, firing, 
guidance or detonation. This huge in­
crease in the use of ‘number-crunching’ 
computers means that it has become 
very important for military forces to be 
able to transmit and receive numbers 
very rapidly and reliably. Some would 
say that this is now more important 
than voice communication.

Whatever the source of the informa­
tion - printed text, spoken words, com­
puter data, etc - it can be digitised be­
fore transmission. That is, it is con­
verted into a stream of pulses. The 
rapid stream of pulses is converted back 
into its original form by the receiver.

This ‘digital’ transmission resists inter­
ference better than the alternative of 
analog transmission. As long as the digi­
tal pulses can be detected by the receiv­
er, however degraded or distorted they 
may be, the voice or printed text that 
they represent can be recreated almost 
perfectly.

In contrast an analog signal, which 
represents information as waves of radio 
energy changing in frequency or magni­
tude, would be severely degraded and 
perhaps totally unintelligible if sub­
jected to the same amount of interfer­
ence.

Encryption

One way of preventing the enemy 
from reading the contents of messages 
transmitted is to scramble the messages, 
a process called encryption, which is 
nowadays carried out by computer. But 
the techniques are equally well known 
by everyone in the electronic warfare 
business, so enemy computers can be 
used to identify the particular encryp­
tion technique or combination of tech­
niques used, and begin to unravel the 
coded message.
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There is a further complication. If 
you've ever brought an ordinary radio 
set within a few feet of a personal com­
puter, you'll be aware that computers 
themselves transmit radio waves. The 
receiver picks up a mish-mash of noise 
from the computer. Subtle changes in 
the frequency of this generally un­
wanted radio ‘noise’ reflects what the 
computer is actually doing.

A suitably equipped ‘eavesdropper’ 
can pick up this noise with a radio re­
ceiver and in theory at least convert it 
back into intelligible information.

In this way, it is possible to read what 
a computer operator some distance 
away is typing into the computer. The 
radio signals transmitted by the com­
puter are received by a radio and fed 
into another computer programmed to 
turn them back into text on the screen.

‘Tapping’ a computerized military 
communications system in this way en­
ables the interceptor to read what a sol­
dier is typing into his terminal before it 
is encrypted and transmitted. To do this 
successfully, the interceptor has to get 
close enough to -the terminal to pick up 
the low-power signals being transmitted 
by its keyboard. Designers make this 
even more difficult by shielding military 
computer terminals to a much higher 
degree than home or office personal 
computers, greatly reducing the amount 
of radio energy that they broadcast.

Even if a message is encrypted so that 
the enemy cannot understand it, all the 
effort is wasted if the signal is jammed - 
because then no-one can receive it!

In the same way that a spoken mes­
sage can be swamped by loud music 
playing nearby, a radio signal can be 
jammed by transmitting a stronger sig­
nal on the same frequency. Once a sig­
nal has been jammed in this way, the 
only way to resume communications is 
to change frequency. The jammer then 
homes in on the new frequency. If the 
communicators can change frequency 
more quickly than the jammer, com­
munications can continue.

Radio equipment designed to seek out 
and jam radio signals does the job so

Racal-Tacticom's Jaguar, the world's first frequency-hopping radio, was 
launched in 1982 and is now used in 30 countries.

quickly that the repeated re-tuning nec­
essary to keep one step ahead of the 
jammer and maintain communications 
has to be done automatically too, under 
the control of computers. There are two 
types of ‘frequency hopping’ as this 
rapid frequency-changing is called - or­
thogonal and non-orthogonal. The first 
of these ensures that signals from differ­
ent communications networks are al­
ways kept apart on different frequencies 
to minimise interference. The second 
doesn't attempt to keep the signals 
apart. As a result some interference is 
possible as the radios can momentarily 
transmit on the same frequency, effec­
tively jamming each other.

In practice, because frequency-hop- 
ping radios have between several hun­
dred and several hundred thousand dif­
ferent frequencies at their disposal, sig­
nals rarely hop onto the same frequen­
cy. Even when they do, the two signals 
only overlap for a fraction of a second 
and so interference is negligible.

If the jammer can't follow the fre­
quency hopping radio quickly enough to 
disrupt communications, one answer is

FREQUENCY HOPPING OVER LIMITED BANDWIDTH

30MHz 88MHz
FREQUENCY HOPPING OVER 

COMPLETE FREQUENCY SPECTRUM

Fig.2: Frequency hopping over a 
narrow range can be easily jammed 
(top), but hopping over a wide 
spectrum makes it much harder by 
dissipating jammer power (above).

Fig.1: Evading jamming by frequency hopping. A fixed low power signal (1) can easily be homed in on by a jammer (2) 
and obliterated (3). But if it hops around the spectrum, even a wideband jammer has problems.

ELECTRONICS Australia, December 1988 11



Military Comms
to jam the whole waveband. However 
quickly the radio hops about, the jam­
mer swamps all the frequencies that are 
likely to be used. But there is a limit to 
the amount of energy that a jammer can 
transmit.

So for a given jammer power output, 
the greater the number of different fre­
quencies that are jammed, the smaller is 
the power level of the jamming signal at 
each frequency. This makes it easier for 
the communications signal to break 
through, because unlike the jamming 
transmitter, its transmitter can devote 
all its power to transmitting on just one 
frequency at a time.

Increasing the bandwidth of the com­
munications network as much as possi­
ble also makes things more difficult for 
the jammer. If the communications 
channel is broad enough, the jammer 
simply can't cover all the available fre­
quencies powerfully enough to obliter­
ate everything being transmitted.

The Marconi Scimitar comms system provides digital data and voice comms 
hopping automatically over 284,000 channels to evade jamming.

Using satellites
Of course, military communications 

now extend out into space. On the face 
of it, satellites are very weak communi­
cations links in time of war. They can 
be knocked out quite easily. In most 
cases they're sitting ducks, stationary 
with respect to the earth's surface and 
very easy to locate and destroy by rela­
tively crude missiles or lasers.

Yet military communications networks 

h^^itTaC!IC°m S^neW TSC 501 satellite comms terminal. Two men can can 
have it set up and running in less than 10 minutes.

frequently use satellites to collect infor­
mation and relay it around the world. 
Satellite communications terminals can 
now be made small and light enough for 
a soldier to carry around with him in a 
back-pack - Ferranti's ‘Mansat’, for ex­
ample.

Military analysts are of the opinion 
that satellites will probably remain rela­
tively untouched during a conflict. A 
satellite war would affect both sides and 
ultimately would be likely to prolong a 

conflict, due to the reduction in intelli­
gence gathering.

So each side would be reluctant to 
embark on anti-satellite activities. Or at 
least that's the theory! Nevertheless, the 
vulnerability of satellites is taken into 
account. Satellite communications cir­
cuits are usually duplicated by ground- 
based circuits, in case a vital satellite 
link is knocked out.

Special forces such as Britain's Special 
Air Service Regiment (SAS) and the 
Royal Marines Special Boat Squadron 
(SBS) have particular requirements for 
radio equipment. These special forces 
need to be highly mobile and difficult to 
locate, and so they require radios that 
are very small, lightweight and more 
versatile than the standard 
infantryman's radio.

The Racal-Tacticom BCC39 radio sys­
tem, for instance, consists of a series of 
modules. Troops need only carry the 
modules needed for a particular mis­
sion. The basic 50-watt transceiver 
weighs only 2.3kg. It can also be 
mounted in a vehicle, doubling its 
power output to 100 watts.

The BCC39 can transmit on any of 
285,000 frequencies. To evade detec­
tion, it can be used with a ‘burst trans­
mission device’ which transmits short 
bursts instead of a continuous signal.

New developments include a radio 
that can transmit on a frequency so high 
that it makes molecules of oxygen in the 
atmosphere vibrate. Every material has 
a natural frequency at which its mole­
cules will vibrate very easily, called its
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resonant frequency. Radio energy is 
most easily absorbed by a material 
when it is at the material's resonant fre­
quency.
'■For this reason, radio communications 

systems normally avoid the resonant fre­
quencies of the gases and vapours nor­
mally found in the atmosphere, because 
transmitted radio signals Would be ab­
sorbed by the atmosphere and dramati­
cally reduced in poWer before reaching 
the receiver.

However, special forces requiring se­
cure communications over relatively 
short distances, perhaps behind enemy 
lines, may not wish their communica­
tions to be broadcast further than a few 
kilometres. The latest direction-finding 
systejns need to receive a radio signal 
for only a few milliseconds to locate its 
source.

The resonant frequency of oxygen in 
the atmosphere is 60 gigahertz (60 thou­
sand megahertz). Transmitting radio sig­
nals at this frequency therefore ensures 
that they are rapidly absorbed by at­
mospheric oxygen, so they do not travel 
very far.

PRODUCT CODE: AT 4000 
HIGH PERFORMANCE 

BABY AT 
MOTHER BOARD

$499 excl. tax 
AS FEATURED IN 

ELECTRONICS TODAY 
INTERNATIONAL

AUGUST, 
SEPTEMBER 

OCTOBER 1988

Hardened hardware
Military radio networks may have to 

contend with more than difficult combat 
conditions and interception by hostile 
receivers. If a nuclear war ever begins, 
most of the radio, television and com­
puter equipment in our houses and of­
fices will be effectively destroyed by the 
enormous burst of electromagnetic 
radiation that will stream out from each 
explosion - called ElectroMagnetic 
Pulse (EMP). Military systems have to 
be ‘hardened’ against EMP.

Future battlefields will rely heavily on 
electronic information gathering and in­
terpretation. Remotely piloted vehicles 
(unmanned aircraft) will relay television 
pictures of troop movements to com­
mand centres. Pictures taken by satel­
lites and cleaned up by computer will 
enable commanders and politicians to 
monitor military activities in several 
parts of the world at once.

The battlefield will be peppered with 
electronic listening devices and radio 
jamming equipment delivered with pin­
point accuracy by aircraft, guided mis­
siles and artillery shells. Computerised 
communications networks will detect a 
failure occurring anywhere in the net­
work and automatically re-route com­
munications signals around the problem.

This is no science fiction scenario - 
the technology exists now and is already 
in use in many parts of the world. 0

FEATURES:
UP TO 4 M BYTES OF RAM ON BOARD“ -
12 MHZ OPERATION. ZERO WAIT STATES*.
NORTON SPEED INDEX 15.3*.
1 M BYTES OR 256 K BYTE RAMS MAY BE USED. 
80,100 OR 120 NANO SECOND RAMS MAY BE USED.
6 x 16 BIT EXPANSION SLOTS.
2x8 BIT EXPANSION SLOTS.
CMOS DESIGN. VERY LOW POWER CONSUMPTION.
IDEAL UPGRDE FOR XT.
SCHEMATIC & TIMING DIAGRAMS AVAILABLE. 
BATTERY BACKED REAL TIME CLOCK AND SET-UP. 
SPEAKER OUTPUT. RESET CONNECTOR.

* THESE ITEMS ARE SUBJECT TO RAM SPEED 
INSTALLED

** ZERO RAM INSTALLED ON BOARD
Due to Continuous Product Improvement, 

Specifications are Subject to Change Without Noticeenergy
CONTROL k,_  J

26 Boron Street, SUMNER PARK QLD 4074. 
AUSTRALIA. Telephone: (07) 376 2955.
Telex: AA 43778 ENECON. Fax: (07) 376 3286.
23 Haining Street, WELLINGTON, 
NEW ZEALAND.
Telephone: (04) 65 8742. Fax: (04) 85 4150.
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$64.95

ARLEC SUPER TOOL
A versatile 12V electric tool for
• Sanding
• Engraving
• Grinding
• Polishing
• Cutting
• Drilling
• Milling
• Erasing, etc
Features:
Operates on safe, low 12 volts from 
mams electricity via AC adaptor 
(supplied) Light and easy to handle 
with touch switch and lock for 
continuous running High torque 
motor 10.000 R P M Can drill 2mm 
holes in steel 2 year guarantee 
Contents:

12V Super Tool
Plugpack AC adaptor 
1 spherical milling cutter 
1 wire brush
1 gnnding wheel
4 dnll bits. 0 6. 0.8. 1 0. 1.2mm 
Set of 5 chuck collets
6 eraser sticks 
Instruction sheets

Cat T12300

HUNG CHANG (RITRONI 
20 MHz DUAL TRACE 

OSCILLOSCOPE
•Wide bandwidth and high sensitivity 
•Internal graticule rectangular bright CRT 
•Built in component tester
•Front panel trace rotater 
•TV video sync filter
•Z axis (Intensity modulation) 
•High sensitivity X-Y mode 
•Very low power consumption 
• Regulated power supply circuit
COMPONENT TESTER is the special circuit with which a 
single component or components in circuit can be easily 
tested. The display shows faults of components, size of a 
component value, and characteristics of components. This 
feature is ideal to troubleshoot solid state circuits and 

components with no circuit power. Testing signal 
(AC Max 2 mA) is supplied from the COMPONENT TEST IN 
terminal and the result of the test is fed back to the scope 
through the same test lead wire at the same time.

CRT
CRT: 6 1150mmi Flat-faced hiqh brightness CRT with Internal Graticule 
Effective display area: 8 x 10 d-v (t div 10 mm. 
Acceleration potential: 2KV

VERTICAL
Operating Modes: CH-A CH-B. DUAL ADD (CH-B can be inverted j 
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 i 3dB) AC 10Hz ■ 20MHz 3dB) 
Rise Time; Less than 17ns 
Overshoot: Less than 3%
Input Impedance: 'Mohm 5% 20pF 3pF 
Maximum Input Voltage: 600Vp-p or 300V (DC ■ AC Peak) 
Channel Isolation: Better than 60 dB at iKHz

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: INTERNAL 1 div or better for 20Hz - 20MHz (Triggerable to more 
than30MHz) EXTERNAL 1Vp-p or better for DC • 20MHz (Triggerable to 
more than 30MHz)
Source: INT. CH-A. CH-B LINE and EXT
Slope: Positive and Negative continuosiy variable with level control PULL 
AUTO for free-run
Coupling . 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 viewingTV-H (Line) and TV-V (Frame) are 
switched automatically by SWEEP TlME/DIV switch 
TV-V:0 5s/divto0 1ms/div TV-H:50ufs/divto0 2ufs/div

X-Y OPERATIONS
X-Y Operations: CH-A: Y axis CH-B X axis Highest Sensitivity 5mV'div

COMPONENT TESTER
Component Tester: Max AC 9V at the terminal with nc load Max current 2mA 
when the terminal is shorted (Internal resistance is 4.7K ohm)

OTHER SPECIFICATIONS
Intensity Modulation: TTL LEVEL (3Vp-p): Positive brighter 
BANDWIDTH: DC - 1MHz MAXIMUM INPUT VOLTAGE 50V (DC * AC Peak) 
Calibration Voltage: 0 5Vp-p ♦ / 5%. 1KHz • 5% Square wave 
Trace Rotation:Electrically adjustable on the front panel 
Power Requirements: AC. 100. 120. 220. 240V 20W 
Weight: 7kg approximately 
Size: 162(H) x 294(W) x 352(D)mm

PORTASOL 
PROFESSIONAL

1 Four tools in one Blow Torch 
Hot Blow Hot Knife

1 No Cords or batteries
1 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 
soldenng iron when working 
Cap features built-in flint for 
igniting Portasol tip 
Includes snap case for storage

$89.95Cat T12639

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

ELECTRET MIC 
INSERTS

With pins for easy board insertion 
Cat C10170
1-9
$1.20

10+
$1.00

100 +
$0.90

Cat. QI 2105 only $895
(tax exempt only $775)

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

FOOT SWITCHES
Momentary or on/off models to 
choose from
Cord length 2 5 metres
6 3mm plug

A1 7000 Momentary operation
A17005 Push On/Off operation

each $19.95

ECONOMY SOLDER 
SUCKER

• Light weight
• Sturdy construction
• Easy to remove tip
• Excellent value for money'
Cat. Tl 1271 $11.95

ECONOMY ANTISTATIC 
SOLDER SUCKER

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

MAIL ORDER HOTLINE
008 335757 W 
(TOLL FREE) 

LOCAL: 543 7877

Red and white twisted 
Conductors 2 x 1 strand 0 17mm
Sheath: O D 2 x 1 35mm
Cat W 
1-9 rolls 10 > rolls
$19.00/m $17.50/m

METEX 
3530 
MULTIMETER 
This instrument is a compact, 
rugged, battery operated, hand held 
3 V2 digit multimeter for measuring 
DC and AC voltage. DC and AC 
current. Resistance and Diode. 
Capacitance. Transistor hFE and 
Continuity Test The Dual-slope A-D 
Converter uses C-MOS technology 
for auto-zeroing, polarity selection 
and over-range indication Full 
overload is provided It is an ideal 
instrument for use in the field, 
laboratory, workshop, hobby and 
home applications 
Features...
• Push-button ON/OFF power switch 
• Single 30 position easy to use 

rotary switch for FUNCTION and 
RANGE selection

• 1Z2" high contrast LCD
• Automatic over-range indication 

with the T displayed
• Automatic polarity indication on 

DC ranges.
• All ranges fully protected plus 

Automatic "ZERO" of all ranges 
without short circuit except 200 ohm 
Range which shows '000 or 001

• High Surge Voltage protection
1 5KV-3KV

• Capacitance measurements to 1 pF
• 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 
0Clo+4O-C
Power Supply: one 9 volt battery 
(006P or FC-1 type of equivalent) 
Cat 091540 Normally $139

SPECIAL $109

M-3650 
MULTIMETER
20A, 3^2 digit frequency 
counter multimeter with 
capacitance meter and 
transistor tester.
This spectacular, rugged and 
compact DMM has a bright yellow 
high impact plastic case It features 
a frequency counter (to 200kHz). 
diode and transistor test, continuity 
(with buzzer), capacitance meter up 
to 20 amp current measurement and 
comprehensive AC/DC voltage 
current and resistance ranges
CHECK THESE FEATURES....
• Push-button ON/OFF switch
• Audible continuity test
• Single function. 30 position easy to 

use rotary switch for FUNCTION 
and RANGE selection

• Transistor test

w
SPECTROL MULTIDIALS

MODEL 15-1-11
Number of turns: 10
Minor Scale Division: 1 500turn
Shaft Bore: 6 35mm (1 4 )
Finish: Satin Chrome
Body Size: 25 4 x 44 45mm

(1 x 13/4")
Depth: 25.4mm (T )
Weight: 45 4g (1 6oz )
Cat.R14405 $45.95

SPECIAL, $35.95

MODEL 16-1-11
Number of turns: 15
Minor Scale Division: 1 50 turn
Shaft Bore: 6 35mm (1 4 )
Finish: Clear Anodize
Body Size: 22 2mm diameter ( .875 )
Depth: 22 2mm ( 875 ”)
Weight: I9 8g(0 7oz )
Cat. R14400 .......... $26.95

SPECIAL, $21.50

MODEL 21-1-11
Number of turns: 15
Minor Scale Division: 1 100turn
Shaft Bore: 6 35mm (’/4 )
Finish: Satin Chrome
Body Size: 46 04mm diameter
(1 812")

Depth: 25 4mm (1)
Weight: 85 g (3oz )
Cat.R14410 ............. $46.95

SPECIAL, $37.50

• Diode test
• Quality probes
• 1/2” High contrast LCD
• Full overload protection
• 20 Amp
• Built in tilting bail
• Capacitance meter
• Instruction manual
Q91550 .... Normally $165

Special, only $129

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 small/light objects
Cat.T12458 only $6.45

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

SOLDER ROLLS
Absolutely top quality, unlike our 
opposition s' 
60/40 Resin cored
Cat.No. Description Price 
T31000 71mm250gm $8.95
T31002 71mm5OOgm $15.95
T31010 91mm250gm $7.95
T31012 91mm500gm $14.95
T31020 1 6mm 250gm $7.50
T31022 1 6mm 500gm $13.95
T31030 71mm 1 metre $1.50 
T31032 91mm 1 metre $1.25 
T31034 1 6mm 1 metre $1.00

4500H
MULTIMETER
10A, 41/2 digit multimeter 
with digital hold, 
transistor tester and 
audible continuity tester. 
The Metex 4500H is perfect for the 
technician, enaineer or enthusiast 
who requires tne higher accuracy of 
a 41/2 digit multimeter This meter is 
exceptionally accurate, (just look at 
the specifications), and yet. still 
retains an exceptionally low price! 
The Metex 4500H features digital 
hold which is normally only found on 
very expensive multimeters This 
enables you take a reading and hold 
that reading on display even after 
you have removed the probes, 
simply by pressing the hold button
CHECK THESE FEATURES...
• Readout hold 
• Transistor Tester 
• 4digit x ^"(H) LCD 
• Audible continuity tester 
• Push-button ON/OFF switch 
• Quality set of probes
• Single function. 30 position easy 

to use rotary switch for FUNCTION 
and RANGE selection

• Built in tilting bail
• Instruction manual
• Full overload protection
• hFE test
• Battery and Spare fuse
• Diode Tester
• Vinyl case
Q91560 .... Normally $175

Special, only $159



COMPUTER CABLE
CIC6 6 conductor computer 
interface cable Colour coded with 
braided shield
(to IE422 specifications).
Copper conductor 6 x 7/0.16mm
1 -9 metres 10 + metres
$1.90/m S1.70/m
CIC9.100 9 conductor computer 
interface cable Colour coded with 
mylar shielding 9 x 7/0 16mm 
1-9 metres 10* metres
$2.50/m $1.95/m
CIC12 12 conductor computer 
interlace cable Colour coded with 
mylar shielding 12 x 7/0.16mm 
1 -9 metres 10 + metres
$2.70/m $2.50/m
CIC16 16 conductor computer 
interface cable Colour coded with 
mylar shielding 16x7/0 16mm 
1-9 metres 10+metres
$3.90/m $3.40/m
CIC25 25 conductor computer 
interface cable Colour coded with 
mylar shielding 25 x 7/0.16mm
1 -9 metres 
$4.90/m

10+ metres 
$4.40/m

AUTOMATIC CABLE 
STRIPPER

• Strips cable with diameter ot
1 1 6 2 2 6 3 2mm

• Fully automatic action Squeeze 
grip will simulataneously strip and 
eject insulation

• Length 180mm (7")
T11532 ............. $19.95

HIGH INTENSITY 
RED LED BAR GRAPH

Dimensions:
Overall 63mm across. 5mm high
LEDs 10 x 5mm x 1mm
CatNo 1-9 10«
Z10180 $2.95 $2.75

DB25 CONNECTOR
SPECIALS!

TYPE 1-9 10- 100 •
9P $0.70 $0.60 $0.50
9S $0.70 $0 60 $0.50
9C $0.60 $0.50 $0.40
15P $0.70 $0.65 $0.60
15S $0.70 $0 65 $0.60
15C $0.70 $0.60 $0.50
25P $0.70 $0.60 $0.50
25S $0.75 $0.65 $0 60
25C $0.70 $0.60 $0.50

DB 25 CRIMP SPECIALS!
Type 1-9 10+ 100 +
Female $2.95 $2.50 $1.95
Male.... $2.95 $2.50 $1.95

CHROME LED BEZELS
9mm hole, available 3 colours

Cat.No. Description Price
S14030 Red $1.20
S14032 Green $1.45
S14034 Y ellow $1.45

DIECAST BOXES
Diecast boxes are excellent for 
RF shielding, and strength 
Screws are provided with each box 
H11451 100x50 x 25mm $5.95 
H11452 110 x 60 x 30mm $6.50 
H11453 120 x 65 x 40mm $6.95 
H11461 120x94 x 53mm $11.50 
H11462 188 x120 x 78mm $13.50 
H11464 188 x 188 x64mm $29.50

FLUORESCENT WORK & 
EMERGENCY LIGHT
• Suits cars, boating, caravan, 

camping etc
• Shatterproof, glare free
• Cigarette lighter plug and alligator

Cat C12010 
1-9 
$7.95

Normally $11.95 
10 •

$6.95

1-9 10+ 100 +
SPDT 3A connectors S14060
$1.50 $1.30 $1.10
DPDT 3A connectors S14061
$1.95 $1.75 $1.30
SPDT 12V Coil 10A 240VS14114
$7.95 $7.50 $6.95

ECONOMY 
TRANSFORMERS

1-9 IQ-
2155 240V 6-15V 1A 
Cat M12155 $9.95 $8.95
2156 240V 6-15V 2A 
Cat M12156 $14.95 $13.95
2840 240V 9V CT 
Cat M12840 $5.95 $4.95 
2851 240V 12-6V CT 150mA
Cat M12851 $5.95 $5.50
2860 240V 15V CT 250mA
Cat M12860 $5.95 $4.95
6672 240V 15-30V 1A tapped
Cal M16672 $14.95 $13.95

NOW OPEN IN 
SYDNEY!

74 PARRAMATTA RD, STANMORE 
PHONE (02) 510 3134

JOINABLE PCB 
MOUNTING SCREW 
TERMINALS (GREY)
2 Way 1-9 10 +
Cat P10520 $0.50 $0.45
3 Way
Cat P10521 $0.75 $0.65

RCA GOLD PLATED 
PLUGS AND SOCKETS

For those who need the ultimate in 
connection Essential for laser disc 
players to get that fantastic sound 
quality
Plug Cat P10151 $2.95
Socket Cat. P10150 $2.25

RCA TO RCA ISOLATION 
TRANSFORMER

15A high quality noise suppressor 
isolation transformer
Designed to eliminate noise in the 
audio line
Does not affect the audio signal 
Simply fits inline between car 
stereo and the separate power 
amplifier

M10038 $15.95

SPECTROL 64Y
MULTI TURN TRIMPOTS

CatNo Descnption 1-9 10 +
R14700 10R $3.50 S3.20
R14710 20R $3.50 $3.20
R14720 50R $3.50 $3.20
R14730 100R $3.50 $3.20
R14740 200R $3.50 $3.20
R14750 500R $3.50 $3.20
R14760 1K ..... $3.50 $3.20
R14770 2K $3.50 $3.20
R14780 5K . $3.50 $3.20
R14790 10K $3.50 $3.20
R14800 20K $3.50 $3.20
R14810 50K $3.50 $3.20
R14820 100K $3.50 $3.20
R14830 200K $3 50 $3.20
R14840 500K $3.50 $3.20
R14850 1M $3.50 $3.20

METEX

MINIATURE BUZZER
5-15V White or black
Cat C15062 1-9 10+

$2.50 $2.25

SUPER HORN TWEETER
• Requires no crossover and 

handles up to 100W'
• Sensitivity l00dB/0 5m
• Frequency Response 3kHz-30kHz
• Impedance 8 OHMS
• Size 96mm diameter
Cat C12102 Normally $12.95

SPECIAL, ONLY $9.95

STEREO
TRANSMITTER

This unit was developed to allow 
portable compact disc players to be 
used in cars by transmitting the 
headphone output signa! directly in 
to your stereo FM car radio It will 
also transmit any mono/stereo signal 
from any headphone output to any 
FM receiver
SPECIFICATIONS:
• Input 3-5mm stereo phone plug 

Impedance 32 ohm
• Mono/stereo switch has plug 

mounting clip
• FM Transmission approx 

90-35MHz (Tuneable 89-91 MHz)
• Range 15 metres (below 15mV/m 

at 100 metres)
• Power 1 5V AAA size batteries 

(100 hours continuous use)
• Size 72 x 38 x 21mm
A16100 ................. $69.95

3800 
MULTIMETER
This instrument is a compact, 
rugged, battery operated, hand held 
3 V2 digit multimeter for measuring 
DC and AC voltage. DC and AC 
current Resistance and Diode, for 
testing Audible continuity and 
transistor hFE. The Dual-slope A-D 
Converter uses C-MOS technology 
for auto-zeroing, polarity selection 
and over-range indication Full 
overload is provided It is an ideal 
instrument for use in the field, 
laboratory, workshop, hobby and 
home applications 
Features...
• Push-button ON/OFF power switch
• Single 30 position easy to use 

lOtary switch for FUNCTION and 
RANGE selection

• 1/2" high contrast LCD
• Automatic over-range indication 

with the "1" displayed
• Automatic polarity indication on 

DC ranges
• All ranges fully protected plus 

Automatic ■ZERO" of all ranges 
without short circuit except 200 ohm 
Range which shows "000 or 001"

• High Surge Voltage protection
1 5KV-3KV

• 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:' V Figure 
only in the display
Temperature Ranges: Operating 
OCto +4GC
Power Supply: one 9 volt battery 
(006P or FC-1 type of equivalent) 
Cat Q91530 Normally $109

SPECIAL $79

NEW COLOUR KNOBS!
Standard metric fluted shaft with 
black dot marker and available in six 
different colours!
Dimensions 17-2mm high 

12-8mm top diameter, 
17mm bottom diameter

Cat.No. Colour 1-9 10 +
H10070 Black $0.75 $0.65
H10071 Blue $0.75 $0.65
H10072 Green $0.75 $0.65
H10073 Grey $0.75 $0.65
H10074 Red $0.75 $0.65
H10075 Yellow $0.75 $0.65

10 TURN
POTENTIOMETER

WOUND

Spectrol Model 534
V4” shaft.
Equiv (Boums 3540S, Beckman
7256)
Dials to suit 16-1-11.18-1-11.
21-1-11
R14050 50R R14100 5K
R14055 100R R14110 10K
R14060 200R R14120 20K
R14070 500R R14130 50K
R14080 1K R14140 100K
R14090 2K
1-9 10+
$9.95 $9.50

RECHARGEABLE 12V 
1 2AH GELL BATTERY

Leakproof, long service life batteries 
ideal for security systems 
emergency lighting or as a computer 
backup power supply etc
Cat. S15029 
1-9 
$13.95

Normally $19.95 
10« 

$12.95

PANEL METERS 
GALORE!
We have a great range of panel 
meters at great prices'
Cat.No. Description Price
Q10500 MU45 0-1mA 12 50
Q10502 MU45 50-0/50uA 12 50
Q10504 MU45 0-100uA 12 50
Q10510 MU45 0-5A 12 50
Q10518 MU45 0-1A 12 50
Q10520 MU45 0-1A 12 50
Q10525 MU45 0-20V 12 50
Q10530 MU52E0-1A 14 50
Q10533 MU52E0-5A 14 50
Q10535 MU45 VU PMetre 14 95
Q10538 MU65 0-50uA 16 95
Q10540 MU65 0-1mA 16 95
Q10550 MU65 0-100uA 16 95
Q10560 MU65 0-20V 16 95

TEXTOOL SOCKETS
P17016 16 pm 
P17024 24 pin 
P17028 28 pin 
P17040 40 pm

$14.95
$18.50
$24.95
$29.50

ROD IRVING 
ELECTRONICS

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
SOUTH AUSTRALIA: 
Electronic Discounters P/L, 
305 Morphett St. ADELAIDE 
Phone: (08) 212 1799 
NOTE PRICES MAY VARY INTER 
STATE DUE TO FREIGHT COSTS

MAILORDER:
Local Orders. (03) 543 7877 
Interstate Orders: (008) 33 5757 
All Inquiries (03) 543 7877
CORRESPONDENCE:
P.O Box 620, CLAYTON 3168
Telex AA 151938 
Fax (03) 543 2648

MAIL 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 $199 $7.50
$200 $499 $10.00
$500 plus $12.50
The above postage rates are for 
basic postage only Road Freight 
bulky and fragile items will be 
charged at different rates
All wholesale and sales tax 
exempt inquiries to: 
RITRONICS WHOLESALE.
56 Renver Rd. Clayton 
Ph (03) 543 2166(3 lines) 
Errors and omissions excepted 
Prices and specifications subject 
to change
IBM- PC- XT-, AT-, are registered 
trademarks ot International Business 
Machines 'Apple is a registered trademark 
•Denotes registered tradmarks ot their 
respective owners



Active matrix 
LCD displays
Slowly but surely, the cathode ray tube is being nudged out of 
its long-held position of leading graphics and picture display 
device. The latest contender is active-matrix LCD displays, 
where each pixel is switched by thin-film transistors fabricated 
on the display itself. Here's a report from the US on how this 
technology is developing.

by PASCAL ZACHARY
Big, bulky and power hungry, the 

cathode ray tube is out of place in an 
era of ever smaller electronic gadgets. It 
is also the subject of much controversy. 
Health experts are examining possible 
links between the CRT and a variety of 
disturbing problems, including miscar­
riages and loss of eyesight.

Meanwhile, scores of visionary design­
ers are out to jettison the CRT for an­
other reason: it stands in the way of 
creating wall-size televisions and per­
sonal computers that can be tucked 
under an arm.

But now researchers seem closer than 
ever to catching up to - and perhaps ul­
timately leapfrogging over - the durable 
CRT. Their weapon: a new technique 
called active matrix.

Today, active matrix is in its infancy; 
but “it is the future,” says Joseph Cas­
tellano, a leading expert in the field and 
president of Stanford Resources, a San 
Jose research firm. “The other ap­
proaches just don't offer the perform­
ance.”

Ultimately, active matrix will “result 
in a high-definition TV you can hang on 
the wall,” says William Chandler, a 
partner in Bay Venture Group, a San 
Francisco venture capital firm. Active 
matrix, “If it is good enough, will create 
a major push to turn every personal 
computer into a lap-top,” says Lee Wat­
kins, an engineer at Grid Systems, 
which manufactures portable computers 
in Fremont, California.

Already, some of the biggest names in 
Japanese consumer electronics - includ­
ing Sharp, Seiko, NEC and Hitachi are 
pouring an estimated $100 million a 
year into active matrix. And a handful 
of US firms are also pioneering in this 
field, including Alphasil of Fremont and 
General Electric.

While the outlook for active matrix is 
rosy, the technology must clear a major 
hurdle: cost, as active matrix is cur­
rently very expensive. Castellano esti­
mates that 5" diagonal active matrix dis­
plays can easily cost $600, or roughly 
five times the price of a 19" colour tele­
vision tube. However prices are ex­
pected to decline as production in­
creases.

In the meantime, potential Japanese 
suppliers of active-matrix displays are 
straining to perfect the technology. In 
May, many of these firms demonstrated 
active-matrix displays at a Society of In­
formation Displays conference in Ana­

heim, and Hitachi already sells in Japan 
a portable TV using a 5" active matrix 
screen.
Apple may be first

Apple Computer of Cupertino is 
likely to become one of the first major 
US companies to build a critical product 
around active matrix. Industry sources 
believe that Apple's first lap-top com­
puter, expected next year, will use an 
active matrix screen.

One problem facing active matrix is 
size. Initially, active matrix displays will 
be small - perhaps 5" in diagonal width. 
But within a few years 12" diagonal 
screens should be plentiful, according to 
Sol Sherr, a consultant in Old Chatham, 
NY, who recently completed a detailed 
study of the technology.

Currently, most lap-tops and hand­
held televisions use standard liquid crys­
tal displays. Before hitting upon active 
matrix, Japan Inc. adopted liquid crystal 
displays for its products. These displays 
have improved dramatically in recent 

Active matrix in colour. Unfortunately our black and white reproduction
doesn t show the effect, but this display is actually showing five colours.
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years as manufacturers resort to a back 
layer of lighting to improve the picture. 
But active matrix offers far better per­
formance than standard liquid crystal, 
although pricing will favour the latter 
for sometime yet.

Because the Japanese already domi­
nate the CRT business, most large US 
firms aren't interested in fighting with 
Japan Inc. over the next generation of 
visual displays. The few US firms that 
have entered the market plan to peddle 
their wares to the Defence Department, 
which is willing to pay premium prices 
for displays it uses in airline cockpits 
and tanks.

Japan may win
Because of the differing strategies, it 

seems likely that the Japanese will come 
to dominate active matrix, which by 
1993 may represent a $US1.4 billion an­
nual business. The US appears destined 
to lose the fight with Japan.

“For US industry, there isn't a whole 
lot of hope,” Castellano says. Neverthe­
less, Castellano and others think the 
United States may hold a wide techno­
logical lead in the field.

Alphasil, for instance, already sells 
black and white active matrix displays 
to a number of defence contractors and 
offers to fill custom orders for colour 
displays. Only a few Japanese compa­
nies are offering to sell US firms black 
and white displays and none is offering 
colour displays, says Henry Fung, vice 
president of engineering at San Jose 
based Yadem, which has designed 
numerous lap-top computers.

However despite an apparent US 
lead, the Japanese seem likely to domi­
nate this budding field quickly.

“There is a great opportunity here for 
the US, but will we take advantage of 
it? The answer is probably no,” says 
Castellano. “The Alphasils of this coun­
try don't have the production capabil­
ities to meet the Japanese. They don't 
have the financial punch it takes.”

Many observers agree that active ma­
trix is likely to prove crucial to future 
products, but they say that US investors 
aren't willing to heavily support efforts 
in an area the Japanese fiercely seek to 
control. And without capital, US firms 
such as Alphasil have been forced to set 
their sights on catering to the specia­
lised needs of the military, which wants 
to use active matrix displays in tanks, 
airplane cockpits and ships.

“Alphasil doesn't have a choice. If it 
tries to enter the commodity market, 
even though it has the technology, the 
Japanese will counter with a strategy

The quality, size and readability of the active matrix screen is making it 
sought after by the US defence industry.

aimed at blowing everyone out of the 
water”, says John Maio, a director of 
business development at Honeywell's 
Defence Avionics Systems Division in 
Aluquerque, New Mexico. Honeywell 
owns about 20% of Alphasil, and has 
exclusive worldwide rights to the de­
fence and aerospace market.

Yet Richard Flasck, Alphasil's presi­
dent, bristles at the notion that the 

AUSTRALIAN

Courses in
MARITIME COLLECE

Maritime Electronics and
Radiocommunication

The Australian Maritime College offers associate diploma courses in 
maritime electronics and marine radiocommunication.

Both are two year, full-time courses. Successful graduates qualify for a 
wide range of positions in the public and private sector — on shore as 
engineering assistants, technical officers, design draftsmen, tech­
nicians. ana communication officers; or at sea as radio officers.

Both diplomas are recognised by the Australian Public Service Board 
and the Australian Institute of Engineering Associates.

ENTRY REQUIREMENTS: HSC or equivalent level passes in mathe­
matics. a science subject and preferably English. Mature age 
applicants with relevant experience will also be considered.

FEES: There are no course fees. (The graduate tax does not apply to 
this award.) Both courses are approved under AUSTUDY.

FACILITIES: The College is fully equipped with the latest training 
facilities to provide students with the practical experience and 
technical knowledge required for their chosen career.

FOR FURTHER INFORMATION. CONTACT:
The Admissions Officer 
Australian Maritime College 
PO Box 986 
LAUNCESTON, Tas, 7250

Japanese are waiting in the wings to de­
liver a killer blow. “The Japanese have 
waged a very good scare campaign in 
this area,” he says. “The nett result is 
that it really eliminates the possibility of 
US firms obtaining meaningful funding 
for this technology.”

At present it looks as though the best 
in US active-matrix technology may 
never find a place in civilian products.
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SAVE OVER 25% ON THE
IF YOU 0
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SE MAGNIFICENT BOOKS 
RDER NOW!

e
TO ORDER
Simply fill in the coupon remembering 

to include the code numbers and $5 
postage and handling If the coupon is 
missing write down the names, code 
numbers and prices of the books gou 
require. Include your name, address, 
telephone number, plus cheque, money 
order or credit card details (card type, 
card number, expiry date and signa­
ture) and send it all to Federal Pub­

lishing book offer, Freepost No 4, PO 
Box 227, Waterloo. NSW 2017. No 
stamp required. And don't forget to 
sign all orders

PLUS...WIN THIS $950 COLLECTOR'S ITEM
Orders of books from these pages received before 31st lanuary, 1989 will go into 
the draw to win this magnificent book. Only 350 copies of this book have been 
produced. They are numbered and signed and bound in Australian leather and 
buckram. “The Royal Australian Navy the First Seventy-Five Years" is now in 
the library of Her Majesty the Queen

Note-. The book can also be ordered for $950 (CA ROY7)



How they work, how to fix them:

Electronic phones
So the beaut little second telephone that you bought from the 
local supermarket at a bargain price just a few months ago 
has given up the ghost. At the cost of repair charges 
nowadays you'll probably have to throw the thing out. Or will 
you? With a bit of an idea about how these things tick, and 
some spare time, you could probably fix it yourself. Read on, 
your troubles may be over.

by CHRIS KING

To begin with, let's look at the basic 
functional sections a telephone needs, in 
order to do what it does. These are the 
speech circuitry, signalling circuitry and 
the call indicator or ringer.

The speech circuitry translates our 
voice into electrical signals which are 
applied to the phone line, and produces 
sounds in the earpiece derived from sig­
nals received from the ‘other end’ via 
the same line. In its simplest form the 
speech circuit requires a microphone 
and a receiver or earpiece.

Until a few years ago, common tele­
phones employed a carbon microphone. 
This consists of a chamber of carbon 
granules, which varies its resistance in 
response to sound waves. The varying 
resistance modulated a direct current 
passing through the granules.

Carbon microphones are relatively

Fig.1: The basic principle of the 
rocking-armature receiver, as used in 
non-electronic phones.

large and do not provide consistent per­
formance. The carbon granules also 
tend to settle and become ‘packed’ after 
a while, causing a loss in sensitivity. 
This is why tapping the telephone hand­
set can sometimes improve its signal 
quality. The frequency response of 
these microphones is peaky and is also 
subject to variations.

Given their imperfections, it is not 
difficult to understand why they are 
now rarely used. The main advantage of 
the carbon microphone is its ability to 
develop a signal that is large enough for 
application to the phone line, without 
the need for further amplification; that 
is, it's quite sensitive.

Early telephones employed a simple 
receiver made up of a thin, compliant, 
iron diaphragm mounted in the field of 
a permanent magnet which biased it. 
Speech signal currents applied through a 
coil wound on the magnet modulated 
the magnet's field, causing the dia­
phragm to vibrate. Because a perma­
nent magnet has a high reluctance, i.e., 
it tends to impede changes in its mag­
netism, this type of receiver was barely 
sensitive enough for the job.

A similar but improved receiver is the 
rocking armature type, shown in Fig.1. 
Here speech currents modulate the 
strength of two magnetic paths through 
the soft-iron armature and core, in a 
complimentary manner, causing it to 
rock. This action is coupled to the dia­
phragm. As the armature is able to 
apply bi-directional force on the dia­
phragm, no biasing field is necessary. 
Although the rocking armature receiver 
is a bit more complex, it is more sensi­
tive and can be designed to have better 
acoustic properties.

The telephone line, which simulta­
neously conducts the signals from both 
parties in a telephone conversation, is 
just a single pair of wires. If the speech 
circuitry in each telephone were nothing 
more than a microphone and a receiver, 
each person would hear their own voice 
in their receiver louder than that of the 
other, as it would not have suffered the 
losses of the telephone line. The exist­
ence of our voice in our own earpiece is 
called sidetone.

Fortunately, it is possible to signifi­
cantly reduce sidetone with a clever bal­
ancing circuit called the anti-sidetone 
circuit, or sometimes the hybrid.
Reducing sidetone

Fig.2 shows a simplified diagram of a 
telephone's anti-sidetone speech circuit 
when transmitting speech signals. 
Speech currents from the microphone 
split into two paths, Ib and II, flowing 
in opposite directions through the trans­
former primaries. By choosing the cor­
rect relationship between the ratio of 
the telephone line impedance (Zl) and 
the balance impedance (Zb) and the

Fig.2: The anti-sidetone circuit of a
conventional phone, in simplified
form.
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ratio of the turns in the two primaries, 
the two opposing speech currents will 
produce no resultant signal in the sec­
ondary winding.

In a practical telephone the anti-side­
tone transformer is wound as an auto­
transformer and the turns ratio and bal­
ancing impedance are chosen such that 
an adequate proportion of the speech 
current is passed to the phone line.

Because the impedance of the phone 
line is somewhat unpredictable, total 
sidetone cancellation is not practical. 
Fortunately it also unnecessary, because 
the phone sounds more natural when 
we hear our voice at about the same 
level as we do in normal conversation 
without the handset.
Dialling circuitry

To get the telephone exchange equip­
ment to connect us to another phone, it 
has to know that we want to initiate a 
call and also the address - i.e., the 
phone number - of the telephone we're 
calling. This information is generated by 
the phone's signalling circuitry.

When the telephone handset is ‘hung­
up’ or ‘on-hook’, the telephone draws 
little if any DC current and the full 
open-circuit exchange voltage of about 
50 volts is present across the phone line 
terminals. Lifting the handset allows a 
switch, known as a gravity switch, to 
connect the phone's speech circuits to 
the line. Equipment at the the exchange 
senses the current drawn by the phone, 
and allocates the necessary circuits to 
decode address signals from the phone 
and then make the connection through 
to the phone being called.

The majority of telephones in use in 
Australia employ what is known vari-

MIC

Fig.3 (above): The basic sidetone 
nulling circuit used in many 
electronic phones.

ously as pulse, loop-disconnect or 
decadic signalling to transfer address in­
formation to the exchange. With this 
signalling method, the DC loop estab­
lished when the phone is taken ‘off- 
hook’ is sequentially opened for about 
67ms (milliseconds) and then closed 
again for about 33ms before the next 
67ms open period.

The number of open or ‘break’ peri­
ods represents the digit being dialled. 
For example, if the digit ‘5’ is dialled, 
the dialling circuitry in the phone open-

circuits the phone line for five 67ms 
periods, each one separated by a 33ms 
closed period.

To separate one digit from the next, 
the pulse train for each digit is followed 
by a closed circuit or ‘make’ period of 
at least 800ms; this is referred to as the 
inter-digital pause or IDP.

Decadic signalling is easily achieved 
by the electro-mechanical rotary dial 
used in most older telephones.

To activate the incoming call indicator 
or ‘ringer’ in our phone, the exchange 
applies an AC signal of about 75 volts 
to the line. This signal is on for about 
200ms then off for about 400ms, then 
on for 200ms and off for about 2s, be­
fore repeating again. This pattern, or 
cadence, results in the familiar ‘bring- 
bring’ ringing sound.

When the exchange equipment senses 
that the phone has been answered, ring 
current is removed from the line and 
the connection to the calling phone is 
made.

The ringer in the phone must monitor 
the line when the phone is ‘on-hook’
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Electronic phones
and must draw no DC current. In 
phones for use in Australia, the ringer 
is always coupled to the line via a high- 
voltage capacitor of 1-1.5uF. Besides 
blocking DC, the capacitor provides a 
standardised ‘on-hook’ characteristic for 
line testing purposes.

In older telephones, the ringer itself is 
an electro-mechanical bell operating on 
the same principle as the rocking arma­
ture receiver already described.

We have now looked at the main 
functional blocks of a basic telephone. 
All of the functions can be implemented 
using rugged, tried and proven passive 
devices. Telephones constructed with 
not much more than the above, while 
having only basic features, have pro­
vided us with a reliable and easy to use 
means of communication for over half a 
century.

However developments in semicon­
ductor technology have allowed many of 
the components in the basic telephone 
to be replaced by smaller, lightweight 
and inexpensive electronic circuitry. A 
good example is the modem dialler IC 
which, with a simple keypad and a few 
transistors, has replaced the bulky elec­
tromechanical rotary dial.

In addition to lowering the cost, size 
and weight of the phone, electronic cir­
cuitry has allowed extra features, such 
as number storage and tone dialling, 
which would have been totally impracti­
cal using electro-mechanical technology, 
to be incorporated into telephone.
Electronic phones

Originally one of the main difficulties 
to overcome in the development of elec­
tronic telephone circuitry was the avail­
able supply voltage which, due to the 
resistance of the phone line and ex­
change circuitry, may be as low as 5 
volts. Fortunately, with low saturation 
voltage transistors and CMOS dialler 
ICs that can run with as little as 2 volts, 
this is no longer a problem.

With the ability to electronically am­
plify signals, high-sensitivity transducers 
such as carbon microphones and rock­
ing-armature receivers are not needed 
in modern telephones. Carbon micro­
phones have given way to small dynam­
ic, piezo-electric and electret condenser 
microphones, followed by transistor or 
IC amplifier circuits. Similarly bulky re­
ceivers have been replaced by small dy­
namic inserts or loudspeakers of 50 to 
150 ohms impedance, usually preceded 
by a transistor amplifier stage.

The bulky anti-sidetone transformer 
has been eliminated by the use of a
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Fig.5: Typical circuit application of a pulse dialler IC, the Samsung KS5804. 
Pin 16 switches Q1 and Q2 on and off, producing the dialling pulses via R5. 
(Courtesy Samsung Semiconductor)

transistorised nulling circuit, such as 
that shown in simplified form in Fig.3. 
In this diagram Zb and R2 are large 
compared to Zl and RI. Zl is Qi's col­
lector load, and represents the line im­
pedance and the phone's terminating 
impedance.

A replica of the microphone signal 
applied to the base of QI appears at the 
emitter, but at the collector it is ampli­
fied and inverted. Zb and R2 are scaled 
so that equal but opposite proportions 
of the microphone signal cancel each 
other at their junction. This will occur 
when

Zb = Zl x R2/R1
The gain and sidetone circuits in 

many electronic phones are imple­
mented using discrete, low-saturation 
transistors. However there is an increas­
ing array of speech circuit IC's now 
available, which operate quite happily 
on as little as 2 volts and provide extra 
features such as tone dialling interfacing 
and AGC to compensate for long tele­
phone lines. Typical examples are Na­
tional Semiconductor's TP5700 and 
Rohm's recently announced BA6566, 
shown in Fig.4.

Ringers in electronic telephones use a 
loudspeaker or ceramic sounder driven 
from an oscillator circuit. Some special 
purpose ICs have been developed for 
this application, which allow the phone 
owner to vary the loudness and tone of 
the ringer. Probably the most common 
of these is the KA2410 or SL8204, a 
variant of which is used in recent Tele­
com telephones.

In this chip a slow oscillator operating 
at about 10Hz sweeps a tone oscillator 
around 600Hz, producing a pleasant 
ringing sound. This IC is produced, with 
varying part number prefixes, by a num­
ber of manufacturers including Plessey, 
SGS, Samsung and Mitel. Like most 
ringer circuits, the chip is normally pow­
ered by rectifying the AC ring signal 
from the exchange.

Dialler chips
The first section of the telephone to 

be implemented in IC form was the 
loop-disconnect (decadic) dialler. An 
enormous range of these ICs has be­
come available, all providing similar 
basic functions. Some provide extra fea­
tures such as ten (or more) number 
storage and the ability to select different 
dial rates and break:make ratios to suit 
varying national standards. Table 1 lists 
some of the more common types.

Fig.5 shows an application of a typical 
pulse dialler IC, the Samsung KS5804. 
Numbers are entered via a 7-key key­
pad, which is scanned as a 3 by 4 matrix 
by the IC. As a timebase, the chip uses 
a 480kHz ceramic resonator. In general, 
pulse diallers use either this timebase or 
a low frequency (2-20kHz) RC oscilla­
tor.

To conserve power, the oscillator only 
runs whens necessary - i.e., immedi­
ately following the detection of a key 
press, and during transmission of diall­
ing pulses.

Pin 10 is an output used to mute the 
speech circuitry during dialling, so as to 
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prevent loud dialling clicks from being 
heard in the earpiece. Pin 16 provides 
the actual dial pulses and is used, in this 
case, to connect and disconnect R5 - 
which is the load on the line during 
‘make’ periods. In many phones, the 
speech circuitry itself is used as the 
dialling load.

Pin 9 of this IC selects the break :- 
make ratio, at either 60:40 or 67:33.

Many pulse dialler ICs have provision 
to select different dialling pulse rates 
and inter-digital-pause periods. For 
Australian conditions, the dialler should 
be configured as follows:
Dial rate 10 pulses per second
Break:make 67:33
IDP 800ms or more

Tone dialling
A more modem method of sending 

dialling information, which has only be­
come practical with the advent of IC 
technology, is dual-tone multi-frequency 
(DTMF) encoding. Here instead of 
opening and closing the DC loop, stan­
dardised pairs of carefully selected 
audio tones are transmitted along the 
phone line in the same manner as 
speech signals. Decoding equipment at 
the exchange identifies these special 
tones codes and initiates the appropriate 
call routing action.

The DTMF tones are shown in Table 
2. There are 16 different combinations, 
each made up of one of the low group 
of tones with one of the high group. 
Ten of these combinations are used to 
represent the digits 0 to 9, leaving the 
other six available for special uses.

Once a connection has been made, 
the same tones can then be used for re­
mote control of equipment, such as tele­
phone answering systems, or for entry 
of data into a remote banking system 
for example.

DTMF dialling is faster than pulse 
dialling. For example, to dial the 6-digit 
number ‘565656’, a decadic dialler 
would take over 8 seconds, whereas the 
DTMF encoded number could be trans­
ferred in just 1 second. However, few 
DTMF dialler ICs are equipped with 
last-number redial or multi-number 
memory features. Also, because most 
subscriber lines in Australia are config­
ured for pulse dialling, DTMF dialling 
is not common here in simpler tele­
phones.

The nitty gritty
Armed with this understanding of the 

basic sections of a telephone, let's now 
take a look at how they all fit together 
in Fig.6, the actual circuit of a typical 
modem electronic phone.

The 2-wire phone line enters at the 
top left of the circuit and with the hook­
switch, SW1, in the on-hook position, 
as shown, the line is connected to the 
ringer circuit in the bottom-left comer.

The ringer comprises a 2-transistor 
multivibrator configuration, driving a 
ceramic piezo element, PZ1. Capacitor 
Cl isolates the line's DC from the 
ringer so that it only operates from the 
high-voltage, AC ring signal.

In this particular circuit, the ringer os­
cillator only operates during positive 
half-cycles of the ring signal. Common­
ly, the ringer oscillator is powered via a 
full-wave rectifier.

Zener diode D14 sets a threshold 
voltage for the ringer to prevent it from 
‘tinkling’ in response to dialling tran­
sients produced by parallel connected 
phones. The ringer switch shorts out the 
oscillator in the ‘off’ position, preserv­
ing the standardised luF on-hook line 
termination.

Resistor RI, which bypasses the hook 
switch in the on-hook position, provides 
the minute current needed to keep the 
dialler IC's last-number-redial memory 
alive.

When the phone is picked up, the 
hookswitch contacts changeover, con­
necting the dialling and speech circuits 
and in this case disconnecting the ringer

RI 1QM

Fig.6: The complete circuit of a 
typical modern electronic phone, 
using an AMI S2560A-2 dialler chip 
with discrete components for the 
ringer and speech circuits. The 
speech circuits act as the line load 
for dialling, together with zener 
DI 3.
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Electronic phones
circuit. In many phones the ringer stays 
across the circuit in the off-hook state.

As the line polarity is unknown, a full 
wave bridge, D1-D4, is needed to cor­
rectly route the line current to the po­
larity-sensitive speech and dialling cir­
cuitry.

In the off-hook state, the dialler IC is 
powered via R2 and, except during 
dialling break periods, R3. D7 and D8 
limit the supply voltage to the IC to just 
over 3 volts.

When the contacts of SWlb close, the 
‘ground’ side of the 'phone circuitry is 
connected to the negative output of the 
supply, pulling pin 5 of dialler IC1 low 
via R6. This indicates to the IC that the 
phone is on-line. The IC assumes an 
operational condition, sourcing current 
from pins 9 and 11 to activate the 
speech circuitry at the right of the dia­
gram.

Pins 16, 17 and 18, and pins 1, 2, 3 
and 4 are the keyboard column and row 
inputs respectively. The IC detects the 
connection of a row with a column and 
generates the appropriate dialling pulse 
train. These pins are referred to as ‘in­
puts’ on this particular IC because there 
are 2 other methods of interfacing to 
the chip where the pins are true inputs. 
The connection method shown, is how­
ever the most common one used in sim­
ple phones. Incidentally, the [#] key 
causes the IC to redial the last tele­
phone number entered.

The components connected to pins 6, 
7 and 8 of IC1 set the clock frequency, 
which is 2.4kHz for this chip. The clock 
is divided down to provide the dialling 
pulse periods and IDP time.

Pins 12, 14 and 15 select the various 
timing options, as shown in Table 3.

Current sourced from pin 9 of IC1 
turns Q2 and QI on, providing a DC 
path via the speech circuitry, to loop 
the line. These 2 transistors, common to 
many phones, are high-voltage switching 
types able to withstand 150 volts. This 
high rating is needed to cope with back 
EMF from the feed inductors at the ex­
change during dialling, and the ring 
voltage that may be present as the 
hookswitch closes. These transients are 
clamped to around 110 volts by D21.

In addition to connecting the speech 
circuitry, these transistors are pulsed off 
to transmit dialling pulses.

During dialling, pin 11 holds Q8 and 
Q9 off to disable the receiver circuit. 
Because this reduces the current drawn 
by the speech circuitry, D13 is needed 
to ensure that adequate current is 
drawn during the dial ‘make’ periods.

Fig.7: A simple test circuit which can 
be used for troubleshooting.
With the receiver circuitry enabled, D13 
is effectively out of the circuit as the 
voltage across it will have dropped 
below its knee point.

In common with most electronic 
phones, a common 2-terminal electret 
microphone is used. These devices ap­
pear electrically as an open-drain FET. 
R22 is the microphone's ‘drain’ load.

The microphone signal is amplified by 
Q4 and applied to the line via the col­
lector of Q5. This transistor is config­
ured in the anti-sidetone circuit dis­
cussed before. The side tone balance is 
adjusted by VR1. Note that the lower 
end of R13, being heavily bypassed by 
Cll, is an AC ground.

Received signals, and attenuated 
transmit signals, are coupled from the 
junction of Rll and R12 to Q3, the re­
ceiver amplifier. Q3 drives the earpiece, 
a small 150 ohm speaker, in a class A 
configuration. The receive circuit is 
powered from just 1.5 volts developed 
across DIO and Dll.

All of the transistors in the speech cir­
cuitry need to be low saturation types, 
having high gain at these very low oper­
ating voltages.

The line terminating impedance is 
provided primarily by the parallel com­
bination of R3, R7 and R14.

Tackling repairs
So now that we know what to expect 

TABLE 1: DIALLER IC CROSS REFERENCE
Pulse diallers

SHARP MOSTEK NATSEMI G.l. SAMSUNG

LR40981 MK50981 TP50981
LR40982 MK50982 TP50982 KS5804
LR40992 MK50992 KS5805A
LR40993 KS5805B
LR4173 MK5173

TP9151 AY5-9151
TP9152 AY5-9152

DTMF diallers

SHARP MOSTEK NATSEMI T.l. SAMSUNG PLESSEY

LR4087 MK5087 TP5087 TCM5087 MV5087
LR4089 MK5089 TCM5089 KS5808 MV5089
LR4091 MK5091 TCM5091

MK5092 TCM5092

inside the little beast, what else might 
be handy before we attack it?

To make things easier, try to get as 
much information about your particular 
phone as possible. The telephone sup­
plier should let you have a copy of the 
circuit, if they have one. Data about the 
dialler IC could be invaluable. With a 
bit of luck, your dialler IC, or an 
equivalent, might be detailed in one of 
the more readily available data manu­
als, such as National Semiconductor's 
linear series. If all else fails, a bit of in­
tuitive circuit tracing might see you 
through.

You won't want to work on the 
phone while it is connected to the tele­
phone line. Besides the possibility of 
being bitten by line transients, you can 
expect a hefty financial ‘bite’ from Tele­
com if you cause any interference or 
damage to its exchange equipment.

The test circuit shown in Fig.7 can be 
cobbled together in a plastic case and 
powered from an existing DC supply. 
Note that neither side of the supply 
should be earthed, as this would pre­
vent you from moving signal generator 
and CRO earth leads around the phone 
circuits.

The test point can be connected to a 
CRO to monitor dialling pulses and 
transmitted speech signals. Alternatively 
it can be fed from an AF generator to 
check the receiver circuit. The genera­
tor should be adjusted to produce about 
250mV of signal across the phone.

The last, and most important tool 
you'll need is some good, intuitive 
guesswork. Try to analyse the fault ex­
hibited to isolate where it's likely to be.

If the dialler isn't operating, or not 
properly, you might for example start 
by checking whether any of the fragile 
connections between the keypad and
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Above: The mode control pin programming for the AMI 
dialler chip used in Fig.6. Right: The tone pair 
combinations used for DTMF dialling. The table at the 
bottom of the facing page shows a cross reference 
between many of the dialler chips currently available.

TABLE 3: AMI S2560A-2 DIALLER 
PIN PROGRAMMING

Pin # Function Low-Vss High-Vdd
12 Break/Make Ratio 67:33 60:40
14 Dialling Pulse Rate 10 pps 20 pps
15 IDP length 800ms 400ms

TABLE 2: DTMF TONE COMBINATIONS
High group tones (Hz)

1209 1336 1477 1633

697 (1) (2) (3) (A)
? r- 770 (4) (5) (6) (B)

852 (7) (8) (9) (C)
941 (★) (0) (#) (D)

This table shows the relationship between key­
pad digits and DTMF tone pairs. Pressing the (5) 
key, for example, produces a 770Hz tone along 
with a 1336Hz tone.

the IC has parted company. Check to 
see if the chip shows any signs of activi­
ty, such as the oscillator running, as 
keys are pressed. If all seems in order, 
you could trace the path of the dial 
pulses through the switching transistors.

Always check to see whether the vari­
ous circuits seem to have the right sup­
ply voltages. Inspect any flexible con­
nections between switches, microphones 
etc. Generally speaking, no circuit will 
give the right output if its not provided 
with the right input.

If you do isolate a faulty component, 
your next problem is to locate a suitable 

replacement. Most parts suppliers have 
suitable replacements for the high volt­
age switching transistors, and common 
resistors, capacitors and diodes should 
present no problem. As replacements 
for speech circuit transistors, BC337s 
will often suffice, especially if higher 
gain types can be selected.

Probably the most difficult component 
to replace will be the dialler IC. The 
telephone supplier may be able to sell 
you a spare or, with a bit of luck, one 
of the semiconductor distributors or 
specialist parts importers may carry the 
part you need.

Although there is always the chance 
of disappointment when attempting to 
repair economy ‘throw-away’ equipment 
such as this, just as often your efforts 
could result in many more years of trou­
ble free performance. At worst, there is 
still the garbage bin option, but at least 
you will have gained a bit more knowl­
edge and experience in the process.

Knowing what a phone's internal cir­
cuitry has to do, and at least the broad 
way in which it's done, is usually more 
than half the battle. So hopefully the 
above information will get you off to a 
good start. ®
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WAS
$949

Battery holder extra

With BONUS Charger!
Tiny 2M Hand- 
Held.
Incredible 
performance!!
Yaesu's outstanding FT-23R puts into 
a hand held all the features that once 
you'd need a monstrous bench model 
to achieve. Full f 44 to f 48 band 
coverage, fO memories, fully 
microprocessor controlled, repeater 
splits, high power and much more. 
Cat D-3490

Was $499

now *469
FT757GXII HF All Mode
Computer aided transceiver technology at its best! 
There’s no need for options with this one — 
everything is built in —all modes, all HF amateur 
bands, AM/FM, 600Hz narrow CW filter, iambic 
keyer, memory, 25KHz marker generator... the list 
goes on! Cat D-3492

Up To 5 Watts 
Output!
Save $20 and get up to 5 watts 
output from your FT-23R with our 
special offer on the FNB-f f 
600mAH batteiy pack. Available 
with any FT23R purchase!
Cat D-3496

With BONUS 
Microphone 
(Cat C-HoO) 
Nearly $60 
Value!

*1995

All Mode, Huge Savings!
FRG-9600 VHF/UHF 
Receiver
What a way to start your Christmas shopping — 
SAVE $200! The sensational FRG-9600 is the 
ultimate scanner covering the complete 60 to 
905MHz VHF/UHF spectrum. If ever you’ve dreamed 
about all the features you'd like in a scanner then 
this will make them a reality! Cat D-2825

Was $1199 Slashed to $999

Rargain Antennas
2M 5/8 Wave Vertical
Value plus! Quality whip f .34 metres. Uses standard 
base. Cat D-4207

HF System Antennas
All approximately 2m long, appropriately loaded and 
feature adjustable tuning.
80M Cat D-4310 
40M Cat D-4311
20M Cat D-4312 All Only $3995

$"70 U purchased 
Save $20 /□ with FT-23R

NEW
FT212RH 2M FM TX
2m mobiles keep on getting smarter - and smaller. 
The FT211RH proves it: and it’s versatile! You can 
mount it overhead or under dash - and it gives 5 or 
45 watts output on the entire 2m band. And this 
month only, you’ll save a massive $70. What a 
great Christmas gift! Cat D-3494

Limited Stocks 
Due In Shortly! $729

With BONUS Chargeri
Rearcat 100XL 
Scanner
Save $30 and get yourself a top 
performing scanner to boot! 
Features 16 channels, 9 band 
coverage, auto/manual search, 
selective scan delay, track tuning, 
priority channel, direct channel 
access ... and there’s more! 
Covers 66-88MHz, f36-f74MHz & 
406-5f2MHz. Cat D-2813

Reduced to *369
These pages represent just a 
small selection of our amateur, 
marine, CB & scanner range. For 
the complete range, call into your 
nearest Dick Smith Electronics
store today!

• NSW* Albury 2)8399* Bankstown Square 7074888' Blacktown 671 7722' Bondi Junction 387 1444' Brookvale 
(Warringah Mall) 905 0441 • Campbelltown (046)272199 • Chatswood Chase 411 1955 • Chullora 642 8922 • Gore Hill 
439 5371 • Gosford 25 0235 • Hornsby 477 6633 • Liverpool 600 9838 • Maitland 33 7866 • Miranda 525 2722 
' Newcastle 61 7896* North Ryde88 3855 • Parramatta 6892188' Penrith (047)323400' Railway Square27 7 3777 
• Sydney City 267 97 7 7 • Tamworth 66 7 77 7 • Wollongong 28 3800 • ACT • Fyshwick 80 4944 • VIC • Ballarat 37 5433 
• Bendigo 43 0388 • Box Hill 890 0699 • Coburg 383 4455 • Dandenong 794 9377 • East Brighton 592 2366 
• Essendon 379 7444 • Footscray 689 2055 • Frankston 783 9744 • Geelong 43 8804 • Melbourne City 326 6088 
• Richmond 428 7674 • Ringwood 879 5338 • Springvale 5470522 • QLD • Brisbane City 229 9377 • Buranda 397 6233 
«Cairns 37 7 575 «Chermside 359 6255 «Redbank 288 5599 «Rockhampton 27 9644 «Southport 32 9863 
• Toowoomba 38 4300 • Townsville 72 5722 • Underwood 347 0844 • SA • Adelaide City 232 7200 • Bevertey 34 7 7900 
• St. Marys 277 8977 • Elizabeth 255 6099 • Enfield 260 6088 • WA • Cannington 457 8666 • Fremantle 335 9733 
• North Perth 328 6944 • Perth City 487 3267 • TAS • Hobart 37 0800 • NT • Stuart Park 87 7977

Heavy Duty Antenna
Base
To suit HF Antennas above. Cat D-4313

Just$1495

12 Channel AM
Marine
Why go to all the expense of VHF when most of your 
boating is close to the coast? Outstanding value and 
performance makes the Sea Simba the obvious 
choice. With 12 channels (10 fitted) including all 
27MHz marine channels, 4 watts output, PA facility, 
RF gain control, ANL, etc, etc. Cat D-1718

High Quality and Performance!
DSE AM CR
Superb quality and performance at the lowest 
possible price! You won't believe the features of this 
compact DSE AM CB. Comes with all 40 channels, 
full legal power, built-in noise limiter, easy to read 
LED display, mic, mounting hardware . .. and more. 
CatD-1200

Save $10 , *89 
Exceptional
Value!

5W 6 Channel 
Hand-Held Marine
Superb 27MHz hand held transceiver from Uniden! 
Features maximum legal power, all 6 channels fitted 
with marine frequencies — there’s nothing extra to 
buy! Plus you can connect it to your boat antenna 
and power supply for maximum performance.
CatD-1125 Oft

$20 OFF!! I OU
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Basic techniques 
of fault finding
Fault finding in electronic gear is like solving a murder 
mystery - the clues abound, but the ‘red herrings’ confuse the 
issue. However, many faults can be traced without needing 
expensive equipment and a high degree of technical 
knowledge. Too good to be true? Read on, and find out the
things the text books don't tell you!

by PETER PHILLIPS
To set the stage, consider this short 

but true story that may illustrate the 
point of this article - a story related to 
me by a highly qualified electronics en­
gineer.

Some years ago, I spent more time 
than I should have agonising over a fault 
in a popular model TV set. After a week 
of fruitless searching using all kinds of 
test equipment, circuit manuals, text 
books and theorising, I had to admit I 
could not find the fault.

I needed help, despite the embarrass­
ment of this admission. So, on the pre­
text of inquiring about his health, I 
phoned a friend whose livelihood was 
TV servicing.

Following his advice and a spot of sol­
dering around a terminal post totally re­
mote to the area where the fault ‘should 
have been’, the set was soon working 
perfectly. Duly humbled, the obvious 
question I asked my friend was how he 
had originally discovered this fault.

His reply included comments on ‘un­
necessary theorising’ and the appropriate 
use of ‘basic methods’. In fact, he sug­
gested that a lot of fault finding was best 
done with the ‘non text-book’ approach, 
and we theorists were wasting our time.

Of course, the ‘bash it till it works’ 
philosophy is not what this article is all 
about. However, there are many useful 
basic techniques that can help solve 
some very difficult fault problems - 
techniques that are rarely described. 
Certainly there is no substitute for tech­
nical knowledge, and readers cannot as­
sume that all faults will yield their se­
crets by using the methods about to be 
described.

This article is therefore about fault 
finding, but based primarily on down- 
to-earth methods that servicemen have 
developed over the years. It purposely 

stays away from hi-tech methods, and 
may just provide you with a few ideas 
that could prove useful.

Faulty electronic equipment will ei­
ther be commercially manufactured or 
home-built. As many readers get in­
volved in building published projects, a 
separate article is being prepared for 
next month on how to fault-find proj­
ects. This type of equipment is more 
likely to have faults, either initially or 
subsequently, and, as such, it deserves 
an article of its own. For now, we con­
centrate on fault finding commercial 
equipment, although many of the tech­
niques would apply to projects anyway.

I have always followed a few basic 
rules in servicing - rule 1 is always 
check the easy things first, even if this 

Fault finding using high tech! Here the Polar B3T micro tester is being used 
in a microprocessor-based circuit.

seems a waste of time. The second rule 
is to be methodical, and the third is to 
refer to rules 1 and 2. And now to 
elaborate...

Fault categories
A fault in a piece of equipment can 

be classified in three ways. The first is 
the problem occurring in a unit that, 
prior to the fault, worked normally. 
Called a breakdown ,this type of fault is 
the most typical, and is generally the re­
sult of a component failure.

Another fault category is a construc­
tion error in a circuit, and is one likely 
to be encountered by hobbyists, both 
experienced or otherwise. The final type 
- the design error, is the nastiest and is 
often assumed by frustrated project 
builders.

Within the three categories given, 
there are sub-categories, such as the in­
termittent fault. Another is the possibil­
ity of two or more independent faults 
occurring simultaneously.

The breakdown
A fault in previously proven equip­

ment will either be one or more compo­
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nents, faulty connections, or a printed 
circuit board problem and may result 
from internal or external causes. Inter­
nal causes include ageing, poor design 
or even normal component failure. Ex­
ternal causes can range from water 
damage (from the decorative pot plant 
sitting on top) to a lightning strike.

Commence by examining the events 
surrounding the fault - but don't always 
trust a third party description, particu­
larly from the owner. Few people can 
be truly objective in describing a fault, 
particularly if they are embarrassed 
about the circumstances. Dropping the 
thing down two flights of stairs will 
often be described as ‘a minor bump’.

Details to establish include any previ­
ous history of the fault, other related 
problems, even weather conditions at 
the time. Like solving a crime, any in­
formation that can give a lead should be 
sought.

Before removing covers, determine 
for yourself what faults the device is ex­
hibiting. Identify unusual sounds, 
smells, visuals, vibrations, or behaviour 
of any sort. Try all controls, determine 
exactly what is working and what is not, 
and become very familiar with the spe­
cific problems.

Once clear on the symptoms, remove 
the necessary covers and visually exam­
ine the internals of the unit. As well, a 
bit of gentle probing may bring to light 
possible problems. For example, ensure 
all plug-in cards are correctly posi­
tioned, and test the integrity of any plug 
and socket combinations.

Also apply pressure to any compo­
nents (ICs etc.) that are socketed, and 
generally satisfy yourself that the prob­
lem is not of the poor connection vari­
ety. Poor connections are a common 
cause of trouble. Naturally, do all of 
this with great care, turning off the 
power if any doubt exists as to safety 
for yourself or the equipment.

If the device is more than a few years 
old, it often pays to spray contact 
cleaner on all switches, plugs and sock­
ets. Do this with the power off, and me­
thodically separate all connectors, ap­
plying the spray (non-oily variety) to 
both sides of a connector pair.

Removing ICs from their sockets 
(using an IC extractor), and spraying 
the sockets is a part of this exercise, 
which even if unsuccessful in establish­
ing the fault, represents maintenance of 
a useful type. Observe the orientation, 
and don't mix the ICs around.

PCB faults
Having ensured that the problem is 

more than a bad connection in a plug

PCB soldering 
faults are very 
common. If there 
is heat or 
mechanical stress 
around a solder 
point, sooner or 
later it will fail. 
Also, any plug 
and socket 
combination is a 
potential source 
of trouble, such 
as the PCB 
socket. Look also 
for track breaks 
around lands and 
other stress 
points. Another 
trouble spot can 
be plated-through 
holes that 
connect double 
sided PCBs.

Track repair 
should make the 
track physically 
strong as well as 
electrically sound.

and socket, try the ‘stress’ test. The aim 
is to find any bad solder connections, or 
physically unsound components. Tap­
ping lightly with the plastic end of a 
small screwdriver can often bring to 
light a poor soldered joint, as my engi­
neer friend would agree. Sometimes, 
the tapping will even cause a faulty 
component to ‘come good’, even if only 
momentarily.

Because solder has little mechanical 
strength, likely soldering problems will 
probably be in areas where some physi­
cal strain is involved. Soldering associ­
ated with things like heavy components, 
areas subject to heating, PCB-mounted 
plugs or sockets should be examined 
carefully. Gently wobbling large compo­
nents or terminal posts and observing 
the soldered joint can often identify a 
dry or broken connection.

Bad soldered joints may not manifest 
themselves for a number of years, and 
are the cause of many problems. 
Fig. 1(a) shows some typical instances 
where soldered joints are likely to fail.

Flexing the board (gently) can identify 
possible problems with PCB tracks or 
connection points. If the fault is appar­
ently corrected by distorting the board, 
localise the area as much as possible, 
then go to work with a magnifying glass 
and a soldering iron. Double-sided 
PCBs are prone to problems around the 
through-hole plating used to connect

tracks on either side, and can be very 
difficult to find.

Careful resoldering of all connections 
in the suspect area often does wonders. 
Breaks in PCB tracks are not uncom­
mon, particularly at the point where the 
track joins to the solder land. Some 
servicemen, after having tried every­
thing else, run solder over every track 
in the hope of fixing invisible fractures.

Repair of a track fracture should be 
done by overlaying a piece of wire 
across the break, soldering it into posi­
tion after first cleaning the track where 
soldering is to occur. Fig. 1(b) illustrates 
the technique.

Isolating the fault
Sometimes the faulty section can be 

isolated using the ‘half-split method’. As 
the name implies, the faulty area is 
found by first identifying which half of 
the circuit contains the fault. Having 
found which half, subsequent divisions 
of the suspect area may eventually lead 
you to the fault. This method is useful 
for audio equipment, where each sec­
tion is relatively independent of the 
other.

For example, if the equipment con­
tains an audio amplifier, applying a sig­
nal to the volume control will help iden­
tify if the fault is before or after the vol­
ume control. If before, don't waste your 
time on the later section.

ELECTRONICS Australia, December 1988 29



Fault finding
If the audio section is dead, divide 

this section into power supply or audio, 
using any test to confirm that power is 
present. If heat is being generated 
within the power supply circuit it is 
probable it is working, although further 
tests should be used to confirm that all 
sections of the circuit are producing the 
required voltages.

The half-split method is not so easily 
applied where each section interacts, 
such as in a computer. However, each 
basic section, such as the clock oscilla­
tor in a computer can be treated singly, 
and mentally ticked off as working 
when so proven.
Faulty components

If the equipment has not responded 
to prodding and probing, then a compo­
nent is probably the fault. The simplest 
way is to replace each component, one 
by one, until the fault is encountered. 
This basic method is known as compo­
nent ‘jockeying’, and is often the quick­
est way where the component count is 
small.

Start with the plug-in components, 
usually the ICs, replacing, one at a 
time, those ICs you have replacements 
for. Sometimes two ICs of the same 
type on the board can be swapped, and 
the effect noted. Always observe the 
behaviour of the unit after each compo­
nent change, and be continually on the 
lookout for clues that may present 
themselves.

As a basic rule, try all the active com­
ponents first. If a replacement is not 
available, test each component as thor­
oughly as possible, either in circuit or 
otherwise. Where there are a large 
number of components, an attempt 
should be made to identify the area 
containing the fault as already de­
scribed.

Touching each component to deter­
mine its operating temperature can 
often identify either a faulty component 
or the problem area. A component that 
is ‘stone cold’, or one that is too hot 
may provide a clue.
Active components

Active components are basically more 
prone to breakdown than passive ones. 
As ICs are often in sockets, searching 
for a faulty chip is usually the best place 
to start. The quickest way to establish if 
an IC is faulty is to replace it, but it 
should be remembered that there may 
be more than one fault. Subsequently, 
when replacing an IC, leave it in the 
circuit even if the problem is not found, 
then go onto the next.
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Some faults are obvious to the eye and the nose. Apart from replacing the 
faulty components, PCB repairs are also often needed.

Some faults, particularly those in the 
power supply, may have caused the de­
mise of every onboard IC, and as fast as 
you replace them, so the fault destroys 
them. To avoid this expensive occur­
rence, attempts should be made to test 
each IC as it is removed. Naturally, the 
power supply should have been tested 
for correct voltages first anyway.

Testing a range of ICs is often diffi­
cult, but may avoid disaster on your 
stock of components. Trying each chip 
in another known piece of equipment 
can help find the faulty one, or at least 
prove that the ICs are working.

Device replacement, such as any tran­
sistors or FETs, should follow the IC 
replacement/testing process. However, 
if all the ICs are soldered in, then leave 
the ICs till last. Remember, do the easi­
est things first!

There are a few simple tests that can 
be applied to transistors before re­
moval. For example, if the forward bias 
voltage between base and emitter ex­
ceeds 0.8V or so, it is almost definite 
that this junction is open circuit. On­
board ohmmeter tests are not always 
reliable, as parallel paths are likely, but 
lifting two of the three leads will allow 
correct testing.

However, the ‘replace first, question 
afterwards’ method is often the quickest 
way where the devices involved are 
cheap and available. I always compare 
my time against the component cost, 
particularly if the job is for money.

Where replacement devices are una­
vailable, methodical removal and testing 
becomes necessary. Ohmmeter testing 
of transistors is fairly well documented, 
and requires the testing of the two PN 
junctions. When using an analog meter, 
set it to its low ohms range, and 

remember that the polarity of the leads 
is generally reversed for ohms measure­
ment. That is, the black lead becomes 
the positive potential. A digital mul­
timeter retains the indicated polarity on 
ohms, but should be switched to its 
‘diode check’ setting.

If all the ICs and transistors appear to 
be working, and checks have proven 
there is no bad connection, PCB track 
break or power supply problem, then 
the remaining components should be ex­
amined. Of great importance is to be 
wary of not accidentally introducing 
more faults during component replac­
ing. Take care not to bridge PCB 
tracks, or to put a component in the 
wrong way. Only deal with one device 
at a time to prevent mixing them 
around, and always test the unit after 
each component replacement.

Capacitor faults
A valuable hint in fault finding equip­

ment exhibiting peculiar faults is to test 
the capacitors associated with the power 
supply. If hum is present in a loud­
speaker, a likely cause is a filter capaci­
tor. Many a strange fault has been 
found by substituting a known good 
electrolytic capacitor across each of 
those in the circuit in turn.

Ensure the polarities match when the 
substitute is being attached and always 
discharge the test capacitor before re­
applying it to another section. This is 
necessary in case the stored voltages ob­
tained from one part of the circuit do 
damage to the next.

Electrolytic capacitors are the passive
components most likely to fail with
time. Equipment over ten years old that
is being restored should have all the
electrolytic capacitors replaced, as they

Australia, December 1988



Simple, but effective means to 
protect fuses and equipment.
‘dry out’ or depolarise over the years, 
and lose their capacitance value.

Capacitors required to operate with 
voltages over 100 volts or so can be­
come leaky, a problem very prevalent in 
valve equipment. Again replacement of 
the lot is recommended. Some capaci­
tors can develop an intermittent open 
circuit - typical in the polystyrene vari­
ety.

Always replace a capacitor with one 
having a working voltage equal to or 
better than the original, and use the 
same type as far as possible. Paper ca­
pacitors can usually be replaced with 
polyester types, but inductance and 
stability considerations usually mean the 
original type must otherwise be ob­
served.

Resistor faults
Resistors, diodes, transformers, wir­

ing and so on can all become faulty. 
The possibility of this occurring is lower 
compared to the components already 
discussed, suggesting that these items 
are best checked last.

Resistors, particularly old style types, 
can change their value, and high value 
resistors are more prone to this than the 
low value types. Normally a resistor will 
increase its resistance with time and 
use. If a resistor indicates an in-circuit 
value higher than its marked value, re­
place it; if lower, lift one end and re­
check.

In general, resistors are reliable unless 
their power dissipation rating is exceed­
ed. Wire wound resistors are prone to 
becoming open circuit, even under nor­
mal operation, and this can often be 
found by noting that they are cold after 
the unit has been running for some 
time.

Power supply faults
Power supply faults are very com­

mon, and often hard to find, as the 
symptoms may suggest anything but a 
power supply problem. Digital equip­
ment will behave very erratically if the 
power supply has excessive ripple, or if 
there is a bad connection between the 

power supply and the rest of the equip­
ment.

I always examine the power supply 
first, mainly to confirm correct voltages 
and secure connections. As this section 
dissipates heat, faults are most likely to 
occur over time, depending on the ther­
mal stresses within the section.

Power supply faults and the effects 
they cause could probably fill a decent 
sized book, as experienced technicians 
would no doubt agree.

Transformers and inductors usually go 
open circuit. Alternatively, transformers 
can ‘burn out’, usually obvious by the 
smell. In this case, find out why the 
transformer burnt out before replacing 
it.

CHASSIS EQUIPMENT

ISOLATING 
TRANSFORMER

Many TV sets are ‘hot chassis’. Use 
an isolating transformer to make it 
safe to work on.

Power supply transformers are usually 
protected by a fuse, and the inclination 
to increase the fuse rating should be 
avoided. If fuses are blowing, a good 
servicing technique is to apply mains 
power to the unit being repaired 
through a 240 volt lamp in series with 
the power point and the device. Choose 
a wattage up to twice that required by 
the unit under test, and don't re-apply 
the mains directly until the fault is 
fixed. Fig.2 shows an arrangement that 
can be easily constructed for this pur­
pose.

Many domestic appliances are ‘hot 
chassis’. This means that regardless of 
the way the active and neutral wires are 
connected, the metal chassis, or 
‘ground’ of the device, is above the

Rules:
1.

2.
3.
4.

Don't rush in. Examine 
the symptoms first.
Do the easy things first. 
Locate the faulty section.
Be methodical.

A fault-finding flow
chart that must work. 

J

earth potential. Connecting an earth 
wire from a piece of test equipment can 
result in damage to the device being re­
paired, blown mains fuses, or destruc­
tion of the test equipment.

Also, the technician is exposed to a 
very dangerous situation, running a 
great chance of receiving a lethal elec­
tric shock. This makes the use of an iso­
lating transformer (240V to 240V) es­
sential. The power rating of this trans­
former should equal or exceed that of 
the equipment. Note particularly that a 
‘Variac’, or variable auto-transformer is 
NOT suitable for this task.

Diodes can become either open or

COLLECT 
BACKGROUND 
INFORMATION - 
GATHER CLUES

BECOME 
FAMILIAR 
WITH THE 

SYMPTOMS

USING ALL 
SENSES 

EXAMINE THE 
ELECTRONICS

LOOK FOR BAD 
CONNECTIONS IN 
PLUG-SOCKETS

NO

LOOK FOR BAD 
SOLDERED JOINTS 
OR PCB PROBLEMS

FIXED?

NO

YES

LOCALISE THE 
FAULT AREA

LOTS OF
COMPONENTS?

yREPLACE 
ACTIVE 

COMPONENTS

FIXED?

NO

REPLACE 
PASSIVE 

COMPONENTS
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short circuited. Power diodes in a 
bridge circuit usually go faulty in pairs, 
but it is good practice to replace the lot 
anyway. Be careful to use diodes that 
match the original, particularly in terms 
of their PIV (peak inverse voltage) and 
current ratings.

As already mentioned, power supply 
capacitors often become faulty, espe­
cially the main filter capacitors. It is im­
portant to replace any such capacitor 
with one having the same temperature 
and current ratings (match the physical 
size) as well as voltage rating.

Another consideration is the possibil­
ity of electrolytic capacitors exploding 
due to an internal temperature rise. To 
minimise the danger, a pressure relief is 
usually incorporated in the can, and any 
replacement should have this type of re­
lief. This mainly applies to those elec­
trolytics that are operating in a high 
power environment, such as a computer 
power supply.

Intermittent faults
Intermittent faults are the bane of the 

service technician. Difficult to find, you 
can never be sure if you have really 
fixed the fault.

Bad soldered joints are typical inter­

mittent faults, and it often pays to sim­
ply spend the time to carefully resolder 
every connection on the board. Special 
care is needed, as long term oxidisation 
effects can make the faulty connection 
difficult to repair properly.

An intermittent fault in a component 
can often be found using a can of 
freezer spray. If the general area of the 
fault can't be identified, spray methodi­
cally over the whole board. If the com­
ponent is temperature sensitive, this 
technique will often find the problem.

If the fault only appears after a cer­
tain operating temperature has been 
reached, normal operation will follow 
when the faulty component is cooled 
down by the spray. By using a localising 
nozzle or tube on the spray can, its ef­
fect can be confined to a small area, 
helping considerably in establishing the 
location of the fault in a crowded lay­
out.

Heating a suspect component with a 
soldering iron or a hair dryer and then 
applying the freezer spray is another ef­
fective method for seeking out these 
types of problems.

In some cases, particularly in complex 
equipment, it becomes impracticable to 
use the methods described above. When 
the intermittent is not temperature 
sensitive, and all soldered joints have 

been tested, it becomes essential to nar­
row the problem down by identifying 
the area causing the problems.

Various methods are used, including 
transferring plug-in cards from another 
unit of the same type, or attaching 
analysing equipment. The main require­
ment in this type of fault finding is pa­
tience. If parts are available, compo­
nents for a whole section can be re­
placed. Of course, you can replace the 
lot to begin with anyway, in the hope 
the fault is a component.

Handy flow chart
Fig.4 shows a flow chart that summa­

rises the fault finding techniques de­
scribed so far. No flow chart can cover 
all situations, but the suggested ‘plan of 
attack’ is a good place to start. Experi­
ence will soon show you how to adapt 
the chart to particular situations, and its 
presentation is included merely as a pic­
torial means of summarising this article.

Included with the chart are four basic 
rules. The rules are not in any specific 
order, but the intended message is to be 
scientific and logical about the task. 
Luck has always played a part in servic­
ing, but you can never rely on it.

Remember that if the device used to 
work, then it will again - given enough 
time and effort. ®

Hirn your hobby into a
profitable career 

. computers.'

You’re obviously interested in electronics. Why else 
would you be reading this magazine?

But have you ever considered turning your interest 
into a rewarding career as a computer maintenance 
engineer?

The Control Data Institute can help you fulfil your goal 
in the shortest possible time by teaching ypu such subjects 
as basic electronics, microprocessors, data communication, 
disk drives and machine language programming.

We then help you further by helping more than
Sanford Vick 2003.

90% of our graduates get their first jobs in this exciting, 
expanding industry.

Don’t delay, contact Control Data now.
Sydney 4381300, Melbourne 2689666.

S3 CONTROL DATA INSTITUTE
A computer career starts here.
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Experience 
Counts.

users reap the benefits of the 
C language fully integrated 
with advanced emulation 
tools, including precedence 
triggering, Deep Trace,™ 
on-line code revisions, and 
performance analysis tools.

In addition to IBM*  PC-XT/ 
AT, hosts include IBM Personal

System/2,™ Macintosh II™
VAX;M MicroVAX,™ and Sun 
Workstation.*

EZ-PRO users also have the 
advantage of the best post­
sales support in the industry.

They know that their 
emulators are covered by

American Automation’s 
5-year limited warranty.

Experience counts. Now 
with over 10 years experience, 
American Automation has 
designed more emulators than 
anyone. Count on EZ-PRO to 
provide the most cost/effective 
development support.

Intel: 8031 Motorola: 6800
68B00

Hitachi: 6301R 
6301V1

Rockwell: 6502
65038032

8086 8035 68HC11A2 6801 6301X 6504
8088 8039 68HC11A8 6802 6301Y 6505

80186 8344 68B02 6303R 6506
80188 8048 68000 146805E2 6305V 6507
80286 8049 68008 6803 63705 6512

8050 68010 6808 6309 6513
8051 68B08 6309E 6514
8085A 6809 64180R0 6515
8085A2 6809E 64180R1
8096/97 68B09

68B09E
AND MORE

RCA: 1802 
1805 
1806

CDP6805C4 
CDP6805C8 
CDP6805D2 
CDP6805E3

Zilog: Z80A
Z80B
Z80H

Z180
Z8001
Z8002

Harris: 80C86 NEC: V20 V40
80C88 V30 V50

National: Signetics: 8X300
NSC800 8X305

•Assumes EZ-PRO Development Station connected to MSDOS host.

For a free demonstration call

(Incorporated in Victoria)

KENELEC UD

48 Henderson Road, 
Clayton, Victoria 3168. 
Ph: (03) 560 1011 
Fax: (03) 560 1804 
Tlx: AA35703

IBM is a registered trademark of 
International Business Machines, 

VAX and Micro VAX are registered trademarks 
of Digital Equipment Corporation, 

Macintosh is a registered trademark of 
Apple Computer, Inc., Sun Workstation 

is a registered trademark of Sun 
Microsystems, Inc.

• NSW (02) 439 5500 • SA (08) 223 2055 • QLD (07) 393 0311 • WA (09) 322 4542



Frankly Frank
Musings on matters electronic by FRANK LINTON-SIMPKINS

That Quark was a Coojum, you know...
Imagine a strand of viral material - 

pick your own favourite virus - orbiting 
the sun out around Uranus. Imagine if 
you will another virus orbiting in the 
other direction, but in the same orbit. 
Further imagine that these two strands 
of viral material crash head on into one 
another. If your mind has that sort of 
ability to imagine, then you have 
roughly the idea of what the Americans 
hope to make their super-conducting 
super collider do when they get it fin­
ished.

The device, instrument or what you 
will, will accelerate streams of protons 
to vast energies approaching 20 trillion 
electron volts, energies that prevailed 
just a fraction of a second after the Big 
Bang.

To do this the size of the device is 
just within rational human contempla­
tion. It will have an oval track just short 
of 84 kilometres long, the streams will 
be aimed and controlled by 10,104 mag­
nets weighing a mere 42,250 tonnes, 
with some 19,200 kilometres of super­
conducting cable cooled by more than 
2.2 million litres of liquid nitrogen.

The SCSC will cost the American 
people about $US30 per head (men, 
women and children). Now this $US30 
per head may come as rather a shock 
for some Americans, who could not 
care less if a quark, a Higgs boson or 
any of the now seeming hundreds of 
sub-atomic particles exist.

The cash cost won't bother too many 
adults, but on the other hand the small 
fry had other plans for their life's sav­
ings - Springsteen records, bulk Her­
shey bars, tickets to Crocodile Dundee 
II, a little Tijuana Red, some Maui- 
Wowie or massed Big Macs. All this to 
produce quarks, assorted leptons and 
those Higgs bosons, although there is 
some cloud over the latter since some 
dissenters feel it didn't exist even at the 
moment just after the Big Bang.

So why build this gigantic thing in the 
first place? With that sort of money you 
could probably end the world's food 
shortage for ever, develop a cure for 
cancer or AIDS, build colonies on the 
moon, buy the Contras out of the drug 
trade and we could all live happily ever 
after.

But these wonderful things won't hap­
pen, as the building of the Supercon­
ducting Sypercollider would have a far 
better result. Namely, the ensuing em­
ployment opportunities for the area 
where it will be built - in order to make 
certain the re-election of the local Con­
gressman and at least one of the two 
Senators for that State.

During construction the thing would 
mean 4,500 new jobs lasting years. 
Then the running costs to the US gov­
ernment would be $US250 million per 
year, much of it ultimately spent in the 
towns not far from the SCSC.

So at last count 43 towns in half of 
the US states had tendered proposals to 
the Government asking to have the 
SCSC located in their backyards. The 
decision to go ahead and the location of 
the SCSC (Congress hasn't voted the 
money yet) will not be made until Janu­
ary 1989 - so Ronnie won't be in office 
to push the start button.

Looking at the SCSC and placing it in 
an Australian perspective, we see that it 
could just fit into the space between 
Penrith and the sea, in Sydney, with the 
long axis of the oval making life difficult 
for people as far south as Camden and 
as far north as Hornsby.

Mind you the only real problems with 
having the thing in your town might be 
that your anti-magnetic watch would go 
into overload condition, and any hopes 
you might have harboured about even­
tually getting SBS could be written off.

There may also be problems with the 
results of the proton collisions, an esti­
mated 100 million each second. The lep­
tons, quarks, Higgs bosons etc would be 
travelling in close formation with light 
rays, and they may not be easy to bring 
to a halt before they encounter any 
passing living tissue. Mutate now and 
avoid the rush, as some Sydney graffiti 
used to suggest.

But it may be that we won't have to 
worry about Americans growing extra 
legs, being born anancephalic etc., as 
many US projects of scientific promise 
seem to come unstuck.

Take the far-famed SDI or Star Wars 
project. At least two of the main com­
ponents of Star Wars, the X-ray laser 
and the space-borne chemical laser have

run into problems.
The chemical laser operates in proto­

type form, but since it weighs in at 
around 200 tonnes it will be some time 
before it can be launched. The X-ray 
laser, the one that is to be triggered off 
by the detonation of a nuclear bomb in 
flat contravention of an earlier pledge 
to keep nuclear arms out of space, has 
fallen foul of the laws of physics and Dr 
Edward Teller's somewhat uncritical 
championing.

Since the laser would be destroyed by 
the same atom bomb that powered it, 
the American people wouldn't know if 
it worked or not until the missiles began 
landing. By that time they mightn't 
have the thinking time left to realise 
that Teller had been telling a few scien- 
tific/Hungarian porkies.

Dr Teller, the sworn foe of Robert 
Oppenheimer and the maker and prime 
thruster towards the development of the 
hydrogen bomb, gave what other scien­
tists are now saying was misleading in­
formation to government and was over 
optimistic about the concept's feasibility 
during 1984-85.

Originally intended to knock out mis­
siles in flight, the X-ray laser is still not 
dead. It has merely changed roles, to 
that of satellite killer - they are much 
easier to hit. The whole X-ray laser 
project is now seriously under scrutiny 
on a cost-per-satellite-kill basis. Ah, 
true it is that the auditors are always 
with us and they'll get us all in the end, 
no matter how we try.

But in case you feel that the Amer­
icans are in danger of letting down the 
free world, what with playing footsie 
with Mikhail Sergeivitch Gorbachev and 
pulling the money plug on Teller's mag­
num opus, 1 must tell you that that for 
a mere $US75 you can get a 35.56cm 
high porcelain doll with individually tai­
lored uniform of the Vulcan, Mr Spock 
of the Starship Enterprise. Truly our 
cousins do tend to boldly go where no 
man has gone before.
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In case you might have worried, the 
doll is the first ‘Officially Authorised’ 
Star Trek doll - and if you don't accept 
my word, I'll have Scotty beam you up 
and give you to the Klingons.

Do not concern yourself if Mr Spock 
isn't your favourite character. Captain 
Kirk, Bones, Scotty and Lt Uhura will 
follow. Wasn't there a sort of pre-dawn 
Glasnostnik called Chekov on board as 
well? You can bet his doll will have a 
lowish priority. In fact the Chekov doll 
will probably remain below the event 
horizon.

Meanwhile, back at the beam-switch 
yard on the SCSC and the American 
obsession with learning all about the 
Big Bang and the time immediately 
after it happened. Perhaps if they had 
waited a mite longer they might have 
been able to observe the big bang in ac­
tion.

Three astronomers from the Univer­
sity of Arizona have sighted a couple of 
galaxies that are around 17 billion light 
years away. That is, the light which we 
have detected from them left home 17 
billion years ago - or just after the Big 
Bang.

These newly seen primeval galaxies 
probably represent the limit of the ob­
servable universe with presently avail­
able technology. If we wait a while and 
work hard on detection systems, it may 
be possible for us to witness a much de­
layed action replay of the moment of 
the Big Bang, and not just be able to 
detect its gravity waves. So no SCSC. 
So no more $US250 million per annum 
spent in some politician's area, no 4,500 
jobs, no outlay of $30 per head for all 
US men, women and brats.

What am I saying? If I am correct this 
may be the end of the political/demo- 
cratic process as we know and love it. 
The end of closing meatworks near 
major cities, to give work to meatworks 
out in the electorates of party heavies. 
Pork barrelling would go with the 
SCSC.

No, we can't wait for the pictures of 
the big bang to arrive. We must have 
our big bangs in miniature and keep our 
politicians in their seats, our Edward 
Tellers in Tokai and Hobbes in his 
Leviathan. ®

GET YOGR TRAINING NOW 
AND BE PREPARED FOR THE FÜTÜRE

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, 
Digital Electronics for Technicians & 
Servicemen or Industrial Electronics.
MAKE YOUR MOVE TOWARDS A BRIGHTER 
FUTURE. SEND THE COUPON TODAY.

Stotts i

AN AUSTRALIAN TRADITION

PLEASE SEND ME FREE, AND WITHOUT OBLIGATION, 
FULL DETAILS OF THE FOLLOWING COURSE:

___________________________________________________________________(PLEASE PRINT) |

MR. MRS. MISS AGE i

ADDRESS________________________________________________________________________
____________________________________________________________ POSTCODE I

Stott s undertake that no sales counsellor will visit you. 
Melbourne, 140 Flinders Street 3000 Tel 654 6211 
Sydney, 383 George Street 2000 Tel 29 2445 
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/ST6439/EA1288 |



Compact Disc Reviews W00PER
CELLO PIECES

The Sound of Cellos
The Yale Cellos
Aldo Parisot
Delos D/CD3042 DDD
Playing time: 63 min 54 sec
PERFORMANCE 

123456789 10

SOUND QUALITY

RICHARD STRAUSS
Thus Spake Zarathustra
Salome
Dance of the Seven Veils
Intermezzo Symphonic Interludes
Seattle Symphony
Gerard Schwarz
Delos D/CD 3052 DDD
Playing time: 70 min 58 sec
PERFORMANCE

SOUND QUALITY

The tone poems of Richard Strauss 
are not exactly music for newcomers to 
classical music (though most will recog­
nise the opening bars of this one, as it 
was used in the film 2001). This music 
requires many hearings for familiarity 
and the notes on this recording include 
exact timing marks to enable you with 
the aid of a stopwatch etc., to follow 
each section precisely - an excellent fea­
ture.

Strauss conceived this work, which is 
based on a prose poem by Nietzsche 
during a convalescent visit to the middle 
east in 1892 (how times have changed!), 
and was completed in 1896. The work is 
meant to convey an idea of the evolu-

Here is a different disc, if ever there 
was one. All cellos, performing full or­
chestral pieces with almost unbelievable 
dexterity. Naturally the sound is differ­
ent from an orchestra so if you like cel­
los - lots of them, this disc is for you.

The selections are: Kanon (Pachel­
bel), Allegro non molto and Largo 
(Vivaldi), Adagio (Albinoni), Flight of 
the Bumblebee (Rimsky-Korsakov), 
Vocalise (Rachmaninoff), Concerto in 
G minor (Handel), Requiem and Elfen- 
tanz (Popper), The Entertainer (Joplin), 
Largo (Veracini).

The ‘Flight of the Bumblebee’ and 
the viruoso solo of Popper’s Elfentanz 
by Mark Tanner are quite stunning and 
almost beyond belief.

The playing right through is excellent 
and certainly shows cellos in a different 
light, under the very skilful and dedi­
cated conductor Aldo Parisot.

The recording is very good with no 
noise and a fair amount of reverbera­
tion. It would certainly be a must for 
students of the cello.

• A L O M « 
DANCE ar THE SEVEN VCIL8

aVMWQNiC 
tNTEftLUOEB A

i I A TTL 6
' * S YMPHONY

tion of the human race from its origin 
through various phases of development.

The orchestral playing is first class 
and the recording balance very good, 
but not spectacular. The miking seems 
to be somewhat left-right but quite spa­
cious and of course there is zero back­
ground noise which is mandatory for 
this music.

As a bonus and a contrast this disc 
also includes the ‘Dance of the Seven 
Veils’ and the ‘Four Symphonic Inter­
ludes from Intermezzo’. These are later 
works, the latter completed in 1923.

For people interested in Richard 
Strauss, this disc represents extremely 
good value.

FOLK MUSIC

Two Gentlemen Folk 
Benjamin Luxon, 
Bill Crofut & Friends 
Telarc CD-84401 DDD 
Playing time: 56 min 38 sec
PERFORMANCE 

23456789 10

SOUND QUALITY 
123456789 10

Here is a recording of folk music 
which is polished in the extreme. The 
voices and instrumentation are quite ex­
emplary and I have never heard this 
style of music sound so delightful. 
There is a great deal of sensitivity be­
tween both the vocal and instrumental 
parts.

Although I was unfamiliar with most 
of the tracks, they are very easy to lis­
ten to and the overall sound is quite 
stunning and a credit to the Telarc engi­
neers.

The tracks are Sweet Nightingale; 
The Tinker; The Leaving of Liverpool; 
She’s Like the Swallow; Dance to your 
Daddy; The Ash Grove; San Francisco 
Bay; Danny Boy; White-haired Cassidy 
(pennywhistle solo); The Cuckoo/Leath- 
erwing Bat; Turkey in the Straw; The 
Flowers of the Forest; Bold Nelson/Ed- 
dystone Light; Waly Waly; Waltzing 
Matilda and The Wabash Cannonball.

The cover notes include all the 
words, so that it is easy to follow or 
sing-a-long as you wish. They are also 
very interesting, pointing out the hum­
ble beginnings of the group by Bill 
Crofut and Benjamin Luxon in a pub 
after they had rehearsed in a production 
of Bach’s ‘St. Matthew Passion’ with the 
Munich Bach Choir under Karl Richter.

This disc has achieved an excellent 
result and should have wide appeal. ©
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Complete Statistical System 
for your PC !

Here are some reasons why we believe that CSS is the most powerful, advanced, 
and elegant statistical package on the market.

MAXIMUM SIZE OF DATA FILES
CSS: As large as DOS allows SPSS/pc +: As large as DOS allows

GRAF
CSS: Large selection of colour, hi-res, quality graphs, very flexible 
interface between numbers and graphics (all CSS output can be 
converted into a variety of graphs; also, user selected results from 
different CSS analyses can be easily combined in a single graph).

>HICS
SPSS/pc +; Limited character based graphs, rigid interface between 
numbers and graphics.

USER INI
CSS: Fast hierarchical menus; the entire user interface is optimised 
to limit the number of keystrokes necessary to perform an analysis; 
fast selection of individual variables or lists of variables; previous 
variable selections are “remembered” (and can be edited) across 
consecutive analyses; batch processing is also supported.

FERFACE
SPSS/pc +: Command language; some commands are several lines 
long (in case of a typo, e.g., a misspelled variable label, the entire 
command has to be re-typed); commands can also be submitted via 
batch files.

PROCESSING LIS
CSS: Supported by all procedures (where applicable, lists of 
dependent variables can be automatically processed with the same 
design, eg., in t-tests, Crosstabulations, ANOVA, Regression, etc.)

FS OF VARIABLES
SPSS/pc+ : Supported by all procedures (where applicable, lists of 
dependent variables can be automatically processed with the same 
design, e.g., in t-tests, Crosstabulations. ANOVA, Regression, etc.)

SELECTION OF SUBSETS
CSS: Yes (on line selection of cases via “include if" or “exclude if" 
selection conditions that remain in effect for the entire CSS session or 
until cancelled; the selection conditions can be saved for repeated use)

OF CASES FOR ANALYSES
SPSS/pc +: Yes (via logical “select if" conditions

SCREEN DISPL
CSS: All CSS output is displayed via Scrollsheets. These are dynamic, 
scrollable, user controllable, multi-layered tables with cells expandable 
into pop-up windows. All numbers and labels (or selected subsets) in 
Scrollsheets can be instantly converted into a variety of presentation 
quality graphs. The contents of different Scrollsheets can be instantly 
aggregated, combined, compared, plotted, printed, or saved.

AY OF OUTPUT
SPSS/pc+: Output scrolls across the screen (a “MORE.prompt 
appears when the screen.Is full.

DISPLAY FORMA
CSS: Flexible; all display formats are dynamically adjusted to yield 
maximum display precision while preserving compatibility of formats 
within columns of numbers; special extended formats are available 
where applicable (B-weight = 094027563759532)

rs FOR NUMBERS
SPSS/pc+: Fixed, regardless of value (e.g., if values are very small, 
SPSS cannot display them with sufficient precision)

PRih
CSS: Selective printing or saving of results (e.g., only specified tables 
with results, or subsets of tables); all results can also be automatically 
printed (or saved) in formatted reports; graphics can be printed on all 
plotters, dot matrix, colour, and laser printers, (including printers 
supporting PostScript)

TING
SPSS/pc+: Only via dumping all screen output from an analysis to 
the printer or file; hi-res graphics are not available.

ACCESS TO INDUSTRY S
CSS: Intelligent read/write interface to (unlimited size) Lotus, dBII, 
dBIII +, DIF, SYLK, and a variety of formatted and unformatted 
ASCII files; CSS imports not only data values but also formats, labels, 
headers, logical variables, missing data codes, etc.

TANDARD ALE FORMATS
SPSS/pc+: No (only ASCII; an optional file conversion package is 
available)

SUBMITTING OUTPUT FROM ONE
CSS: In addition to matrices (corr., cov., etc.) and scores that are 
calculated for each case (e.g., residuals, factor scores), all other 
numbers generated with CSS analyses can be converted into the 
CSS data file format.

INALYSIS AS INPUT FOR ANOTHER
SPSS/pc+: Only matrices (corr., cov., etc.) and scores that are 
calculated for each case (e.g., residuals)

CSS (Complete Statistical System) is a high 
performance, integrated statistical data 
processing, database management, and 
graphics system for science, business, and 
engineering applications, that runs on your 
PC! The comprehensiveness and speed of 
CSS make it a realistic and attractive 
alternative to mainframe statistical packages. 
CSS is incomparably faster and more flexible 
than mainframe programs and at the same 
time offers an equal or better selection of 
analytical methods.
CSS is capable of Basic and Descriptive 
Statistics, Multiway Frequency Tables, 
Nonparametric Statistics, Exploratory Data 
Analysis with Analytical Graphs, Multiple 
Regression Methods, Time Series Analysis 
with Modeling and Forecasting, General 
Anova/Ancova/Manova, Contrast Analysis, 
Discriminant Function Analysis, Factor 
Analysis/Principal Components, and 
Multidimensional Scaling.
For a free demonstration disk on CSS, 
simply send us a copy of this advertisement 
with your business card attached.

$900

48 A’BECKETT STREET, MELBOURNE. 3000. 
PHONE (03) 663 6580 

FAX (03) 663 6117 
AUSTRALIAN DISTRIBUTOR OF CSS



Everything that goes into the best amateur
IC-781

HF All Band Transceiver

IC-781 is the most advanced HF transceiver on the market. 
The first with a CRT display for central monitoring. 

Experience the latest in digital technology. 
Superior specifications, superior performance. 

Nothing else comes close.

HF TRANSCEIVERS BASE STATION TRANSCEIVERS

IC-761 HF All Band Transceiver
• General coverage receiver
• Built-in automatic antenna tuner
• 100W output
• Passband tuning and IF shift
• Keyboard frequency entry
• Built-in power supply
• Notch filter
• 32 memory channels

IC-735 HF Band Transceiver
• General coverage receiver
• Compact and lightweight
• 12 memory channels
• 100W output

IC-751A HF All Band Transceiver
• General coverage receiver
• 32 memory channels
• 100W output
• Built-in electronic keyer
• High grade SSB filter standard
• Optional mains power supply 

can be built in

IC-575A (10W) IC-575H (100W)

28/50 MHz All Mode Transceiver
• Receiver coverage: 26-56 MHz
• Direct digital synthesizer (DDS)
• 99 memory channels
• Built-in AC power supply ( IC-575A)
• Passband tuning

IC-275A (25W) IC-275H < ioow)
144 MHz All Mode Transceiver
• Direct digital synthesizer (DDS)
• 99 memory channels
• USB. LSB. CW. FM
• Built-in power supply (IC-275A)
• Passband tuning
• Designed for packet mode

IC-475A <25W) IC-475H (75w>
430 MHz All Mode Transceiver
• Direct digital synthesizer (DDS)
• 99 memory channels
• USB. LSB. CW. FM
• Passband tuning
• Adjustable IF notch filter
• Designed for packet mode

The best thing about all of this equipment is



transceiver in the world goes into these.
• 5* CRT display
• Dual watch
• Spectrum scope
• Twin passband tuning
• 150W output
• Built-in antenna tuner
• 99 memory channels
• Built-in power supply
• Direct digital synthesizer (DDS)
• General coverage receiver

MULTI BAND TRANSCEIVERS HAND HELD TRANSCEIVERS

• Two bands in one 
hand held

• Full duplex cross­
band operation

• 20 double-spaced 
memory channels

• Switchable power 
saver

IC-32AT
Dual Band
FM Transceiver

• 2-6W with 
optional BP-24

• Pocket size
• Automatic 

power saver
• 10 memory channels

IC-|jl2AT
144 MHz
FM Transceiver

• Splash resistant
• RX&TX

incremental tuning 
(VXO)

• Automatic power saver 
• 20 memory channels

IC-12GAT
1200 MHz
FM Transceiver

IC-900A
Super Multi-Bander System
• Optical fiber interface cable
• Light, compact and easily installed
• Six-band flexibility
• Full duplex crossband operation
• 10 memory channels per band

28 MHz
50 MHz

144 MHz
430 440 MHz
1200 MHz

IC-3210A
Dual Band FM Transceiver
• Full duplex crossband operation 
• 20 double-spaced memory channels 
• Built-in duplexer

• 5W output with 
BP-7 or BP-70

• 10 memory 
channels

IC-02AT
144 MHz
FM Transceiver

• TW output with
BP-7 or BP-70

• Automatic power saver
• Splash resistant
• 20 memory channels

IC-|i4AT
430/440 MHz
FM Transceiver

• High output power
• 10 memory channels
• Programmed & memory 

scans

IC-04AT
430/440 MHz
FM Transceiver

• 7W output with 
BP-7 or BP-70

• Automatic
power saver

• Splash resistant
• 20 memory 

channels

IC-2GAT
VHFFM
Transceiver

• Automatic power saver
• 20 memory channels
• Programmed &

memory scans

IC-4GAT
UHFFM
Transceiver

• Rit and VXO
• Fully synthesized

IC-12AT
1200 MHz 
FM Transceiver

o
that it’s all designed, built and sold by ICOM

Icom (Australia) Pty Ltd

Incorporated in Victoria
7 Duke Street, Windsor, Victoria, 3181
Phone : (03) 529 7582/529 8765
Fax : (03) 529 8485
Telex : AA 35521 ICOM AS



FORUM Conducted by Jim Rowe

Further thoughts & theories 
about oxygen-free copper...
Remember the discussion in the September issue about the 
use of “oxygen-free” copper in electronic gear? My original at­
tempt to get hold of some further information from Japan drew 
a blank, but a reader in Melbourne has very kindly sent me 
copies of some papers by one of the leading Japanese re­
searchers, and these throw some interesting light on the sub­
ject.

The reader concerned is Mr John 
Ulph, engineering manager of Alcatel 
STC-Cannon in Melbourne, and I'm 
very grateful to him for sending this ma­
terial. But before we have a look at it, 
I'd like to quote from another letter 
which turned up, also with suggestions 
on the subject of OFC and its possible 
benefits in audio applications.

This letter came from Melbourne as 
well, from Mr Robert Vickers of Mount 
Waverley. And Mr Vickers believes that 
in the September discussion 1 could 
have overlooked a key point:

I suspect you may have just missed the 
rationale behind OFHC (as per Colin 
Campbell) in applications using multis­
trand signal wiring - either in links, 
preamps etc., or speaker cable.

As I understand the situation, AC is 
conducted along the surface of a conduc­
tor, rather than through the core. Ac­
cording to Colin Campbell, OFHC can 
be drawn into finer wires which have 
tightly bonded oxide layers on the sur­
face. At typical hi-fi voltages, presum­
ably two such layers would form an in­
sulator. One can therefore manufacture a 
cable with many fine, insulated wires, 
giving a large conductive ‘surface’.

I further suggest, without wishing to 
enter the audio-fanatical world of the 
‘golden-eared’ audiophiles, that the sig­
nal entering one end of such a cable 
comes out unchanged - that is, ungar­
bled by random signal path lengths as 
electrons randomly swap from one wire 
to another.

I won't comment on structural uses but 
suffice to say, be it ‘hype’ or ‘tripe’, they 
need a gimmick to sell a new machine 
while the old one is still working.

Thanks for the comments, Mr Vick­
ers. You're quite right too, in suggest­
ing that I had overlooked the possibility 
of skin effect. I hadn't considered the 
other aspect you raise either, about the 
effects of electrons swapping from wire 
to wire and thus causing random varia­
tions in path length. They're both inter­
esting ideas, although I'm not sure that 
they really help all that much in ex­
plaining the advantages of OFC (oxy­
gen-free copper) or OFHC (oxygen-free 
high conductivity copper).

For example skin effect, or the tend­
ency for AC to flow near the surface of 
a conductor rather than at its centre, 
doesn't really become significant in or­
dinary wires and cables until you get to 
frequencies well over 100kHz. That's 
because it's the result of differences in 
the effective inductance of the inside of 
the wire, compared with its outer 
layers. As inductive reactance is propor­
tional to frequency, this makes it only 
become relevant at higher frequencies.

Just to refresh my memory about this 
I looked it up in that well-known engi­
neering text Electronic and Radio Engi­
neering, by the famous Frederick Em­
mons Terman of Stanford University. 
Here it quotes the effective skin con­
duction depth in copper at 20°C as 
given by 66.2mm divided by the square 
root of the frequency in hertz. If you 
work this out, you find that the skin 
depth at 20kHz is nearly half a millime­
tre - larger than the total diameter of 
the individual strands in a typical multi­
stranded audio cable.

The depth is still more than 200um at 
100kHz, falling to 93um at 500kHz and 
66um at 1MHz. So its effect is really 

only likely to be significant at these fre­
quencies and above - not down in the 
audio range.

In any case, I find it a little hard to 
see how skin effect would work to pro­
duce an advantage for OFC. If OFC has 
its remaining oxides concentrated on the 
outside surface, as Colin Campbell 
noted, that's surely the very place we 
wouldn't want the current to be trying 
to flow, in preference to inside the cop­
per!

In fact if skin effect were relevant at 
audio frequencies, I suspect this would 
be more of a factor in favour of ordi­
nary ETP (electrolytic tough pitch) cop­
per, not OFC. At least with ETP cop­
per the region of the wire nearest the 
skin wouldn't be any poorer a conduc­
tor than that further inside...

Actually Mr Vickers' other point 
seems in some ways a little more prom­
ising - the one about OFC's outer layer 
of oxide possibly acting as a kind of in­
sulation between adjacent strands of 
wire in a multi-strand audio cable. On 
the surface this sounds as if it might be 
a possibility (sorry about the pun), as 
copper oxide is a semiconductor and in 
conjunction with copper metal forms a 
rectifying junction. After all this is how 
the old copper-oxide rectifiers worked.

Surprisingly, I haven't been able to 
find much technical information on the 
exact electrical properties of this kind of 
junction. Although copper oxide was 
one of the first semiconductor materials 
discovered, very little seems to be 
known about it.

I did glean from R.A. Smith's classic 
book Semiconductors that it has an 
energy band gap of around 1.9eV at 
room temperature, compared with 
0.67eV for germanium and 1.12eV for 
silicon. This perhaps gives some support 
to my recollection of copper oxide/cop- 
per junctions as having a fairly high for­
ward conduction voltage, and as being 
rather less efficient than either ger­
manium or silicon.

But be that as it may, it does seem
likely as Mr Vickers' suggests that two
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such junctions effectively back-to-back 
(between adjacent strands of wire) 
would form an insulating layer, prevent­
ing electrons from crossing back and 
forth between them. Both because 
they're back-to-back, and because the 
voltages between the strands would very 
likely be below their forward conduc­
tion ‘knee’.

This assumes, of course, that the two 
layers of oxide are continuous and en­
tirely covering the surfaces of all 
strands. This might be a big assumption, 
because according to Colin Campbell 
the oxygen content of OFC is around 
.0003% - that's not much left to form 
oxides anywhere, let alone all over the 
surface.

Let's assume that it does do this, 
though, and that as a result a multi­
stranded wire of OFC does act like 
many individually insulated strands. 
What effect would this have on the 
audio signals?

Mr Vickers suggests it would ensure 
that the overall signal path would stay 
‘more constant’, with less ‘random 
modulation’ due to sideways motion of 
the electrons between strands. But 
frankly I can't see that the additional 

effective path length would be signifi­
cant at audio frequencies, considering 
the speeds that conduction electrons 
would be travelling at in a metal like 
copper.

Don't forget that the random thermal 
motion of the electrons is quite great at 
room temperature anyway, producing 
what we normally call thermal noise. So 
as far as I can see, what Mr Vickers 
seems to be saying is that a cable with 
many strands of OFC would be less 
noisy than one of ordinary ETP copper, 
because the latter lacks our hypothetical 
layer of copper oxide insulating the 
strands.

If this were true, you'd expect a sin­
gle large diameter wire to be much 
more noisy than our multi-stranded 
cable, even if the large diameter wire 
were made of OFC. In other words, Mr 
Vickers seems to be saying that the fat­
ter a wire is, the more variation there 
will tend to be in conduction path 
length due to sideways detours by elec­
trons, and hence the more noise added 
to the signal. And when you put it that 
way, it doesn't seem likely, does it?

I suppose it's possible, but you'd nor­
mally expect a single large-diameter 

wire to present the lowest resistance, 
and there's another law that links ther­
mal noise directly with resistance. Intui­
tively I'd expect it to provide a connec­
tion that was fess noisy, not more.

So you could be right, Mr Vickers, 
but I have my doubts. The ramifications 
of what you proposed don't quite seem 
to gel with other aspects of received 
wisdom.

With those comments as preamble, 
perhaps we can now pass on to the in­
formation sent in by John Ulph of Alca­
tel STC-Cannon. Mr Ulph's company is 
the Australian representative for 
Hitachi Cable Ltd., of Tokyo, and the 
information actually originates from that 
firm - which appears to be one of the 
major manufacturers of OFC cables for 
audio and video applications.

Much of the material turned out to be 
reprints of papers written by the chief 
engineer of Hitachi Cable, Mr Osao 
Kamada, who seems to be one of the 
leading researchers in the field of OFC 
applications in electronics. As it was 
therefore the first really authoritative 
information on this specific subject to 
come my way, I found it of great inter­
est. And I think you will, too.
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One paper in particular attracted my 

attention. It was apparently written for 
the Journal of the Japan Audio Society, 
and was essentially a review of progress 
to date in the field of OFC applications.

In it, Mr Kamada writes that although 
quite a few researchers in various parts 
of the world had noticed that OFC 
audio cables produced a sound that was 
somehow ‘crisper’, ‘richer’ and ‘more 
transparent’ than when conventional 
copper was used, for a long time no-one 
could show the difference by means of 
any electrical measurements. Nor could 
anyone really come up with a convinc­
ing explanation of why the results with 
OFC should be better, until quite re-
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Fig.l: Most of us think of a copper 
wire as simply a low-value 
resistance...

cently. (So I guess we shouldn't feel too 
bad about not being able to come up 
with an explanation, either!)

By the way, Mr Kamada notes that 
because of the observed improvement in 
sound quality gained from OFC, firms 
such as Sony have been using it in their 
equipment for quite a while. Apparently 
the headphone cables on Sony's highly 
successful ‘Walkman’ have used OFC 
wire for about 8 years. So despite the 
lack of objective measurements, even a 
highly respected and engineering-driven 
firm like Sony decided that the benefits 
were tangible enough to proceed. An 
interesting point, don't you agree?

It turns out Mr Kamada was con­
vinced that the improved sound quality 
provided by OFC must somehow be due 
to the fact that its copper crystals had 
very much less copper oxide concen­
trated at the boundaries between grains. 
The amount of oxygen in the copper is 
about 100 times less (3-5 parts per mil­
lion, compared with 300-500ppm) than 
for ETP, so you'd expect the amount of 
copper oxide at the grain boundaries 
would be reduced by pretty well the 
same ratio.

Knowing that copper oxide was a 
semiconductor, he came to much the 
same conclusion as our reader Mr Vick­
ers: that the effect of these thin regions 
of CU2O at the grain boundaries would 
be to upset the conduction between 
them. Either by introducing an element 
of non-linearity, due to the rectifying 
action, or at the very least acting like a

Fig.2: But to Hitachi Cable s Mr Kamada, it looks more like this - because of 
the copper oxide layer at each grain boundary in the copper.
small series capacitor and therefore 
causing changes in conduction at various 
frequencies due to the effect of capaci­
tive reactance.

So he speculated that perhaps a wire 
of ordinary ETP copper didn't just be­
have like a low-value resistor as we'd 
always assumed, as in Fig.l, but more 
like a complex network of resistors, ca­
pacitors and perhaps diodes - as in 
Fig.2. This would suggest all sorts of 
strange amplitude and phase effects at 
different frequencies.

Presumably wire made from OFC 
would have about 100 times fewer ca­
pacitors and possible diodes per unit 
length, and this would perhaps explain 
the ‘clearer’ signals.

Because so little was known about the 
precise AC behaviour of C11/CU2O junc­
tions, Mr Kamada made up some sam­
ple diodes and tested their performance. 
Apparently there were indeed signifi­
cant amplitude and phase variations 
even over the audio frequency range...

Of course this was making measure­
ments on relatively gross and ‘discrete’ 
junctions, and Mr Kamada apparently 
realised that you couldn't necessarily as­
sume that these results would automati­
cally apply at the microscopic level in­
side a wire. So he carried out another 
experiment, this time comparing the 0 
of physically identical microstripline 
resonators made from OFC, ETP and 
EDC (electrodeposited copper) at 
10GHz.

The Q of the OFC resonator turned 
out to be just on 14% higher than those 
made from ETP and EDC, even though 
the ‘DC’ resistance of the OFC he had 
used was only 0.7% lower than that of 
the ETP and EDC.

As all other factors seemed to be the 
same, Mr Kamada deduced that the 
much greater Q produced by using OFC 
must be due to its lower internal ‘inter­
grain’ capacitance. And although this 
experiment was carried out at a micro­
wave frequency, he decided that it sup­

ported his theory about the effects at 
audio frequencies.

His next step was to consider whether 
simply changing to OFC was in itself 
enough. Would it be possible to achieve 
even more of an improvement?

Even though OFC had 100 times less 
Cu2O at the grain boundaries, it obvi­
ously still had grain boundaries. And a 
grain boundary itself is an area of im­
perfection in the crystal lattice, with 
missing molecules and so on.

Mr Kamada reasoned that the missing 
molecules would make the grain bound­
aries act as tiny ‘gaps’ in the copper, 
each of which would again act like a 
tiny capacitor with a vacuum as its di­
electric. So even though OFC had very 
much less CU2O than normal ETP cop­
per, it would still tend to behave electri­
cally rather like Fig.2 (but without the 
diodes) - simply by virtue of having 
grain boundaries in the copper.

This suggested that it might be possi­
ble to achieve even better performance 
than had already been achieved using 
OFC, by increasing the size of the cop­
per grains and hence reducing the num­
ber of grains (and grain boundaries) per 
unit length.

To test this theory, Mr Kamada tried 
another experiment - and one which 
should bring a smile to the face of at 
least some of our readers.

Remember our tongue-in-cheek story 
in the April issue, about the ‘ultimate’ 
speaker cable - using mercury-filled 
plastic hoses?

Well, believe it or not that's exactly 
what Mr Kamada used, to try the effect 
of using a cable with conductors having 
no grain boundaries at all. He used 
mercury because it's a liquid, and as a 
result the only metal currently available 
- apart from lead - in a form which 
lacks any grain boundaries.

(And we thought the whole idea was
so way-out and impractical that it made
a good April fool's joke!)

Using the mercury cables, Mr
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Fig.3: Microscopic photographs (x200) of Hitachi's LC-OFC (left) and ordinary 
OFC (right), showing the different crystal structure.

Kamada carried out A-B tests with two 
groups of top hi-fi critics and audio de­
sign engineers in Japan. The over­
whelming consensus of opinion was that 
the mercury cables gave superb sound, 
much more ‘real’ and ‘transparent’ than 
cables made from even OFC or silver - 
let alone conventional ETP copper. 
And this despite the fact that mercury 
has a DC resistivity over 40 times that 
of even ETP copper, and over 50 times 
that of silver!

Needless to say, Mr Kamada was very 
encouraged by this result, which sug­
gested that grain boundaries in copper 
(and presumably other crystalline 
metals) might indeed be a subtle cause 
of electrical distortion. Even though he 
still couldn't actually come up with any 
objective measurements which would 
quantify the perceived difference be­
tween the mercury and conventional 
cables - let alone between OFC and 
ETP cables...

The next step was to see if he could 
increase the grain size in OFC, so it 
would have fewer grains and boundaries 
per unit length.

The average grain size in OFC was al­
ready about 3 times that of ETP copper 
- around 20um compared with about 
7um. Not a dramatic difference, but 
presumably worthwhile; there were only 
about 50,000 grains per metre length, 
instead of about 150,000. Presumably 
this was because the lower Cu?O con­
tent allowed the crystals to grow larger.

Mr Kamada tried to make the grains 

grow even larger, by using a technique 
called ‘super-annealing’. This involves 
holding the copper for long periods at a 
temperature just below its melting 
point, in an inert gas environment.

The results were again very encourag­
ing. Average grain size grew to around 
500um (0.5mm) - an improvement of 25 
times over ordinary OFC and corre­
sponding to only 2000 grains per metre. 
Measurements of this ‘giant-crystal 
OFC’ or GC-OFC, in microstripline 
resonators at 10GHz showed a further 
3% increase in Q, and audio cables 
made from GC-OFC were ranked even 
higher than ordinary OFC cables in sub­
jective tests.

Could the grain size be increased still 
further? It appeared not. But all was 
not lost; he realised that the really im­
portant parameter in this context was 
not overall grain size as such, only the 
length of the grains in the direction par­
allel to the wire's main axis. So he hit 
on the idea of drawing the wire down to 
a smaller size, by a ratio of 10:1. This 
stretched the crystals out in the direc­
tion of the wire's axis, increasing their 
length by about 100 times - to an im­
pressive 50mm long.

They became a lot thinner in the pro­
cess, of course, but this could be over­
come by using many such wires in paral­
lel to achieve the desired cross-sectional 
area. And the average number of 
grains/grain boundaries per metre with 
this ‘Linear Crystal OFC’ or LC-OFC 
cable had dropped to about 20 - an im­
provement of about 7500 times com­

pared with ordinary ETP copper cables.
Fig.3 shows microscopic photographs 

comparing the structure of ordinary 
OFC wire 180um in diameter with that 
of LC-OFC wire of the same diameter. 
The elongated crystals are quite appar­
ent in the latter, particularly in the 
lower view along the axis.

Apparently the subjective results in 
audio tests comparing this LC-OFC 
cable with those using both ETP copper 
and ordinary OFC are quite impressive. 
Those who have heard them describe 
the difference as ‘very obvious’, with 
claims that the LC-OFC cable gives 
much greater ‘transparency’, ‘sharper 
transients’, ‘wider dynamic range’ and 
so on.

There doesn't seem to be much doubt 
that Mr Kamada is onto something, 
then. Or that his improved ‘LC-OFC’ 
cables do provide at least a subjective 
improvement in audio quality. Perhaps 
he and Hitachi Cable are right in claim­
ing that LC-OFC would provide even 
more of an improvement in audio and 
video systems, if it were used through­
out the signal path - not just for the 
speaker cables.

But I still find it puzzling that even 
Mr Kamada, for all his ingenuity, hasn't 
been able to come up with a single ob­
jective test which measures the im­
provement provided by LC-OFC or 
even ordinary OFC, at audio frequen­
cies.

Of course the reason for this might 
well be that as yet, we simply don't 
have measuring instruments and tech­
niques which are as sensitive as the 
human ear in detecting subtle forms of 
frequency and phase distortion. This 
kind of limitation in measurement tech­
nology has certainly happened in the 
past.

Unfortunately in this kind of situation 
there's always the alternative possibility: 
in the absence of objective measure­
ments, it's easy for we humans to fool 
ourselves into hearing what we want to 
hear, or what we think we should be 
hearing.

There was a very interesting and 
thought-provoking article on this effect 
in the July 1988 issue of the UK maga­
zine Electronics and Wireless World, 
written by a chap called Douglas Self 
and entitled ‘Science vs Subjectivism in 
Audio Engineering’.

It's hard to tell whether Mr Kamada's 
tests with various kinds of cable could 
have allowed this kind of error to creep 
in. I can't find any reference to ‘double 
blind’ testing, where neither the sub­
jects nor the experimenter knows the 
exact test conditions at any instant dur-

ELECTRONICS Australia, December 1988 43



KENWOOD TM-221A

co/muN±CK\w&
Amateur's 
Paradise!

When you want to choose 
from Australia's best range of 
amateur equipment, and get 
the best advice, call the 
Captain. We stock all the top 
brands, including the latest 
models from ICOM and 
Kenwood. We back them all 
with one of Australia's most 
skilled service departments. 
And we help you with a really 
comprehensive range of 
accessories, cables, 
connectors, and our famous 
frequency registers.

OPEN 7 DAYS
28, Parkes Street 
Parramatta 2150 

Phone: (02) 633 4333 
Fax: (02) 891 2271 

Bankcard, VISA, Mastercard, AGC, Diners, 
Leasing, Cash & Layby

44

KENWOOD TS-680

ICOM IC-475

ICOM IC-761

KENWOOD TM-721

KENWOOD
ICOM

Top of The Line In PCB Design 
$AUD1395.00

PROTEL-AUTOTRAX
This product has a host of new features to assist in the design of a PCB 
whether it is Through-Hole or SMD Technology Standard features 
include Automatic Component Placement, Interactive and Autoroutinq 
with Design Rule Checking
AUTOTRAX offers usable definable track widths from 1-255 mil and pads 
from 1-1000 mil A multilayer program including power and ground 
planes plus video drivers for CGA, EGA. VGA. VERGA Deluxe and 
Hercules Outputs include, plotters, printers. N/C Drill and Photoplotter 
Hardware requirements IBM PC/XT/AT/PS2 or compatibles with 640K 
RAM, 2 floppy drisk drives or 1 floppy plus hard disk PC or MS-DOS 
version 2 0 or greater Also supports 4Mb EMS
Othei^grograms in Protel Family PROTEL-PCB-SCHEMATIC-ROUTE-

PROTEL TECHNOLOGY PTY LTD
Incorporated in Tasmania a Member Company ol Cntec Corporation
TECHNOPARK DOWSINGS POINT, 
HOBART. TASMANIA AUSTRALIA. 7010

PHONE NATIONAL (002)730100
POSTAL GPO BOX 536F HOBART. 7001 INTERNATIONAL *6102 730100

FACSIMILE NATIONAL (002)731871
TELEX AA 58260 CRTEC INTERNATIONAL *6102 73 1871

FORUM
ing the actual testing, and can't there­
fore fool themselves. But Mr Kamada 
seems a pretty methodical kind of work­
er, so presumably he did take this kind 
of precaution.

If so, his A-B comparative tests would 
be objective at least to the extent of 
showing that cables of OFC and espe­
cially LC-OFC do improve audio qual­
ity, in a way that is discernable to 
humans. It's just a pity that there aren't 
any measurements as yet to back this 
up.

Apart from anything else, it seems to 
me that this must cast at least some 
doubt over Mr Kamada's theory about 
grain boundaries causing frequency and 
phase distortion, due to all those little 
capacitors across the gaps. If that were 
so, you'd think we'd be able to measure 
this distortion, wouldn't you?

It's all very puzzling, to be sure.
Another thing that occurs to me is 

that even if Mr Kamada is right with his 
theory about the importance of grain 
boundaries, this in itself mightn't be 
much of an argument for OFC as such. 
Perhaps the only real advantage of OFC 
is that it can be made to grow into 
larger grains than ETP copper - not the 
fact that it contains less oxygen.

It seems to me that the whole busi­
ness of oxygen content and CuzO at the 
grain boundaries might yet tum out to 
be a complete phurphy, after all. If a 
way could be found to make ordinary 
ETP copper form large crystal grains, or 
even make it grow into single crystals, 
perhaps this would achieve just as big 
an improvement.

Just before we leave the subject, at 
least for the moment, a final thought: if 
Mr Kamada is right, and the grain 
boundary around each crystal is essen­
tially a vacuum gap, how is it that a 
copper wire is able to conduct DC?

When you think about it, even his 
you-beaut LC-OFC copper wire with its 
grains 50mm long is still composed of a 
finite number of grains, supposedly 
linked only by the capacitance across 
each of their boundaries. And since ca­
pacitors only pass AC, this suggests that 
even an LC-OFC cable should be an 
open circuit for DC. Not just a high 
resistance, but a true open circuit!

Obviously this isn't so. Even wires 
made from ordinary ETP copper con­
duct DC exceptionally well.

Which again seems to throw a certain 
amount of doubt on Mr Kamada's 
theory, don't you think?

See you again next month. ©
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GRAND AUSSIE HOBBY ELECTBONICS 
CONTEST - THE WINNERS
Here it is at last: the news for which quite a few of our 
readers have been waiting, with anxious anticipation. 
Obviously a lot of readers liked the idea of our Grand Aussie 
Hobby Electronics Contest, because there was an excellent 
response. The judges had a hard job, wading through so 
many well-prepared entries!

Our motivation in running the con­
test, you might recall, was basically to 
try and re-kindle interest and enthu­
siasm in electronics as a hobby. Judging 
by the number of entries we received, it 
certainly seems to have made quite a 
good start in this direction. Hopefully 
this will build and grow, as we publish 
the winning designs (and many of the 
other entries) over the next few months.

Just before we announce the winners 
and give brief details of their entries, 
there are a few general comments we'd 
like to make about the entries as a 
whole.

The first is that overall, we were most 
impressed with the high standard of the 
entries, and the amount of effort that 
had obviously gone into them. This 
didn't apply to every single entry, to be 
sure; but it certainly did to most of 
them.

The majority of entries not only 
showed evidence of a great deal of ef­
fort having been expended on the de­
sign and development of the project it­
self, but on its presentation as well,

We were also impressed by the num­
ber of entrants who had fairly obviously 
used a word processor to prepare their 
article describing the project, and a 
CAD system to prepare artwork items 
such as their PCB pattern. It's nice to 
see how many EA readers are using 
modern hi-tech aids!

Finally, we were very impressed by 
the innovation and elegance evident in 
many of the designs - particularly those 
that won prizes. So many of the en­
trants had obviously gone ‘back to 
basics’, and put considerable effort into 
arriving at the simplest, most economi­
cal and easiest to build design able to 
do the job required.

All in all, then, the entries to the con­
test were impressive not only impressive 
by their number, but by their generally 
high quality. Both of which seem to us 

to augur well for the future of Austra­
lian electronics - both as a hobby voca­
tion and as an industry.

But enough of the preamble. Let's get 
down to the nitty-gritty - who did win, 
and what were their winning designs?
The Newcomer 
section winners

The winner of First Prize in the New­
comer section was Mr Peter Boyle, of 
194 Station Street, Edithvale Victoria. 
Mr Boyle's entry was a design for a 
Brake Lamp Monitor for cars, which 
continuously checks the brake lamp cir­
cuits for burnt-out lamps and other 
kinds of fault, and alerts the driver im­
mediately in the event of trouble.

Mr Boyle's design is quite clever in 
that the existing brake lamp circuit 
doesn't have to be broken. It also uses 
parts worth only around $20 and is com­
patible with almost any car and car­
trailer combination. It seems likely to 
have wide appeal, contributing as it 
does to motoring safety. It was for all of 
these reasons that the Judges voted it 
the winner in this category.

Mr Boyle's prize is a collection of test 
instruments and tools from DSE worth 
over $1100, plus a DSE Components 
Voucher worth $400 - a total prize of 
over $1500.

The runners-up in this category were 
Mr John Thomson, of 40 Upper Daw­
son Road, Rockhampton Queensland, 
and Mr David Adkins of 157 Doncaster 
Avenue, Kensington NSW.

Mr Thomson's entry was another au­
tomotive project - an Interior Light 
Delay Unit, which keeps a car's interior 
light on for a preset time after the doors 
are shut. It also dims the light to allow 
map reading, etc., without distracting 
the driver.

Mr Adkins' entry was a Digital Dis­
tance Measuring Unit - rather like a 

digital ‘tape measure’, and capable of 
measuring distances up to 10 metres 
with a high degree of accuracy.

Both designs were elegant, used com­
monly available parts and again seemed 
likely to appeal to large numbers of 
people. The Judges decided that they 
were a little better in these respects 
than the remaining entries, and thus 
awarded John Thomson and David Ad­
kins with the runner-up prizes of DSE 
Components Vouchers worth $100 each.

The Judges did however award a spe­
cial commendation to Mr Bruce Farnell, 
of 41 Taylor Street, Eaglehawk Victo­
ria, for his entry of a PC-based Logic 
Controller. Although judged a little lim­
ited in its appeal, Mr Farnell's project 
was beautifully presented and he had 
obviously spent a great deal of effort on 
it.
The Advanced 
section winners

The winner of First Prize in the' Ad­
vanced section was Mr Wen Xiang 
Soong, of 16 Cremorne Street, Fullar- 
ton South Australia. Mr Soong's entry 
was an Audible Continuity Tester called 
‘Beepo’, featuring three different tones, 
the ability to operate over 6 decades of 
circuit resistance, and auto polarity re­
versal - all neatly housed in a tiny pock­
et-sized Jiffy box.

Using a handful of readily available 
parts worth a total of about $35, and 
with a particularly ingenious design, 
Beepo was judged a most useful and ap­
pealing little tester. Although the 
competition in this section was very 
fierce, the Judges decided that Beepo 
had a slight edge over the others.

Mr Soong's prize is a package of a 
20MHz Dual Trace Oscilloscope, a Digi­
tal Multimeter and a ‘Pro’ Soldering 
Station together worth over $1300, plus 
a DSE Components Voucher worth $250 
- a total prize value of over $1600.

The runners-up in this section were 
Mr Paul Thompson, of 2/25 Oliver 
Street, Wooloowin Queensland, and Mr 
Tony Agius, of 6 Kiama Street, Red­
wood Park SA.

Mr Thompson's entry was an Elec­
tronic Metronome with the novel name

(Continued on page 137)
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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) . $749

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
• 256K. 512K. 640K. or 1,024K RAM
• 64K ROM
• Phoenix BIOS
• 8 Expansion slots

XI8200 (excl RAM) ......... $689
X18201 (incl.640K RAM)$1,299

IBM* COMPATIBLE
EXTENDED KEYBOARD

1101 KEYS)
These new keyboards are both XT’ and 

AT’ compatible!
• 20 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, Audio 

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

Cat.X12022. only $109

6/10 MHz AT* (MAIN BOARD
• 6/10 MHz system clock with zero wait 

state
• Hardware and software switches for 

alternative system clock.
• Rechargeable battery backup for CMOS 

configuration table and real time clock.
• 80286-10 microprocessor
• Socket for 80287 numeric data 

co-processor
• 256KB. 512KB, 640KB. or 1,024KB RAM
• 64KB ROM, expandable to 128KB
• 8 Input/Output slots
• Hardware reset jumper
• Power and turbo LED connector
• Phoenix BIOS

X18100 (Excl. RAM) ... $689

386 MAIN BOARD
• Intel 80386 CPU (16MHz)
• Socket for 80387 Math co-processor
• 32 bit BUS system, 1 M/Byte or640K 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 
slot 2 with only the 62 pin expansion 
slots 1 with two 62 pin expansion slots 
(32 bit BUS)

X18101 without RAM $2,390 
X18103 1 M/Byte RAM $2,960 
X18105 2 M/Byte RAM $3,500

MULTI I/O & 
DISK CONTROLLER CARD

This card will control 2 x double sided, 
double density drives, and features a serial 
port, a parallel port, and a joystick port or 
games port. It also has a clock/calendar 
generator with battery backup.

Cat. X18040 ..... $145

MAIL ORDER HOTLINE 
W 008 335757 W 
> (TOLL FREE) 

LOCAL: 543 7877

512K RAM CARD 
(SHORT SLOT)

• 512K memory
• User selectable from 64K to 512K
• DIP switches to start address 

X18013 Without RAM $99
X18014 With RAM $459

2 M/BYTE RAM CARD
Plugs straight into BUS ports on mother­
board. XT* compatible. RAM not included. 

X18052 (Excluding RAM). $194

FLOPPY DISK DRIVE 
CONTROLLER CARD

These cards will control up to 2 or 4 double 
sided 360K IBM’ compatible disk drives. 

X18005 (2 Drives)...$52

FLOPPY DISK DRIVE 
CONTROLLER CARD

• Supports 1 -44MB, 1 -2MB, 720K, 360K
• PC7XT7AT’ compatible
• 5’/4” and 31/a" drives

X18009 ............ $139

GRAPHICS CARD
• Hercules compatible
• Interface to TTL monochrome monitor
• One Centronics parallel printer port
• 2K-Static RAM, 64K Dynamic RAM
• Display Mode: 720 dots x 348 lines

Cat. X18003 ..... $139

COLOUR GRAPHICS CARD
This card plugs staight into I/O slot and 
gives RGB or composite video in 
monochrome to a monitor.
Colour graphics: 320 dots x 200 lines.
Mono graphics: 640 dots x 200 lines.

Cat. X18002 ....... $99

ENHANCED GRAPHICS 
ADAPTOR CARD

• 256K display RAM
• Handles monochrome. CGA Hercules 

and EGA.
• Paradise’ compatible
• Up to 16 colours
• Standards: 320 x 200, 640 x 200, 

640 x 348, and 720 x 348.

X18070 ............ $330

COLOUR GRAPHICS
& PRINTER CARD

This combination card features printer 
and monitor interface. It has 1 parallel 
printer pod, RGB CTTC outputs.
Colour:
Text Mode: 40 columns x 25 rows.
Graphics: 320 x 200

Monochrome:
Text Mode: 80 columns x 25 rows.
Graphics: 640 x 200

Cat. X18010 ....... $99

PRINTER CARD
This card features a parallel interface for 
Centronics printers. Included is printer 
data port, printer control port, and printer 
status port.

Cat. X18017 ....... $29

HARDDISK 
CONTROLLER CARDS 

X18060(XT)   $190 
X18140(AT)   $290

RS232 & CLOCK CARD
(WITHOUT CABLE)

This RS232 card supports 2 asynchronous 
communication ports. Programmable baud 
rate generator allows operation from 
50 baud to 9600 baud. Fully buffered. 
Clock includes battery back-up and 
software.

Cat. X18028 ....... $89

RS232 (SERIAL) CARD
(WITHOUT CABLE)

This RS232 card supports 2 asynchronous 
communication ports. Programmable baud 
rate generator allows operation from 
50 baud to 9600 baud. Fully buffered.
First serial port is configured as Comm.1 
Second serial port is optional and 
configured as Comm.2.

Cat. X18026 ....... $49

CLOCK CARD
Complete clock card including battery 
back-up and software.

Cat. XI8024 ....... $55

GAMES I/O CARD
Features two joystick ports. (DB15).

Cat. X18019 ....... $29

I/O PLUS CARD
Provides a serial port, a parallel port and a 
joystick port, and even a clock/calendar 
with battery backup!

Cat. XI8045 ..... $119

IBM* XT* COMPATIBLE CASE
AT* STYLING

Now you can have the latest AT* styling in 
a XT* size case. Features security key 
switch, 8 slots, and mounting accessories. 
Size: 490(W) x 145(H) x 400(D)

Cat. X11091 ....... $99

BABY AT* STYLE
COMPUTER CASING

Our latest computer casing, featuring 
security key switch, 8 slots, and mounting 
accessories etc.
Size: 360(W) x 175(H) x 405(D)

Cat.X11093 ONLY $99
008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS! LOCAL ORDERS & INQUIRIES CALL (03) 543 7877



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

COMPATIBLE 
COMPUTERS 
FROM $895 

Check these features and our 
prices. 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

*$895 WORKSTATION 
COMPATIBLE COMPUTER

256K RAM Single Drive, Graphics and 
Disk Controller Card........................ $895

640K RAM TURBO 
COMPATIBLE COMPUTER

2 x 360K Disk Drives, Multifunction Card, 
Colour Graphics. Disk Controller, 1 Serial, 
Parallel Port. (Includes Timer Disk). $1,095

WITH 20 M/BYTE HARD DISK:
& single 360K Floppy Disk Drive.. .$1,395
& dual 360K Floppy Disk Drives... .$1,595

WITH 40 M/BYTE HARD DISK:
& single 360K Floppy Disk Drive. $1,595
& dual 360K Floppy Disk Drives . $1,795

WITH 80 M/BYTE HARD DISK:
& single 360K Floppy Disk Drive . CALL
& dual 360K Floppy Disk Drives .. CALL

20 M/BYTE HARD DISK 
Tandon, including DTC controller card, 
12 month warranty. IBM* compatible. 

X20010 .. ONLY $495

42 M/BYTE HARD DISK
Miniscribe, 12 month warranty. IBM* 
compatible. 42 M/Byte formatted, 
50 M/Byte unformatted. 
Excluding Controller ... 
Including Controller ..

$595 
$695

80 M/BYTE HARD DISK
Seagate, 12 month warranty. IBM' 
compatible.

Excluding Controller Please call

□
BABY AT* 

COMPATIBLE 
COMPUTER! 
FROM $1,995

• Final assembling and testing in Australia!
• 1 M/Byte Main Board, 640K 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
WITH 20 M/BYTE HARD DISK $1,995 
WITH 40 M/BYTE HARD DISK $2,195 
WITH 80 M/BYTE HARD DISK CALL

MAIL ORDER HOTLINE
008 335757 w
ITOLI FREE) w 

LOCAL: 543 7877

150W SWITCH MODE
POWER SUPPLY FOR

IBM* PC/XT* & COMPATIBLE
DC OUTPUT: +5/13A, -5V/0.5A

+ 12V/4.5A -12V/0.5A
Cat. X11096 ..... $129

200W SWITCH MODE
POWER SUPPLY FOR

IBM* AT* & COMPATIBLE
DC OUTPUT: +5/16A, -5V/0.5A

+ 12V/5A-12V/0.5A
Cat. X11097 ..... $199

180W SWITCH MODE 
POWER SUPPLY FOR 

BABY AT* COMPATIBLES 
Cat. X11098 ..... $199

BREAKING THE 
PRICE BARRIER!

NO BRAND DISKS!
Now you can buy absolute top quality 
disks at unheard of prices! They even 
come with a 5 year guarantee, which is 
proof that these are top quality. So why pay 
2-3 times the price for the same quality? 
Packs of 10, without boxes, or brand 
name, just their white paper jacket, and 
index labels.
(574” disks includes write protects).

51/« HIGH DENSITY
NO BRAND DISKS 

10+DISKS 100+DISKS 1,000 + DISKS 
$23 95 $22 95 $21 95 
(All prices per 10 disks. Tax exempt prices less $1)

5’A 2S/2D
NO BRAND DISKS

10 + DISKS 100 + DISKS 1,000+DISKS 
$6 75ea $6 50ea $6 25ea 
(All prices per 10 disks. Tax exempt prices less $1)

3Vz"2S/2D
NO BRAND DISKS!

10+DISKS 100+DISKS 1,000+DISKS
$23 $22 $21
(All prices per 10 disks. Tax exempt prices less $4)

COLOUR MONITORS
QUALITY RITRON MONITORS 

AT BREAK THROUGH PRICES!! 

CGA ....................  $445
EGA ....................  $645
VGA ....................  $945

(EGA MONITOR ILLUSTRATED)

8087 CHIPS
GENUINE INTEL CHIPS WITH MANUAL 
AND DATA SHEETS PACKED IN BOXES
8087-3 (4.77MHz) .......................  $195
8087-2 (8MHz) ............................. $295
8087-1 (10MHz) ........................... $395
80287-6 (6MHz) ..........................  $349
80287-8 (8MHz) ........................... $499
80287-10 (10MHz) ......................  $549
80387-16 (16MHz) ......................  $899
80387-20 (20MHz) ....................  $1499
80387-25 (25MHz) ....................  $1799

MICRODOT DISKS!
DESCRIPTION 1-9 boxes 10+boxes
3V2” 2S/2D $32.95 
51/4” 1S/2D $ 9.95 
51/4” 2S/2D $11.95
5V4” 2S/HD $23.95

$30.95 
$ 9.50 
$10.95 
$22.95

ROD IRVING 
ELECTRONICS

MELBOURNE: 48 A'Beckett St.
Phone (03) 663 6151
NORTHCOTE: 425 High St
Phone (03) 489 8866
SYDNEY: 74 Parramatta Rd. Stanmore
Phone (02)519 3134
Fax(02) 5193868
CLAYTON: 56 Renver Rd
Phone (03) 543 7877
MAIL ORDER & CORRESPONDENCE:
P.O Box 620, CLAYTON 3168
Mail Order Hotline:

STD Orders: 008 33 5757 Orders only
Local Orders: 543 7877

Inquiries: (03) 543 7877
Telex. AA 151938
Fax: (03) 543 2648

MAIL 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.
All Wholesale and Sales Tax Exempt 
inquiries to:

RITRONICS WHOLESALE,
56 Renver Road, Clayton.
Phone: (03) 543 2166(4 lines)
Fax: (03) 543 2648

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 o< their respective owners

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



News Highlights

F/A-18 contract
Alcatel-STC, Australia’s largest tele­

communications manufacturer, has won 
a fourth contract with General Electric 
Aerospace, New York, to produce a 
further 525 power supplies to drive the 
flight control computers on the F/A-18 
Hornet. The F/A-18 is at the forefront 
of our air strength, and power supplies 
assembled and tested by Alcatel-STC 
will be used on the Australian version 
of the aircraft, as well as on those made 
for Canada and Spain.

The power supplies are switch-mode 
with multiple outputs, ranging up to 28 
volts in DC and averaging around 8 
volts in AC. They are powered by bat­
teries which are charged by the F404 jet 

engines. Each Hornet uses four of these 
units in a fault tolerant configuration - 
if there is damage or failure to one 
power supply, another will take over its 
load and keep the flight control comput­
ers running.

Amateur radio
All amateur radio operators, or those 

interested in amateur radio are invited 
to attend the 1989 Gosford Field Day to 
be held on Sunday, 19th February 1989 
at the Gosford Showground. Gates will 
open at 8am wet or dry as all displays 
are under cover.

Hi-fi designer
A man widely regarded as one of the 

leading designers of the modern high- 
fidelity era visited Australia in October 
to discuss future trends in hi-fi. He is 
Mr Ken Ishiwata, product manager and 
chief designer of Marantz International, 
based in Eindhoven in The Netherlands.

Ken Ishiwata began his working life 
with Pioneer, who first sent him to Eu­
rope in 1968. He joined Marantz ten 
years ago, and as international product 
manager has played a key role in that 
company’s change in corporate direction 
in recent years.

Mr Ishiwata has been closely associ­
ated with the design of the award­
winning PM94 and PM64II integrated 
amplifiers, and has overseen production 
of Marantz’s two-piece CD94/CDA94 
combination CD player and digital-to- 
analog converter.

Hobbyist group for WA
The Perth Information Technology 

Centre (ITeC) has determined that 
there is sufficient demand for an Elec­
tronics Hobbyist group in Perth, and is 
therefore interested in starting such a 
group. The ITeC would provide a venue 
where enthusiasts could meet, have ac­
cess to workshop and test equipment fa­
cilities and generally swap ideas.

The Perth ITeC already has an active 
computer user group with facilities open 
several times per week and on the 
weekend. If an electronics group were 
formed, it would be able to use the ex­
isting workshop facilities on an as re­
quired basis.

Further enquiries can be directed to 
Terry Dawson, 188 Adelaide Terrace, 
Perth, 6001 or phone (09) 325 8544.

AUSSAT expands across 
the Tasman

AUSSAT has announced major ex­
pansion plans for the development of 
satellite based telecommunication ser­
vices across the Tasman, that includes 
the construction of a satellite transmit 
and receive earth station in New Zea­
land.

The earth station, estimated to cost $2 
million, will be located on the top of a 
major building development in the heart 
of Auckland’s central business district. 
Construction of the facility will com­
mence within the next few months and 
once completed will provide ‘gateway’ 
access to the AUSSAT satellite system 
for Trans Tasman telecommunication 
and broadcasting users.
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$4.12m for new Meteorology equipment
The Bureau of Meteorology is to ac­

quire a $4.12 million system to obtain 
vital atmospheric data. The Director of 
Meterology, Dr John Zillman, an­
nounced that the system is for use at 
the 32 observing stations that comprise 
the Bureau’s Australia-wide ‘radio­
sonde’ network.

The new equipment will include a 
two-year supply of modern, lightweight 
radiosondes; which are balloon-borne 
instrumented packages that transmit 
measurements of temperature, pressure 
and relative humidity back to ground 
stations every few seconds, up to alti­
tudes of 30km. As well, ground-based 
equipment, including microcomputers, 
for the processing and onward transmis­
sion of weather information is being 
purchased.

Dr Zillman said a contract for provi­

sion of the new system has been 
awarded to Vaisala Pty Ltd, an Austra­
lian subsidiary of the Finnish firm 
Vaisala Oy. The contract has been ar­
ranged by the purchasing and sales 
group of the Department of Administra­
tive Services. The contract also provides 
for additional expenditure of up to 
$11.7 million over the next ten years for 
further equipment, at the Bureau’s op­
tion.

The new system is expected to be op­
erating in the Bureau’s upper air ob­
serving stations by early 1990. Its intro­
duction will be an important milestone 
in the Bureau’s accelerated re-equip­
ment program announced by the minis­
ter responsible for the Bureau, the 
Minister for Administrative Services, 
Mr Stewart West, as part of the 1987-88 
budget.

The Minister for Industry, Technology and Resources, Mr Fordham (right) 
hands over a cheque for $1 million to Mr Trevor Barr (centre) to mark the 
Victorian Government’s contribution to the start of the Australian Electronic 
Development Centre.

Electronics Centre
Ericsson will be the principal sponsor 

of the $3 million Australian Electronics 
Development Centre. The centre is the 
first of its type in Australia and is de­
signed to lift Australia’s electronics and 
telecommunications industry to interna­
tional standards.

During the opening ceremony to mark 
the launch of the project, Mr Fordham, 
the Minister for Industry, Technology 
and Resources, announced $1 million of 
funding support for the centre. The cen­
tre will be established within the Broad­
meadows grounds of L.M.Ericsson, the 
principal sponsor of the facility. Erics­
son was the prime instigator of the cen­
tre and has made a significant commit­
ment to its success. The company’s con­
tribution to the centre, at this stage, is 
more than $1 million.

Drug free Olympics
The Seoul Olympic doping-control 

laboratory used equipment supplied by 
Hewlett-Packard to help keep the 1988 
Olympic Games drug free.

During the two-week period of the 
Games, the equipment operated 24 
hours a day, handling as many as 200 
samples daily. All medal winners, 
fourth place finishers and randomly se­
lected athletes were tested. In all, 6000 
analyses were run on a total of 2000 
samples.

HP had been training Korean techni­
cians in the use of this equipment for 
more than three years, both in Korea 
and in the United States.

Dr Jong-Sei 
Park, technical 
director of the 
Olympic Games 
Doping Control 
Centre, examines 
a chromato 
graphic analysis 
from an 
HP 5890 gas 
chromatograph 
from the 
Hewlett-Packard 
Company.
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News Highlights
Top companies

A new survey of leading electronics 
companies places Norsk Data of Nor­
way at the head of the world profitabil­
ity league. The Elsevier-BEP publica­
tion, World Electronics Companies File, 
produces an annual table of the per­
formance of the top 150 electronics/IT 
corporations based in 30 countries.

Norsk Data, with a profit before tax 
ratio of 18.4% of sales turnover, were 
the most profitable company with a 
product range 100% concentrated on 
the electronics/IT industry; only two 
other companies, Hyundai of South 
Korea and the Rank Organisation of 
the UK, had a better profitability ratio, 
but only a small percentage of their re­
spective sales are in the electronics/IT 
sector.

Norsk Data were followed in the table 
by three other major computer manu­
facturers, DEC, IBM and Apple, each 
recording a profit before tax/sales ratio 

News Briefs
• IC socket manufacturer Augat have recently set up a joint manufacturing facility 
in Singapore, and are now well poised to fulfil a plan to significantly increase their 
presence in Australia and New Zealand.
• A change of address has been announced by Hard Copy, a technical writing 
company. The new address is Suite 105, 159 Kent Street, Sydney 2000, and the 
new phone number is (02) 27 3437.
• Emulex Corp and Webster Computer Corp have announced a co-operative 
marketing, sales and service agreement. Both companies are involved in the DEC 
compatible computer marketplace.
• Mr Takeshi (Ted) Shibazaki has been appointed general manager of TDK, re­
placing Mr Ken Kihara who has since returned to Japan. The new appointment 
coincides with TDK's recent move to St Leonards from its previous Pyrmont ad­
dress.
• Amber Technology has moved its Melbourne office to new and larger premises 
on 200 Rouse Street, Port Melbourne, 3207. The new phone number is (03) 
646 5811.
• A number of new appointments were recently announced by enhancement 
board builder Hypertec Philippa Stewart has been appointed marketing man­
ager, David Evans becomes commercial director and Bishu Bojdak is the new 
financial controller. As well, Andrew Carroll and Andrew Farkas have joined Hy­
pertec as senior sales representative and software engineer respectively.
• Ex AWA dealer support manager Jim Barnes has joined Zenith Data Systems 
as dealer development and support specialist.
• The Manhattan based software producer, FORTH,Inc., has announced that 
Energy Control International of Brisbane will be its primary representative in 
Australia and New Zealand.
• Trace Technology has announced the relocation of its Melbourne headquarters 
to 200 Rouse Street, Port Melbourne, 3207. The new phone number is (03) 
646 5833.
• The Australian distributor for Conceptronic, a leader in the surface mounted 
component field, is Royston Electronics at Unit 2, 28 Vore Street, Silverwater 
2141, phone (02) 647 1533.
• Bob Goss has been appointed customer service manager - telecommunica­
tions, for the newly opened Adelaide branch office of Siemens The address of 
the new office is 297 Pirie Street, Adelaide.
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over 16%. The least profitable company 
was Schlumberger, which recorded a 
near 42% loss in 1986 with 
clectronics/IT accounting for only 39% 
of total sales turnover.

Other companies with pre-tax losses 
amounting to more than 20% of turn­
over were Scitex of Israel, Conic Invest­
ment of Hong Kong and Mitel of Cana­
da.

The File Top 150 Table is based on 
company performance for complete 
financial years ending between 9/86 and 
8/87, the latest complete year for which 
data for all the companies was avail­
able. The Top 150 Table is ranked ini­
tially by size of sales turnover, with the 
minimum qualification US$100 million 
in electronics/IT sales.

The largest national group repre­
sented is the USA, with 53 of the 
world's top 150 electronics/IT compa­
nies American-owned. Japan follows, 

with 24 companies in the top 150, while 
the largest European nations are the 
UK, 13 companies; West Germany, 12 
companies and France, with 11 compa­
nies. Companies from a total of 30 
countries are represented and are esti­
mated to account for over 75% of the 
world’s electronics/IT product sales.

Collectively, the Japanese companies 
have the highest labour productivity, as 
measured by sales per employee, with 
$184 thousand in sales per worker; USA 
productivity is $99 thousand per worker, 
West German $83 thousand per worker, 
French $76 thousand per worker, with 
the British trailing the other major 
countries at an average of $55 thousand 
worth of sales per worker - a figure 
matched by Apple Computer, which 
earnt $55 thousand per employee in 
pre-tax profits alone; the average sales 
per employee for the top 150 companies 
in total was $98 thousand.

The lowest sales per employee ratio 
was recorded by Baharat Electronics of 
India, at $12.5 thousand, followed by 
Conic Investment of Hong Kong at $20 
thousand and BET of the UK at $28 
thousand, although only 14% of BET’s 
turnover is accounted for by electronics 
products.

The largest investors in research were 
Lockheed, who devoted over 31% of 
sales turnover to R&D expenditure 
(58% of group sales accounted for by 
electronics/IT), Advanced Micro De­
vices, who spent 27.7% of turnover on 
R&D and TRW, 27% on R&D (53% of 
sales accounted for by electronics/IT); a 
number of leading British electronics 
groups still fail to publish an indication 
of expenditure in this all-important 
area.

Telelearning
The Optel Telewriter system, well es­

tablished in the US, is now available in 
Australia and New Zealand from Oli­
vetti Australia Pty Ltd. Since its intro­
duction a few months ago, the NSW 
Education Department has purchased 
ten systems for use in a pilot scheme of 
remote interactive teaching.

There are many different uses for the 
Telewriter system, which is personal 
computer based and uses voice, graphics 
and colour video images over a single 
telephone line.

The Telewriter system is used for not 
only telelearning, but telemedicine, tele­
conferencing and telctraining, depend­
ing on the user’s application. This is due 
to its ability to provide all the resources 
to the remote users, as if they were in 
the same room.



Lasers that heal
Lasers that can take the shell off an 

egg yet leave untouched the fragile 
membrane beneath, or burst an inflated 
party balloon inside another balloon 
without breaking the outer’s skin, are 
now being used for the first time in 
Australia to harmlessly crumble kidney 
stones and virtually eliminate disfiguring 
birthmarks without scarring.

The Candela SPTL-1 dermatological 
laser and Lasertripter for treatment of 
kidney stones represent all-new tech­
nology introduced to Australia by Solus 
Medical Imaging, a division of Hani- 
mex.

Both lasers use technology called 
flashlamp-excited, tunable dye lasing. 
Such lasers can be adjusted, or tuned, 
so that they zap a precise target area 
without affecting adjacent tissue. The

Aussie export
A major export breakthrough has 

been achieved by Australian owned 
Megadata with the announcement that 
the company has been awarded a con­
tract to provide a $A6 million high tech 
monitoring and control system for the 
Manila Electric Company (MERAL- 
CO).

“This is the first time an Australian 
owned company has successfully com­
peted overseas against the major inter­
national suppliers in the SCADA field,” 
said Mr Julian Dinsdale, managing di­
rector for Megadata.

Finance was arranged through Aus- 
trade’s Export and Finance Insurance 
(EFIC) and the Australian International 
Development Assistance Bureau 
(AIDAB).

Megadata was a winner of the High 
Tech Exporters Scheme Award for 
1987/88 made by the Australian Trade 
Commission last year.

SPTL-1 is currently being tested by skin 
specialists at Sydney’s Royal Prince Al­
fred Hospital dermatology unit.

The $400,000 Candela Lasertripter is 
a technological breakthrough that offers 
urologists a safe and effective method of 
fragmenting kidney stones without af-

Fluke with Philips
The Test and Measurement alliance 

of Fluke and Philips was formally 
launched into Australia and New Zea­
land on October 1, 1988. This follows 
similar alliances in other parts of the 
world.

Tim Wortman, manager of the Test 
and Measurement group of Philips 
Scientific and Industrial Pty. Limited, 
heads the team responsible for the mar­
keting of Fluke and Philips products in 
Australia and New Zealand. The Aus­
tralasian head office for Philips Test and 
Measurement recently moved into 
larger premises within the centre court 
complex at 25 Paul Street North, North 
Ryde. Sales and support facilities have 
therefore been upgraded without the 
problem of changing the address or the 
phone number. In Victoria, Philips Test 
and Measurement is now in the Philips 
complex at the new Tally Ho Tech­
nology Part at Burwood East.

fecting in any way delicate ureteral tis­
sue. Hospitalisation is reduced from 
weeks in some cases to a few days or 
less.

CTV system
Integral Fibre Systems (IFS), has an­

nounced it has made significant progress 
towards the development of a prototype 
multichannel video system for which it 
received a $200,000 grant from the Aus­
tralian Government Industrial Research 
and Development Authority.

The IFS video system is designed to 
provide a high quality cost effective al­
ternative to current systems being used 
in medium haul, up to 50km CTV appli­
cations. The company initially won the 
grant on the basis that the technology is 
new to Australia, of a high standard 
having significant cost benefits over 
similar systems produced elsewhere.

The system has been designed so that 
while normally carrying standard colour 
signals it can be easily adapted to carry 
widerband width signals. The basic sys­
tem has been developed to meet further 
market demands as they arise, including 
transmission of other signals such as 
telephone, facsimile etc. as may be re­
quired by the fibre optic subscriber sys­
tem of the 1990’s.

AWA micros
Commissioning is well under way at 

AWA MicroElectronics’ new $65 mil­
lion Homebush Bay facility. Advanced 
equipment worth some $30 million has 
already been installed. When fully com­
missioned the plant will be the only one 
in Australia capable of offering a com­
plete one-stop design and manufacturing 
service for state-of-the-art ASICs (Ap­
plication Specific Integrated Circuits). 
The Australian market for these high 
performance and cost effective chips is 
growing at about 40% annually.

One of the key features of the Home­
bush Bay facility is its extremely effi­

cient clean room in which key manufac­
turing processes take place in conditions 
far cleaner than the most sterile operat­
ing theatre. Tests show that the AWA 
clean room permits only one particle of 
0.1 micron size (about the size of a 
virus) per cubic foot of air. This is bet­
ter than the plant’s specification and 
puts the clean room high on the list of 
the most efficient in the world.

AWA’s massive investment in Home­
bush Bay represents the biggest single 
outlay by the company since its restruc­
turing earlier this year. The first com­
mercial silicon will come off the produc­
tion line before the end of this year.

APOLOGY
Due to circumstances beyond our 
control, some copies of our 
November issue did not include the 
Arista Electronics 1988-1989 
Catalogue.

We apologise to those readers 
who did not receive one as a 
result, but wish to advise that you 
can receive a copy of the 
catalogue free of charge by writing 
to:
ARISTA ELECTRONICS Pty Ltd., 
PO Box 191,
Lidcombe NSW 2141.

ELECTRONICS Australia, December 1988 51



Silicon Valley 
NEWSLETTER.
Cal Micro 
hits the big league

California Micro Devices may have 
found a way to buck the corporate food 
chain. Rather than growing by swallow­
ing smaller companies, the little Milpi­
tas semiconductor company seems to be 
thriving by gulping down companies 
several times its size.

Last month Cal Micro closed a $70 
million deal to buy a company three 
times its size: Gould's American Micro­
systems Inc. in Pocatello, Idaho.

Cal Micro got a bargain, analysts say. 
AMI's advanced chip fabrication facility 
alone is worth more than the price tag. 
And the deal will catapult Cal Micro's 
sales, which just a year ago were $10 
million, to about $130 million - making 
it the nation's fifth-largest customized 
chip firm and a formidable player in the

A 68030 Macintosh
In an apparent pre-emptive strike 

against Steve Jobs and his NeXT com­
puter, Apple have introduced the 
industry's first personal computer built 
around the powerful Motorola 68030 
microprocessor.

The move comes just three weeks be­
fore NeXT is scheduled to launch its 
long-awaited computer which is also ex­
pected to be built around the 68030. 
The move also contradicts earlier state­
ments from Apple president John Scul- 
ley that the Cupertino firm would not 
introduce any major new products until 
the next fiscal year which starts in Octo­
ber.

The new Apple computer will be

National in two disputes
National Semiconductor disclosed it is 

embroiled in two legal disputes that 
could cost the Santa Clara chip maker 
close to $75 million.

The potentially largest dispute in­
volves a claim filed against National in 
April by the U.S. Customs Service 
which claims the company owes the 
government some $19 million for under­
paying duties on imported components
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Chen Desaigouder from Cal Micro 
has spent $70 million buying AMI.
burgeoning field.

But such growth has not been without 
risk, observers say. The $30 million 
company is borrowing more than twice 
its annual sales to finance the deal.

known as the Macintosh llx. Unlike the 
NeXT system, the llx does not take full 
advantage of the power of the 68030, as 
the new system operates only about 10- 
15 percent faster than the 68020 based 
Macintosh 11.

One key feature of the new machine 
is its 3.5-inch floppy disk drive that will 
be able to read both Macintosh soft­
ware, as well as programs and data 
disks for the Apple 11 and IBM PC & 
PS/2-type computers. “The drive is the 
most significant part of the announce­
ment”, commented Jack Kolk, vice 
president of a Macintosh product distri­
bution company in Sunnyvale.

between 1979 and 1985. Under the 
government's rules, National could face 
penalties amounting to several times the 
alleged underpayment.

In the second dispute, National has 
filed a lawsuit against Schlumberger in 
which it is seeking to avoid having to 
pay an additional $15 million to Schlum­
berger for the purchase of Fairchild 
Semiconductor.

Space plane
American scientists believe they have 

made great progress in the past year on 
the development of a revolutionary 
space plane. Some even believe the goal 
of getting a prototype of the aircraft 
ready for test flights in 1994 appears 
well within reach.

“We are halfway there theoretically,” 
according to Robert Barthelemy, who is 
director of the federally funded Na­
tional Aero-space Plane Program. Ac­
cording to Barthelemy, in another two 
years, the development should be far 
enough to determine exactly what the 
new plane's range of capabilities will be 
in terms of commercial, military and 
transport applications, and what it will 
look like.

Preliminary studies are calling for an 
aircraft that will be about the size of a 
Boeing 727, take off horizontally from 
commercial airports, and travel at about 
17,000 miles per hour once it has 
reached its cruising height. The U.S. 
plane, under the project name X-30 is 
likely to be radically different from 
other space planes under consideration 
in Great Britain and elsewhere. For 
one, the U.S. team has settled on a sin­
gle-stage craft concept.

The U.S. plans call for a prototype 
ready to be test-flown by October 1994.

Motorola in China
If rumors pan out, Motorola is about 

to announce plans to build a massive 
$300 million semiconductor manufactur­
ing plant in the People's Republic of 
China. It would be the first U.S. chip 
manufacturing plant in this country.

It would also give a tremendous boost 
to that country's renewed efforts to im­
prove its domestic chip making capabil­
ities. As part of the new program, Chi­
nese government officials invited repre­
sentatives from the Semiconductor In­
dustry Association to their country ear­
lier this year to discuss the possibility of 
increasing U.S. interests in the Chinese 
market. It's not known whether the 
Motorola plans are a direct result of 
those discussions.

Warren Davis, vice president of the
SIA, said that in addition to Motorola,
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Intel and Texas Instruments are also ne­
gotiating with the Chinese government 
about setting up chip facilities in their 
country. “It is quite obvious that China 
is a huge opportunity for the future. 
Ten years from now, I'm sure there will 
be many U.S. companies manufacturing 
there.”

Cypress under siege
For the third time in as many weeks, 

Cypress Semiconductor has been sued 
by one of America's largest semicon­
ductor manufacturers. And like the 
other two, Motorola has accused the 
San Jose company of stealing some of 
its trade secrets.

Motorola claims Cypress conspired 
with one of its top RISC chip designers 
to steal critical Motorola technology.

Last month, Roger Moss, (designer of 
Motorola's recently introduced 88000 
RISC processors) and five key members 
of the 88000 development team unex­
pectedly resigned. They immediately 
formed Ross Technology in Austin, 
Texas. Financial backing for Ross Tech­
nology has been provided by Cypress 
which gave the group an initial $100,000 
loan to set up shop and is likely to pro­
vide several million dollars more in ven­
ture capital. Cypress appears interested 
in establishing Ross Technology as its 
microprocessor development affiliate.

Speculation rife 
about NeXT

Although Steve Jobs may have for­
mally announced a date for the launch 
of his NeXT computer, the guessing 
game surrounding NeXT continues un­
abated. But rather than speculating 
about an introduction date, the empha­
sis has shifted towards the system's ex­
pected features and its sales price.

Educators would like to see a price of 
around $1000. But even with the 30-40 
percent discounts Jobs is likely to offer 
students, that price range is almost in­
conceivable.

The best guess at this time is that the 
price will be in the $4500 to $5700 
range. In part, this estimate is based on 
some statements Jobs made during a 
speech this week at the Seybolt Desktop 
Publishing Conference. Jobs said that 
both Unix operating system and the 
Adobe Systems Display Postscript soft­
ware that he will use for his NeXT com­
puter each require an additional mega­
byte of memory and add about $1000 
each to the cost of the machine. “It's 
about a $2000 price increase to get 

aboard the 1990s.” Jobs said.
Commented Stewart Alsop: “Basically 

he is saying you will be paying for the 
right to get all these goodies.”

As far as physical description, the la­
test rumors talk about a black cube, al­
though some believe these rumors may 
refer to disguised prototypes shown to 
certain key analysts and potential cus­
tomers.

Overcoming the DRAM 
shortage

In a desperate effort to undo the 
stronghold Japanese DRAM chip 
makers currently have on the U.S. com­
puter industry, a number of major 
American computer and semiconductor 
companies are reportedly close to an­
nouncing as many as three separate 
joint ventures aimed at resurrecting a 
U.S. DRAM industry.

Although rumours about U.S. joint 
DRAM ventures have been circulating 
in the U.S. for months, the announce­
ment of the first of these co-operative 
efforts between computer and chip 
makers may be only a few weeks away. 
The first confirmation that discussions 
for a DRAM joint venture are taking 
place has come from Motorola which 
said it is considering setting up a second 
DRAM facility in addition to the one it 
is currently building.

Industry observers say that some of 
the most likely partners in any of the 
rumored DRAM ventures will be Apple 
Computer, Sun Microsystems, and 
Compaq, all of who have suffered from 
the shortage of DRAMs forcing them to 
raise prices and delay product ship­
ments.

Challenge to IBM bus
In perhaps the biggest blow to IBM's 

efforts to regain leadership in the per­
sonal computer market with its new 
PS/2 line, a number of IBM's largest 
rivals in the PC market are expected to 
announce the formation of a consortium 
that will develop a rival bus architecture 
to IBM's new MicroChannel bus.

The group supporting the effort will 
include Compaq, Hewlett-Packard, 
Wyse Technology, Tandy, AST Re­
search, Epson, NEC, Olivetti, and Ze­
nith Data Systems. Reportedly Intel and 
Microsoft have also agreed to play a 
key role in the effort to develop the 
new bus.

It is the second time this year that a 
consortium of companies have joined 
forces to derail the efforts by a market 

leader to set a new industry standard. 
Earlier, the Open System Foundation 
group of firms split the Unix market in 
half by trying to develop a rival Unix 
standard to the one under development 
by AT&T and Sun Microsystems.

Non - Intel type PCs
In a development that could challenge 

Intel's iron grip on the IBM-oriented 
personal computer business, several PC 
makers are reportedly trying to build 
IBM compatible machines built around 
the SPARC RISK processor developed 
by Sun Microsystems.

If they succeed, it could bring on a 
new generation of PCs that would not 
only run standard PC software several 
times faster than the relatively slow 
Intel processors, but could also run ap­
plications software for the increasingly 
popular Unix operating system.

The development was confirmed by 
Sun vice president Bernard Lacroute 
who said he knew of several companies 
building SPARC - based PCs. “It 
would be interesting to see a PC two or 
three times faster for about the same 
money. I think it would sell.” ©

DON’T GET 
WOUND UP OVER 

YOUR WINDING 
PROBLEMS

We custom design and manufacture 
in volume, transformers and coils 
for any application.

25 Holloway Drive, Bayswater, 
Vic., 3153. Telephone: (03) 762 4822
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Sheridan’s - an Alladin’s
Sheridan’s continue their V? and Vi Price Clearance Sale ... amazing

“Matsumi” 3W Single 
Sided Disk Drive.
Model D351. Double Density, 
360K. Size: L: 155mm, 
W: 100mm, D: 
30mm.

“Matsumi” 3Vi” Single 
Sided Disk Drive.

Ex-IBM “QUERTY” 
KEYBOARDS

One of the Finest Mini 
Precision Motors Made

Jacketed Ground Plane 
Cable

250 VAC-50/60HZ 
yourself a bomb here.

I around $30.

| Our clearance price: only

As on the left but with slight faults,

only $30 to clear

IEC Fused Mains Filters

only $80 each

Power supply for D351 
Drives
Made by K.E.C. Japan. U.L.
Approved. Plus and minus 5 & 
12 volts. 25 watts, fully 
protected. Dual voltage 
input, 115 & 240 VAC. Small 
size, big 
punch. Size: .
150 x 90 x 
35mm. VERY 
SPECIAL AT: „ 

only $20 
3W drive and supply together 
only $95.

Word Processor Control 
Board for above
No: 850-0001 with Mini-speaker, 
plus 42 ICs which include 
8275-PL, D446-3, 8085, 1865 & 
4464, plus Ipts 
of extra 
components Ft’",
GIVE AWAY ■■■'

PRICE AT ONLY

$20 each

Word Processor Case
A very sturdy and easily assembled 
moulded grey case - will break 
down to 4 sections with 4 rubber 
feet. Control board. 3W drive and 
power supply above will easily fit 
into this case. CLEARING.

only $20 each

M.P.I. Disk Drives
These are Ex-Equipment and all 
have some slight 
faults. They are 
5'ZT double 
sided, double prjce $45 
density 720K

I Removed from Printers but still in
I excellent condition. Has a lot of
I uses. The keys themselves are 

worth a fortune.

12V to 24V DC. Very sturdily 
constructed and almost 
indestructable. Made by Bowmar 
Harrowe, U.S.A. Overall length 
80mm. Diameter 
27mm. Spindle 
10 x 4mm.
Worth $120 
each. Reduced to:

$9.95 each
< »■ .,

20 Way Flat Ribbon Cable.
Grey 28AWG 
300V. Well 
below 
wholesale

IEC 3 Pin Panel Socket
Ancther 
pre-closing 
give-away at 
only:

$1.95 each.

price.

only 
$3.00/metre.
Cheap at half the price.$1.20/metre

IEC mains Lead Useful Crystals

only $20 each.

Spectra-Strip IDC Cable
50 Way. Flat ribbon, grey and red 
twisted. 28AWG
300V.

40 Way and has 
1 drain wire. 
Mftd. by Hitachi. 
28AWG 300V.

only $3.50/metre

Gast Oil-less Diaphragm 
Vacuum Pump
Model No. D0A-V141-AA.
Operating Voltage 115VAC. 1 
phase 60Hz. Pressure 85KPA.
Complete with operating and 
maintenance instructions. A first 
class engineering unit at almost 'A 
of the original price.
Only a few 
remaining.

reduced from $150 
now only $100 ea.

, 2 metre in length. On one end
I there is connected 1 IEC Female 

connector and terminates to a 2 
pin Plug - NOW 
FOR LESS THAN

L THE PRICE OF
‘ THE IEC PLUG!!

Heavy Duty Self-Adhesive 
Rubber Feet

I Size:

I 10x10x8mm. At

4 for only 95c

Darlington Transistor.
2N6650. PNP 10 amp 80V
only $2

Switching transistor
2N6754. NPN 5 amp 1kV.

only $3.50

Power Transistor
BUW12A. NPN 8 amp 1kV

only $2.00

At a knockout price! One of each: 
Clock crystal/32.768kHz,

Jacketed Shield Flat 
Cable

Colourburst 
4433.619kHz.
TWO FOR THE 
PRICE OF ONE!.

Silicon Diodes
Type IN4001. 100V 1Amp. Never 
again at this stupendous price. 
Much cheaper 
than wholesale.
Top Brand.

*

only $2.50 
for 
100 .. . WOW

The Best Resistor in the 
World
The famous Beyschlag at a 
throwaway price!! Stecks must be 
cleared. 2% 2 watt type. Precision 
Carbon Film. Values from 12 ohm 
to 10 Mohm. Only in boxes of 250.

only $10.00 per box
Grab’em while you can!!

Has 2 drain 
wires. 28AWG

only $3.00 per metre

Crouzet Sync. Motors
(See E.A. July 78).

1000's of uses, Robotics, 
Process control. 
Instrumentation driving 
240VAC 50Hz 60 RPM.

only $3.50
WORTH TREBLE!!

Piezo Speakers
Mini type. Only 40mm diameter.
Impedance 140 
ohm. To clear at:

each

Due to weight 
this will be sent 
Freight Forward.

Record Cleaners
Commonly known as "Dust Bugs'. 
Made by NAGOKA, Japan. A top 
quality item that normally sells for 
around $14. Out 
they go at a
ridiculous price only $3.00

The Cheapest 
Mini-speaker on the 
Market
Look at this. Metal pressed frame 
and pnly 40mm 
dia. They are 8 
ohms 0 1 wattt.

only $1.50 
each



Cave of Electronics !
prices reductions ... Satisfaction Guaranteed or Your Money Back!!

60 Way Flat Rainbow Ribbon 
Cable. 28AWG 300V. We have only 
limited quantities ef this cable so 
rush your order 
and avdid 
missing nut. TO
clear at only $4.00/metre

Stepper Motors
Miniature type, precision made. 
15VDC 45 degree Mftd. by Clifton 
Precision USA. Model Nd: 
11-SPA0-17AC/H139.
Dimensions: 
Overall length 
35mm. Dia. 
27mm. Splined 
spindle Dim: 
4mm x 3mm.

only yt 
$20 each?— *

“H” Connector: Elbow 
line plug
A hard to get 
connector at this 
price. Top Brand 

only $3.50 
each

Crazy Give-Away in ‘D’ 
Type connectors type DE9 
Right angle printed circuit beard 
type. Meulded 
black plastic.
Plug and Socket.

Crazy 
at only 
$2.50/ 
pair

Video Dubbing Kit
Fits all makes of videos for 
recording between sets.

half price at 
only $9.95 
each

“N” Connector: Female 
Bulkhead Receptacle.
Pressurised, peak rating of 1,5kV
and are 
recommended 
for use up to 
10GHz.

a steal at 
only $3.50 
each

O'

“N” Connector: Angle 
Adaptor
Male tp Female

only $3.50 
each to 
clear.
limited 
stocks

Computer Grade Electros
Sell out. . . slashed td nearly half
normal price.

500uF 250 V
470uF 180V (PBC) 
3300uF 40V
8700uF 40V
9100uF 60V
10000uF 40V
14000uF 25V
14000uF 40V
22000UF 10V
33000uF 16V
39000UF 30V
47000uF 25V 
100000uF 10V

$3.00 
$4.00 
$4.00
$5.00 
$6.50 
$4.50 
$4.00 
$6.00
$4.00 
$7.00 
$7.50 
$9.00 
$7.50

All the above are unused and made 
either by 
SPRAGUE, 
PHILIPS er 
SANGAM0.

BARGAIN BASEMENT
ONLY CLEARING

... FOR CALLERS 
SPECIALS

48 Vdlt Sealed Relays, S.P.
C/0 $1.00
12V Sealed Relays S. P. C/O $2.00 
Stereo Headphones, 8 ohms

Dynamic Single earphones, 4Wm
lead $0.50
30 I.C. sockets, 24, 28 and 40

0.3W
50 Way Plug and Socket 'D' 
connectors, pr.
37 Way Plug and Socket 'O' 
connectors with hood, pr
25 Way Plug and Socket ‘D’ 
connectors, moulded crimp, 
pr

$7.50

$3.00

$3.00

$2.95
Pressure Mats, 175 x 530m $5.50 
Rheostats, Wire Wound, 150ohm
25 watt
Sub ‘C Ni-cad batteries 
Garrard 240VAC Mdtdrs 
100 16pin I.C. Sdckets 
Piezd Buzzers, 12V

$0.50
$4.00
$0.50
$9.00
$1.50

Amphenol 57 series, 50 way plug

pin $7.00
Potentiemeters, all types from

10C each 
Mini Neon lamps, wire ends,
90V 10 for $1.50
Seimans Varistors, 07K250 $0.75
DB25P PCB Right angle male 
meulded $1.00
Opto switch with diode and
phototransistor $2.50 each
Reed Relays (OKI) URD-215-24V
2P S/T.
6 way P.C.B. Terminal Block 
0.15" spacing
Zener Diodes, stud mtg.
51V 20W

95C

60C

10 for $3

Step-down Transformer at 
a Stepdown” price.
Made by a well known 
manufacturer, and ndw being 
cleared by us at 25% uf nurmal 
cust. Specs: Input 240VAC 
Output 115VAC 1.5amps. 
Screened and has two separate 
windings, very sturdily built. Dim: 
Ht. 85mm Width 90mm

and sodket 
12VDC 4 digit resettable 
ceunters
Resister networks, 
Single-in-line, from 
Dual-in-line, from 
Mini Audio & Speaker 
Tranformers, from

$5.00

$7.50

10C
20Ç

Sapphire gramaphone styluses,
from
Edge eennectors, from 
Bi-polar capaeitors, 22mfd

40Ç

30C
25C

Philips Bee-hive a/spaced trimcap
10-90pf
Wire-wound resistors, 750 ehm
5W
Wire-wound resistors,
47 ehm 5W
Silicon Power Diodes, 
3A 100 V
6 way DIP switch

40C

5 for 95C

5 for 95Ç

10 for $2.00 
40Ç

Bournes Mini S/Turn trimpot, 50k
ohm, vertical or horizontal 
Bournes 15 turn red. trimpot 
1M ohm

20C

40Ç

only $20 
each plus $6 
p&p

REAL VALUE FOR MONEY

40V
Transistor tuning 
capacitors
Poly Caps, 3mfd 
250V,

20C

$0.50C

10 for $2.00
Tape Deck Motors, 6 & 9V $1.00 
Glass Diodes, 100V 1.5A, 100
for $2.50

This is only a small quantity of the 
1000s of different cnmponents we 
have tn offer at "Give-away" 
prices. We guarantee you will not 
go away without being happy 
about your savings. We are willing 
to accept offers on quantity 
purchases.

Hitachi Dot-Matrix LCD 
Displays
Must clear prices at well belcw our 
cost.
Type H2539 80 pos. (40x1). Was 
$130. Now $60
Type H2532 16 pos. (16x1). Was
$50. Now $30

Note: Full data is supplied with 
each display.

Crazy Give-Away in ‘D’ 
connectors type DA15
As above, but in 15 way plug and 
socket.
only
$2.95/pair to 
clear.

Fibre Optic Digital Data 
Kit.
mftd. by Canoga Data Systems 
USA. Has selectable 6 speed 
switch from RS232 td Fibre Optic 
Data Link. Baud rate: 1.2K-57.6K. 
Kit includes Power Supply, Test 
Link cabl. (Regret no data on this) 
but selling at a very low price.

only $120.
(value about 

$450)

I.C. SPECIALS
IC Specials

just compare and see
the lowest prices ever

74LS02 10 for $3.00
74LS03 10 for $3.00
74LS05 10 for $3.50
74LS14 10 for $3.25
74LS20 10 for $3.25
74LS27 10 for $3.30
74LS75 10 for $3.50
74LS83 10 for $3.60
74LS86 10 for $3.00
74LS90 10 for $3.60
74LS93 10 for $3.60
74LS113 10 for $3.20
74LS114 10 for $3.25
74LS123 10 for $3.75
74LS133 10 for $3.50
74LS157 10 for $3.60
74LS160 10 for $3.75
74LS163 10 for $3.75
74LS164 10 for $3.80
74LS169 10 for $7.00
74LS175 10 for $3.50
74LS221 10 for $4.50

74LS241
74LS244
74LS290
74LS368
74LS373
74LS670

10 for $5.00
10 for $5.00
10 for $3.50
10 for $3.50
10 for $4.50
10 for $5.50

2795 Disk Controller $17.00 each
1863 Disk Controller $15.00 each

Hundreds of other ICs in stock, 
please ask for quotation and 
prices.

Manufacturers: We are the largest 
buyers ef all your redundant and 
surplus stocks of components and 
we pay cash on the spot. Why 
have these taking up your valuable 
storage space?
Please contact Mike or Darren. Or 
fax us your lists, and we will call 
within a few days to inspect.

Sheridan ri 

Electronics
164-166 Redfern St. 
Redfern NSW 2016 
Ph: (02) 699 5922 or 
(02) 699 6912 
Fax: (02) 698 3694
Mail orders to:
PO Box 229 Redfern NSW 2016
Mail Charges: 
$10.00-$24.99 
$25.00-549.99 
$50.00-$99.99 
$100.00 nr ever
Large er overweight articles sent 
Skyroad Freight Forward
Trading Hours:
Mon-Fri .........
Thurs................
Sat...................

$4.00
$6.00
$7.00
$8.00

9am-5.30pm
9am-6.00pm
9.30am-1pm

Note We accept Bankcard and Visacard However 
we cannot give quantity discounts on Credit Card 
purchases or account orders Minimum for account 
orders is $50.00 Minimum order is $10 00 
exclusive of postage and packing All prices include 
Sales Tax.
ALL PRICES QUOTED ARE FOR THIS MONTH ONLY
OR UNTIL STOCKS ARE SOLD



The Serviceman I® -
■^Qll------- 1

Converting an overseas VCR 
to work in Australia
I have two interesting stories for you this month from one of 
my colleagues in Victoria. The first concerns his experience in 
converting a domestic VCR from South Africa to work with 
Australian TV - the kind of job that frequently involves unfore­
seen complications.

Like most servicemen, I suspect, I 
tend to be a bit diffident when a cus­
tomer walks in with a piece of elec­
tronic equipment from overseas, and 
asks “How much would it cost to have 
this converted to work here?”. This 
kind of job is extremely difficult to 
quote for - they can develop hidden pit­
falls, and either prove almost impossible 
or extremely time-consuming and 
uneconomical.

One way or the other, it's all too easy 
to end up with egg on your face - either 
losing money on the deal, or having to 
explain to the customer that the job 
really wasn't worth doing after all.

Still, economics aside they are usually 
interesting jobs from a technical point 
of view. And occasionally they even 
work out alright, with the customer get­
ting the job done for a reasonable price 
and the poor old serviceman actually 
covering his costs.

I was reminded of all this a few days 
ago, when the following story arrived 
from my colleague Colin Beeforth, who 
operates a servicing business in the Vic­
torian town of Dromana. As Colin ex­
plains, it concerns a domestic VCR 
made for the South African market:

The customer walked into the work­
shop bearing a fairly easily recognised 
National NV-G7 video recorder. Apart 
from the odd problem with clogged 
video heads or the customer not being 
switched on, a remarkably common 
condition, these seem to be a fairly reli­
able VCR. Just as well, because they 
aren't all that accessible for service pur­
poses.

So far so good. Then the man spoke, 
and it was quite obvious that I had a 
problem on my hands. The video had 
worked quite well before they brought it 
out from South Africa! Would it be pos­
sible to convert it to be used here?

Apparently their Philips TV was being 
attended to at the Philips Service Centre, 
and I had been recommended as the 
nearest National Service Agent.

I promised the customer no promises 
and fished out the service manual on this 
model to take home that evening. I usu­
ally find it easier to read through com­
plex manuals at home.

Fortunately the South African televi­
sion system is PAL, 50 fields per second 
and 625 lines. Not a bad start. At least 
the tape format and record!play ¡servo 
systems would be fine...

The major problems of compatibility 
lay in the RF sections, the tuner and IF's 
(sound and vision) and the output 
modulator. The South African system 
uses only band III and band IV, so it 
looked like there wouldn't be any hope 
of receiving channel 2. Also the modula­
tor output was on UHF.

The output wasn't a major problem, as 
I have converted a few European VCR's 
which leave the output permanently on 
the UHF band, usually somewhere 
around channel 36. Apart from having 
no need for the usual TVIVCR switch 
they seem to operate quite happily with 
any TV having a UHF tuner.

The first step was to get a test tape 
playing and see what was happening. As 
I expected, there was a good test pattern 
output on about channel 36 but the 
sound was weak and distorted. Not sur­
prising, as the sound to video separation 
in South Africa is 6MHz.

RF modulators like the units seen in 
VCR's usually settle for a fairly simple 
frequency modulated free running oscil­
lator at the sound IF frequency. This one 
was no exception and although it took a 
lot of mechanical disassembly work to 
get to the slug adjustable coil, this was 
easily reset to 5.5MHz and gave good 
sound.

That satisfied the replay situation. Be­
fore going any further I decided to check 
the recording circuits, and fed an audio 
and video cable into the back panel 
sockets. Sure enough the unit was 
recording satisfactorily. Experience can 
be a hard teacher and I've learnt to es­
tablish exactly what does and what 
doesn't work before launching into a 
machine with hammer and tongs.

Back to the manual for a closer look 
at the tuner and IF section. So long as 
you only wanted channels 6 to 12 and 21 
to 68, the tuner looked as though it 
would suffice. The unit received on its 
two bands giving a good picture but no 
sound.

Fortunately the National service manu­
als are international and carry full infor­
mation on overseas models. There were 
quite a lot of changes to be made: two 
sound IF coils, two SIF trap coils, two 
ceramic resonators and the video IF se­
lectivity block. There were also quite a 
lot of incidental resistors and small value 
capacitors associated with these that 
would need changing.

The problem had escalated. I decided 
to take a quick and dirty approach, to 
see if there might be any other horrors 
awaiting.

I adjusted the SIF coils, ignored the 
SIF traps and the main selectivity block 
(this would work alright, as it was for a 
quick test) and replaced the ceramic 
resonators with 5.5MHz jobs I had in 
stock. The end result wasn't too bad. It 
now received and recorded reasonable, if 
slightly noisy sound.

I assume that the noise was due to the 
low gain of the video IF section, which 
was still expecting to see the sound signal 
at 6MHz above the video carrier.

At this stage I could see that the sound 
receive problem was surmountable. I de­
cided to have a poke at the tuner and see 
what turned up. It's hard to explain ex­
actly why, but sometimes you just have a 
nagging feeling and past experience has 
shown that those suspicions can often be 
worth pursuing.

This time I had a nagging feeling that 
despite the service manual having a com­
pletely different part number for the 
South African tuner, it might still have 
the required Band I facilities lurking 
somewhere inside, but not connected. It 
didn't seem sensible for a company to 
make a three band tuner and a two band
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Part of the circuit for the Panasonic (National) NV-G7 video recorder, discussed in this month's first story. Transistor 
QR7551 at upper centre was the one missing In the South African version.
tuner when you could reduce the parts 
inventory and just not connect the third 
band.

It took quite a lot of work to follow 
the circuit differences between the two 
models. There is a single front panel 
thumbwheel adjuster which sends analog 
tuning voltage into a large proprietary 
IC, where it is digitised and stored. The 
band switch sits under the thumbwheel 
and its output is connected to another 
large and largely unknowable IC on the 
front panel. The signals are converted 
into a serial data stream, along with the 
other front panel switches, which via a 
tortuous path finds its way to the first 
mentioned IC.

At this point a few checks found that 
the band switch, although marked with 
two bands, actually had three positions 
and they were being faithfully relayed 
and stored by the tuning control IC. 

That’s where some of the model differ­
ences came in. There were a couple of 
resistors and a switching transistor miss­
ing.

Stripping the tuner showed that there 
appeared to be switching diodes running 
from a pin that was permanently ground­
ed. Lifting the ground and connecting 
the Band I bias voltage, I was greeted 
with fine reception on channel 2!

The missing switching transistor is an 
unusual device, which has a couple of 
resistors built into the base lead. These 
allow it to be driven directly from a logic 
output without any external components.

Having collected a fair sized parts list, 
I phoned National Service to order the 
lot and see what the customer was up 
for. Apart from the fact that the spare 
parts chap thought I was mad to take on 
the job, everything was available except 
for the video and sound IF parts.

Both IFs and the video demodulator 
are packed in a plug-in module, which is 
supplied as a complete unit. The price 
was quite reasonable and I was delighted 
at the prospect of not having to do a 
complete IF alignment.

The parts took a week to arrive and 
the rest was pretty tame. I checked the 
tape path, cleaned the heads, costed the 
job and rang the customer. He was de­
lighted with the end result and went 
away poorer but happier. So there it is, 
an unusual job with an unusual ending - 
the customer was even happy with the 
bill!

Thanks, Colin, that certainly was an 
interesting job. Your tip about looking 
for ‘hidden’ bands on the tuner is one 
that I'll bear in mind myself, for the fu­
ture. It could easily save a lot of unnec­
essary time and hassles, sourcing a new 
tuner and then swapping them over.
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The Serviceman
Another tuner job

While we're on the subject of elec­
tronic tuners, Colin Beeforth actually 
sent me another small story, concerning 
an Akai CT-K115 36cm colour televi­
sion with a tuner problem:

Following on from my VCR story, and 
still on the subject of electronic tuners, I 
will relate the tale of an Akai portable 
TV model CT-K115. By the way these 
sets are really made in Korea by Sam­
sung, despite the Japanese origin of 
Akai.

The set in question came in with a 
temperature dependent fault. Fortunately 
the fault was pretty reliable: after about 
five minutes of normal operation, the 
picture developed a distinct horizontal 
bend at one point in the test pattern. The 
rest of the screen remained fine, but the 
colour and contrast disappeared in the 
area of the bend.

This peculiar looking effect was ac­
companied a 50Hz blurting sound, su­
perimposed over the normal audio.

My first reaction was that it was a 

power supply fault. It had all the hall­
marks of power supply ripple affecting a 
number of circuits in the set. The most 
convincing evidence being the fact that 
the screen disturbance was nearly station­
ary, moving only very slowly up the 
screen. That movement represents the 
beat or difference in frequency between 
the vertical scanning rate of the transmit­
ting station and the cycles of the 240 volt 
mains.

A lot of modern sets use switched 
mode power supplies, so I was reluctant 
to tear into it without a circuit diagram. 
The set was duly pushed to the back of 
the bench until the circuit arrived.

When I did get hold of the circuit, the 
first shock was that the TV used a simple 
power transformer and thick film IC lin­
ear power regulator. Most portables opt 
for transformerless chopper supplies, to 
keep the weight down.

Suitably pleased with the obvious sim­
plicity of the circuit and having no doubt 
that the job would be a quick one, I 
charged in. The first step was to connect 
the CRO to the main 125 volt supply line 

and wait for the blurts to occur. They 
did, but the supply line remained a pris­
tine 125 volts DC without a trace of rip­
ple. The plot thickened, and this nor­
mally bored and cynical serviceman 
noted a stirring of interest in the job. It 
was going to be more of a challenge than 
I thought.

Apart from a couple of odd transis­
tors, most of the work is done in two ex­
tensive ICs. One handles all the colour 
processing sync and scan signals, and the 
other the video and sound IFs and detec­
tors.

1 went straight to the output of the 
video detector, and was rewarded with a 
curiously bent version of a composite 
video waveform. There right in the mid­
dle of the two vertical sync pulses was a 
nasty lump in the video waveform. On 
the CRO screen it arched up towards 
maximum brightness. At least that made 
sense with what was appearing on the 
screen, even if the cause was a little less 
well understood.

Checking all the supply voltages to the 
chip drew a blank. It looked like a clas­
sic hum problem, but without the hum!

Further probing with the CRO showed 
the same pattern in the RF AGC to the

The circuitry around the tuner, in the Akai CT-K115 36cm colour portable. The 33V regulator IC is shown at upper right 
(SD102), drawn like a zener diode.

58 ELECTRONICS Australia, December 1988



tuner. Sure enough the IF output from 
the tuner showed the same bump.

To satisfy myself that it was the AGC 
section of the chip going mad, I cobbled 
up an alternative DC voltage to replace 
the tuner AGC signal. The result was 
most instructive. The fault remained ex­
actly as before.

That didn't leave much to check, ex­
cept the automatic frequency control 
voltage to the tuner. It had the offending 
bump also.

At this point one of those nagging little 
thoughts in the back of my head became 
louder and I checked the 33 volt supply 
to the set of tuning pots. Eureka! The 
tuning voltage carried the same problem.

A quick squirt of freezer spray on the 
33 volt regulator IC removed the prob­
lem on the CRO screen and the set per­
formed correctly again.

This IC looks like a typical plastic 
cased BC series transistor, although with 
only two legs. In operation it acts like a 
zener, with a dropper resistor from a 
higher voltage supply, but they contain 
active circuits to achieve better stability 
than a zener. It doesn't take much drift 
to lose tuning on a UHF station.

Replacement fitted, the set worked 
nicely and apart from a few moans 

about the time it took to get the spare 
part in, the customer was for the most 
part satisfied with the repair. He should 
have been, it was a warranty job and he 
didn't have to pay for it!

The thing that I found intriguing was 
why had the regulator IC's errant oscilla­
tion synchronised with the frame rate of 
the TV. The supply feeding to the regu­
lator was as clean as you could wish for 
and the output was well filtered and fed 
only to the tuning pots. Ah well, I sup­
pose I'll file that along with the meaning 
of life!

Thanks for the second story, Colin. I 
can't explain the mains-locked nature of 
the fault either. Perhaps there may have 
been just a smidgen of ripple on the 
supply to the regulator, or some of the 
stray magnetic flux from the power 
transformer was passing through the 
chip itself. Things can be pretty 
crowded inside one of those portables!

Like you I would certainly have sus­
pected the power supply, from those 
symptoms. It was a surprise to learn 
that the same kind of symptoms can 
come from the tuner bias supply, and 
without any obvious source of 50Hz. 
We live and learn, don't we?

That's all for this month, but I hope 
you'll join me again next month for 
some more interesting tales from the 
service bench. ©

Fault of the Month
Sony KV1300-AS
SYMPTOM: Reduced height. Ex­
treme top of picture folded over, 
thin white line through centre of 
pix, and bottom of pix doesn't 
reach bottom of screen.
CURE: R556 (220 ohms, 1/2 watt) 
open circuit. This resistor forms 
part of the divider network that 
supplies the bias to one of the 
vertical drive transistors. Without 
this bias, the other drive transistor 
will run the vertical scan, at the 
cost of severe linearity troubles.

This information is supplied by 
courtesy of the Tasmanian branch 
of The Electronic Technicians' Insti­
tute of Australia. Contributions 
should be sent to J. Lawler, 16 
Adina Street, Geilston Bay, Tas 
7015.

Ferna Electronics
(03) 562 4079

We will match or better any price in Australia
Linear & special LM350K $8.45 quality. TRUST CANNON
function.

$1.30
LM396K $26.95 3 Pin Line Male $4.95

TL061 LM723CH $1.60 3 Pin Line Female $5.35
TL071 $1.10 78UC SERIES $1.20 3 Pin Chassis Male $4.00
TL074 $2.50 79UC SERIES $1.20 3 Pin Plast. Chassis
TL084 $2.25 78L SERIES $0.80 Male $3.50
1488 $1.00 79L SERIES $1.20 3 Pin Plast. Chassis
1489 $1.00 LM309K $4.95 Female $3.50
UAA170 $3.75 Transistors: 5 Pin Line Male $8.50
UAA180 $3.75 BC546 $0.35 5 Pin Line Female $13.50
ULN2003 $1.95 BD139 $0.95 5 Pin Chassis Male $7.50
WD2793 $65.45 BD140 $0.95 5 Pin Chassis Female$13.50
LM2917-14 $2.95 BD679 $1.95 240V Chassis Male $8.50
LM301AN $1.20 BD682 $2.50 240V Chassis
CA3028 $3.25 BF494 $1.00 Female $9.50
CA3046
UA308TC

$2.25
$1.95

BUX80
MJ15003

$6.95
$7.50 DISCOUNT

LM310N $4.95 MJ15004 $7.50 74LS & 4000 SERIES
UA311TC $1.00 MJE2955 $2.95 PRICES
UA324PC $1.20 MJE3055 $2.95 Quality capacitors at

UA348PC $1.95 TIP32C $o qn competitive prices.
LF351N
LF357N
LM3900N

$1.85
$3.20
$1.65

WELLER WTCPS 
SOLDERING STATION
Features:
• Power Unit 240V AC
• Temperature controlled 

iron 24 V AC
• Handv flexible silicon

Zenner diodes 1w $0.20

VK POWERMATE II
Regulated 13.8VDC/5A

LM3909N
LM3914N
LM3916

$1.95
$4.50
$4.50

Supply Described in E.A. 
OCT '88. Complete kit, with 
predrilled panels

NE5534 $2.75 BARGAIN AT $89.95
NE555 $0.40 lead IDC RIBBON CABLE
NE556 $1.10 • Tips will not be DESC. $P/M

IOM7216 
UA741 
AM7910

$8.50
$59.50
$0.60

$29.95

damaged if left on for 
extended periods

SPECIAL $129

14 WAY
16 WAY
20 WAY
24 WAY

1.85
1.95
2.45
? 85

Resistors: DB CONNECTORS 25 WAY 3 00
5 watt $0.45 DB25 PLUG $1.00 26 WAY 3 50
10 watt $0.85 DB25 SOCKET $1.00 34 WAY 3 80
Voltage regulators: DB25 COVER $0.80 36 WAY 3.95
UA317UC $2.45 CANNON CONNECTORS 40 WAY 4.80
LM3371 $2.75 Genuine, guaranteed prime 50 WAY 5.65

<1
PRINTER LEAD
•Suits IBM - PC/XT, 
compatibles
• 25 pin "D” plug

(computer end) to 
Centronics 36 pin plug

C42000
(1.8 metres) 

C42010 
(3 metres)

METEX

$14.50

$19.50

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

SPECIAL $129 
4500H: 4.5 digit with digital 
hold, transistor tester and 
audible continuigy tester 10A.

SPECIAL $149
Phone for full specifications 

QUALITY DISKS: 
Absolutely top quality 
lifetime warranty disks 
discounted. (Prices per 10).
3.5" DSDD $29.95
5.25" DSDD $9.95

Professional soldering 
iron
• High efficiency
• Controlled temp. 370°
• 20 watt 240V AC
• Replacement tips $6.50

SPECIAL $24.95

8087 SPECIAL 
Genuine Intel Chips
Upgrade your PC with our 
Intel Chips. Phone us for
details 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

$195 
$295
$385 
$345 
$495 
$540 
$885 

$1450 
$1799

Perna Electronics 
Fact 5, 
22 Regent Ave., 
Springvale, 3171 
Mail orders: 
P.O. Box 103, 
Clayton, 3168 Vic.

Perna mail order 
professionalism is 
knowing your business 
inside-out.

All prices for this month 
only
Post + Pack $5.50

RS232 BREAK OUT 
BOX
A simple way of monitoring 
RS232 interface lead 
activity. Interface powered, 
pocket size for circuit 
testing, monitoring and 
patching 10 signal powered 
LED's and 2 spares. 24 
switches enable you to 
break out circuits or 
reconfigure and patch any or 
all the 24 active positions 
SPECIFICATIONS: 
Connectors: DB25 plug on 
80mm ribbon cable and 
DB25 socket.
Indicators: Tricolour LED's 
for TD, RD, RTS, CTS, DSR, 
CD, TC, RC. DTR, (E)TC 
Jumper Wires: 20 pieces. 
Power: Interface power 
Dimensions: 85x 95x 30mm.

SPECIAL $87.95
Overnight jet service Australia wide for items under 3kg — $8.00. 
The above postage rate is for basic postage only Road freight, 
bulky and fragile items will be charged at different rates. 
Sales tax exempt and wholesale orders welcome.
Errors and omissions excepted Prices and 
specifications subject to change without notice. HO- 
IBM, PC, XT, AT are registered trademarks of International 
Business Machines.
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Ho Ho Ho. That's Santa laughing at all the bargains he's picked up at his 
friendly Dick Smith Electronics etore. Santa knows that Dick Smith 
Electronics has everything for the electronics enthusiast ■ and much, 
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Christmas morning — 
and you forgot the batteries!
Wouldn’t you be popular? All those wonderful new wizz-bang goodies and not a 
battery to makR them wizz and bang! Plan ahead — if you get batteries early, you 
won’t forget And if you get Nioads, they can be all charged up and ready to fire ...

USE NICADS: THEY'RE CHEAPER!
Sure they cost more than ordinary batteries. But you can charge Nicads hundreds of times so compare the 
price of nundreds of ordinary batteries! You'll save
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Can't work out what to give? Try some of these special value hand tools: they're a brand new range { 
specially chosen for their strength and durability yet low cost. They'll really be appreciated!

'long"
Long Nose : 
Pliers ;
Very long (almost • 
60mm) blade for • 
getting into those • 
really awkward • 
corners. Cat T-3293 • 

$895

"Short" 
Long Nose 
Pliers
Short, squat jaws
give maximum 
purchase. Serrated 

for positive grip. $><95 
CatT-3292 O

Diagonal 
Cutters
Quality box joint 
cutters with 
hardened cutting 
blades for long, 
long life. Cat T-3291

AAA” Size
"Medium" 
Lona Nose 
Plier
Long, fine serrated
jaws for positive 
grip. Insulated 
handles. Cat T-3290

AA”Size
IF Size

$8« “D” Size

Bulk Plier 
Pack: SAVE!
Want to save over $15? Buy this
piier pack! You get two long nose 
pliers, one long nose angled pliers, 
one diagonal cutters and one flat 
surface cutters — all for just 
$29.95. They should be around $45 

or more! Cat T-3295 $29’5

“9V” Size

180mAh 
CatS-3305

500mAh
Cat S-3300

1.2Ah
Cat S-3301

1.2Ah
Cat S-3303

110m Ah
Cat S-3309

»4«
»475
•11”
•11”
•16”

High Capacity Nicads
AA”Size

“C”Size
“D”Size
“SubC” Size

600mAh 
CatS-3312

2.0Ah
Cat S-3311

4.0Ah
Cat S-3310

(Fast Chg)
Cat S-3324

•5”
•14“
•15”
*5«

GELL CELLS Ideal for alarms & general purpose usage
12V 1.2Ah CatS-3315 >35” 12V 2.6Ah
12V 1.9Ah cat sos 16‘37® 12V 6.5Ah

CHARGERS TO SUIT:
ln-situ or loose - these chargers will see your NiCad batteries right!

Here’s Something Different!
Spike Filter- I
Own a computer?
Get rid of mains-
borne noise and LI

garbage that 
corrupts computers 
& causes crashes!

?itrMaapluflsin!*l49
Single Power 
Point Protection

New "Flat" Double Twin Pack Spacesaver

Click Surgebuster
Junior plugs into SXjQST* 

your power point 
and protects any
device plugged into $OQ95 
it! Also includes Ow 
$5000 insurance 
for devices.
Cat P-5617

$AVE

Adaptors
Spacesavers: not 
only do they look LV . 

smarter - they're 
more practical. 
Less chance of 
getting knocked out 
of the power point! 
Use with old style 
or new style points 

- faces to right. «095 
Cat P-5442

Surgebuster
It's a six way power your„ 
board that also at point of

—.Double Adaptors
Contains one of the 

* | above right-facing 
- J flat double adaptors

AND a left-facing 
one, so you can 
turn a twin outlet LL |71 
into a four-way 7 y 1 

outlet that looks so 
good it could have 
been planned that 
way! Great for 

compute  ̂systems. $795 

gear! Details

Plug-Pack:
Suitable for most general purpose 
in-situ (ie batteries stay inside 
device) charging. Handles 6 to 10 
standard or high capacity "AA" 
cells. Cat M-9517 _•17”

Standard:
Handles all types and sizes of 
Nicads from AA through to 9V; 
charge up to 8 cells at once. 
Automatically senses size. Includes 
charge test meter Cat M-9505

$10!!

incorporates 
protection against 
spikes and surges. 
And there’s a free 
$5000 insurance 
policy included for ’5995

purchase. 
Cat P-5615

How about some components for Christmas?
If you’re looking for that completely different gift, you can’t beat a bag of components. You can betcha 
bottom dollar that no-one else will give them the same gift: beats a pair of sox any day! Here are just 
three: there are many more in your Dick Smith store!

Greencap 
Pack
60 different 
capacitors - use 
one a day and 
you'll almost make 
it through February! 
Values from .001 to
0.22uF, all 100VW

or better. Cat R-7040 *12’5

Power 
Pack
Actually it’s a 
power diode pack, 
but the heading 
looked better! 57 
power type diodes 
and scr s - 
including rectifier 
diodes & bridges 
plus 5 SCR s. very

MOC^SWTH

useful pack indeed!
“Z^’O $1495

LED Pack
Imagine their 
Christmas tree with 
100 Premium LEDs 
on it. Oooh. Aaah. 
Preeety! Trouble is, 
you'll have to give 
them this pack 
before Christmas so 
they can have it 
ready. 60 red, 20 
green, 10 yellow

CatS-3320 ‘38“
CatS-3322 »55“

Super:
Specifically for high capacity 
Nicads; also sences size and 
adjusts charge automatically. (Do 
not use for standard Nicads except 
AA Size). Cat M-9506

Give ‘em some light reading matter
Giant 
Handbook ot 
Electronic 
Circuits
A book any hobbyist 
would love for Xmas!

■Electronic! 
I Circuits. I

Contains millions * 

(slight exaggeration) •32” 
of circuits and circuit w

ideas to do.. .anyth­
ing! Cat B-1780

Electronics:

Fibreoptic 
Space Age 
Projects
Yes, they really are 
right up there with the 
latest! A great "hands •¿Sr’3 

on" book for anyone 
wanting to start in 
this fascinating field 
of the next century.
Cat B-1867

MOtiSWTH

Intended as an HSC 
text - but one of the 
best introductory 
electronics books

we've ever seen.
Small-only 88 pages 
- but very well done 
indeed. Hit 
recommen« 
Cat B-3631

and 10 orange __
Premium LEDs. $Oß95
Cat Z-3015. fc-W

The Ultimate Hi-Tech Present
A Computer! But not just any computer - a superb ACER 500+ 
from Dick Smith Electronics. Australia's best value in an IBM 
compatible - and our low prices INCLUDE a beautiful soft-white 
monitor.
Three models to choose from, you choose the configuration you 
want to suit your needs. And don’t forget, you can always upgrade 
your ACER later!

Acer 500+ Complete $QQE 
from only www

Cmos Cook 
Book
It’s on the bookshelf 
of virtually every 
designer and techni­
cian who’s into

CMOS. If you've been $OQ95 
a bit left behindistill fcw 
trying to battle TTL?) 
try this one for size.
It ll help - promise!
CatD-1248

DS Australian
Marine RadioUonHhrwilr reallY C0Uld 5376 

. y°ur life one day’
Yes! It s back in stock Cat B-9604

again - everything Value: Still Only 
you need to know if 
you own a boat or are

FUNWAY: THE BOOKS
Fun Way Into Electronics Vol 1. $/|95
20 exciting projects to build - no soldering. Cat 8-2600

Fun Way Into Electronics, Vol 2. 20 more fascinating projects -
and we teach you to solder. Cat B-2605 »^qe

Fun Way Into Electronics, Vol 3. $ß95
10 "high tech” projects using integrated circuits. Cat B-2610 O

INTO RADIO? TRY A SCANNER
The Ultimate:
What a scanner! It 
covers all UHF from 
300 to 950MHz - so it 
includes virtually 
everything you want to 
hear! Programmable, 
memories, even 
computer controllable! 
Cat 0-2825

FRG9600

NORMALLY $1199 
UNTIL XMAS JUST

*999

Hand-Held Action: 
Bearcat 1OOXL
The go-anywhere scanner that 
means you can actually go to the _ 

action while you're listening! Full Normallv *399 
UHF band coverage (to 520MHz), |1MT11 
inbuilt memories, rechargeable u"1 ,L 
nicads and AC charger. $OCQ

CatD-2813 JUST MUW

IS

Now available at 80 storep*
• NSW" Albury 218399- Bknkktown Square 7074888- Blacktown 671 7722- Bondi Junction 387 1444* Brookvale 
(Warringah Mal) 905 0441 • Campbeltown (046)272199 • Chatavraod ChaeeJH 1955 • Chullora M2 8922 • Gore Hill 
439 5311 • Goetord 25 0235 • Homaby 477 6633 • Liverpool 600 9888 • Maitland 33 7866 • Miranda 525 2722 
• Newcaetle61 1896- North Ryde 88 3855- Parramatta 689 2188-Penrith (047)32 3400 • Railway Square 21 > 3777 
• Sydney Chy 267 9111 • Tamworth 66 1711 • Woltongong 28 3800 • ACT • Fyahwick BO 4944 • VIC • Ballarat 31 5433 
• Bendigo 43 0388 • Box Hill 690 0699 • Coburg 383 4455 • Dandenong 794 9377 • Eaat Brighton 592 2366 
• Eeaondon 379 7444 . Footacray 689 2055 • Franketon 783 9144 • Geolong 43 8804 • Melbourne City 326 6088 
* Richmond 428 1614 * Ringwood 879 5338 • Springvale 547 0522 • OLD • Brtabane Chy 229 9377 • Buranda 391 6233 
• Caime 311 515 • Chermaide 359 6255 • Rodbank 268 5599 • Rockhampton 27 9644 • Southport 32 9863 
• Toowoomba 38 4300 • TownavHle 72 5722 • Underwood 341 0844 • SA • Adelaide Chy 232 1200 • Beverley 34 71900 
• St Marya 277 8977 • Elizabeth 255 6099 • Enfield 260 6088 • WA • Cannington 451 8666 • Fromanfie 335 9733 
• North Perth 328 69M • Perth City 481 3261 • TAS • Hobart 31 0800 • NT • Stuart Park 81 1977

NOW AVAILABLE AT ALL STORES — OR CALL
TOLL FREE: (008) 22 6610 
FOR HOME DELIVERY!a

CTRONI
ICK SMITH ELECTRONICS DICK SMITH ELECTRONICS DICK SMITH ELECTRONICS DICK SMITH ELECTRONICS DF
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DSXpress order centre. In which case, you could still be the winner!!!

Permit Nos: (NSW) TC88/2231 (ACT) TP88/7914

MULTIMETERS MAKE MAGNIFICENT MERRY XMASES!

Cat 0-1022

And temperature, too!

^8

*109 129

And a small selection of detectors & accessories. Edison Screw Lampholder to Suit: Cat p-5620 $7.95 Cat W-2060insulation.

Doorway/

129

159

sealed inside the kit. so you can't chut! That narrows the field down 
pretty dramatically, doesn’t It.

tolerance 
adjustment for 
minimum false 
alarms. Cat L-5013

Special Introductory price: just*199

speaker and gives 
tamper protection.

A brand new design featuring 4 individually controllable 
sectors, home and away states, wire-out protected loops 
and state-of-the-art circuitry. Housed in heavy duty steel 
case, ready to install with your choice of alarm detection 
devices (uses all standard devices). Cat L-5140

Diode checker, 
continuity and all 
the usual 
multimeter 
functions PLUS a 
probe included for 
direct display of 
temperature from - 
20 to +1370 
degrees C. That's 
some range! 
Cat Q-1511

Low-Cost 
Digital is 
High Spec!
All usual 
multimeter 
functions PLUS it’s 
a transistor and 
diode checker, 
battery checker 
AND a continuity 
checker - all in one! 
Cat Q-1445

Electronics store and duck over to 
pro h nna and vou still cnuld nrab 3

Autoranging
No more madly 
swapping dials to 
find the right 
range: it does it for 
you. Also includes 
transistor gain 
measurement and 
buzzer continuity. 
Cat Q-1516

walk. Set for lock 
on or instant mode, 
buzzer or silent. 
Cat L-5050

metre protection x 
zone, angled 
bracket for aiming.
Cat L-5009

Electronic 
FET VOM
Reads in both p-p 
AND RMS, with 
very high 
impedance (10 
megohm).

| Professional quality 
for when you want 
the best. High 12A 
AC & DC ranges, 
too. Cat Q-1143

More than 
a meter.. .i
It's a logic tester ' 

too. Ideal if you 
work on digital 
circuits -three LEDs 
show pulse, hi or lo 
states. 20K/V meter 
has 20 ranges, is 
diode and fuse 
protected too.
Cat Q-1026

Capacitance 
too!
3 1/2 digit with a 
capacitor checker 
built in - as well as 
transistor, diode 
and continuity 
checker. It’s 
fantastic value for 
such a versatile 
meter. CatQ-1465

Give the gift that keei 
$20 to more than $2I 

isS!nr {
A great one for the ¡J 

kids - as their first || 
meter. Rugged and 11 

reliable, great ; 
ranges for the 
projects kids want xL 

to get into. 2000 
ohms per volt.

5 Cat Q-1010

NEW!!!
Digital 
Capacitance 
Meter
A "must" for the 
service shop, 
technician, lab etc. 
Instant digital 
readout of all 
capacitors (electros 
included) usually 
“in situ”. Great for 
checking out that 
cranky bypass 
without surgery! Cat 
Q-1222

DSE’S OWN 
4 SECTOR 
CONTROLLER

Our Most 
Popular 
Moving 
Coil
And small wonder! 
20,000 ohms per 
volt meter with 

inbuilt continuity 
checker AND 10A 
DC range - unusual 
on meters in 
this price range.

Digital

THIS CHRISTMAS!
The experts (and statistics) say the light fingered larrikins are loitering at this 
time of the year ■ with intent! Don't let your Christmas goodies become the gleam 
in someone else’s eye: install your own quality Dick Smith Electronics alarm 
system. You'll save -and save!
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Construction project:

Improved VHF-UHF 
masthead amp
Here's a design for an improved masthead amplifier, to boost
signal strength and improve reception of TV and other signals 
in the VHF and UHF bands. It will cost you considerably less 
than commercially available units.

by ANDREW PALMER

For good TV and FM reception, you 
need to present the RF input of your 
receiver with signals that are as strong 
as possible compared with atmospheric 
noise and the noise that is inevitably 
generated inside the receiver's own 
‘front end’. Otherwise, in striving to 
amplify the weak signals, the receiver 
will have to amplify the front-end noise 
to the point where it will become evi­
dent on your TV picture as ‘snow’, or 
audible as ‘hash’ in your FM stereo pro­
gram.

There are various kinds of situation 
where achieving a satisfactory signal-to- 
noise ratio can be a problem, but three 
of the most typical are as follows:
1. You are in the ‘fringe area’ with re­

spect to the reception of the signals 
concerned, making it difficult to 
achieve sufficient signal strength - 
even with a large and elaborate an­
tenna system.

2. You are in a reasonable signal area, 
but it is not feasible to use an an­
tenna system capable of producing 
the strongest possible signals, and 
your TV or FM receiver is a little 
elderly. Although too good to throw 
away, its RF front end has a fairly 
high noise level - enough to cause an 
obvious deterioration in reception.

3. You are in a reasonable signal area 
and your antenna is producing fairly 
strong signals, but you need to feed a 
number of sets in various rooms of 
the house. After passing through the 
necessary splitter units and cable 
runs, with their inevitable losses, the 
signal levels reaching the receiver(s) 
are not strong enough.

In all of these common situations, re-

The complete project consists of two parts: the amplifier itself, in the PVC 
tube in the foreground, and the power feed unit.

ception can generally be improved quite 
noticeably by fitting a wideband RF 
preamplifier, preferably at the top of 
the antenna mast. In other words, a 
‘masthead amplifier’.

Why should it be at the top of the 
mast? Basically, because this allows it to 
amplify the signals picked up by the an­
tenna before they suffer from any atten­
uation or other deterioration due to the 
cable and things like splitters.

Fairly obviously, the masthead 
preamp can't improve the basic ratio 
between signals and noise as picked up 
by your antenna. In fact it will inevita­
bly make things slightly worse, by con­
tributing some extra noise of its own. 
But by placing it as near to the antenna 

as possible, we maximise the ratio be­
tween received signal strength and am­
plifier noise, and at the same time boost 
the strength of the signals to be pumped 
down the cable. Any attenuation intro­
duced by the cable system will therefore 
affect both the amplified signal and am­
plifier noise equally, without affecting 
the ratio between them.

With the alternative approach of fit­
ting an amplifier down at the receiver 
end of the cable, the signals will already 
have suffered some attenuation by the 
time they reach it. This will immediately 
provide a poorer ratio between the sig­
nal at the input to the amplifier, and its 
own inherent noise - preventing it from 
giving as much improvement.
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By the way, although a masthead am­
plifier inevitably contributes some noise 
of its own, this is quite small and typi­
cally rather less than that added by the 
tuner section of a TV receiver - particu­
larly if the receiver is not one of the la­
test models. And of course fitting it to 
the top of the mast allows it to operate 
on the signals at the most favourable 
point.

So if you're in a fringe area, or have 
a less-than-ideal antenna system with a 
slightly older receiver, or need to feed 
the signals through quite a few splitters 
and cables, a masthead amplifier could 
well give you noticeably better recep­
tion.

How about the flip side - does a 
masthead amp have any drawbacks? 
Certainly. Because they are a wideband 
amplifier, handling all the channels to­
gether, a really strong signal on one 
channel can cause amplifier overload 
and produce interference with the other 
channels.

It's not likely to be of much benefit if 
you're in a strong signal area, or where 
you have one really strong local signal 
and you're trying to improve the recep­
tion of much weaker signals. Unless you 
take special steps to prevent the strong 
signal from overloading the amplifier, it 
could well make things worse rather 
than better.

The same tends to apply where you 
have a strong local VHF signal from a 
primary transmitter, and some weaker 
UHF signals from translators.

Of course a masthead amplifier can't 
in itself do much with other kinds of re­
ception problems either - like ‘ghost­
ing’, which is caused by multiple ver­
sions of the same signal coming by dif­
ferent paths. With this kind of problem, 
all the amplifier might let you do is 
swing the antenna around to a position 
which minimises the ghosting, making 
up for the reduction in wanted signal 
strength with its additional gain.

A masthead amplifier isn't a univer­
sal cure-all, then, although it can im­
prove reception in a lot of situations.

A look inside the 
PVC tube, showing 
the small amplifier 
PCB and the way 
that the cables 
connect to it via 
co-ax plugs and 
sockets.

Two close-up views of the amplifier PCB, showing the component side 
(above) and the ground-plane side (top). Only four actual components are 
needed: the hybrid IC, a capacitor and two co-ax sockets.

About masthead amps
There have been quite a few designs 

published for VHF-UHF masthead am­
plifiers, in various magazines. The last 
one published in Electronics Australia 
was in the August 1979 issue, although 
a similar Booster/Distribution amplifier 
designed to be mounted inside the roof 
(rather than at the masthead) was de­
scribed in the March 1987 issue.

Most of the designs published in Aus­
tralia in the last 10 or so years have 
been based on one or another of a 
family of hybrid VHF/UHF wideband 
amplifier IC modules manufactured by 
Philips Components - the OM300 
series. These devices are expressly de­
signed for this kind of use, offering 
good amplification and low noise per­
formance up to about 860MHz.

The current design is no exception, 
using the device that has probably been 
most often used: the OM350. This pro­
vides typically 18dB of gain over the 
band from 40MHz to 860MHz, with a 
noise figure of 6dB.

Incidentally, noise figure is a measure 
of the noise introduced by the amplifier 
itself. It is actually the ratio of input sig- 
nal-to-noise ratio to output signal-to- 
noise ratio, so that the lower the noise 
figure the better. An ideal amplifier 
would inject no additional noise of its 
own, so that the ratio between input 
and output signal-to-noise ratio would 
be unity or OdB.

The UHF tuners in many older TV 
receivers typically have a noise figure of 
somewhere between 11 and 14dB, so
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Masthead amp
FROM 

ANTENNA

For those who need just that little bit 
more guidance, here's the details of 
how to wire the IC and capacitor on 
the amplifier PCB.

that the 6dB figure of the OM350 is ob­
viously rather better. Since the overall 
noise performance of a receiving system 
is determined almost entirely by the 
noise figure of its input circuitry, this 
gives the OM350 the potential to give 
quite a significant improvement when 
used ‘up front’ in a masthead amplifier.

Electrical and mechanical details for 
the OM350 are shown in Fig.l. As you 
can see, it is basically a two-transistor 
amplifier with untuned and low value 
loads in order to achieve the required 
wide bandwidth. It has 75-ohm input 
and output, and is therefore capable of 
driving a co-axial cable.

Made on a small ceramic substrate 
measuring 19 x 9mm, it is encapsulated 
in resin. Five pins are brought out on 
one side, for the input, output and 
three common connections. The 12V 
DC supply is fed in via the signal output 
pin.

Philips recommends that the OM350 
should be mounted on a small double­
sided PC board, and gives a suggested 
layout. Most of the earlier designs pub­
lished have used this layout or some­
thing very close to it, and have gen­
erally given reasonable results - at least 
for some constructors. However others 
have found the results disappointing, 
and there have been suggestions that 
minor layout and construction variations 
could have caused troublesome peaks 
and notches in the response.

Although on the surface there's not 
much involved in using the OM350 in 
this kind of application, it's actually a 
good deal more critical than you'd 
think. At UHF, an extra millimetre of 
lead length or PCB pattern can resonate 
with stray capacitance, to produce quite 
significant changes in gain at certain fre­
quencies. Similarly even short lengths of 
signal path which do not maintain the 
correct characteristic impedance level 
can produce mismatch reflections, set­
ting up standing waves and again 
producing undesirable peaks and 
notches.

_____ MAST HEAD______ _
/ AMP S

78L12CZ
(VIEWED FROM BELOWI

The complete circuit for both the amplifier and the power feed unit. As you 
can see, it's very simple and straightforward.

This design
The design described here has been 

developed by the R&D people at Dick 
Smith Electronics, who have spent quite 
a deal of time and effort to investigate 
the problems with earlier designs, and 
find ways around them.

They've ended up with a design which 
may not look all that much different 
from the others, but differs from them 
in a number of subtle ways - all de­
signed to achieve better and more con­
sistent performance.

The actual circuit is quite straightfor­

The diagram at 
right and picture 
below illustrate 
two different 
ways to wire up 
the power feed 
unit. The 
approach at right 
gives a neater 
result, however.

___________ COAX FEED____________ , 
'_______________ UNIT________________ '

0M350

IN4002

ward. The OM350 itself forms the heart 
of the masthead amplifier proper, with 
an input coupling capacitor Cl to pre­
vent its bias from being disturbed by the 
antenna or its balun. Power to the 
OM350 is sent up the co-ax cable from 
a small matching feed unit, via shunt in­
ductor LI. Output coupling capacitor 
C2 again prevents the DC supply from 
being disturbed by the input circuitry of 
the receiver.

The DC power is derived from a 
standard 12V DC plug pack supply, 
with a small three-terminal regulator
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chip IC2 used to provide smoothing and 
regulation. Diode DI is used to prevent 
damage to the regulator if the plug-pack 
polarity is accidentally reversed.

So there's nothing terribly different 
about the new design in terms of its cir­
cuit. It's in the area of physical layout 
that it differs, particularly for the mast­
head unit itself. Great care has been 
taken to minimise excess lead lengths, 
and reduce any discontinuities in terms 
of characteristic impedance.

As with the original Philips recom­
mendations, a double-sided PCB is 
used. However in this case the OM350 
and its input capacitor are not mounted 
on the opposite side of the board from 
the copper tracks. Here they are 
mounted directly on the track side, to 
allow even shorter lead lengths.

This approach has a number of other 
advantages as well. One is that there is 
less disturbance to the ‘ground plane’ 
action of the copper on the other side 
of the board. Another is that the signal 
tracks can be more easily designed to 
function as striplines of the correct im­
pedance, to provide fewer discontinui­
ties in the signal path.

To improve the performance still fur­
ther, the DSE people have designed the 
PCB so that the co-ax connectors mount 
directly to it in axial fashion, again with 
minimum disturbance to the characteris­
tic impedance in the signal path. The 
outer earthed sleeves of the sockets can 
also be bonded directly to the ‘ground 
plane’ copper on each side of the board, 
for minimum inductance.

And finally, to make sure that the 
‘ground’ copper on both sides of the 
PCB does indeed provide a true unipo­
tential ground, the two are bonded 
firmly along both sides by lengths of 
copper shim soldered full length.

All of these steps have produced a de­
sign that is straightforward and quite 
easy to reproduce, yet provides a con­
sistent high order of performance. The 
measured response of all units produced 
to date is within IdB from 10MHz to 
typically 1GHz. There is only one small 
dip, of less than IdB, at around 
630MHz - which does not appear to 
be amenable to easy removal. This 
has no noticeable effect, however.

This performance appears to be sig­
nificantly better than has been achieved 
by most previous designs. In fact it is 
achieving very close to the maximum 
performance possible from the OM350 - 
but of course this will depend on you 
wiring it up in the correct fashion. More 
about this shortly.

By the way, the PCB design for this 
project is the property of Dick Smith

RECVR AMPL

Above: Here is the front-panel art 
for the power feed unit, actual 
size. A photocopy makes a 
handy template when drilling the 
front panel. At right is a view of 
the final panel after assembly.

VHF/UHF 
MASTHEAD AMP

12V DC 
INPUT

Electronics, and cannot be reproduced 
commercially by other firms.

The board is designed to be housed in 
a short length of PVC electrical conduit, 
with matching tightly fitted end caps to 
keep it waterproof. The idea is that the 
input and output co-ax cables pass 
through the end caps, and then termi­
nate in plugs which mate with the sock­
ets on the PCB. The complete assembly 
can then be put together inside the PVC 
tube, with ‘Silastic’ or similar sealant 
around the cable entry holes and the 
end cap edges. A strap clip can then be 
used to mount the amplifier on the 
mast, near the antenna terminals.

The power feed unit is housed in a 
small ‘UB5’ size utility box, measuring 
83 x 54 x 28mm. As there are very few 
components involved in this unit, they 
are simply wired point-to-point.

Construction
The most critical part of the project is 

the actual masthead amplifier assembly, 
of course. But this needn't present any 
problems, provided that you tackle it in 
a logical fashion.

First cut the copper shim into two 
strips 55mm long by 15mm wide. Crease 
these down the centre, and bend them 
around the edges of the PCB so that 
they lie flat on the copper of both sides. 
Then solder both of them carefully 
along the full length of both sides, so 
that they each bond the two copper 
laminates together.

Next take the two Belling-Lee panel­
mount sockets, and solder them care­
fully into the appropriate cutouts at the 
ends of the PCB. Take care to position 
them with the centre spigot just resting 
on the central stripline track, so that it 
won't be moved out of position during 
the soldering. Note that the outer 
sleeves of the sockets should be sol­
dered to the adjacent ‘ground-plane’ 
copper along both sides of the sockets 
themselves, and on both sides of the 
PCB as well.

With all of this ‘heavy’ soldering 
done, you can now solder in the OM350 
and its input coupling capacitor Cl. For 
both of these, the idea is to trim their 
leads as short as possible, while still 
providing just enough exposed metal for 
soldering to the PCB tracks (say 1.5 to 
2mm at most). Then you do the actual 
soldering as quickly as possible, so that 
the components are not damaged by 
overheating.

Note that the five pins of the OM350 
are not arranged symmetrically. The 
input pin and the three earthing pins 
are close together near one end, while 
the output pin is further away at the 
other end. Make sure you wire it the 
correct way around, with pin 1 nearest 
capacitor Cl.

Assembly of the power feed unit in­
volves little more than drilling and 
reaming out the holes for the three 
sockets, using a photocopy or tracing of 
the front panel artwork as a template.
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Masthead amp
Then you can carefully stick on the Dy­
namark dress panel, mount the sockets 
and wire things up.

Wiring of the small components is a 
little tricky here because of the point-to- 
point wiring, but shouldn't present any 
problems if you use the wiring diagram 
and internal photograph as a guide. 
Two lugs cut from a small 7-lead tag­
strip are used to support the compo­
nents as shown.

The main point to watch from a per­
formance point of view is that the leads 
of coupling capacitor C2 are again kept 
as short as possible, to minimise series 
inductance. To make this possible, the 
centre spigots of the sockets should be 
bent over towards each other. Then the 
capacitor leads should be cut to the 
shortest possible length which still allow 
C2 to span between the two. The other 
things to watch are that regulator IC2 is 
connected into circuit correctly, and 
that diode DI and electrolytic capacitors 
C4 and C5 are also connected in the 
right way round.

Testing & installation
When both units are finished in the 

electrical sense, it would be a good idea 
to connect them temporarily together 
via a short length of co-ax, and try them 
out to make sure everything is working 
correctly. It is better to do this before 
you fit the amplifier unit into its protec­
tive tube, and mount it up on the mast!

The easiest plan is to connect the am­
plifier and power feed unit into the an­
tenna lead right at the receiver, and 
then use the receiver to check that

PARTS LIST
1 Utility box, 83 x 54 x 28mm
1 120mm length of 32mm (OD) 

PVC conduit
2 End caps to suit
1 PC board, 55 x 22.5mm, 

coded ZA-1575
4 Co-axial sockets, Belling-Lee 

panel mount type
1 2.5mm power socket, panel 

mount type
1 10uH RF inductor
Capacitors
2 820pF disc ceramic
1 10nF disc ceramic
1 10uF 25VW RB electrolytic
1 1mF 25VW RB electrolytic
Semiconductors
1 1N4002 diode
1 OM350 VHF/UHF amplifier
1 78L12CZ regulator
Miscellaneous
Length of copper shim, 110mm x 
20mm; small 7-way tagstrip; 
dress panel for utility box; ma­
chine screws and nuts, etc.

they're working. With power supplied 
to the feed unit from a 12V DC plug 
pack, the signals fed to the receiver 
should be noticeably stronger via the 
amplifier setup than with direct input 
from the antenna.

If all seems well, you're now ready to 
fit the amplifier unit into its housing 
and instal it up on the masthead.

The procedure here is to first drill a 
hole in the centre of each of the PVC 
end caps, just large enough to take the 
co-ax cable snugly. Then you'll need to 
cut the antenna downlead, say 30cm or 

so from the antenna end, and poke each 
of the two cable ends through a cap 
(from outside to inside).

This done, you then fit a Belling-Lee 
type co-ax plug to each one, soldering 
the connections carefully. The PVC 
tube is then slipped over the amplifier 
board, and the plugs fitted into the ap­
propriate socket at each end of the 
board to complete the connections. 
After this the end caps can be slid along 
the cables and over the ends of the 
PVC tube, to complete the housing and 
hold everything together. The length of 
the tube is carefully set so that when 
the caps are fully on, they will hold the 
co-ax plugs firmly in the amplifier sock­
ets.

The final step is to add fillets of ‘Si­
lastic’ or similar sealant around the 
cable entry points and the edges of the 
caps, to seal the complete unit and keep 
out moisture. It would be a good idea 
to add a dollop of the same sealant to 
the antenna end of the short input 
cable, to prevent moisture from seeping 
down inside the co-ax.

Needless to say the amplifier unit is 
mounted up on the mast near the an­
tenna terminals, using a strap clip 
around the outside. The power feed 
unit is located at the receiver end of the 
cable for a single-cable system, or just 
before the splitter unit if you are using 
one. If you're using more than one 
splitter, the feed unit will need to be fit­
ted just before the first splitter encoun­
tered by the signals as they pass down 
the cable.

That's about it. There's nothing to 
adjust - just hook it all up, apply the 
12V power to the feed unit and away it 
goes. ’ ©

DC-INPUT POWER SUPPLIES
INPUT VOLTAGES: 12, 24, 48 or nov dc 

(either polarity)
OUTPUT VOLTAGES: 5, 12, 15, 24 or 48V dc

(either polarity) single, dual or triple 
configuration.

POWER RANGE: 12 5 to 150 Watt

FEATURES: — Input-output isolation
— Over current protection 
— Over voltage protection 
— Better than 1% regulation 
— High efficiency switch mode 
— Full power to 50°C 
— All metal enclosure.

13 Avon Road, North Ryde 2113UH B PO BOX 285, Chatswood 2057
_____________ electronics Telephone: (02) 805 0844 Fax: (02) 805 0750
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Construction project:

Super Timer
Here's a low cost but very flexible 4-digit timer which can be 
used to measure intervals from a few microseconds to 
hundreds of seconds. Very handy for checking times and 
speeds involved in all sorts of physical events - like the 
speed of a slug from an air rifle, or the time your camera 
shutter stays open for each shutter speed.

by IAN PAGE

Ever wanted to measure the speed of 
a bullet, a golf ball, or a snail? The 
timer to be described will measure in­
tervals of time ranging from microsec­
onds to 999.9 seconds, with an accuracy 
equal to that of the timebase plus or 
minus 1 digit. A four figure display pro­
vides good resolution with high accuracy 
when ultra short times are being mea­
sured.

Three types of inputs are provided: a 
START/STOP input Tl which can be 
used to measure, for example, the ON 
period of a 555 timer; or T2 and T3 
which provide separate inputs for start 
and stop signals. Input C accepts a 
clocking impulse (suitably conditioned) 
to operate the display as a 1-9999 
counter. A six position switch permits a 
suitable timing range to be selected at 
will.

While the high resolution possible 
may not be required for most applica­
tions, it does provide the born experi­
menter with the means to make all 
kinds of timing measurements with 
which to amaze his friends, or satisfy his 
own curiosity. The scope of these de­
pends upon the ingenuity displayed in 
the design and construction of various 
triggering devices required to start and 
stop the timer.

For instance, the author, having pur­
chased a high powered air rifle, wished 
to check the maker’s claim of 280m/s 
muzzle velocity. Having decided upon a 
method of triggering the timer, the con­
struction of the timer itself became a 
matter of providing the required accura­
cy. Need for an accurate timer for the 
work bench gave additional justifica­
tion.

For those interested in the bullet 
speed measurement a description of the 
trigger device used is given at the con­
clusion of this article.

How it works
Basic accuracy results from the use of 

a crystal oscillator. This comprises a 
4001 NAND gate with resistors, capaci­
tors and 1MHz crystal forming a tuned 

A view of the completed 
timer, which the author 
housed in a home-made 
case.

network. The dividing string consists of 
three 4518 dual decade dividers (ICs 3,4 
and 5). At each decade, commencing 
with the oscillator, an output is taken 
via a six-way selector switch Sia and 
switch S4 to the clock input of a 
counter, using four 4026 counter/display 
drivers (ICs 6-9).

Control of the timing period is ob­
tained by disabling the oscillator via pin 
2 of IC2a. If this pin is held low the os­
cillator runs. When taken high, it stops. 
Control at this point ensures that maxi­
mum accuracy of count is achieved.

There are two timing inputs: Tl is 
used to measure the duration of an out­
put, such as a 555 monostable. When 
Tl is switched in via S3, it is held low 
by R35. A HIGH received at Tl will 
cause the output of EX-OR gate IClb 
at pin 3 to go LOW, thus enabling the
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The complete circuit of the timer, which can be used to time a wide variety of events.

oscillator. When TI goes low the oscil­
lator stops. 1MHz clock pulses are 
divided (counted) by the decade divid­
ers, whose output is drawn off at the 
desired frequency by Sia, from which 
the pulses are taken via S4 to pin 1 of 
the counter display IC6 and thence 
down the counter chain to IC9.

Inputs T2 and T3 are used when sepa­
rate start and stop signals are required 
to time extremely short intervals, or 
when the two trigger points are individ­
ually controlled, such as, for example, 
when timing a slot car, or the speed of 
an arrow. These terminals require

Table 1: The 6 measurement ranges.

TABLE 1 
MEASUREMENT RANGES

Switch 
Position Time Range

A 0 - 9.999 ms
B 0 - 99.99 ms
C 0 - 999.9 ms
D 0 - 9.999 seconds
E 0 - 99.99 seconds
F 0 - 999.9 seconds

HIGH signals, to fire the thyristors QI 
and Q2 which first must be switched off 
by using push switch S2 to momentarily 
disconnect supply to them.

If a HIGH signal is received at T2 or 
T3 (it doesn’t matter which) the corre­
sponding thyristor will fire, taking its 
load resistor R38 or R39 to ground. 
With one input HIGH and the other 
now LOW, the output of EX-OR gate 
ICla at pin 11 will go HIGH, taking pin 
1 of IClb HIGH. Since pin 2 of this 
gate is tied to the positive rail, output at 
pin 3 will go LOW, thus enabling the 
oscillator.

When a HIGH signal is received at 
the other input terminal T2/T3, the sec­
ond thyristor will fire, taking its load 
resistor to ground and causing the other 
input pin of ICla to go LOW. This will 
result in pin 3 of IClb going LOW, thus 
disabling the oscillator.

The use of thyristors to start and end 
the timing period rules out any possibil­
ity of false or ragged triggering inputs 
resulting in faulty readings.

Terminal C allows an external count 
signal to be applied via S4 directly to 
the clock pin 1 of IC6, thence to the re­

maining counters. For counting to com­
mence, pin 2 of IC6 must be held low. 
Normally it is kept high by R33, but 
switch S5 when closed grounds it and al­
lows counting to begin. S5 must be kept 
closed for all timing operations. For 
counting, it may be used as an ON/OFF 
switch, or alternatively, it may be left 
open and the count enabled by an ex­
ternal switch connected at terminal CE.

Timing ranges
It should be noted that the contacts of 
switch Sia are identified by letters 
which represent timing periods as shown 
in Table 1.

A connection to pin 14 of IC5 is pro­
vided (referenced by letter “M”), at 
which point a 1Hz pulse is available 
which can be used as a one second 
standard clock signal - or, if desired, 
switched through the six position switch 
in lieu of one of the other frequencies.

The second pole of the 6 way switch 
(Sib) is used to switch in the usable 
decimal points on the display, giving 
readings of xxx.x, xx.xx, and x.xxx sec­
onds. The provision of decimal place in­
dications for the higher frequencies was
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Super Timer

A view inside the author's 
prototype, showing the way 
he mounted the board 
diagonally inside the case 
to conserve space. The text 
describes how the case is 
constructed, for those who 
also wish to make their 
own.

thought to be not worth the effort, as a 
visual inspection of the display while 
running leaves one in little doubt as to 
where the decimal point must be.

The display can be blanked without 
interrupting the count, using S6. This is 
useful when operating the timer on a 
battery, as there is a considerable re­
duction in current when the display is 
switched off. With display blanked, 
4.5mA is drawn at 6 volts. With the dis­
play ON, consumption is about 120mA.

Where power consumption is not a 
problem, the blanking switch S6 can be 
omitted. In this case the link LX must 
be fitted. If the switch is used the link is 
left out.

The display need only be read at the 
conclusion of the timing period. Switch 
S2 is a momentary action 2-pole change- 
over which serves two purposes. When 
pressed it (a) resets the display to zero, 
and (b) resets thyristors QI and Q2 to 
the OFF state.

Resetting of the display is done by 
making the reset pin 15 of each coun- 
ter/display driver HIGH momentarily by 
closing the NO contacts of S2. Also, 
when S2 is operated, the NC contacts 
disconnect power to QI and Q2, caus­
ing them to reset to their OFF state.
Oscillator

The quartz crystal should not be very 
far off the nominal frequency, but if it 
is, a moderate adjustment can be made 
by altering the value of C2 or C3. Use 
of a frequency counter is helpful but 
can introduce its own (unknown) error. 
In the following section reference is 
made to this and a method of determin­
ing the accuracy is given.

70 ELECTRONICS

The PCB overlay diagram, showing the location of all components. Take care 
with the polarisation of all ICs, also the LEDs.

Construction
Some thought must be given as to 

how the board and controls are to be 
housed. This will depend upon whether 
the unit is to be used indoors, outdoors, 
or both, and for what purpose.

If to be used outdoors, a battery sup­
ply must be considered. In this case, it 
is advisable to fit the display switch S6 
so as to conserve battery power. If 
power consumption is not an issue, omit 
S6 and fit a link in the PC board at this 
point.

If the timer is to be used only for 
fairly short intervals, four AA cells 
should suffice. In this case, they could 
be mounted in the project box.

Next you’ll need to tackle the prob­

lem of keeping it all compact while at 
the same time providing room for 
switches and plugs, and their connec­
tions. And last but not least, how is the 
display to be made visible. Separating 
the display section from the main sec­
tion involves extra work in reconnection 
and should be avoided if possible.

In the author’s version, the problems 
were solved by mounting the PC board 
at an angle to the horizontal so as to 
provide room under the display end of 
the board for a 4 x AA battery holder. 
At the other end, the tilted PCB also 
provided room to mount the rotary 
switch and six input sockets above the 
board - see Fig.1. An extra socket was 
provided to give a connection to the 1
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A trigger for camera shutter timing
Used in conjunction with the Super Timer, this device will 

check the speed of shutter settings on cameras with focal plane 
or between the lens shutters, provided that the film window at 
the back of the camera is accessible. Modifications to the size 
of cover plate (see drawing) may be necessary to adapt to 
smaller or larger film windows.

The cover plate (60 x 38mm or as necessary) should be 
made of an opaque material - PCB with the foil intact is ideal. 
Make the tube by rolling a strip of 30mm wide paper on a 7/32 
or 5.5mm drill shank, pasting adjoining layers together until a 
thickness of about 3mm is built up.

The tube material MUST be opaque and it may be neces­
sary to add a final layer of aluminium foil or black paper. A 
metal tube of the right bore is ideal. Use a fine paint brush to 
paint the inside of the tube a matt black. Indian ink or poster 
paint is suitable for this.

Now cut a piece of strip board 50mm long and five tracks 
wide, and remove all five tracks for a distance equal to the 
diameter of the tube. Work out a suitable layout for the cir­
cuit wiring shown and mount the resistors and BC557. Now 
turn the circuit board upside down and hold it firmly in a vice 
with the board horizontal. Place the photo diode with its leads 
pointing downwards thorugh holes in the blank end of the 
board, splay the diode leads out a little to keep it in place, 
and use Araldite to cement the tube to the strip board as 
shown.

When the cement is set, remove from the vice, and cement 
vertically to the cover plate as shown. See that the tube does 

not project through the plate by more than 1mm, or damage 
to the shutter could result.

Check the polarity of the FPT100 photo diode and connect 
to the strip board with short leads. It is important that the 
diode cannot pick up light entering the back of the tube, and 
it may be necessary to block any small opening with black 
paper, pierced for the diode leads. Now connect three flexible 
leads to the strip board, and solder banana plugs to their ends 
to allow connection to the timer as shown.

Plug in the timer and check that, with the leads connected 
correctly, the timer switched ON, and the device held flat 
against a table, for example, the timer does not begin to 
count. Raising the plate to allow light to enter should start the 
timer. It should be appreciated that light is striking the diode 
from a comparatively small opening, and therefore the tube 
will need to point at a fairly bright light source.

With the camera set on full aperture, and the back open, 
hold the device over the film window, set the timer to zero, 
and with the camera pointing at an open window or bright 
light, trip the shutter.

To judge how the shutter markings compare with measured 
time, it is advisable to first convert the fractional shutter 
speeds to decimal, for example, 1/60=0.0166, 1/125=0.008 and 
so on. While marked shutter speeds are not exact, there can 
be wide differences between nominal and measured speeds, 
due perhaps to the age of the camera. This can be important 
particularly in the case of 1/60 sec, which speed is almost in­
variably used for flash photography.

SHUTTER TIMING TRIGGER

Above: Details of the author's adaptor for measuring the speed of a camera 
shutter. The tube needs to be opaque to light.

second clock output, reference “M” on 
the wiring diagram.

20 swg aluminium sheet was used for 
the author’s case, the box size being 142 
x 98 x 62mm depth. Screws are self tap­
ping, #4 x 5mm.

A strip of metal 62mm wide is bent 
into a rectangle of the above dimen­
sions, the ends butting at the centre of 
the near end. Use high strength Aral­
dite to cement a 58 X 25mm lap verti­
cally over the joint, on the inside, to 
provide strength.

Note that the length of this lap piece 
is less than the height of the box, so 
that it can clear the bottom which will 
fit within the rectangle formed by the 
sides. Angle pieces, three per side are

A detailed drawing of the author’s case construction, to scale.
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Super Timer
cemented to the sides with the bottom 
in position so that when finished the 
bottom is flush with the sides. Allow 24 
hours for the cement to harden, then 
drill and fasten. Attach rubber feet, 
such as discs cut from an old inner tube. 
These should be thicker than the screw 
heads.

The front panel was made from a 
piece of white matt Formica veneer 
which readily accepts lettering, and has 
an attractive appearance. Cut to the 
exact dimension of the box, mark out 
and drill for the switches, using a small 
square file to form rectangular openings 
where slide switches are used. Don’t cut 
out for the display at this stage.
Fitting the PCB

It has been mentioned that by fitting 
the board in an inclined position, a very 
compact arrangement can be achieved. 
To do this, lay the box, with bottom re­
moved, on its side, and place the PCB 

The PCB pattern 
for the timer, 
reproduced 
actual size to 
allow tracing if 
you wish to make 
your own.

on edge in the box, with its lower end 
against the front (socket end) and rest­
ing on the bottom if this were in place. 
The top (display) end of the board 
should be located so that the top edge 
of the display is about 2-3mm below the 
lower surface of the panel when fitted. 
Wedge the board in position, and with a 
pencil mark the position of the under 
surface of the board to each side, and 
mark the position of the upper and cen­
tre mounting holes of the PCB. The 
lower holes will not be used as they will 
not be accessible with wiring in place.

Make four angle pieces, 10mm wide. 
The side of the angle which is to be ce­
mented to the box should be 20mm 
long, to give adequate gluing area. The 
other side, which is to be drilled for 
mounting the PCB, should be just long 
enough, but not so long as to bridge 
any track on the PCB. It doesn’t matter 
if it contacts the OV track at the outer 
edge of the board. You can trim up the 
length of each bracket with a file later, 
if you are careful. When the cement is 

set, drill tapping holes in each bracket 
and fit the PCB temporarily.
Display window

With the PCB in place, lay the panel 
on top of the frame and transfer the 
position of the display to the top of the 
panel. Allow for the fact that the dis­
play will probably be read from an ob­
lique position and the window should be 
deep enough to allow this. In the proj­
ect as made, an opening 75 x 18mm was 
satisfactory.

The opening can be filled with some 
clear plastic, or, to provide a nice 
touch, use some thick clear acrylic, 
4-5mm thick. Cut it to be a push fit 
lengthwise in the opening and tilted so 
that its lower back edge is flush with the 
underside of the panel while its upper 
front edge is flush with the upper face 
of the panel.

With the panel inverted run a thin 
line of Araldite along each of the sides, 
but be careful not use enough to be vis­
ible from the top. With the transparent 
cover at a similar angle to the PCB 
there is a particularly good view of the 
display.

Fitting the panel
Drill three tapping holes on each side 

of the surround, 4mm down from the 
top edge. Now place the top panel face 
down on a sheet of paper on top of a 
solid surface, and place the surround 
over it, positioning it very carefully so 
that the panel is completely covered. 
Use weights to hold it from shifting.

Make six aluminium brackets, 15 x 15 
by 20 width. These are to be glued to 
the PANEL. Cover one face of each 
angle with cement and position carefully 
on the panel, making sure that each 
angle is centered over its respective hole 
in the sides of the surround. Don’t use 
excessive Araldite, otherwise it is likely 
to run on to the side pieces. Or worse 
still, if you haven’t used a sheet of 
paper, you may find the whole thing 
firmly attached to the mahogany dining 
table.

Make sure that each bracket is press­
ing closely against the side walls. Check 
that there are no unwelcome glue at­
tachments, and give plenty of time to 
set. With the panel in place, use a tap­
ping drill to mark the position of the 
hole on each bracket, then finish drill­
ing while holding the bracket in the vice 
to avoid undue strain on it. Now open 
the holes in the sides with a clearance 
drill. Voila!

Although not absolutely necessary,
the white Formica used for the top
panel makes a nice overlay for the end
of the box containing the rotary switch,
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A look at the PCB with components added, to help in assembly. Sorry for the 
fuzzy shot, but it's all that the author could provide.

and makes labelling easy and effective. 
Cut a piece of Formica a few millime­
tres smaller than the end of the box, 
mark if for switch and sockets and 
clamp it to the end of the box. Then 
drill through the two parts. It is not 
necessary to glue the panel in place, 
and the components will hold it in posi­
tion.
Battery compartment

Note that the following relates to the 
use of a four AA holder with the four 
cells in a square configuration.

At the display end of the box, cut a 
rectangular opening with its lower edge 
about 7mm from the bottom of the box. 
The height of the opening should be 
2-3mm greater than the battery holder 
with A A cells in place, and longer than 
the holder by about 15mm.

Make up a small four-sided box from 
aluminium (don’t bother to join at the 
comers) into which the holder will fit 
neatly as regards height and depth. 
When making the box allow sufficient 
depth to bend a flange of 5mm on all 
four sides, and drill a largish hole in the 
back at one end for the battery leads.

When the box is made, fasten the 
PCB temporarily in place and make 
sure that when the battery box is in 
position there will be at least 3mm 
clearance from the printed circuit. 
When ready, cement the box flanges 
and clamp it to the frame until set. A 
cover plate completes this part of the 
operation.

On the underside of the battery box 
glue a small 2-way terminal board, on 
which to terminate the leads from the 

battery holder, and from which heavier 
flexible leads will be taken, (a) the posi­
tive lead to one side of the panel ON/- 
OFF switch, and (b) the negative lead 
to OV on the PCB. These leads can be 
taken through the small gap between 
the side of the PCB and the box sides, 
or, if preferred through small holes 
drilled through the PCB.

Note: If Araldite is used where sug­
gested, prepare the surfaces before ce­
menting by scoring a criss cross pattern 
with a sharp pointed file, or coarse 
sandpaper. If properly carried out the 
aluminium will bend before the joints 
give way.

Wiring
First check the PCB tracks for shorts 

and discontinuities, and fit PC pins at 
+6V and OV points. Solder in all the 
links, with a temporary link at LX (see 
above). Put power on and check with 
meter or buzzer that power exists be­
tween pin 16 and the OV pin of each IC 
position. Now solder in resistors Rl- 
R31, noting that RLR3 should be Ik. 
Fit the four displays and with a 330 ohm 
resistor (for safety) in series with a 6 
volt supply, connect the OV lead and 
run the positive lead along the bottoms 
of the resistors, checking that each seg­
ment of the display lights as its associ­
ated resistor is energised.

Now solder in IC6 and power up. If 
all is well, display No 4 should show a 
figure, usually a “0”. Carry on fitting 
IC7-9, testing at each stage to see that 
each display lights up. Systematic pro­
gress checks like this can save an awful 
lot of strife at the finish.

Fit all the remaining resistors and PC 
pins at “W”, “X” and “Q”. With 
power ON, ground “X” and introduce a 
few positive pulses at “W”. The display 
should show a reading. Then touch “Q” 
with a positive test lead - the display 
should reset to zero.

Assuming everything is normal up to 
this point, the oscillator section can be 
commenced by fitting IC2, C2 and C3, 
and the 1MHz crystal. Unless you have 
access to an oscilloscope or a frequency 
counter, it will be difficult to determine 
if the oscillator is running.

Take a temporary lead from pin 10 of 
IC2 to PC pin “W”, power up and 
ground display enable “X” - the display 
should show 8888.

Alternatively, solder in all remaining 
PC pins, and the IC’s 3-5. Connect “M” 
to “W”, ground “X” and power up. 
The display should count in seconds. In 
turn, connect “W" to each of the pins 
“F” to “A”, checking that counter 
speed increases at each change.
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Super Timer
If all is well, mount IC1, and Q1-Q2, 

and connect P-N with a removable 
jumper. Also connect F to W and R to 
S (temporarily). Power up, separate 
P-N momentarily to reset Q1-Q2, and 
touch a jumper between T and V. The 
counter should begin counting in 1/10 
seconds. Make a brief connection be­
tween U and V, and the counter should 
stop. The thyristors are reset by open­
ing the link P-N for a moment.

After testing all functions to ensure 
that everything is OK, the unit can be 
mounted in its enclosure and the vari­
ous switches connected, Banana plug 
connectors are used to bring timing and 
control signals into the box.

PARTS LIST
1 PCB measuring 145 x 90mm
4 AA cells (see text)
1 4 x AA holder (see text)
1 6 way 2 pole rotary switch 

and knob
1 momentary contact SPDT or 

DPDT switch
2 SPDT or DPDT switches
2 SP on/off switches
1 1 MHz quartz crystal (PCB 

mounting)
1 on/off switch if internal battery 

is used.
OR...

1 panel plug and socket for 
external battery.

7 4mm banana sockets, and 
plugs to suit

Semiconductors
1 4001 quad NAND gate.
1 4070 EX OR quad gate
3 4518 dual BCD up counters
4 4026 decade

counter/decoders
2 C103B silicon controlled 

rectifiers.
4 FND500, or similar, 7 

segment displays.
Capacitors
1 100uF 16VW PC electrolytic
2 22pF ceramic
3 47nF ceramic
Resistors (0.25W, 5%)
3 x 1k (R1-R3)
28 x 330 ohms (R4-R31)
4 x 1 megohm (R32-R35)
1x10 megohm (R36)
1 x 22k (R37)
2 x 4.7k (R38-R39)
2 x 100k (R40-R41)
2 x 33k (R42-R43)
Miscellaneous
22 1mm PC pins solder, tinned 
copper wire hook up wire.

Wiring the switches
This can be pretty confusing if you 

don’t first draw a rough sketch showing 
the point to point wiring. It is also 
much easier if several colours are used 
for the hook-up wire. Wiring between 
PC pins and the end panel can be of 
lightly insulated wire, as it is not subject 
to any movement once in place, but for 
the connections to the top panel, use 
wire with thicker insulation as it will be 
subjected to being squeezed into place 
when the hatch is finally clamped on.

If you intend switching the display, 
leave out link LX and solder in two 
100mm leads before fitting the PCB. 
Make sure all PC pins are legibly let­
tered, and connect the most inaccessible 
first, tucking each neatly in place so 
that you don’t have to reach among the 
wires later with a hot soldering iron.

Finally prop the top panel on edge at 
the height of the box and connect in the 
switch connections, keeping the wiring 
as short and compact as possible.
Accuracy

Do this check before installing in the 
case. Connect the seconds output at 
“M” to the clock input at “W” so that 
the display counts seconds. Temporarily 
connect S5 as a start-stop control, and 
start the clock on the last pip of a radio 
time signal. Exactly one hour later stop 
the count on the last pip. The counter 
should read 3600.

The timing period can quite easily be 
extended to, say 4 hours, when the 
counter should show 4400. If there is an 
unacceptable difference, it is possible to 
push the crystal frequency around some­
what by increasing or decreasing the 
value of C2 or C3.

The author found it necessary to in­
crease C2 to lOOpF to shift the cyrstal 
frequency from a frequency meter read­
ing of 1000070 to 1000004.

Testing as described, and using 22pF 
capacitors as specified, there was no ob­
servable difference between the radio 
time and displayed time, and no adjust­
ment was necessary. It is unlikely that 
the frequency of any crystal oscillator 
would be so far off nominal as to pred- 
judice the value of this timer for most 
practical purposes.

Making measurements
At the commencement of this article, 

mention was made of a measurement of 
bullet speed (actually an air-rifle slug), 
as an example of the very short time in­
tervals which can be measured with this 
timer. Here are the details.

The apparatus used to measure the 
speed of an air rifle slug comprised two

identical triggering devices. Each con­
sisted of a piece of Formica veneer 1/16" 
thick, 100mm square.Alternatively, stiff 
cardboard can be used. It is much easier 
to cut out, but not so durable or rigid, 
and must be kept perfectly dry to avoid 
leakage.

A square of 80mm sides was cut from 
the centre of each piece, so as to form a 
hollow square with 10mm wide border. 
A piece of aluminium kitchen foil 90mm 
(0.001") square, is taped centrally to 
each face of the Formica so as to allow 
a 5mm distance all round. Make sure 
that the foils are smooth and flat, so 
that they do not touch each other.

The assemblies (triggers) are mounted 
on a wooden or metal batten, so that 
they are at right angles to it, and sepa­
rated by a distance of 12" (measured as 
accurately as possible). Contact is made 
with each foil by spring clip or other 
means, connected to the connecting 
wires.

A common power supply is taken 
from the “T+” socket of the timer to 
one foil of each trigger unit, while the 
opposite foils are taken to Tl and T2 
respectively. If the foils are spaced 
about 1/16" apart, the rifle slug will 
bridge the two foils as it passes through.

The maker of the rifle claimed a muz­
zle speed of 280m/s, or 918 feet per sec­
ond. To travel 12" therefore should take 
about 0.001089 seconds. The timer 
switch was set in the “A” range to give 
a reading of around 1089.

The average of four tests gave a time 
of 1086 (0.001086sec) and this equated 
to a velocity of 280.8 metres/sec, or a 
little better than the maker’s figure.

Don’t attempt to clamp the trigger as­
sembly to the barrel of the rifle, as the 
heavy recoil tends to cause premature 
triggering of the timer (probably due to 
air pressure on the foil as the rifle trig­
ger and avoid physical contact between 
the barrel and the timing assembly. 
Needless to say, STRINGENT 
SAFETY PRECAUTIONS must be 
taken during such tests, to protect one­
self and the general public.

The speed of a golf ball was also mea­
sured. Its probable speed was estimated 
at about 1 OOmph, or 146 feet per sec- 
dond, so that over a distance of 3" a 
measured time of 0.0205 seconds could 
be expected.

The timer was set to 0 - 0.09999 (“b” 
range), for an expected reading of 2050. 
The golf club was wielded by a 24 
handicapper, but the ball luckily sped 
straight and true, giving a reading of 
1987 or 0.01987 seconds. This equated

(Continued on page 137)
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Books & 
Literature

Signal processing
SIGNAL PROCESSING, by Nirode C. 
Mohanty. Published by Van Nostrand 
Reinhold, 1987. Hard covers, 235 x 
160mm, 664 pages. ISBN 0 442 26476 3. 
Recommended retail price $131.95.

Not a book for the light-hearted dab­
bler, this one. Right from the outset is 
dives straight into the depths of Fourier, 
Laplace and assorted other transforms, 
matrix theory, state variables and simi­
lar highly mathematical concepts. The 
emphasis is on systematic analysis and a 
computational approach to the subject.

If you're looking for an easy to un­
derstand introduction to things like sig­
nal processing, filtering and so on, this 
is not the one. It's basically a university 
text and reference, and by the look of it 
for those in later years at that. With my 
own rather faded understanding of 
Fourier et al, I found it might as well 
have been in Russian - and 1 suspect 
95% of our readers would be in the 
same boat.

For those that do need this kind of 
treatment, it's being distributed in Aus­
tralia and New Zealand by Thomas Nel­
son Australia. (J.R.)

Electronics Dictionary
DICTIONARY OF ELECTRONICS, by 
Ian R. Sinclair. Published by Collins, 
Glasgow, 1988. Soft covers, 200 x 
130mm, 378 pages. ISBN 0 00 434345 
10. Price $12.95

Dictionaries are a marvellous source 
of information, and this little book is no 
exception. However, they tend to go 
out of date very quickly, particularly if 
the subject is electronics - so my first 
check was to see just how current this 
one is. There were, as it turned out, 
very few words from my technical 
repertoire that weren't covered in the 

book. Some of the more esoteric terms 
such as DAT, Viatel, Centronics and 
others were not mentioned, but I now 
know what a CAZAMP is.

The book includes diagrams and 
briefly explains all the typical (and not 
so typical) terms anyone involved in 
electronics will encounter. The explana­
tions are concise and free of excessive 
jargon.

It is my belief that anyone involved in 
electronics needs such a book. A begin­
ner will find great solace in being able 
to look up a term without having to de­
code the description or ask someone 
else, while professionals can check their 
spelling and confirm their understanding 
of the term.

Included is a five page summary of 
the various symbols used in electronics. 
These range from Greek symbols to cir­
cuit symbols (not all are SAA stand­
ards) and this section is preceded by an 
explanation of the resistor colour code. 
Quoting an oft used expression - this 
book ‘would make the ideal Christmas 
gift’. The review copy was supplied by 
Collins Publishers in Sydney. (P.P.) 

Electronic fundamentals 
ELECTRONIC DEVICES, 2nd Edition, 
by Thomas L. Floyd. Published by Mer­
rill, Ohio, 1988. Hard covers, 240 x 
190mm, 834 pages. ISBN 0 675 20883 1. 
Price (approx) $36.

There are many books covering the 
fundamentals of electronics, as the mar­
ket for books of this kind is very large. 
Over the years various books have be­
come popular, including this book's 
predecessor - Electronic Devices, first 
edition. The second edition, like the 
first, is characterised by excellent pre­
sentation, including hard covers at a 
soft cover price.

The book deals only with linear elec­

tronics, using a very traditional ap­
proach. A block diagram of either a 
radio or a TV set precedes each chap­
ter, giving the reader the impression 
that the book is about these devices. In 
fact, these diagrams serve very little 
purpose, and (in my opinion) are mis­
leading and should be scrubbed from 
the third edition.

The book uses the first five chapters 
to introduce most of the concepts and 
devices used in electronics, including 
the PN junction, the transistor, diodes 
and zener diodes. Discrete component 
amplifiers are given five more chapters, 
including two chapters on FETs.

The operational amplifier is very well 
covered, starting with the op amp as a 
device, followed by a wide range of ap­
plications. This way the concepts of os­
cillators, filters and other functions are 
covered. The remaining three chapters 
include voltage regulators, thyristors 
and opto devices.

Mathematical equations are used 
throughout, generally to a level no 
higher than School Certificate maths. 
Equivalent circuits for transistors are in­
cluded, using either h or r parameters. 
However, the j operator is not used, 
and the parameters themselves are de­
scribed using Ohm's Law.

Because the book follows a traditional 
approach, the content is fairly predict­
able. Those who favour a non-tradi- 
tional type of text would probably sug­
gest this book is old fashioned, even 
though the content covers contemporary 
devices. Many educationalists now be­
lieve that teaching at device level is out­
dated, and would therefore shudder at 
five chapters of discrete component am­
plifiers.

However, whatever your views, this 
book is likely to become a standard, 
like its predecessor. There are copious 
diagrams and tutorial type questions, 
with answers provided. The style of 
writing is typical of any textbook, and 
follows the modern trend of adopting a 
more friendly manner than was used in 
the ‘matter of fact' past.

The book contains some 14 pages of 
Motorola data sheets, which may be 
found rather useless, as the devices are 
either out of date or unavailable in Aus­
tralia. However, they provide a refer­
ence source, if nothing else.

The book will appeal to students of 
electronics, and possibly as a self-learn 
text. Because it includes a lot of self­
test type questions, (as well as the tu­
torial type), a motivated beginner would 
be able to work through the book. The 
review copy came from Merrill Publish­
ing Co. (P.P) ®
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Circuit & Design Ideas
Interesting circuit ideas from readers and technical literature. While this material has been checked as far as possible, the circuits have not 
been built and tested by us. As a consequence, we cannot accept responsibility, enter into correspondence or provide constructional details.

Leading zero blanking
This ‘add on’ circuit for any 3-digit 

electronic display that uses a 74C926 
4-digit/decoder/driver IC, improves the 
appearance and efficiency of the 3-digit 
display by automatically blanking any 
leading zeros.

Because the 74C926 uses multiplexed 
outputs to drive the 7-segment displays, 
it is not so easy to blank out the leading 
zeros. The circuit within the dotted lines 
operates like this:

Display B needs to be blanked when 
Bo and the code for numeral zero is 
present at the a to g outputs of the 
74C926. The simplest way to detect a 
zero character is to sense if segment d is 
on, and segment g is off.

Therefore, if Bo and d are a 1, and g 
is a logic 0, the output of IC3d will be a 
1, setting the RS latch (IC3a and IC3b) 
so that pin 1 (output of IC3a) becomes 
low. As a result, the output of IC2b is 
driven low, turning off QI and blanking 
display B.

Display C is blanked when Co is high, 
segment d is on and segment g is off. 
However, pin 4 of IC3b (other output 
of the RS latch) must also be high, indi­
cating that display B has been blanked. 
If all these conditions are true, pin 6 of 
IClb goes low, driving pin 8 of IC2c

One button on-off
This circuit provides, in effect, an 

SCR based flip-flop. The switch 
output(s) can be used to drive a relay or 
can directly interface into the circuit 
being controlled. The circuit works in 
the following way:

At power-up, both SCRs are off, giv­
ing no voltage difference across Cl, as 
both SCR anode voltages will be at the 
supply voltage. If SI is operated, both 
SCRs are triggered, SCR1 by C3, and 
SCR2 by C2. However, SCR2 will not 
remain on after the pulse, due to insuf­
ficient holding current, where SCR1 will 
stay on as it drives the lamp, LI. The 
potential difference between the SCR 
anodes will now cause Cl to charge via

If SI is again pressed, both SCRs will 
be pulsed, as before, but as SCR1 is al­
ready on, only SCR2 will turn on as a

low, turning off Q2 and blanking dis­
play C.

Note that QI is held off by the RS 
latch, which must be reset after all out­
puts Ao to Do of the 74C926 have cy­
cled once. This is why Ao is connected 
to the Reset input of the RS latch.

result. The effect of this is to apply a 
reverse voltage across SCR1, caused by 
Cl being switched by SCR2. This action 
will switch off SCR1 (and the indicator 
lamp).

At the end of the pulse, SCR2 will 
also turn off due to lack of holding cur­
rent, and the circuit is ready for the 
next operation of SI.

Matthew Victor, 
Dianella, WA

This circuit was added to an already 
constructed digital speedo by building it 
on a 30 x 65mm PCB, and mounting it 
behind the speedo PCB, connected with 
ribbon cable.

Tim Gregory,
Yarram, Vic $60

RS232 wiring tester
Working in a multi-storey laboratory 

with a central computer, I often have to 
connect various peripherals to RS232 
lines remote from the computer. To 
minimise disruption to the system, I use 
the device shown in the circuit diagram 
to first test the lines.

The circuit tests the continuity and 
cross-over of lines 2, 3 and 7 before 
connecting the peripheral device, and 
consists of two parts which are con­
nected to both ends of the line being 
used.

The driver unit comprises a voltage 
divider used to produce 9V on line 7 
and 4.5V on line 3, relative to line 2. 
This section can be constructed in a 
D25 solder-tail plug and backshell, in-

$30
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Cascading regulators

Regulated voltages different to those 
available from fixed value three termi­
nal regulators can be obtained in a 
number of ways. This circuit shows how 
cascading two 5 volt regulators can pro­
vide a regulated 10V supply, illustrating 
one possible method with which readers 
may not be familiar.

For applications requiring heatsinking, 
remember to insulate the top regulator 
from the heat sink, as the common lead 
no longer connects to earth.

TV antenna switching
This circuit permits TV antennas to 

be switched without losses or crosstalk 
occurring. It was developed to over­
come the need to swap plugs every time 
the video recorder was being used to 
record one program while the TV was 
used to display another. The alternative 
of swapping plugs was not highly re­
garded by the family, hence this circuit.

The circuit uses encapsulated glass 
reed switches, available from Dick 
Smith Electronics. The unit is powered 
by a 9V battery, which operates the se­
lected coils to switch the reeds. The 
case was made of tin plate and all aerial 
wiring was self supporting, as thick 
tinned copper wire was used. The wir­
ing was used to support the reed relays, 
which were spaced to minimise cross­
talk.

This system could be adapted to 3UU 
ohm cable, but the circuit shown is for 
75 ohm co-ax.

7
220(

9V1 r
220*

3

--  2

D 
CONNECTOR

eluding the connector for a 9V battery. 
I constructed a male and female version 
to accomodate all situations.

The indicator circuit was built on a 
small piece of veroboard and mounted 
inside a jiffy box. Four LEDs are used 
as indicators with a truth table on the 
front of the box to decode the status in-
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5V

4EG

REG2
1k

T

Peter O'Connell, 
Oatley, NSW
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Martin Elliot, 
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dicated by the LEDs. This allows 
decoding of straight-through or null­
modem configurations and any single 
wire failure in each. |

Again, both a male and female D 
plug were attached to the indicator unit 
for versatility. Ken Machin, *rn

Blackburn, Vic.

Coming 
next month 
_ in 
Electronics

$20 ! Big Annual 
i Digest Issue!

Yes, it’s annual digest time 
again. Our 1989 Digest issue 
has 164 pages jam-packed with 
interesting holiday reading - in- 

i eluding our usual rundown on 
the latest electronic products for 
industry and consumers. Don’t 
miss it!

RGB converter
Like to be able to use an 
existing analog RGB video 
monitor with a computer 
designed for a TTL monitor? 
Here's a project which lets you 
do just that. Easy to build and 
low in cost, it also lets you 

$30 H ! adjust horizontal centring.

Audio module, | 
PC-driven 
function gen.
Yes, we know we told you that 
these projects would be in this • 
month's issue, but space didn t 
allow them to be squeezed in 
after all. They're now at the 
head of the queue, though, so 
expect them next month. The 
audio module can now produce 
up to 150 watts into 4 ohms, so 
it's well worth waiting for...

Note: Although these articles have 
been prepared for publication, 
circumstances may change the final 
content of the issue.
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Construction Project:

16-channel UHF 
Remote Control - 2
As promised, here is part 2 of our remote control system. If 
you have built the transmitter already, then combine it with the 
receiver described in this article, and you're up and running 
Because the receiver also incorporates digital outputs you 
can start using the system immediately. Next month we will 
complete the whole system with a relay driver board, and then 
it s up to your imagination what you do with it.

by BRANCO JUSTIC

Last month we published the trans­
mitter section of a complete UHF re­
mote control system that has been de­
signed for a range of applications need­
ing remote switching. As previously de­
scribed, the system features 16 channel 
operation, allowing the transmitter to 
control one or more receivers, which in 
turn operate up to four 4-channel 
relay/indicator PCBs.

Now comes the receiver, the heart of 
the system. The receiver is actually two 
sections on the one board - the UHF 
receiver itself and the decoding logic. 
The outputs from the decoder are digi­
tal, direct from a CMOS demultiplexer 
in fact, and are intended to operate in­
terface circuitry that can drive the nec­
essary relays. A suitable relay driver 

board will be described next month, 
completing the system.
Block diagram
The complete ‘front end’ of the receiver 
is based on a circuit almost identical to 
that used in the UHF switch published 
in EA, January 1987. As shown in the 
block diagram, it employs a self-detect­
ing regenerative stage which is followed 
by two amplifier stages, a Schmitt trig­
ger and an inverter stage.

The digital output signal from the re­
ceiver itself is applied directly to the 
input of the first decoder (IC2) and via 
an AND gate to the input of the second 
decoder (IC4). If the first decoder re­
ceives two consecutive samples of a 
digital code that matches its addresses 

and timing, its valid transmission output 
terminal (VT-1) will go high and acti­
vate a 10 second time extender. The 
output of the time extender will remain 
active for 10 seconds even if VT-1 goes 
low, as would be the case if no further 
transmission occurred or there was an 
invalid transmission.

The output from the 10 second time 
extender activates both an AND gate 
and a two second ‘tamper detector’. 
Once the AND gate is activated, the 
digital information present at the 
receiver's output can now pass onto the 
second decoder (IC4). This second 
decoder will not receive any input un­
less the 10 second time extender has 
previously been activated by a logic 1 
from VT-1 of the first decoder.

Therefore, if two consecutive samples 
of the digital signal at the second 
decoder input match its addresses and 
timing, the last four bits of data in the 
transmission will be transferred to data 
outputs (D0-D3), and VT-2 will go 
high. A high at VT-2 will reset, via the 
reset circuitry, both the 10 second time 
extender and the 2 second tamper de­
tector.

If, however, a correct code with the 
correct timing is not received by the

The receiver/ 
decoder unit itself. 
All connections to 
the board are 
made to the 
terminal blocks on 
the PCB.

94 ELECTRONICS Australia, December 1988



The receiver 
block diagram. 
The receiver 
actually 
comprises two 
sections - the 
receiver and the 
decoder.

second decoder within the 2 second 
delay provided by the tamper detector, 
the alarm output will be activated. This 
output can be used to trigger an alarm 
to indicate illegal use of the system. 
However, because nearly 5 million 
codes are possible, it is unlikely anyone 

could break into the system anyway.
Thus, the alarm output could be used 

as a separate channel, perhaps activated 
using the January 1987 transmitter. This 
transmitter provided a mere 13,122 
combinations - much easier to break 
into - but if security is not a problem, 

then you have a good use for this trans­
mitter, should one be on hand.

Meanwhile, back to the data sitting at 
the D0-D3 outputs of 1C4, present only 
if the transmission was valid. This data 
is applied to a 16 channel decoder (IC5) 
which decodes the 4-bit data into a deci-
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Remote Control

The layout for the receiver/decoder. The unit is powered 
from an external 12V supply. The prototype, showing the component placement as well.

mal value, activating one of the 
decoder s outputs. These outputs are 
then used to drive the relay/indicator 
board to be presented next month.

As you can see, it is virtually tamper 
proof, as illegal transmissions can not 
only be detected with an audible alarm, 
but the possibly of chancing on the nec­
essary codes, in sequence, is less likely 
than winning Lotto.

Circuit description
The stage associated with QI forms a 
self-detecting regenerative UHF receiv­
er. The resonant frequency of this stage 
is primarily determined by the inductor 
printed on the PCB pattern and variable 
capacitor CV1, which together form a 
parallel tuned circuit. The detected out­
put from this stage is connected via a 
low pass filter (R6-C7) to a high gain 
inverting amplifier stage ICla.

IClb is also an inverting amplifier, 

$$ ELECT RONICS Australia, December

and since its output is biased close to 
ground potential, the transmitted digital 
signal is produced at its output. The 
Schmitt trigger stage IClc which follows 
prevents possible false digital informa­
tion which could occur due to noise and 
low amplitude interference signals.

The output from the Schmitt trigger is 
applied to an inverter stage ICld, 
producing the final output of the origi­
nal digital signal contained in the trans­
mission.

This digital output is then directly ap­
plied to the first decoder IC2, and via 
the rather unusual AND gate made up 
of R26, D4 and IC3a, to the second 
decoder JC4. The timing components 
for these decoders must match that for 
the transmitting encoders. In this case 
they are provided by R21, Cl3, R23 
and C14 for the first decoder, and R28 
C18, R29 and Cl9 for the second.

If the first decoder receives its cor­
rectly timed code, as determined by the

1988

9 address lines A1-A9 and its timing 
components, its ‘valid transmission’ out­
put VT-1 will go high. This will cause 
C16 to be rapidly charged through R22 
and D2. This capacitor will be slowly 
discharged via R25 when VT-1 goes 
low, which gives a time constant of 
around 10 seconds (the 10 second time 
extender referred to previously).

This time delay will cause a logic 1 to 
be maintained at the input of IC3a, 
which will produce a logic 0 to enable 
the digital output from the receiver to 
reach the input of the second decoder 
IC4, via R26 - as D24 is now reverse 
biased.

If, however, VT-1 does not go high 
due to no transmission, or an invalid 
transmission, the output of IC3a would 
be a T, and the input of the second 
decoder would be held to a ‘1’ by the 
forward biased diode D4. This would 
prevent the receiver output from reach­
ing the second decoder.



Fig.1(a) - the transmitter 
coding. Links are 
connected from the IC pin 
to the PC tracks as shown 
to give the desired ‘1’ or ‘0’ 
to that pin. An open-circuit 
(nc) is also a valid code.

PARTS LIST - RECEIVER

1 PCB 85 x 130mm, code 
OE88R
3

1
5

(a) System coding for IC3 (transmitter) and IC2 (receiver)
Address line A1 A2 A3 A4 A5 A6 A7 A8 A9
Example code 1 1 1 0 0 0 nc nc 1
Your code

screw terminal strips, 1 each
6 way, 7 way, 8 way
12V relay
IC sockets, 1 x 14 pin, 3x16 
pin, 1 x 24 pin

Enamelled copper wire and fer­
rite former (for L1)

Resistors
All 1/4W, 5%: 1 x 100 ohm, 1 x 
150 ohm, 1 x 220 ohm, 1 x 1k, 2 
x 2.2k, 2 x 4.7k, 1 x 6.8k, 4 x 
10k, 1 x 22k, 2 x 33k, 1 x 39k, 2
x 47k, 2 x 100k, 6 x 220k, 1 
470k, 1 x 680k, 2 x 1M, 1 x 
2.2M, 1 x 4.7M, 1 x 10M.

Capacitors
Disc ceramics: 1 x 3.3pF, 1

x

X
1 X15pF, 1 x 33pF, 1 x 220pF, 

330pF, 1 x 470 pF, 2 x 1nF. 
Trimmer capacitor: 1 x 2-1 OpF.
Metallised polyester: 2 x 22nF 
Monolithic capacitors: 5 x O.luF 
Low leakage electrolytics (RBLL): 
2 x 4.7uF, 5 x 10uF.

SemiconductorsFig.l(b) — the receiver coding. The decoder ICs must have the same code 
applied as that for the transmitter. Again, links are applied between the PC 
tracks and the IC pins.

(b) System coding for IC1 (transmitter) andjC4 (receiver) ___
Address line A1 A2 A3 A4 A5
Example code 1 0 0 1 nc
Your code

6 
2
1
1
1
1
1
1
1
1

1N4148 signal diodes 
IN4004 diodes
BC337 transistor
BF199 transistor 
78L05 regulator 
4049 hex inverter 
3401 quad op amp 
145027 or 41343 decoder 
145028 or 41344 decoder 
4067 multiplexer

When the 10 second time extender is 
first activated, the output of inverter 
IC3b is set to a T, and capacitor C17 
starts charging towards the supply volt­
age through resistor R27. The time con­
stant of R27/C17 is about 2 seconds (the 
2 second tamper detector), and after 
this time C17 will have charged to a 
value that exceeds the threshold voltage 
of inverter IC3c. This causes the output 
of IC3c to become a ‘0’ and the output 
of the paralleled gates IC3d/IC3e to be 
a ‘1’, resulting in transistor Q2 being 
turned on via R31, activating the alarm 
relay RLL

But if the second decoder receives its 
correct code before the 2 second delay, 
the charging of C17 is interrupted, and 
the alarm condition does not occur.

Assuming the second decoder has re­
ceived its correctly timed code, the last 
four digits of data received are trans­
ferred and latched at its data outputs. 
Also, its valid transmission terminal. 

VT2, will be set to a logic T which is 
applied to the input of inverter IC3f, via 
the time extender comprising D8, C20 
and R34.

As a result, the output of IC3f is a 
‘O’, causing C16 to quickly discharge 
through the forward biased diode D3 
and R24, effectively resetting the 10 
second timer. Because of this, the out­
put logic level at IC3b is set to a ‘O’, al­
lowing capacitor C17 to quickly dis­
charge through forward biased diode 
D5, resetting the 2 second timer.

To activate the required channel from 
the transmitted binary information, a 16 
channel demultiplexer (IC5) is used. 
This IC actually switches the logic level 
present at pin 1 to the selected output. 
Each output is selected by the input 
code; for example, if D = 0, C = 0, B 
=0 and A = 1, output 1 will be sent to 
a logic 1, and all other outputs will re­
main in the high impedance state. The 
logic T level results from the output 

level of VT-2 which is connected to the 
input of the demultiplexer.
Construction
A complete kit of parts for this project 
is available from Oatley Electronics. 
The kit is complete (as per prototype 
photograph) and also includes IC sock­
ets and all terminal strips.

The only component that has to be 
made prior to assembly is the inductor 
LI. Wind 28 turns of the supplied ena­
melled copper wire onto the special 
grade ferrite core also supplied in the 
kit. Note that the wire can be soldered 
without removal of the insulation, al­
though we suggest that both ends of the 
completed inductor should be tinned be­
fore it is mounted on the PCB.

Next, mount and solder all of the pas­
sive components on the PCB, keeping 
all lead lengths for those components
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Remote Control
OUR OWN 

TIME 
MACHINE!

It may look like a book, but don’t 
let it’s appearance fool you. There 
are no whirling dials and control 
levers; but once you open the 
cover, it’ll take you on an incredible 
journey backwards in time. You’ll 
find yourself back in the 1920’s, 
when Australia’s first new radio 
stations were just getting 
established and a typical radio set 
cost ten weeks’ wages. We’ve 
chosen a collection of highlights 
from the 1927 issues of Wireless 
Weekly”: You’ll find some front 
covers, a few editorials, the best 
new items, a collection of typical 
do-it-yourself radio set designs, 
and some selected pages from the 
programme listing. Plus a sprinkling 
of the original advertisements, of 
course. These are particularly 
fascinating because they show 
prices and put everything into 
proper context. Send today for The 
Best of Wireless Weekly in 
1927... A fascinating and 
nostalgic trip into our radio past.

Send your order to: 
Freepost No.4
Federal Publishing 
Book Sales,
P.O. Box 227, 
Waterloo NSW 2017 
(no stamp required if posted within 
Australia)
Price: $3.95 plus $1.00p&p 

associated with the UHF receiver sec­
tion (around QI) as short as possible. 
Then insert all ICs into their sockets, 
and double check that polarity sensitive 
components have been correctly orien­
tated. Also, do a final check on the 
track side to verify that no inadvertent 
short-circuits have crept in unnoticed.

Testing & adjustment
Once convinced that the construction is 
correct, apply 12V DC to the circuit as 
shown on the layout diagram. Also, 
connect a 400mm length of hook-up 
wire to act as an antenna to the point 
shown.

To test the receiver, use the already 
built and tested transmitter described 
last month. Place the transmitter close 
to the receiver's tuned circuit, and acti­
vate the transmitter by pressing any of 
the push-buttons. Because the receiver 
is very close to the transmitter, the 
transmission should be received, even if 
the receiver is not tuned correctly.

A very short press of a push-button 
should activate the tamper function,

Kits of parts for this project are 
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 for the kits associated 
with this project are:
Complete transmitter kit (battery 
included)...............................$34.95
Receiver/decoder PCB and 
components kit..................... $59.95
Four relay driver/indicator PCB 
and components kit.................. TBA
Four channel mains supply 
switching unit kit....................... TBA
Post & packing charge............ $3.00

NOTE: Each kit only available after 
publication in Electronics 
Australia.

The printed circuit artwork 
copyright for this project is owned 
by Oatley Electronics and may not 
be reproduced commercially. 

causing the relay to operate. However, 
if the push-button is pressed for around 
1 second or more, causing the LED to 
flash a few times, the tamper function 
should not operate. In this instance, the 
output corresponding to the key code 
being transmitted should give a brief 
positive pulse, which can be detected 
with either a voltmeter or a CRO con­
nected between the output and ground.

Assuming all is well, it remains to 
tune the receiver to the transmitter. 
Separate the receiver and the transmit­
ter by 10 metres or so, and have some­
one activate the transmitter. Connect an 
AC voltmeter, in series with a O.luF ca­
pacitor between TP1 and ground or, if 
available, use a CRO set to AC cou­
pling. Now adjust the trimmer capacitor 
CV1 to give maximum amplitude.

Coding
Coding is achieved by adding wire links 
to the appropriate address pins on the 
encoder and decoder ICs. A pin can ei­
ther be connected to the supply voltage 
or to ground, or left open circuit. How­
ever, the receiver and the transmitter 
codes must match!

Fig.l shows an example of how a 
code can be applied. Fig. 1(a) shows 
how the example code has been imple­
mented for the transmitter, and Fig. 1(b) 
how the same code has been applied to 
the receiver. Note that links are con­
nected to the appropriate logic level 
PCB track from the selected address 
pin.

Next month
Although the system is now operative, 
it remains to connect it to the outside 
world. This is the task of the relay 
driver board that will be presented next 
month.

You may be able to invent your own 
drivers, which would allow you to start 
using the transmitter-receiver combina­
tion. However why bother, when we 
have done all the work anyway.

We also plan to present a 4-channel 
mains appliance switching unit as well. 
This particular board will also include a 
power supply suitable for powering the 
receiver. We did promise a versatile 
unit, didn't we?

In closing, my thanks to Mr Jeff
Monegal for his help in the design of
this project. & ~
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COMpO^
289 Latrobe Street, 

MELBOURNE 
PHONE: (03) 602 3499 FAX: 670 6006

MITSUBISHI MONITORS
PN-SV — 1299X

Orange or Green Screen

Limited Stocks

PN-SV — 1299W

$110.00
INTEL MATH 

CO-PROCESSOR
8087-3
8087-1 
80287-8
80387-16

$220.00
$450.00
$570.00

$101400

8087-2 
80287-6
80287-10 
80387-20

$300.00
$354.00
$594.00

$1595.00

SPEECH SYNTHESIS CHIPS
SPO256A-AL2 $15.00 CTS256-AL2 $30.00

ALL PRICES INCLUDE SALES TAX. TAX EXEMPT AND OEM P.O.A.

Freight:

Minimum 
Charge 
Only

rates set out below.
1 SSÄ» only SMALL ITEMS „I« be .en. b, post.
3. Carrier: Melbourne & Metropolitan — $5 up to J Kg
4. Carrier: Interstate — $8 up to 3kg ________



Save 25% Thia Month

Jack O'Donnell 
M/Director

C3070 so:
Normally $139

Country Clients Please Allow Additional 48-72 Hours

12" (300mm) Modal
100 Watts continuous input
150 Watts intermittent input 
Impedance 8 Ohm
Sensitivity 93db

Why Waste Your time With Other Suppliers 
AHronicsCan Deliver Any Of The Quality Products 
“ ' — Just Phone Your Order Toll Free

On 008 999 007

Stereo 
Audio 
Mixer j 
240V Main* J

Operated J®

$^99.00 A 2570 240V Main* Operated

^0 - 'deal^.ve' record.no 
recording A truly prXsmnXck^h^fL’r EVen S,ereo/Mono VCA 

•'separlfe^H/^

¿le^XVt^ 2 faster shkte 

¿pIofic^o^ ,wo 'urn,ab'es',wo
• Input Mic 1— 0 5mV 600 Ohms Mir 9 n600 Ohms (low imp ) 2 5mV 1OK 7° 5 V 600 Ohms M|C 2-0 5mV 
50K Ohms Phone 14 2 (Cry) 15oSv^OOK T °?t° 1 4 2 (Ma9) 3m v 100K Ohms • Equ.ll«.r 5 f en^ 1 &2 150mV

ias«^
• —y Tim.

fl > x 240 <W> x 110 (H> ° u, *7 rl,n*Control • Dimension«480

Mylar Stereo Phones 
With Dynamic Mic 

Simply brilliant Mylar Stereo headsets & 
dynamic mic combination. 
Headphone Specs. 20Hz - 20,000Hz 
32 Ohm, 102 db/uW, 3.5mm stereo jack 
th35mm stereo jack, adaptor. 
Microphone Specs. Dynamic type, 

100Hz ’ 15'°00Hz, -80 db @
I KHz, 3.5mm Mono jack.

C9055 $29.9f

S 5350 s135 < J

direction with 2 ball ioint« • «Lit ?eam¿ Almable desired
^andesc^ Mod„;

Passive Infra-Red Lite Guard 
how k Floodlight Control 
ouUid^r W • P~wl.r

Please Note Flood- 
lamps & Holders ' \ zM-
Not Supplied

lilt aWr 1 ®" (375mm) Model
A V Watts continuous input
'X-sA YW 200 Watts intermittent inputAik Impedance 8 Ohm

%„,<■■■ Sensitivity 92db
Weight 4120 gm jb

Normally $179 C 3075 $149
low\eg?sX'repr^

KsX%^

Sensational Super Buy On 
Quality Sampson 12V 

Rechargeable Batteries
This Quality 12V 1.2AH Lead Acid Battery 

Sells Elsewhere for $30! w 
Altronics Price? !■ 

■ S 5065 JuSt $15
A 255C

$1
In« ht,le. "?'x'n9 cons°le is absolutely packed with features
Allows blending of Microphone, two Phono inputs and either two Taoe nr 
Turner inputs . R.ght and left VU meters . Separate Bals and tX

* 5,shde level controls • Fader control between Phono pickups for 
professional cueing • Headphone monitor switch • Taikover facility 
SPECIFICATIONS:
ionKnl^ 2 nm.V ^hms Phono 3mV 50K Ohms Tape/Tuner 150mV

Pro^Quality Stereo Console

»VI

record.no


Superb Redford Wireless Microphone System

Noise Free Pure Fidelity Reproduction

Output
)VAC.

Frequencies

0 0135 Lavalier Microphone

bit more umph!

Using a "Doped" wide 10W/5W/2 5W with 10 watt models. 20W/10W/6^

FREE ALTRONICS 008 999 007

coin 
C 0113 
C 0115 
C 0121 
C0123 
C0131 
C 0133

C 0938
C 0940

C 0943
C 0944

C 094I
C 0942
C 0945
C 0946
C 0950
C 0955

Black
White

$99ea 
$99ea

$139ea 
$139ea

$260 per pair 
$260 per pair

$220 per pair 
$220 per pair 
$299 per pair 
$299 per pair 
$399 per pair 
$399 per pair

White 
Black

202.1MHz
202.5MHz
203.7MHz
202.1MHz
202.5MHz
202.1MHz
202.5MHz
203.7MHz

$729 
$729 
$729 
$349 
$349 
$349 
$349 
$349

Dual Diversity Receiver 
Dual Diversity Receiver 
Dual Diversity Receiver 
Entertainment Microphone 
Entertainment Microphone 
Lavalier Microphone 
Lavalier Microphone

20 wan models and 40W/20W/10W with the 40 wett versions

10W/100V line Black $119ea 
10W/100V line White $119ea 
20W/100V Une Black $169ea 
20W/100V Une White $169ea 
40W/100V Une Black $225ea 
40W/100V Une White $225ea

Now Available 
In Australia For 

Less Than 
$1,000

Superb 
Microphone 

Reproduction 
Compares with 

Shure,Beyer 
and AKG

Great For The Back 
Patio,Swimming 

Pool, Games Room, 
Den, Pool Room Etc.
Dimensions 260mm wide 
x 170mm high x 150mm D. 
(Mounting brackets are 
Included)

Unique 
Microphone 

design completely 
Eliminates 
"Dangling" 
Antenna

Altronics proudly release the Redford 
Dual Diversity System - Used Worldwide 
by Entertainers i.e. Rolling Stones, Dire 
Straites, Tina Turner and 1000's more'

Weatherproof Extension 
Speakers For Your Stereo 

System

100 Volt Line Models For Use With Professional PA 
And Music Systems. - - - Lnn ’ran

20 Watt 8 Ohm (Max 30 Watt) 
Use 2 special dual doped cone drivers tor those wanting a

AT LAST Design Quality j
Weather Proof Speakers I

And Sound Columns By Redford g 
• Rugged extruded aluminium construction • Superb “ 
powdercoat industrial paint finish • Engineered in 
Australia • Excellent reproduction • Superior to imports 
— Yet just a fraction of the price!^^^

Altronics proudly announce the release of | 
the superb Ridtord Weatherproof Speaker 
and Sound Column Range Imagine a wide ; 
range speaker system which is highly 
directional and with efficiency approach­
ing that of reflex horns!
Redford is the solution for high quality 
sound reproduction outdoors The Five 
Models to choose from "Fill the Bill" from 
applications on boats to high grade paging 

: and music entertainment installations.
RUGGED EXTRUDED 

CONSTRUCTION
These vibration free enclosures are 

: constructed from die extruded heavy 
gauge aluminium and finished with 
incredibly durable industrial powdercoat 
enamel The speaker ends are sealed via 

i gaskets and tough moulded LU RAN S UV 
resistant end caps. The end result is Good 

< Looks" together with assured rugged 
durability for the Australian environment 
EXCELLENT REPORDUCTION 
The drivers have been chosen for wide 
range.low distortion, mid range "presence 

: (essential for high grade vocal work) and 
> high efficiency in general Power Capacity 

for short term use. the drivers will safely 
: handle 150% of rated power Acoustic 

wadding is used to dampen Bass 
resonance Weather Proof Construction 
and use of "Doped Cones" Foam plastic 
and cloth is sandwiched between Baffle 
and Front Grill to prevent water ingress.A 

i first for Redford is the use of a patented 
< cone moisture repellent process for an 
£ models ........... .

matter!) . such as "drop out", static and noise are completely
All the annoying wireless ™c;o£°n® f*®'“ffSSwi The output of each receiver is continually monitored.

dT , 

Th. operating ^rang. I. a minimum o. 50 metre, (often this can he extended to 200 metres and more in norma, 

S fX» «• '° *hen or more 3y5,emsare used 'n proxim',y
Rrief Sneclflcations Frequency 202.1, 202.5, 203.7MHz (Please specify if you have a preference) 

Mic C.rrter Power SOrnW (Max) Mic Antenna buil,-in ^(Uw^niW
................... ' ,nhal""Ced Ba'anCed ° ’ 3

Single dual doped cene driver 16 ¿£rpe^your aVp&oád is. 

" B°a' °eCk e,C

$190 per Pair 
$190 per Pair

Prices
(A) Dual Diversity Receiver $729.00
(B) Entertainment Microphone (hand held type) $349.00
(C) Lavalier Type Microphone $349.00

Bonus Offer SAVE $78 Choose Receiver and 
Either Microphone For Just $999

Please Note 3 different operating frequencies are ava.labte (you wdl .



Amplifier

RF Signal Generator

640 Holes
$12.50P 1005

640 + 100 Holes

$14.50P 1007

$65.00
$43.50P 1012

circuitry.
P 1015

P 8150

$99

500 +1920 Holes
Accepts up to 24 x 16 pin DIL 
IC's Metal Backing Plate for 
Shielding of sensitive

400 + 1280 Holes

Accepts up to 16 x 16 pin DIL 
IC's Terminals for PS 
Connections.

Just the shot for home 
computer or for individually 
located peripherals e.g. remote 
printer, computer terminal etc 
Loading Rating: 10 Amps Max 
load at 240V AC • Outlets. 2 
GPO's single filtered

Great Saving On

Quality 
Solderless 

Breadboards

• •lanuaru or pertormance nr ahead of anv- 
*nt™mtad*Sm™'a^ *nd *hnd ol m0,, comm*rclal
integrated Stereo Amplifiera .
"It h half to ona third ol tha coat ot an Importad Amplifiât with aoulvalan I 

a"td P*r1°rm*nca"- Says Leo Simpson Managing Editor electron CS Austro in Manov no & X

Frequency Counter Sensation
150MHz Frequency 

Counter
A frequency counter is invaluable for 
the accurate alignment and testing of 
many modern electronic circuits.
SPECIFICATIONS:
Freq.Range: 10Kz - 150MHz
Gate Time 1 sec 6sec. Accuracy +/-1 640 + 200 Holes

P 1009 $16.95

Incredible $100

Now $129.00
D 1116 Amber Screen

Stop Data Crashes And Corrupted Software 

Squeeky Clean" Mains Filters
An investment in one of our fantastic Squeeky Clean’ Mains Filters ’°7Une Wi’h computer system Profit.
MH , d So,,ware ,rom ma'ns voltage spikes caused by 
lighting, transmitters, electric motors, welding machinery etc 

,Kh° has,° re-build 3 weeks of software programming will 
cherish the aquisition of one of these fine mains filters

10MHz - 150MHz - 100mV - 300 
Power requirement-9V DC at 100mA

Q 1520 $180.00

High Definition I 
Computer Monitor I 
Superb Goldstar Pro" Non glare I 
naturally, & screen character 
resolution well worthy of mating fl 
up with top end personal or pro- I 
fessional computers.
• Compatable with IBM, Apple, 
Commodore Computers
• Excellent for small business I 
applications • Exceptionally 
clear & stable display • 80 
characters x 25 lines display. 
CDT Non glare phosphor P31 
Input composite video 1V P-P Input 
Conn. RCA Jack Input Imped. 75 
Ohms or high imped, (switchable) 
Video Bandwidth 18MHz Horlz 
Resolution 900 lines at centre 
external controls brightness contrast

P 8160 4 Outlets
Each individually filtered. A 
must for serious’ computer 
installations eg for Schools, 
Business etc. • Loading 
Rating: Continuous 10 amps, 
with circuit breaker at 240V 
AC. • Outlets: 4 GPO’s 
individually filtered

K 5060 $299
Beginner Constructors Can Build this 

... . * ~ ** looks terrific and will last you a 
lifetime. Save $200 or More on comparable 

performance commercial units.

^AnTsh^ s'mP’y amazed us The s«cr®’. °» course is

such as Bang

Build These Fantastic New OI/IQ
Playmaster HiFi Loudspeakers W*

S« Electronic. Au.tr.il. s.pt £ k|( K 5090

P8160 |

(OCQ p 8150 Single Filtered 
Double Outlet Model

With provision for both internal and 
external modulation, this generator 
is a winner.
SPECIFICATIONS:
Frequency Range: 100k - 150MHz in 
6 ranges RF output level 100mV RMS 
Accuracy V-3% Modulation: Internal 
(30% depth) -1 KHz • External - 50Hz 
- 20KHz • Crystal Locked Oscillator

Q 1550 NOW $199

'Slxty-SIxty' 
ln,ea^s^^e^?r Kli 

Features:
watt* P®r channel into 8 ohm loads • Very low noise on all inputa - better than CD 

distortion • Excellent headroom • Tape monitor loop • Tone 
controls with centre detent and defeat switch • Mono/stereo switch • Toroidal cower 
tranaformer • Easy-to*build construction • Very little wiring.

Performance Specification
Power Output — 8 ohms 62W Distortion - Less than .0% at 1 kHz. Fraouencv
Phono Inputa - RIAA/IEC equalisation within + - 0.5db from 40Hz to '

। h*?* 27 at2°^ and -1db at 20kHz Input SoneHMty - Phono 1kHz- »«^Hijn^inpu
J®?* **** “ *12db at 50Hz Treble - +-12db at 10kHz Damnino factor - At1kHz and 30Hz - greater than 80 Stability — Unconditional. uamP,n«'»«or At

Au.tr.il


- PHONEORDER TOLL FREE ALTRONICS 008 999 007

Just Imagine a Security/Alarm System you can install in about an hour — Uses no Wiring 
or Cables and Costs Less than $1 for the Mounting Hardware

UHF 305MHz Microprocessor Controlled Wireless Security System 
Commercial arade. quality alarm systems are expensive - Just phone one of the ''Name" security firms and get a quote for your home - our estimate is that 
it will be anvthinq up to$1 000 just for the equipment - then there Is the Installation -countless holes punched through walls, miles of wiring and a day or 
iwo of installers ?abou?and that's around $35 P«r hour these days. Hardly worth the effort It It? After all what have you got to loose? - Only the Video Player 
CO Player, Camera, HI Fl, TV, Jewellery and so onll

Well all that Is now changed - with our brilliantly engineered Home Guard Wireless Security System Read On —

Take It With You If You Move
Apart from the flawless operation of the Home Guard System-One ef thegreat features is its application with rented or leased premises-Lets face it 
money spent on installing a wired system in your Home or Office. Factory etc. is irrevocably lost when you move on. With the Home Guard you simply 
take it with you.
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This alarm system is a brand new design that features completely wireless 
connection to all accessories, even the reed switches Think of how easy it 
is to install a "Wireless' alarm system. The benefits are endless.
e g arming your Flat or Townhouse with an alarm you don't need td run 
wires through the roof or drill great holes through your walls. When 
moving house the alarm is simple to dismantle and re-install elsewhere 
The system divides protected areas into either perimeter zone or internal 
zone programmable by dip switches in each transmitter/detector Pocket 
remote control can simply arm or disarm your house perimeter from your 
bedside when retiring etc this allows essential protection while cancelling 
internal zone as desired Each transmitter/detector unit can be 
programmed into interior or perimeter zone Zones can be programmed 
for instant or delayed trip The system has a built-in ear piercing siren for 
intrusion and panic alarm signals

Passive Infra Red Movement Detector
Ideal for the lounge room, family room or 
hallways e.g. anywhere where an intruder is 
likely to pass through. Mounts up on the wall or 
on top of bookshelves etc. Detects movement 
within an area of 9M by 9M by sensing intruder 
body heat movement through the protected area 
Should not false trigger with the family cat or 
curtain movement etc. — as is the case with the 
cheaper Ultrasonic alarms.

S5280 $1 £3 >00

System Is Comprised Of :
Main Control Receiver

• • » • «A 
m* » veI

Features:
• Wireless reception of external or internal sensors or detectors
• Selectable home or away modes for selecting internal and external 

arming or just external to allow movement inside the building
• Built in Piezo electric siren gives different signals to indicate different 

functions.

• Sends signal down power line to activate one or more remote sirens
• Programmable Arm/Disarm switch buttons
The main control receiver runs on 240V AC with a 12V 1 2AH battery for 
emergency backup All other units with the exception of the line carrier 
run on a 9V battery each The average life expectancy is approximately 
one year System works around the 305MHz frequency where there is less 
chance of false alarm The range of the unit is normally 80 metres m open
space Alarm and Indication Sounds
Intrusion Alarm — Panic Alarm — Arm Tone — Disarm Tone — Exit Click 
Tone — Monitor Tone — Tampering Alarm.

Detector/Transmltter Unit (Reed Switch)
Suitable For Windows and Doors

This consists ot an enclosed reed switch and 
compact UHF transmitter and a removable 
enclosed magnet. The unit is at rest when 
magnet and reed are side by side (within 25mm 
or 1 inch) When the magnet is moved away 
more than approximately 1 inch the alarm 
signals to the Main Control Receiver and the 
alarm is sounded In practise the 
Reed/Transmitter is mounted on the door or 
window frame with the magnet on the moving
door or window

S5270$55 .00

Remote Piezo Siren
This unit is an optional line carrier receiver 

Receives signal through AC' line i.e. it would 
ideally be located in. say. the roof space and 

plugged into mains power.

S5290$125.00
Complete System 
Special Package Price
One 
One 
One 
One

S 5265
S 5270
S 5280
S 5285

Main Controller 
Reed Switch 
Passive l/R Detector 
Wall control unit.

This Month

? s499
S5260 Normally $570

Accessories
Not«: For larger installations your system may well require several Reed 
switches, movement detectors and 2 or more sirens. Also the remote door 
controller and or pocket remote controls could be very worth while 
accessories. The fantastic thing about the Altronic system is you simply 
add more detectors as you discover the need — no wiring, no expensive 
technicians, no modifications to equipment

Hand Held Control Transmitter Unit
A real joy to use — keep it at the bedside table — 
allows you to, say. arm the house perimeters 
when retiring or you can take it with you when 
you go out. arming your system after you lock 
the door. Unit is a function control transmitter — 
to send 4 different signals.
Off — Td disarm the system before entering. 
Home — To instantly arm the system with 
'Perimeter' detection only. Away — To arm 
complete system after a given exit delay time of 
about 40 seconds. Panic — To start an 
emergency signal whenever needed, in any
mode.

S5275 $59.00
Front Door Keypad
Control Unit
This handy accessory virtually duplicates the 
function of the Master Controller unit but at a 
more convenient location i e just inside your 
entry door etc. System can thus be armed or 
disarmed without the need to go to Master unit. 
Especially handy for larger homes or offices

Hom; ;
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~ Great Kit Projects To Build
Many Just Released
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Inverter With Auto Start

Complete Kit
K 6750

$279
Fully Built & Testec

K 6755

Go anywhere 240V Mains 
Power from your car or truck 
battery with these fantastic DC 
to AC Inverters

K5010

$399

K 6774 
12V INPUT 

$525
K 6775 

24V INPUT 

$525

Discolite
(See Silicon Chip July/Aug'88) 

Add Some Colour To Your Next Party

Calling All Audio Purists
This Great New Amp From Silicon Chip Is For You

Studio 200 Series 100 Watts 
Per Channel Power Amplifier

Features; • In-Built speaker protection • Toroidal Transformer 
(low hum) • Black Satin Finish • Low leakage power supply capacitors 
• Housed in Rugged Custom Chassis.
Specifications: • Output Power 1O0W into 8 Ohms Freq. Res.(at 1W) 
20Hz-50KHz + or - 1db Input Sensitivity 870mV Harmonic Distortion 
(20Hz-20KHz) 0.1% Signal To Nolae Ratio 100db or Better Protection 
5A fuses plus RDE245A Polyswitch Damping Factor (without 
Polyswitches) 100 (with Polyswitches) 100. Stability Unconditional.

Operatea From 12V Car Battery
Featurea: Auto start draws power from your battery only when 
appliance is plugged in and "turned on" i.e. battery can be left 
permanently connected if required • Voltage reguleted • Current 
Regulated • Current Overload unit self limits — Single PC Board 
construction — easy to build as there is very little internal wiring

Transistor FET 
Zener Tester 

(Sm EA Feb/Mar'88)
New updated circuit incorporates 
facilities for testing transistor FETs 
and Zeners etc.
Features: • Gain • Leakage
• Breakdown Voltages • Zener 
Voltage • Polarity — NPN/PNP

$49 .95 K 2527

K 6770
KIT VERSION

$425
300 Watt

Power House 600W Inverter
(See EA Dec'87) *7

A must for farming, camping, mining, boating, remote settlements and 
wherever else 240V power isn't available
Featurea: Strong custom steel chassis • Industrial grade power coat 
finish • Can be configured to operate off either 12V and 24V DC • Very 
little internal wiring • Manual or Auto start facilities • Low battery cut 
out • Compact Toroid transformer

Fully Built & Tested

K 5805

The Discolite Flashes party lights on and off in beat with music from 
your amplifier.
• 4 light channels controlled by 4 separate audio channels • Forward 
reverse and auto-reversing chaser patterns • Simultaneous strobe on 
all four channels . Alternating light patterns • Music modulation 
available on chaser, strobe & alternate patterns • Inbuilt microphone 
for beat triggering or audio modulation of lights • Direct inputs for beat 
triggering or audio modulation of lights • Sensitivity control • pre­
settable sensitivity levels for each channel • Front panel LEDs mimic 
light display.
Great For Parties. Shop displays and special lighting effects

Studio 200 Stereo Control Unit 
(Silicon Chip June/July'88)

Out-Perform* Commercial Units Costing $600 Plus

The Studio 200 Stereo Control Unit is companion to the studio 200 
stereo power amplifier (or other power amps). It features slim single 
unit rackmount profile, treble, bass, balance, input selector, tape 
monitor switch, stereo/mono switch and volume control. Inputs 
include phono, tuner, CD, VCR and tape loop.

K Rfl1R W Simple PCB Constructional
K OUIO Virtually No Wiring J
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Low-Cost Unit
Check* Value* from 1 pF - 100uF
Upgraded Digital Capacitance Meter
The readout consists of a bright 4-digit LED display and the full scale 
readings for each range are 9999.9nF and 99.99uF No adjustments are 
necessary when taking a reading. You simply connect the capacitor to the 
test terminals and select the appropriate range The circuit can accurate y 
measure capacitance down to one picofarad (IpF) This is made possible 
by the internal nulling circuit which cancels any stray capacitance 
between the test terminals or test leads. So when you measure a 5pF 
capacitor, the unit will display 5pF.

' — ....
CAPACITANCE

meter

OB'

On”ih.$co.t Super Low Price on Famous 
ot commercial g Sector Alarm System Kit 

equivalent» (See EA Mag Jan '85)
Features:

MM • Alarm has 8 separate input circuits - 8 sectors 
¿V can be monitored independently. 
■ • Each input circuit is provided with an

indicator LED and a sector On/Off switch
•• individual sector isolation allows the user to 

have some areas of the premises habited 
while others remain protected e g Inside

Tr"; ... .. . Off/Outside On.
fe; • Inputs accept both normally closed and 

normally open sensors.
■ • Two inputs provided with an entry delay

between 10-75 seconds)
Internal trip warning buzzer—alerts owner/ 
occupant of pending alarm operation- 
great for the "forgetful" amounast us. This 
buzzer is pre-settable between 5 and 55 
seconds prior to Alarm.

• Unique circuit detects automatically when 
any N/O or N/C loops are either open circuit 
or dead short, e.g. someone trying to bridge 
reed switches etc.

• Switched output can be used to send a silent 
alarm through an auto-dialler circuit or

Bench Top 
Power Supply 

3-30V to 1 amp Max.wlth 
variable current limit

FEATURES:
♦ Output 3 to 30V at 1A ♦ Short circuit 
protected ♦ Load switching ♦ Current limit- 
ng. Dual scale meter ♦ Housed in our 
Deluxe "ABS" instrument case.
SPECIFICATIONS:
♦ Output Voltage - 3 to 30V ★ Output 
Current - 0 to 1 amp (fully variable) ♦ Load 
Regulation - Better than 0.2% from 0 to full 
load * Output Ripple-Less than 2mV RMS

kSo $79.00

K 1900 (without Back Up Battery) K,T $149.50 
S 5065 (12V 1.2AH Backup Battery) Now Only $15.00

24V To 12V DC Converter
(Silicon Chip Dec'87)

Enables 12V appliances like 
stereos. 2 way radios. CB's etc to 
operate from a 24V battery
• Operates from 18V-30V. Output is 
13.6V at 5 amps

K 3255 $59.00

KIT K 3300 IOC 
Laboratory e I J J
Power Supply 3-5 Volt» at up to 5 Amps **
Designed by Electronics Australia, this supply has been one of our most• P°P“lar 
kits Our version incorporates refinements and is now housed m an attractive, 
touch "ABS" instrument case. This all new compact version has been made 
possible by the use of a higheff iciency Toroid Power Transformer So you win four 
ways • less heat, less weight - Greatly enhanced appearance and easier to build - 
Remember the Altronics Kit la fully drilled and punched.

Auaonio Manufacturers, Contractors and Bulk Users 
Please Contact Our Wholesale Sales Dept.

Sydney (NSW Only) Colin Fobister 437 4077 
Perth 09 328 2199

174 Roe St. Perth W.A. 6000
PHONE TOLL FREE 008 998 007

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 Please Note: Resellers have to pay the cost of freight and 
insurance and therefore the prices charged by Individual Dealers may vary slightly 
from th” CMa'X - m many cases, however. Dealer prices will still represent a 

significant cost saving from prices charged by Altronics Competitors
Don't forget our Espress Mail and Phone Order Service ■ tor the co.t of e locel call. 

Bankcard/VlM or Meat.rcard holders can phone order for seme day despatch.

STANDARD DELIVERY * PACKING CHARGE $4.00 lo 1Kg $7 ov.r 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 
$7 00 OVERNIGHT JETSERVICE — We process your order the day received and 
despatch via Overnight Jeteervlce Courier for delivery next day Country areas please 
allow additional 24-48 hours Weight limit 3Kgs (3Kgs covers 95% ot 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 virtuelly every other Australien supplier, we send goods at 
consignees risk Should you require comprehensive insurance cover against loss or 
damage please add 1% to order value (minimum charge $1) When phone ordering 

please request ""Insurance"
TOLL FREE PHONE ORDER — Bankcard.Visa. Mastercard Holders can phone order 
toll free up to 6pm Eastern Standerd Time Remember with our Overnight Jetservice we 
deliver next day

GERALOTON
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Construction project:

Universal "Real World" 
interface for PCs - 3
Finally, here it is! Full constructional details, showing how to 
get your version of the Real World Interface up and running — 
at least in its basic form.

by MARK CHEESEMAN
As stated in the previous articles for 

this project, the interface may be as­
sembled in one of two ways, depending 
upon whether you are going to connect 
it to a serial or a parallel port on your 
computer. Your choice of interface will 
determine which components are re­
quired to build the project. The parts 
list has been divided into three separate 
sections, with the first containing those 
parts which are common to both ver­
sions, and the other two detailing the 
additional parts required for either the 
serial or parallel version.

There are also two separate overlay 
diagrams, one for each version, so that 
there should be no confusion as to 
which components need to be fitted to 
which version.

No matter which version you are 
building, you should first check the 

board carefully for bridges between 
tracks, and rectify any that you may 
find. After that, you should mount the 
required links on the board. There are 
quite a lot of these, due to the fact that 
we have used a single-sided board to 
keep costs down.

If you intend to put in sockets for the 
ICs, then this should be tackled next. 
Sockets for the large ICs (the UART 
and the ADC) are strongly recommend­
ed, owing to the difficulty in de-solder- 
ing such large ICs should the need 
arise. However sockets for the other 
ICs may be considered to be optional.

Next, mount the resistors, capacitors 
and diodes, taking note of the polarity 
of the polarised components. Finally, 
mount all the ICs, either soldering them 
in directly, or inserting them into their 
sockets if you have used them. Note 

that not all of the ICs face in the same 
direction, so watch their polarity care­
fully.

It is perhaps in order to discuss the 
choice of C5 at this point. This is the 
capacitor used to determine the baud 
rate of the serial interface and also the 
sampling rate of the ADC. The table of 
values listed in part two of this series 
gives values for data rates up to 9600 
baud. Beyond this speed the 4N28 opto­
couplers start to look quite sluggish, so 
if you want higher speeds over a serial 
interface, faster optocouplers (such as 
the 6N138) will probably be required. 
However these will not fit on the exist­
ing PC board, as they have 8 pins in­
stead of 6. C5 itself may be either a 
ceramic or metallised polyester capaci­
tor, depending upon the actual value re­
quired.

If you are building the parallel inter­
face version, the frequency of the 555 
only determines the sampling rate of the 
ADC, and may be theoretically in­
creased up to the maximum speed of 
the ADC chip, which is 1280kHz. How­

One of the completed prototypes. 
This one is the serial interface version.
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ever you may have difficulty in getting 
the 555 to operate this fast. RV1 is not 
necessary on the parallel version, as 
there is no need to adjust the frequency 
of the 555 as accurately as is required 
for the UART clock signal.

Finally, mount the right-angle DB-25 
connector, using a male connector for 
the parallel version of the board, or a 
female for the serial. Do not be 
tempted to use a connector of the 
wrong ‘sex’, as the pins will be the 
wrong way around, and you can be vir­
tually assured of failure.

Because the serial interface is opto­
coupled, the power supply for the inter­
face board should be independent from 
that for the computer. Power may be 
obtained from any transformer capable 
of supplying 8 - 12V AC at 150mA or 

so.
For the serial version, a separate 

power source is also required to power 
the RS-232C level converting circuitry 
on the computer side of the optocou­
plers. This may be derived from a sepa­
rate winding on the same transformer 
used to power the rest of the board, 
from a completely separate transformer, 
or from the computer itself.

The latter alternative is the most cost- 
effective, as you not only save on the 
cost of a second transformer, but can 
also omit DI, D2, Cl and C2 as well. 
All that is required is a source of +/- 9 
to 15 volts DC at a few milliamps. If 
you intend to power the interface in this 
manner, the DC supply should be con­
nected to the pads where the diodes 
would have gone. The positive rail 

should be connected to the pad marked 
as the cathode (striped end) of DI. The 
negative rail then connects where the 
anode of D2 would have gone.

These rails may be connected to two 
unused pins on the DB-25 connector in 
the computer, and then small jumpers 
added to the back of the interface board 
to connect the two chosen pins to the 
pads mentioned above.

If you cannot take the power from the 
computer, then you will need to either 
use a dual-secondary transformer to 
power the interface, or use a second 
transformer to power this part of the 
circuitry. While a dual-secondary trans­
former is the most elegant solution in 
this case, it may be cheaper to opt for 
two separate transformers, so check out 
the prices first.

Here is the actual-sized artwork for both versions of the board.
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Real world
Testing
For this part of the procedure it would 
be useful to have a logic probe and also 
a frequency meter if you are building 
the serial version, although they are not 
absolutely vital. A multimeter would 
also be useful in ascertaining whether 
the power supply is doing what it is sup­
posed to. First, power up the board, 
and check that all the ICs have power 
on the appropriate pins. If there is no 
power anywhere on the board, and the 
regulator seems to be getting a little hot 
under the collar, remove the power and 
check for shorts under the board.

Once any problems here have been 
cleared up, you can proceed with the 
testing proper. Two short BASIC pro­
grams have been provided to facilitate 
this procedure: one for the serial ver­
sion of the board and one for the paral­
lel. These programs have been written 
for the IBM PC and compatibles, but 
there should be no difficulty in modify­
ing them to work on other computers, 
provided you know the addresses for 
the relevant I/O port.

For users of IBM PCs or their clones, 
and who wish to use the parallel inter­
face version, the first step is to deter­
mine the address of the printer port that 
you will be using. IBM designed the PC 
so that no matter what address the 
printer interface resides at, if there is 
only one parallel interface in the system 
it will be known as LPT1: or PRN:. 
This means that the software doesn't 
have to know where the printer port is, 
unless you want to drive the port di­
rectly that is. If you do not know the 
address of your printer port, you can 
use the BASIC program in listing 3 to 
locate it for you.

Using the appropriate program (listing 
1 for the parallel version, and listing 2 
for the serial), progressively check all of 
the functions of the board. When start­
ed, the program will prompt you for a 
byte to send to the interface. The pro­
gram will send this value to the inter­
face, and when it receives a byte back 
from the board it will display it on the 
screen, and then send the value which 
you typed in again. This process is re­
peated continuously until the program is 
interrupted.

This continuous loop makes it conven­
ient to check the inputs to the board 
while varying the voltage applied to 
them, and observe the variation in real 
time. Of course, the value returned 
when you address the outputs of the 
board is quite meaningless, it is merely

10 REM EA Real-World Interface
20 REM Serial interface test routine
30 REM Initialise C0M1.
40 OPEN "C0Ml;9600,N,8,l.BIN" AS #1
50 INPUT "Enter byte to send to RWI"; B
60 IF B<0 OR B>255 THEN PRINT "Invalid.": GOTO 50
70 PRINT*1.CHR$(B);
80 REM wait for acknowledge
90 IF EOF(l) THEN 90
100 PRINT ASC(INPUT$(1,#1))
110 GOTO 70

10 REM EA Real-World Interface
20 REM Parallel interface test routine
30 BASE=&H3BC : REM Base Aqdress for primary printer port
40 OUTPORT = BASE : INPORT = BASE + 1 : CTRLPORT - BASE + 2
50 OUT CTRLPORT,3 : OUT CTRLPORT,1 : REM Reset Flip-Flops
60 INPUT "Value to send": VALUE
70 IF VALUEC0 OR VALUE>255 THEN PRINT'Tnvalid.": GOTO 60
80 OUT OUTPORT,VALUE
90 OUT CTRLPORT.0 : OUT CTRLPORT,1 : REM Generate Strobe Pulse
100 TEST = INP (INPORT)
110 IF (TEST AND 128) -0 THEN 100
120 REM strobe pulse received.
130 MSNIBBLE = (INP(INPORT) AND 120)*2
140 OUT CTRLPORT.9
150 LSNIBBLE - (INP(INPORT) AND 120)/8
160 NEW = MSNIBBLE + LSNIBBLE
170 OUT CTRLPORT.3 : OUT CTRLPORT.1 : REM reset FFs180 CLS: PRINT NEW
190 GOTO 80__________
Listing 2.

10 REM Parallel port locating routine
20 DEF SEG=0:AD=&H408:PORT=0

T° ° STEP ~1:PORT=PORT*256+PEEK( AD+X): NEXT X
Rn Pointer port is at I/O address ":HEX$(PORT):"hex"

Listing 3.

theheaSon W¡" '°°k When comP'^- ^te
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an acknowledgement to indicate that 
the board got the message.

If you have built your board with a 
serial interface, the first thing to do is 
to adjust the frequency of the 555 oscil­
lator to the correct value. If you have a 
frequency counter handy, simply attach 
this to pin 3 of the 555, and adjust RV1 
until the counter reads the correct fre­
quency, according to table 1 in the Oct­
ober issue.

If you do not have access to a fre­
quency counter, there is another way to 
set the operating frequency of the 555. 
First write a program to continuously 
send bytes to the serial port, without 
waiting for any form of acknowledge­
ment from the interface. Then run the 
program, and observe the status of 
LED1 (the framing error indicator). If 
this LED is not illuminated, adjust RV1 
in one direction until the LED just 
lights, and take note of this position. 
Then turn RV1 the other way until the 
LED just lights again. Finally set RV1 
mid-way between these two points. This

•V

TABLE 1

Value Action Performed

0 to 15
16 to 31
128
144 to 151

Write 0 to 15 to first output latch (IC7)
Write 0 to 15 to second output latch (IC8)
Read digital input latch
Read Analog input 0 to 7

will result in a frequency that is close 
enough to the correct value.

Table 1 lists the values to send to the 
board to address the various parts of 
the board. Test each of these values in 
turn, checking that the screen continu­
ously updates the display, showing the 
last byte returned from the interface in 
the upper left-hand corner of the 
screen. If the program appears to 'hang' 
at any time, this is when a logic probe 
will come in handy to trace the signal 
path through the interface.

To check the outputs, connect a LED 
and series resistor between each output 
and the positive rail, as shown in

390

QLED ' ’/any colourOUTPUT 
UNDER O-
TEST

Fig.1(a). 
Output 
test 
circuit.

Fig. 1(a). When connected to the Q-bar 
outputs, the LED should light when a 
‘1’ is written to the appropriate bit of 
the relevant output latch. Similarly, the 
LED should light when connected to a 
Q output and a ‘0’ is written to the ap­
propriate latch.

The digital inputs may be checked by
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Real world

PARTS LIST

1 PCB 191 x 159mm, coded 
88rw11

1 Small TO-220 heatsink
1 Power transformer (see text)
Resistors
All 1/4W, 5%: 3 x 1k, 1 x 4.7k, 

1 x 8.2k, 1 x 10k, 2 x 22k, 1 x 
100k.

Capacitors
2 O.luF metallised polyester
2 2.2nF metallised polyester
1 10nF metallised polyester
1 10uF 16V tantalum 

1000uF 16V electrolytic
1 Capacitor according to Table 

1 in October issue
Semiconductors
4 1N4002 diodes
1 1N4148 diode
1 7805 regulator
1 555 timer
1 74LS85 4 bit magnitude com­

parator
2 74LS175 4 bit latches
2 74LS00 quad NAND gates
2 74LS08 quad AND gates
1 74LS04 hex inverter
1 74LS05 hex inverter with 

open-collector outputs
1 74LS374 8 bit latch
1 ADC0808 or ADC0809 ana­

log to digital converter

Additional components for 
serial version
1 5k vertical trimpot
3 390 ohm 1/4W 5% resistors
2 1k 1/4W 5% resistor
2 4.7k 1/4W 5% resistors
4 10k 1/4W 5% resistors
2 220uF 25V electrolytics 

4.7nF metallised polyester
1 10nF metallised polyester
2 22nF metallised polyester
2 1N4002 diodes
3 1N4148 diodes
1 BC547 NPN small-signal tran­

sistor
2 Red LEDs
1 AY-3-1015D UART
2 4N28 optocouplers
1 74LS123 dual monostable
1 DB-25S PCB mount socket

Additional components for 
parallel version
1 10k 1/4W 5% resistor 

74LS244 8 bit buffer 
74LS257 4 bit 2 input MUX

1 DB-25P PCB mount plug

The completed parallel version of the board.
sending the value ‘128’ to the board, 
and watching the number displayed on 
the screen as you tie each input low in 
turn. When all inputs are left to float 
high, the display should read ‘255’. 
When each bit is tied low in turn, the 
value should be 255 minus the value 
represented by that particular bit.

Finally, check the analog inputs, using 
a potentiometer connected to analog 
input zero as shown in Fig. 1(b). Run

Fig.l(b). Analog input testing circuit.

the testing program, and send the value 
‘144’ to the interface. The display on 
the screen should vary from 0 to 255 as 
the wiper of the pot is swept from 
ground to 5V. Check the other seven 
inputs in a similar way, by sending ‘145’ 
for input one, ‘146’ for input two, and 
so on.

That completes the testing of the 
basic interface.

Using it
There are a few points to watch with 

regard to connecting the interface up to 
external devices. Firstly, all of the in­
puts and outputs must be referenced to

the same point, as they are not isolated 
from each other on the board. Also, if 
you are using the parallel-interfaced 
version, note that there is no isolation 
between any external circuitry con­
nected to the basic Real-World Inter­
face and the computer itself, so the 
reference in this case must be tied to 
the mains earth.

You should also make sure that any 
voltages applied to the analog and digi­
tal inputs do not go below OV, or above 
5V. Failure to limit input voltages to 
these levels could cause damage to the 
input chip.

For this reason, most applications will 
require external isolation, and most 
likely the outputs will also be called 
upon to control currents and voltages 
well beyond the capabilities of the out­
put latches. To allow control of a wide 
range of AC and DC loads, we will be 
presenting next month two output 
driver boards and also an input opto­
coupler board to isolate the digital in­
puts.

One of the output boards will provide 
four separate opto-isolated triac out­
puts, for controlling AC loads. The 
other output board contains four relays, 
which can be used to switch AC or DC 
loads. The main board can then be con­
nected up to two of these boards, either 
both of the same type or one of each. 
The opto-coupler input board allows the 
digital inputs to be isolated from each 
other, and from the main interface
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board itself. This input board can ac­
commodate up to eight opto-couplers 
and associated components.

We have not provided any software to 
drive the board beyond that used to test 
the board, as the intended application 
will have a lot of bearing on what the 
software has to do, and how well it 
must do it. For example, in many appli­
cations, BASIC routines similar to those 
used to test the boards may be all that 
is needed. However, for applications 
that are more dependent on speed, you 
may need to use languages such as Pas­
cal, C or assembler.

For data-logging a possible, but per­
haps not very obvious solution, is to use 
something like dBase III. This has the 
ability to directly manipulate the I/O 
ports of the computer, to control the in­
terface, and the data can be logged di­
rectly into a database file for later pro­
cessing. For applications that require 
the recording of large amounts of data 
at relatively slow rates, such as mete­
orological observations or say, measur­
ing battery discharge curves, this ap­
proach will probably yield the required 
results for relatively little programming 
effort. ®

REAL WORLD INTERFACE PART 2 - Errata
Before commencing construction of the Real World Interface, you should 

first note a few changes and corrections to the circuit diagram which ap­
peared in part 2.

First of all, the two resistors connected to IC4 should be R20 and R21, not 
R14 and R15 as shown. Also, they should both be Ik, not 10k as shown. 
Also note that R6 should be 2.2k, not 100k as shown, and R12 should be 
10k, not 22k. In addition, there is another resistor connected from pin 5 of 
IC14b to ground which was omitted from the diagram in the October issue. 
This resistor should be labelled R22 and is 10k in value.

The pins of IC15f, labelled 14 and 15 should be 12 and 13 respectively. 
Also the inverter connected between pin 22 of IC1 and C8 should be labelled 
IC15b, not IC15e, as shown. The pin numbers for its input and output are 3 
and 4 respectively. The pin numbers for the CLK and OC-bar pins on IC2 
have been reversed. That is, the CLK line should be labelled pin 11, and the 
OC-bar line pin 1.

Finally, a small change has been made to the circuit published in the Octo­
ber issue, in order to give the data applied to the input to the UART more 
time to settle before being strobed in. This delay circuit is inserted between 
the line on the internal bus labelled “DI STB” and the DS-bar input of the 
UART.

The extra circuitry is shown below.

74LS05
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^FANTASTIC $

NEW STOREJ
A. PARRAMATTA)
J! Jaycar has opened a much LARGER V 

at Parramatta. We had to Tnew store

AVTEK Multimodem Sale J
Buy a WELL PROVEN famous AVTEK Multimodem and save a bundle. This stock " 
will not be replaced and FIRST BUYERS ONLY will benefit.
Multimodem Autoanswer II - BELOW COST- Viatel compatible, 
1200/75 Baud, CCITT/Bell standard. Cat. XC-4822. Sold originally for $349, we have 
reduced to $199,
A FEW LEFT at $125 Quantities limited so be quick.
Mini Modem II - BELOW COST - Viatel, 1200/75 and 300/300. Can be 
powered by a computer directly, e.g. MicroBee. Includes power supply.

j reluctantly close the Carlingford v 
store as it was simply too small for ^7 

our operation. We sincerely thank our Mh 
Carlingford regulars for their patronage
over the past 7 years. Carlingford was 

our first branch store and holds great 53 
memories for us. Carlingford customers J L 

should welcome the LARGER y
PREMISES 10 minutes down .

Pennant Hills Rd to North 
Parramatta. Parking has VASTLY 

IMPROVED. Don't forget to call in and 
see Troy's familiar face. We look 
forward to being of more efficient 

service to youl 
z 355-357 Church Street Parramatta

PHONE: (02) 683 3377

Cat. XC-4B25 $99 - BE QUICK
MegaModem Model V21, V22 • Hayes "AP compatible intelligent unit. A 
few only at this price.
!Cat XC-4850WAS $3Z5DECEMBER ONLY $250 i Merry Christmas ,

QUALITY JEWELLERS
SCREWDRIVER SET
Quality easy to use colour coded screwdriver 
set with swivel plastic heads.
Screwdrivers include slotted 1.0,1.6,2.4, 
3mm
Philips No. 0.1
Supplied in transparent plastic case.
Cat. TD-2005

$5.95

GLOBE BARGAINS
Bargain 1:1.25V MES lenshead globes. 
Ideal lor single cell torches. /CA
USUALLY 50e ea 07
25 for $2 (only 8c ea) 
100 for $6 (only 6c ea) 
Cat. SL2660_________________  
Bargain 2: 5 volt MES torch globes. 
Works OK on 6V.
USUALLY 50C ea
10 for $1 W’’
Cat. SL-2661_____________ ___ _______
Bargain 3: 12 volt BC car replacement 
globes suit tall lights, blinkers, garden 
lights, etc. rr
USUALLY ABOUT $3 ea A#.
2 for $1 / /
Cat. SL-2662________________
Bargain 4: 6.3V MES globes 
USUALLY 50c ea 
4for$1 
10 for $2 
100 for $15 
Cat. SL-2654
Limited quantities on all globes.

GOVERNMENT 
INSTRUMENTALITIES, SCHOOLS, 

PUBLIC COMPANIES 
IF YOU WISH TO PURCHASE I ROM US. 

SIMPLY SEND US YOUR OFFICIAL ORDER 
AND WE WILL GIVE YOU A 

COMPLIMENTARY 30 DAY ACCOUNT

CAR SPEAKER GRILLS
1. 7" x 5" metal grill. Black in colour.
Cat. AS-3035

0NLY$2ea
SAVE $6
2. 9” X 6" quality 
metal black grill.
Cat. AS-3036

ONLY $3 ea
SAVE $7
You would expect to pay about $8 for the 
7x5 and $10 for the 9 x 6 nornmally.

Car Bonnet 
Locking Device 
This device will lock the Bowden Cable (l.e. 
the 'wire' that goes between the bonnet 
release handle and the bonnet catch) 
AUTOMATICALLY when you switch your car 
alarm on. The unit will give COMPLETE 
under-bonnet security I The locking device 
includes solenoid lock, control box, 
emergency Bowden cable release, screws, 
connector bracket and other hardware for 
universal fitting. Instructions supplied.
Cat. LA-5400

A BARGAIN AT ONLY $19.95
WOULD NORMALLY COST 
ABOUT $70

ELECTRONIC ANVIL!!!
Ideal for the hobbyist. Hammer that IC into 
that socket on our anvilll Weighs 2.7kg

Cat. TD-2040
Size 180mm long

80mm high

$13.95
30 PIECE ENGINEER'S 
DRIVER SET
At lastl A driver set incorporating those 
obscure shaped heads I
Have you ever needed recently to service 
an electric tool? Chances are you would 
not have been able to do so because the 
screws holding the appliance together 
had strange shaped heads. Well now you 
can with our 30 piece driver setl This set 
contains all the driver bits you are EVER 
likely to encounter (See Below). Basic to 
the set is an 8 1/2“ Chrome-Vanadium 
driver which will accept any of the 28 
hardened steel bits supplied. They are 
held into the socket of the driver by a 
small magnet - so you can use the driver 
in any position. The screw-together 
hollow handle will hold several tips so you 
don't have to take the whole set with you 
into the field. There is a tip here to suit 
almost any screw/nut you may come 
across.

Insulated Staples - 
No Staple Gun 
Required
Grab a packet of these I
Pack at 100 plated U-shaped staples with 
soft-nylon saddle, you can hammer them In 
to wood, particle board etc. Nylon saddle 
cushions the wiring. Ideal for burglar alarms, 
speaker flex, TV coax etc., and NO 
expensive staple gun neededl 
SMALL SIZE: Suitable for speaker flex, 
alarm cable, etc.

$2.00Cat. HP-1185
MEDIUM SIZE: Suitable 
for 3C-2V or RG58 coax 
and heavy speaker flex.

$2.00Cat. HP-1186

Here's what you get:
• 5 Slotted Bits 0-1,3-4, 5-6, 8-10, 12
• 5 Hex Bits 3/32", 5/64", 7/64", 1/8", 9/64"
• 4 Philips Bits No. 0,1,24 3
• 4 Square Recess Bits No. 0, 1,2 4 3
• 6 Torx Bits T10, T15, T20, T25, T30, T40
• 2 Pozklrive Bits No. 1 4 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
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MAGNAVOX 8JX$3150
The 8JX is a 8" twin cone speaker suitable 
for medium power handling applications.
SPECIFICATIONS 
Power Handling 
Resonant Freq. 
Freq. Range 
Sensitivity 
Cat. CE-2333

40 watts RMS 
44Hz 
fo - 12kHz 
93dB

WOOFERS
MAGNAVOX 8W
The 8W Mk6 is a high fidelity woofer.
SPECIFICATIONS 
Power Handling 
Resonant Freq. 
Freq. Range 
Sensitivity 
Cat. CW-2109

SPECIFICATIONS 
Power Handling 
Freq. Response 
Resonant Freq. 
Cat. CW-2118

65 watts RMS 
43Hz
fo - 5kHz
96dB

$39.50
MAGNAVOX 8MV
8/30 Replacement
If you own a pair of 8/30 woofers, you can 
now easily update them. Your old 8/30's 
handle 30 watts rms. the new 8MVs handle 
120 watts rms. No need to buy new cabinets, 
8M Vs mount in the same hole, otherwise its 
a high quality, high power 8" woofer for most 
applications. 
SPECIFICATIONS 
Power Handling 
Resonant Freq 
Freq. Range 
Sensitivity 
Cat. CW-2110

120 watts rms
31 Hz
fo - 4kHz
96dB M$99.50

POLYPROPYLENE 
MAGNAVOX 
WOOFERS
JC 150 6" WOOFER
SPECIFICATIONS
Resonant Freq. 
Sensitivity 
Power Handling 
Freq. Response 
Cat. CW-2105

49Hz
95dB
50 watts rms 
80 - 8000Hz

$39.95
ETCHANT CHEMICALS 
IN JARS 
• Safe for storage, childproof lids - safe 
from kids, no mess, no fuss. 
FERRIC CHLORIDE 
200g Cat. NC-4251 $4.95 
400g Cat. NC-4252 $7.95 
AMMONIUM 
PERSULPHATE 
400g 
Cat. NC-4254 a 

$6.95 1

Electronic Glas^^ 
Shatter Detector
Oz-made unit that detects the noise made 
when glass breaks - NOT A SIMPLE 
ELECTROMECHANICAL DEVICE. The 
unit consists of a plastic case which 
contains an electret mic element coupled 
to an electronic filter/amp circuit.
Adjustable sensitivity. When glass breaks 
the output connection goes logic 'low1. 
Easily connected to most car or house 
alarms.
Cat. LA-5065
NORMALLY ABOUT $40

$17.50

CONTACT CONNECTOR BARGAIN
Easy to use automatic connectors. Simply wrap around the 
existing wire and new wire and squeeze.
NORMALLY $1.25 for 4 or 3U ea
(Two styles supplied In pack)
PACK 15 for $1.95 (only 13« ea) Cat. HP-1207

PACK 100 for $10 (only 10c ea) Cat. HP-* 1208

MAGNAVOX 8WR $36.50
The 8WR is a high fidelity wide range twin
cone 8" driver. 
SPECIFICATIONS 
Power Handling 
Resonant Freq.
Freq. Range 
Sensitivity 
Cat. CE-2338

65 watts RMS 
43Hz
fo - 12kHz
96dB

JAYCAR FOR MAGNAVOX SPEAKERS
MAGNAVOX 10W
The 10W is a 10" high quality, high power, 
medium price woofer.

75 watts rms
30Hz - 5,000Hz

MHz $43.50

SPECIFICATIONS 
Power Handling 
Freq. Response 
Resonant Freq. 
Cat. CW-2122

150 watts rms
19Hz
fo - 3kHz
96dB

MAGNAVOX12MV
The 12MV is a high power high fidelity 
vunnf ar
SPECIFICATIONS

Resonant Freq. 
Sensivity 
Power Handling 
Freq. Response 
Cat. CW-2120

39Hz
95dB
65 watts rms 
50 - 5500Hz

Power Handling 
Resonant Freq. 
Freq. Range 
Sensitivity 
Cat. CW-2125 

$99.50

JC 200 8" WOOFER
SPECIFICATIONS 
Resonant Freq. 
Sensitivity 
Power Handling 
Freq. Response
Ca>-CW-2112 $49 95

BSE
1/2 AN RCA LEAD?

Well, not quite. These are a stereo lead, 
(figure 8 shielded) with two RCA plugs on 
one end and tinned stripped leads on the 
other. Leads with 2 RCA plugs on both 
ends sell for $4.95.
Cat. WA-1040
ONLY $1.95
10+ $1.75 each
WIRE WRAP KYNAR 
WIRE ON SPOOLS

We have been after this for years, and 
have finally found It. It's high quality 
SILVER PLATED (other companies sell 
wire which is not silver plated) on 50 foot 
spools. Available in 4 colours.

Cat. WW-4340
Cat. WW-4341
Cat. WW-4342
Cat. WW-4343

RED 
BLACK 
BLUE 
GREEN
ONLY $6.50 
per reel
That's only 13eperfootl

MAGNAVOX 12W
12" woofer, medium power, low cost, high 
quality. 25mm voice coil wound on aluminium 
former. Polyurethane foam roll surround.

$56.5030-5.000HZ
30Hz

JC 250 10” WOOFER
SPECIFICATIONS

26Hz
97dB 
75 watts rms 
45 - 4500Hz

$64.95
t

PLUG & SOCKET 
TERMINAL STRIP
Brand new product. It's like a standard type 
12-way barrier strip or terminal strip but it has 
2 strips of 12 which can be unplugged from 
each other. So If you have any number of semi 
permanent wires from 1 to 12 that you have to 
unplug, this is the ideal way. 
Cat. HM-3202 

$4.95

Motor/Gearbox Kit
This kit contains a motor with press-fit brass 
cog, gearbox housing, 3mm x 110mm steel 
drive shaft, 2 Intermediate shafts, 7 gearwheels 
and 6 nylon bushes. Runs off 1.5 - 4.5 volts DC.

Cat. YG-2712

$18.95

No of gears 1.5V 3V 4.5V
RPM RPM RPM

6 2 4 6
5 5 10 14
4 16 32 45
3 44 88 125
2 150 300 410
1 400 800 1150

KIT'S 
COLUMN

Hi! Kit again.

As you know from last 
month, the boss has asked me to 
write a column about our kits - on 
account of the fact that I know more 
about our kits than anyone else!

Well, last month I told you 
about our fantastic Plasma 
Discharge lamp/display as featured 
in "Silicon Chip" mag for August this 
year. Another incredibly popular kit 
has been the stereo "Mini Mitter” 
described once again in Silicon Chip 
October. Demand for this kit has 
really kept us behind in our work! 
We are very proud of this kit. It is 
supplied complete - down to the last 
screw. . ..

Gossip Dept: Well, the 
other day the boss took delivery of 
his new red German toy. (The 
ashtray in his Lamborghini was full & 
he had to trade it in). He had his 
new car for less than 24 hours 
before someone ran right up his — 
- when it was parked in the street at 
night. (Where and why he was 
parked he's not saying!) He is so 
annoyed his face is a deeper colour 
of crimson than his new car!

If only Silicon Chip had 
invented the Car Safety Light (this 
months SC) earlier! It's a great new 
gadget that you fit in your car. When 
your car is parked alone at night in 
the street it detects an oncoming 
car's headlights and turns the 
parking lights (or brake lights) on for 
5 seconds, so they can see the car.

Poor boss, you should see 
him driving the company delivery 
van home every night while they fix 
his toy!

Finally, I've really got to tell 
you about the effort the girls in the 
Kit Dept, put in. We work in really 
cramped conditions and the boss is 
always on our backs to work harder, 
and boiled lollies are not enough 
compensation I

So we think its worth the 
trip from your place to our (not my) 
place to get a quality product. If you 
are not happy with any of our kits, 
write to me personally.

In the mean time, keep 
your iron hot, and I hope that Santa 
Claus gives you everything you 
want....



ULTRASONIC PEST & INSECT REPELLERS
• Frequency range 30kHz to 65kHz variable
• Output level 130dB
• Both units include 240V power adaptors
Single Transducer
ONLY $29.95
SAVE $10
Cat. YS-5510
DUAL TRANSDUCER
ONLY $39.95
Cat. YS-5512

H
niRfcCT- 
1MPORT

GARY JOHNSTON

355 Church Street

CAR NEGATIVE ION GENERATOR
Now you can have all the benefits of your home ioniser in your car.
This great new Jaycar direct import is durable, stylish and compact, measuring only 110mm 
in total length. It simply plugs directly into the cigarette lighter socket in your car. It can 
generate large amounts of negative ions for purifying air, and some ozone for eliminating

Jaycar's direct Importing cuts out the middle man and saves you money.

SPECIAL INTRODUCTORY OFFER ONLY $34.95
Cat. YX-2910

NEGATIVE ION GENERATOR
240 VOLT - SAVE $50 
Cat. YX-2905 

ONLY $29.95

HUNDREDS 
SOLD

GENUINE 
FM DIVERSITY 
WIRELESS MIC/ 
GUITAR LINK 
SELLOUT

MllU —
O w;:;'

You would DIE if you knew where 
we bought this shipment of brand- 
new genuine USmade NADY 
wireless PA gear froml Suffice to 
say that they lost a fortune to 
liquidate this current model merchandise. 
ONCE AGAIN their staggering loss 
Is YOUR GAIN.

OFFER No1
SAVE AROUND $200
Genuine NADY MODEL 201 GT 
Guitar wireless microphone link 
which Includes FM "True Diversity" 
receiver, bodypack transmitter with 
high Impedance input (suitable for 
guitar pickups, bass, sax, etc). The 
body pack accepts a standard 6.5mm plug and the audio lead acts as the antenna, neatl The 
body pack measures 96x60x203mm and weighs only 70 grams. It requires a 9V alkaline 
battery. Both transmitter and receiver are crysial locked and offer 20-20.000HZ ±3dB 
frequency response and 120dB (max SPL A-weighted) dynamic range. Output is line level 
600 ohms. Minimum adverse operating range 200 feet, line-of-sight 1500 feet. Elsewhere you 
will pay $800+ for this system in Australia. But, while they last you will be able to get this 
product from us for only $5991 That's right, you WILL SAVE around $200 over the normal 
price In Australia (Australian rec retail $799).
(If more than one is ordered they will be supplied on separate frequencies 
Cat. DT-5020

$599 inc tax ।
OFFER No2 SAVE AROUND $300
Genuine NADY 201 HT microphone wireless system comprising of YD-04 microphone 
(virtually identical performance to Shure SM-55), integral antenna (no dangling wires) low 
battery light and professionally rugged. Measures 222(L) x 36(Dia)mm weighs 232 grams. 
Use 9V cell. Included of course is the 201 "True Diversity" receiver matched to the same 
frequency. System performance and range are similar to 201GT above. (You see this system 
used by TV tertainers in the US all the timel)
(If more than one ordered or 1 x 201GT and 1 x 201 HT ordered they will be supplied on 
different frequencies.) ----------------------------------------------------------------------~----— N.Z. Customers save further 15% on these Aust, prices! 
$699 inc tav DT-5020 $463 tax free11IU IdX DT-5030 $543 tax free p&p fixed cost $20/unit

Cat. DT-5030

Tdigi^TsterÊÕIíeÃdphÕnes
SAVE UP TO 39%
SA700
Features Mylar drivers, sponge earpads, 
metal 3.5mm stereo plug. Cat. AA-2021
WAS $29.50

NOW $17.95 SAVE 39%

SA880 Mylar drivers, freq, reponse
20Hz-25kHz. Quality muff pads.
Cat. AA-2022
WAS $39.50

NOW $24.50 SAVE 38%

SA888
Top of the range, excellent sound.
Quality phones. Cat. AA-2023
WAS $59.50
NOW $39.50 SAVE 34%
For full details see our catalogue.

GREAT XMAS 
PRESENT TO 
YOURSELF

Don t forget
Carlingford Store

now moved to
Parramatta

Phone (02 683 3377

Vintage Valve Sale 
We are holding small stocks of 
BRAND NEW valves going back to the 
40's and beyond!
□ver 170 different types are available 
out most are in very small quantities. 
Stock will not be kept at local stores - 
it will have to be ordered in for you 
against pre-payment. This does not 
guarantee that the stock may have 
already been sold. All the valves are 
one price $5 ea. If sold out money 
refunded in full. Stock is new but NO 
WARRANTY is offered. Normal mail 
O.K. See list of part numbers: 
□FC7-6BY7-6CG7-6CK6-6CH6-6AU5GI-6BJ6 
•6AN8A-6BA8A-3V4-1R5-1S5-6AL3-6AK8 
•6BM8-6EM7-6SA7GT-6BH8-6S2-6CM7-5AS4 
•6BX7GT-6BW7.6BS8-6BN6-6BR5-6BK7B 
■6BJ8-6BJ7-6BF6-6BE7-6AB5.6AC7-6AH4GT 
■6AB5-6A6-6AB4-6AG5-6BD6-6BD5GF6BC8 
•6AU7-6BC9O6AS8-6AQ6-6AN6-6AS5-6AQ7 
■25Z4G-2SZ5-12AT6-UF41-9AQ8-t2A6-117Z3 
•9AKS-6Y6G-7AN7- f 2 AUG-12AX4GTB- f 28 D6 
• 12BV7-f 2B A7-f 2Q7RT-f 2K7GT-f 2SA7-f 2SG7 
■ 12SQ7GT-12SN7-12SK7GT-15A6-2Î A6-16A5 
■ 15DQ8-6SC7-6AU4GT-6SR7-6SH7GT 
•6CD6GA.6CD6.6BQ6GT-6DB5-6DA5-6DE6 
•6DS8-6ES6-6EV8-6ET6.6C6.6B27.6CF6 
•EC86.6CM4.6CQ6'6DA4.6N3'6JN8-6G6 
•6F8G.6W6GT-6R7.6N7.UCH21-UCL83-UY1N 
•UCH42-UCH41 • 1AB6-1A6-1A5GT-1AB6-PCL83 
•UBL21.EM87.PGL83-DL93-3A5-3A4-3Q4 
■3Q5GT-5GK3-E R4GYB-5U8-1D7G-Î DBGT 
•1F6.35C5.50EN5.32L7GT-C8-C1.6AN8A 
•6BH8-6B V8-12AG >12AN7-6AW8A.6AD8 
•6EH7-6BO6GTB.6BQ7A.6BZ6-6AB8.6BF5 
•6AM5'6CM7'6BH8-6BU8-6AT6.6AD8 
■6EM5-6EB8.6V9.6X2.6W6GT-6N8.t2AA6 
• 128 A6-12BE6-6U8-6CW7'6CD6'6DQ5-CB 1C 
•CF1.CY3Î-6CD6GA

ALL ONE PRICE 
$5.00 each

” DIRT 
CHEAP»

Machined 
Aircraft 
Grade 
Aluminium 
Flashlight 
What an excellent product! It measures 
145mm long and runs off 2 - AA batteries. 
It is 70 times brighter than a normal torch 
and the beam is adjustable from spot to 
beam, and it's waterproof and shockproof. 
Durable anodised abrasion resistant finish, 
with a non slip knurled grip. This torch will 
last a lifetime. Small enough to fit inside a 
car glovebox or handbag. It can also be 
used as a lantern. Unscrew the top and the 
bulb is exposed to give 360° light. 
We have seen these torches for $19. 
We have direct imported them and can 
offer them for the amazing price of only 
$9.95.
Spare bulbs available for only $1.50 (Cat 
ST-3002) 
Cat. ST-3000

ONLY $9.95

Quality Stacking
Banana Plugs
• NEW RANGE OF COLOURSI
•NEWLOWERPRICESI

RED 
BLACK 
GREEN 
BLUE 
YELLOW

Cat. PP-0390 were $1.95
Cat. PP-0391 were $1.95
Cat. PP-0381 „
Cat. PP-0382 ONLY 
ca'P^^sea



TUR MOST POPULAR KIT IN 19»»!
?M Stereo Transmitter 'MINI MITTER'

Ref: Silicon Chip October 1988
This fantastic project enables you to transmit 
a signal IN STEREO over the FM band. The 
range is limited to about 20 metres or so, so 
its not a nuisance to anyone else. It uses a 
single 1.5V AA (penlight) cell which lasts tor ages. — ■ 
Just imagine! You can listen to your CD player 
on your FM headphone receiver while washing your 
carl You can play your Walkman CD player over 
your car stereo - no wiresl The possibilities are 
endlessl Set up your own micro FM Radio Stationl 
The Jaycar kit of this project includes the hard to get 
Rohm BA1404 chip and the CORRECT 38kHz 
crystal - even harder to getl All other specified 
parts are included as well. 
Cat. KC-5041 

$29.95

POST & PACKING
$9.99 $2.00

"KNIGHTRIDER

Cat. KC-5042

Cat. AA-2018

PHONE

former and all parts.
Cat. KC-5040

120 WATT PA/ 
GUITAR AMP 
MODULE
Ref: Silicon Chip November 1988 
This rugged Mosfet amp module is 
designed specifically to drive a 100V line 
transformer for PA. It can also be used for 
guitar and stereo amps.
Short form kit. PC board and all 
components supplied, including Mosfets. 
No power supply parts or heatsink 
included in kit.
Heatsink extra Cat. HH-8550 $22.95 
Cat. KC-5043 (kit)

CAR SAFETY 
LIGHT
Ref: Silicon Chip November 1988 
Is your car in danger of being sideswiped at 
night? This prefect detects an approaching 
cars' headlights and automatically turns on 
the brake lights to warn the driver. The brake 
lights switch off 5 seconds after the car has 
passed. Circuit is disabled during the day. 
Quality Philips LDRs supplied
Cat. KC-5044

$29.95

$72.50

LED SCANNER
Ref: Silicon Chip November 1988
Provides the scanning effect same as on 
kit car in Knightrider TV program. Use for 
burglar alarm applications, novelty 
applications on kids toys, etc. PC board 
and all components supplied.

Ref: EA November 1988
Low cost 4 digit timer which can measure 
intervals from a few microseconds to hun­
dreds of seconds. You can measure the 
speed of a slug from an air rifle, golf ball 
speed, etc.
Short form kit. no box or front panel supplied.
Cat. KA-1708

$59

$17.95
HANDS FREE
TELEPHONE
HEADSET $16.95
So new, we don’t even have a picture yet. 
As used with the Silicon Chip speaker-
phone project. Headset, 
microphone with lead and

3.5mm plug. Mini size-
ultra lightweight.

SPEAKER-

Ref: Silicon Chip Sept 1988
High quality hands free telephone adaptor 
that works extremely well.
Full kit including box, panel, isolating trans-

ONLY $89

POWERMATE 2
Refer: EA October 1988 
Revamped version of original Powermate 
power supply. Delivers clean, crisp 
regulated 13.8V DC at up to 5 amps.
Full kit.

Cat. KA-1707 $119
STROBOSCOPIC TUNER 
KIT Ref: EA July 1986
This simple circuit provides ..... 
crystal-locked accuracy < 
for tuning virtually any 
musical instrument.
It also doubles as a 
stable frequency 
reference if you prefer 
to tune up by ear. Kit 
includes box and all 
parts.
Cat. KA-1706

$47.50

MADE

PI AYMASTER/J AYCAR 60/60 BLUEPRINT
AMPLIFIER
Cat. KA-1652

$369 See our catalogue for full details

Standard version still available
Cat. KA-1650

$329

UPGRADED 5000 BLACK 
MONOLITH POWER AMP 

RE-BORN WITH 
TOPOLOGY MODULES

Cat. KE-4200

$499

aaycarI? ELECTRONICS

HEAD OFFICE
u 115 Parramatta Road Concord 2137
|^Telephone (02) 747 2022
WTelex 72293
' FACSIMILE (02) 744 0767

| MAIL ORDER VIA YOUR

■■i SYDNEY - CITY
V,SA PARRAMATTA

WIRELESS DOORBELL
Ref: Silicon Chip August 1988

What a great idea. A wireless doorbell with 
the option to have as many sounders as 
your house requires.
Transmitter is mounted In a UB5 Jiffy box 
with a pushbutton switch which mounts 
outside your front door. Powered by a 9V 
battery. Receiver mounts in plastic box and 
requires 12V DC plugpack, our MP-3006 
will do $14.95. Use as many receivers as 
you require.
TRANSMITTER
KIT RECEIVER KIT
Cat. KC-5036 Cat. KC-5037

$16.95 $42.50
STOP PRESS - 

BRAND NEW KIT 
POOR MANS 

PLASMA 
DISPLAY

Ref: Silicon Chip November 1988 
Ideal for those who want to experiment 
with plasma displays. This kit is basically 
just the power supply. You can use a 
240V globe anywhere up to 300 watts. 
(Warning with this unit you can not touch 
the globe whilst it is operating). Features 
adjustable display. Kit includes PCB, EHT 
transformer, box and all components, but 
not globe and holder (which are readily 
available).
Cat. KC-5045

$75

MAIL ORDERS
P.O. Box 185 Concord 2137
HOTLINE (02)7471888

$5
$10
$25
$50
OVER $100

$24.99 $3.75
$49.99 $4.50
$99.99 $6.50

$10.00FOR ORDERS ONLY
TOLLFREE (008)022 888_ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _

ROAD FREIGHT ANYWHERE IN AUSTRALIA $13.50 |
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Digital Signal Processing:

A DSP Primer
Signal Processing is fast becoming the 

m£ 9r0Wt? area ,n electronics> <t's still something9 of a 
mystery even to many people working in the industry. Here's 
an explanation of the basic concepts of DSP, and a look at 
some of its applications... . a a iook at

by TED DINTERSMITH
Analog Devices, Inc.

Digital signal processing or DSP 
means the processing of ‘analog’ signals 
using digital techniques - i.e., digital 
hardware and software.

It should perhaps be noted here that 
any electrical signal is by nature an ana­
log signal, even if it represents a digital 
‘I or ‘O’. This can be understood if one 
pictures what happens to a chain of 1's 
and 0 s returned from beyond the orbit 
of Jupiter, buried in cosmic noise; the 
signal must be received, amplified, con­
verted and processed (digitally) to 
reconstrt the original digital informa­
tion, but until that digital information 
has been identified, the signal is to all 
intents and purposes a purely analog

While any digital processing of signals 
that originate in the analog world, and 
have at some point been converted into 
digital form, would qualify for this 
broad definition, the term DSP has 
come to be used in a much more spe­
cific way. Nowadays, DSP is the the ap­
plication of fast, specialised hardware, 
sophisticated algorithms and the appro! 
priate software for the purpose of 
manipulating large amounts of data as­
sociated with extracting and processing 
analog-based information in essentially 
realtime. ’

The emergence of DSP hardware is 
changing the role of analog-to-digital 
conversion in today’s signal processing 
systems In early days, all processing of 
a signal, with the goal of obtaining re­
sults with sufficient speed to be useful 
m real time, was of necessity handled 
by analog components. The principal 
destinations for analog signals converted 
to digital format, after substantial ana­
log processing, were off-line computa­
tion, data storage, and hard-copy tabu­

lation, rather than real-time instrumen­
tation, computation, and control.

Now, however, system designers have 
an incentive to perform the signal con­
version as early in the loop as possible 
(see Fig.l). The reason for this is that 
much or all of the required signal pro­
cessing can be handled by fast, flexible 
digital components that allow high-per­
formance DSP routines to be imple­
mented more accurately, reliably, and 
flexibly than with analog circuitry, yet,

REAL 
WORLD

ANALOG 
SIGNAL 

PROCESSING 

= o t hardcopy• efore DSP: digdal used principally for record-keeping.

b. DSPera: digital responds to and operates on real-world phenomena.

in many cases, with sufficient speed to 
interact in real time.

This article first reviews basic signal 
processing tasks, giving emphasis to the 
general role played by DSP. Two key 
DSP algorithms are examined in some 
detail - digital filters and spectral analy­
sis. The basic hardware required to per­
form DSP is described. Finally, some 
applications that exemplify DSP’s ad­
vantages are reviewed.

DSP basics
Signal processing revolves around two 

basic tasks - digital filtering and spectral 
analysis. Filtering smoothes, removes 
noise from, selects particular signal 
components from, or predicts future 
values of an incoming signal. A time- 
domam signal can be interpreted as a 
weighted combination of purely sinusoi­
dal spectral components; spectral analy-

A/D 
CONVERSION STORAGE

PRINTER 

able to convert
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sis determines the weights correspond­
ing to each frequency in the spectrum.

Signal-processing applications span 
many areas, including speech analysis 
and synthesis, telecommunications, in­
strumentation, radar and sonar, and - 
using multi-dimensional techniques - 
graphics and imaging. For example, fil­
tering is used to minimize high- 
frequency noise and the low-frequency 
hum in telephone-line transmission. 
Spectral analysis is used to determine 
the format content of incoming speech 
for recognition. Two-dimensional filter­
ing improves the clarity of a satellite 
image.

Filtering and spectral analysis have 
traditionally been implemented with 
analog components. Filtering is carried 
out by passing the signal through a cir­
cuit consisting of resistors, capacitors, 
op-amps, and/or inductors; the precise 
configuration of these components and 
the relationship of the magnitudes of 
their parameters determine the filter’s 
characteristics. Multiple analog filters - 
each passing energy in a narrow band - 
can be cascaded for sharpness and 
banked together to perform spectrum 
analysis.

Analog-based signal processing has 
numerous advantages, including low 
component cost, the ability to handle 
wide bandwidths in real time, the avail­
ability of pre-packaged modules and 
ICs, and a large existing base of knowl­
edge. However, analog components in­
troduce noise at each stage; and filter 
characteristics - requiring effort to tune 
initially - are sensitive to the effects of 
temperature and aging. In addition, 
multi-stage filters pose subtle design 
challenges. Because coefficients and 
configurations - once established - tend 
to be inflexible, signal-processing hard­
ware using analog parts is generally re­
stricted to performing a narrow, dedi­
cated task.

In response to the limitations of ana­
log-based processing, the digital pro­
cessing of signals has emerged as an al­
ternative. The next section demon­
strates how signal-processing tasks - in­
cluding filtering, spectral analysis, and a 
host of others - can be carried out with 
digital arithmetic operating on digitised 
data.

Recent advances in VLSI (very large- 
scale intergration) now make is feasible 
to perform real-time digital signal pro­
cessing with just a handful of ICs. The 
advantages conferred upon a system by 
such DSP hardware are dramatic - sub­
stantially improved performance, stabil­
ity, and flexibility. Just as digital com­

puters supplanted analog computers two 
decades ago in general-purpose comput­
ing applications, DSP is strongly chal­
lenging analog circuit configurations in 
real-time processing.

Our discussion of spectral analysis and 
digital filtering will benefit from a brief 
discussion of DSP nomenclature (there 
is also a brief glossary at the end of this 
article). Following Fig.2, an incoming 
analog signal is digitised, with the sam­
pled data output points denoted x(i). 
The index, i, corresponds to the discrete 
sampling time. This sampled data is 
stored in a buffer and operated on by 
DSP hardware. The DSP algorithm 
determines the sequence in which data 
and coefficients are accessed and how 
they are processed. In the cases below, 
the computational outputs are spectral 
weights or filtered sampled data.

Spectral analysis
Digital spectral analysis essentially de­

rives from the principle of Fourier 
transformation. Without going into the 
mathematics here, this is a mathemati­
cal technique of taking a signal's time­
domain representation and resolving it 
into its equivalent frequency-domain 
spectral weights - called Fourier coeffi­
cients.

Since the basic Fourier equations link­
ing the time and frequency domains re­
quire continuous signals, they have only 
indirect bearing on digital processing. 
However under certain circumstances, a 
sampled (digitised) signal can be related 
faithfully to its Fourier coefficients 
through the so-called discrete Fourier 
transform (DFT).

Again we needn't go into the maths,

Fig.3: Comparing 
a signal with a 
sinusoidal 
‘template’, to 
measure its 
frequency 
content. When 
the template 
signal is at nearly 
the same 
frequency, the 
polarity of the 
product is 
continuously 
positive.
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DSP Primer
but what is most interesting from the 
standpoint of DSP is that the DFT tech­
nique provides us with a means to esti­
mate spectral content by digitising an 
incoming signal and simply performing a 
series of multiply/accumulate opera­
tions. And this gives us an accurate pic­
ture provided that the signal is sampled 
frequently enough (at a rate greater 
than its highest frequency component), 
and assuming that the signal is periodic.

To see qualitatively why the DFT 
technique yields spectral information, 
consider Fig.3. A time signal is superim­
posed on a spectral ‘template’ at various 
frequencies.

In the first case, for frequency wi, the 
input signal and the spectral template 
have little relationship; as a result, the 
positive products are more or less can­
celled out by negative products. The net 
effect is that the summation of the 
product between the two in the DFT 
process indicates little spectral energy of 
frequency wi in the input signal.

In the second case, however, a rein­
forcing pattern emerges; the signal and 
the template tend to be positive or 
negative concurrently - producing a 
positive product nearly everywhere. 
Thus, the sum of the products will be a 
large positive number, indicating that 
the incoming signal has significant 
energy of frequency, «2.

Unfortunately, the large number of 
multiplications required by the DFT 
process limits its use in real-time signal 
processing. The computational complex­
ity of the DFT grows with the square of 
the number of input points; to resolve a 
signal of length N into N spectral com­
ponents N2 complex multiplications or 
4N2 real multiplications. Given the large 
number of input points needed to pro­
vide acceptable spectral resolution, the 
computational requirements of the DFT 
are prohibitive for most applications.

The fast Fourier-transform (FFT) al­
gorithm produces results identical to 
those of the DFT, but reduces computa­
tion requirements by several orders of 
magnitude. The FFT achieves its econo­
mies by exploiting computational 
symmetries and redundancies that exist 
in computing the DFT. The availability 
of the FFT makes spectral analysis fea­
sible, at virtually real-time rates.

Fig.4 illustrates how an FFT resolves 
a signal into its spectral components - 
and the effect of FFT length on spectral 
resolution. In all three cases, the same 
input signal is examined. In the first 
case, we perform a 64-point FFT on the 
first 64 sample points; the second and

Fig.4: Fourier transform — the effect of the number of sampling points on the 
computed spectrum.

third cases perform 256 and 1024-poi- 
ntFFTs on the first 256 (1024) data 
points. The differences observed in 
spectral resolution underscore a key 
principle - the longer the time period in 
which a signal is observed, the sharper 
the spectral resolution that can be at­
tained.

Bringing digital hardware to bear on a 
spectral-analysis task has numerous ad­
vantages. With a long-enough window 
of data, it can provide very precise 
spectral resolution. Moreover, the sys­
tem can be flexibly programmed to vary 
the FFT size dynamically, according to 
the spectral resolution needed. Finally, 
once data is digitised, it is possible to 
perform additional DSP tasks, such as 
spectrum averaging, to further improve 
FFT performance.

Fig.5: A finite impulse-response (FIR) filter visualised as a tapped delay Une.

Digital filtering
Digital filters have performance attri­

butes similar to those of analog filters - 
ripple in the passband and attenuation 
in the stopband. What distinguishes 
digital filters is their ability to provide 
arbitrarily high performance. For exam­
ple, the rolloff slope (i.e., the rate at 
which the filter makes a transition from 
the passband to the stopband) can be 
made virtually as steep as is desired. In 
general, it is straightforward to design a 
digital filter that easily out-performs the 
most complicated analog designs.

Without going into the maths in­
volved, digital filtering essentially in­
volves convolving, or adding together 
on a continuous basis, the products of 
various signal samples (representing the 
signal at different points in time), and
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Fig.6: The impulse response h(i) of an FIR filter as in Fig.5.

suitably selected weighting factors.
In the case of a Finite Impulse Re­

sponse or ‘FIR’ filter, these signal sam­
ples are all taken from before the filter 
itself. In contrast, for an Infinite Im­
pulse Response or ‘IIR’ filter, addi­
tional samples are taken from the out­
put of the filter - so-called ‘feedback’ 
terms.

FOURIER TRANSFORM

xlt) = cos (2-f,t) + cos (2-f2t)

a. Input signal, sum of two sine 
waves at different frequencies.

c. Impulse response of desired fil­
ter, (sin t)/t function—transform of 

(d).

y(n) = Xh(i)x(n-i)
y(t) = cos(2irf,t)

e. Time response of filtered sig­
nal, convolution of (a) and (c).

Fig.7: The basics of low-pass filter design using the Discrete Fourier 
Transform (DFT). The time domain is at left, frequency at right.

FIR filters
An FIR filter can be viewed as a 

tapped delay line (see Fig.5); the pa­
rameter, N, corresponds to the number 
of taps of the FIR filter. The number of 
taps tells us the number of multiply/ac- 
cumulate operations required to com­
pute this convolution.

FREQUENCY

TWO FREQUENCY
|X(f>l COMPONENTS

fi f2

b. Spectrum of signal in (a).

|H(f)|

d. Desired low-pass filter transfer 
function.

Y(f) = H(f) X(f)

f. Frequency response of filtered 
signal, product of (b) and (d).

The coefficients, h(i), represent the 
impulse response of the FIR filter. As 
Fig.6 demonstrates, an input of 1 at 
time 0 (x(0) = 1), and zero at all other 
times, results in output values equal to 
h(i) for the periods i = 0,...,#N - 1. 
Note that the h(i) can be non-zero for 
only a finite number of time periods, 
hence the term ‘finite’ impulse re­
sponse.

Since they use no feedback, FIR fil­
ters are unconditionally stable.

FIR filters can best be understood in 
the context of two fundamental relation­
ships. First, a filter’s time-domain im­
pulse response, h(i), and its frequency 
response, H(f), are related via the 
Fourier transform. Second (a key princi­
ple of DSP), multiplication in one do­
main is equivalent to convolution in the 
conjugate domain.

With respect to FIR filters, this tells 
us that multiplying the input spectrum 
by the desired filter transfer function is 
equivalent to convolving the input time­
function with the filter’s impulse re­
sponse in the time domain.

To further amplify the above point, 
consider Fig.7, where (a) illustrates an 
incoming signal that we wish to low-pass 
filter. It consists of the sum of two sig­
nals at frequencies, fi and fz. Since 
there are just two frequencies present, 
its spectrum looks like (b). We’d like to 
design an FIR filter to filter out fz, leav­
ing just fi, as shown vs. time in (e) and 
frequency in (f).

An ideal low-pass filter is suggested in 
(d); note that multiplying it by the input 
spectrum in (b) will give the spectral 
domain representation of a low-pass fil­
tered output, allowing fi to pass and 
completely attenuating fz. Now, the 
Fourier transform of (d)’s ideal filter is 
the sine function (sin x/x) in (c). Conse­
quently, if the input (a) is convolved 
with a discretised sine function, (c), we 
can directly compute the filtered ouput 
signal, as a function of time (e).

More generally, an FIR filter boils 
down to simply convolving the digitised 
input signal with the filter’s time-do­
main coefficients, h (i) - an action 
equivalent to multiplying the frequency 
representation of the input signal by the 
filter’s transfer function.

Unfortunately, from the perspective 
of practical implementation. Fig.7(c)’s 
sine function is infinite in duration. To 
obtain a filter that can be implemented, 
we must somehow truncate the number 
of coefficients used to represent (c); this 
can be carried out by discarding the 
tails - or, more effectively - by multi­
plying the function by some window. 
This truncation/windowing, however,
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DSP Primer
makes it impossible to realize (d)’s ideal 
low-pass filter transfer function, and rip­
ple and rolloff are necessarily intro­
duced (see Fig.9).

By taking an adequate number of taps 
and properly choosing the coefficients, 
an FIR filter can provide excellent dis­
crimination, as the response spectra 
shown in Fig.8 illustrate, for various 
numbers of taps. In general, the greater 
the number of taps used in an FIR fil­
ter, the better the filter’s performance, 
at the expense of reduced throughput.

In designing FIR filters, tradeoffs 
must be made among several attributes 
(i.e., ripple in the passband, ripple in 
the stopband, width of the transition 
band, phase distortion, and through­
put). These tradeoffs are reflected in 
the number of coefficients used - and 
their particular values. This selection 
can be made directly in the time domain 
(for example, to implement a pure time 
delay or an N-point running average), 
but more commonly is made employing 
powerful and easy-to-use computer- 
aided-design (CAD) techniques to 
determine optimal parameter values for 
the desired filter performance.

The highest-performance filters of 
Fig.8 could not be matched by an ana­
log-based implementation. Moreover, 
these digital filters are straightforward 
to design and implement in hardware.

There are other advantages of digital 
FIR filters that further increase their 
desirability. Once designed, they are 
stable; performance is insensitive to the 
effects of temperature or aging. In addi­
tion, a key consideration is that the fil­
ter's performance can be changed sim­
ply, just by modifying the number of 
coefficients used and their values. For 
instance, a simple software modification 
would shift a filter’s performance from 
(a) s to (d) s - with no change in hard­
ware, except that slightly more memory 
is used.

HR filters
Infinite Impulse-Response filters are 

the other commonly used digital filter, 
differing from FIR filters in one funda­
mental respect: feedback. Because of 
feedback, the filter’s impulse response 
can continue long after the initial im­
pulse - indeed, for an infinite duration.

The use of feedback allows an HR fil­
ter to economize in the number of mul­
tiplications required to provide a given 
filter performance. But this efficiency is 
not without its costs. As in other recur­
sive systems, input perturbations can 
ring indefinitely - in some cases caus­

Fig.8: Comparison of FIR low-pass filters with 16, 32, 64 and 128 taps. The 
frequency is normalised to the sampling frequency.

ing the filter to be unstable. Also, the 
accumulated effects of fed-back round­
off noise can noticeably degrade the fil­
ter’s performance. Fig.9 plots an im­
pulse response function for an HR filter 
with a typical set of coefficients. In this 
case, and in general, the presence of 
feedback means that the impulse re­
sponse of an HR filter never converges 
to zero - may even diverge - hence infi­
nite impulse-response. However, as a 
practical matter, noise, round-off error, 
and limited resolution do result in effec­
tive convergence when simulating ana­
log filters that settle physically.

Even a simple single-time-constant 
KC analog filter will theoretically take 
an infinite time to reach its asymptotic 

steady-state condition, but in practice it 
settles, for example, to 1 LSB of 32 bits 
within 23 time constants - and so does 
its HR-filter equivalent.

Two principal HR design techniques 
exist. The first considers the transfer 
functions of conventional analog filters, 
such as the Butterworth, Chebyshev, or 
Elliptic; a digital filter is then con- 
tructed that provides the same impulse 
response as its analog counterpart. The 
second relies on computer-aided-design 
techniques to arrive at an optimal HR 
implementation. In this context, ‘opti­
mal means that the number of terms 
needed to meet a specified performance 
specification is minimised.

An example that demonstrates the ef-
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ficiency of an HR implementation is a 
comparison of an FIR and HR imple­
mentation of a 70dB stopband attenua­
tion filter. To achieve this performance, 
an FIR filter would require nearly three 
times as many multiplications-per-sec- 
ond as an HR implementation. These 
performance advantages, however, re­
quire tradeoffs to be made in other key 
respects, as summarised in Table 1.

Other algorithms
DSP is not limited to FFTs and digital 

filters. In fact, one of the prime advan­
tages of DSP is that, once the data is 
digitised, fast digital hardware can per­
form a broad range of tasks.

Commonly used DSP routines include 
modulation/demodulation (heterodyn­
ing), waveform generation, correlation, 
estimation, control, power spectrum cal­
culations, and multi-dimensional trans­
forms.

While a discussion of these areas 
would take us far afield of this article’s 
focus, their breadth points to an impor­
tant advantage of DSP - system flexibil­
ity. By converting signals early and in­
corporating fast multiply/accumulate 
hardware to perform digital filtering 
and/or spectral analysis, a system can 
readily offer numerous enhancements.

DSP applications
DSP began as a specialised tech­

nology used in military applications. 
With US government funding, a high­
speed integrated-circuit array multiplier 
was developed and first offered com­
mercially in 1976. This multiplier 
formed the heart of high-performance 
radar, sonar, and missile-control sys­
tems.

Over time, however, the use of DSP 
has spread from specialised military 
niches into a broader set of industrial 
and commercial markets, as Table 2 
confirms. Two important uses - 
modems and studio recording - are dis­
cussed below, primarily to illustrate how 
DSP’s advantages benefit the applica­
tion.

A tremendous amount of information 
is transmitted today over analog com­
munication links, such as telephone 
lines. With the growing role of comput­
er-based systems, this information is in­
creasingly digital in nature (for exam­
ple, digital data and digitised voice 
transmission). The challenge of trans­
mitting digital data over analog links at 
high speeds, and reconstructing the re­
ceived data with high noise immunity, 
thereby reducing communication costs, 
is met by a modulator-demodulator 
(modem).

(QPSK).

In transmitting digital data over ana­
log communication lines, a digital bit 
pattern is represented by modulating 
the phase, frequency, and/or amplitude 
of an analog signal. Fig. 10 shows a sim­
ple scheme, which involves changing the 
frequency of the signal to denote a ‘0’ 
or ‘1’; this frequency-shift keying (FSK) 
method can send 2000 bits/second over 
a telephone line.

A more sophisticated encoding meth­
od, quadrature phase-shift keying 
(QPSK), modifies the phase of the sig­
nal and is capable of transmitting data 

TABLE 1: Comparing FIR and HR filter characteristics.

HR FIR
Perfonnance/Throughput
Ease of Design 
Filter Stability 
Round-off Noise

Higher

Sensitive 
Sensitive

Easier 
Unconditional 
Insensitive

TABLE 2: Applications developed to date for DSP.

PRINCIPAL DSP MARKETS

Instrumentation: Spectrum analyzers, vibration analyzers, mass 
spectroscopy, chromatography

Audio: Studio recording, music synthesis, speech 
recognition

Communications : Modems, transmultiplexers, vocoders, satellite 
transmission, repeaters, voice storage and 
forwarding systems

Computers & Arithmetic acceleration, servo controls for disk
Computer Peripherals: head positioning, array processors, engineering 

workstations
Imaging: Medical, satellite, seismic, bandwidth 

compression, digital television, machine vision
Graphics: CAD/CAM, computer animation and special 

effects, solids modelling, video games, flight 
simulators

Defense Electronics: Radar, sonar, missile/torpedo control, secure 
communications

Control: Robotics, servo links, skid-eliminator adaptive 
control, engine control.

at four times the rate of simpler meth­
ods.

When a modem is sending informa­
tion, it encodes the digital data into the 
corresponding analog waveform; in re­
ceiving mode, it decodes the waveform 
and determines the bit pattern that was 
transmitted. This latter mode is the 
more difficult to implement.

If the transmission medium were 
noiseless, a modem’s tasks would be 
limited to simple encoding and decoding 
- a relatively straightforward exercise. 
However, a phone line is a noisy trans-
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DSP Primer
mission medium, corrupting the analog 
waveform. The more sophisticated the 
encoding scheme, the more disastrous 
the effects of noise and channel distor­
tion. Therefore, a modem must effec­
tively compensate for, or equalise, this 
channel distortion. To this end, high­
speed modems (4800 bits/second and 
above) turn to DSP for high-perform­
ance data recovery, using digital FIR fil­
ters.

An additional complexity of tele- 
phone-line transmission is that its distor­
tion properties change over time. 
Therefore, a modem’s digital filter must 
be able to adapt to changes in the envi­
ronment. This need to respond to a 
changing environment underscores an­
other advantage of DSP - a digital fil­
ter’s characteristics can be modified sim­
ply by changing its coefficients. Coeffi­
cient updating in a modem is deter­
mined by the observed drift of a prop­
erty of the distortion in the system.

Aided by DSP. then, a modem can 
make it possible for high-speed data 
transmission to be implemented effec­
tively. As Fig. 11 illustrates, the DSP is 
the heart of a high-speed modem. The 
processing required generally can be 
handled by one digital multiplier, sur­
rounded by the appropriate support de­
vices (a program sequencer, an address 
generator). Alternatively, depending on 
the requirements of the modem, a sin­
gle-chip processor may adequately han­
dle all DSP requirements.

Studio recording
One of the most interesting applica­

tions of DSP is emerging in the audio 
processing performed in recording stu­
dios. This processing starts after the ini­
tial recording of voices and instruments 
in the studio; after a large number of 
steps, it ends with the recorded version 
that reaches the home stereo. Increas­
ingly, DSP is being used to handle all 
intermediate steps.

The flow of activities in studio record­
ing is complex and varied. Generally, 
multiple channels are used, with each 
track dedicated to one or more sources 
(instruments/voices). All channels need 
not be recorded at the same time. Each 
channel is subjected to extensive pro­
cessing, including gain control, filtering, 
non-linear compression or expansion, 
reverberation adjustments, spectral 
equalisation, and special-effects en­
hancements. The contributing channels 
are then mixed together to obtain a 
final arrangement with the desired over­

Fig. 11: Least-mean-squares modem processing architecture.

all effect.
Traditionally, channel processing and 

mixing were implemented entirely in the 
analog realm - with numerous disadvan­
tages. Each channel’s information - 
stored as an analog signal on magnetic 
tape - degrades as the cutting, splicing, 
and re-recording process progresses, un­
dermining the benefits of the process­
ing. The limited performance range 
available with analog processing sets a 
ceiling on the signal enhancement that 
can be attained. Also, analog circuitry 
can only handle one channel at a time; 
multi-channel mixers are expensive and 
difficult to control. Finally, if analog 
processing hardware is used, overall 
mixing flexibility can be achieved only 
through hardware modifications. In 
practice, this means that the mixing pro­
cess loses its ability to creatively explore 
special effects.

Increasingly, audio processing is rely­
ing on digital techniques to improve 
audio quality. The first step in this 
transition was digital recording, which 
became prevalent about seven years 
ago. Audio signals are first converted to 
digital form before being stored on 
magnetic tape. Digital recording elimi­
nates several sources of degradation 
that hamper analog recordings, includ­
ing the effects of non-linearities and 
additive noise in the magnetic materials 
used for recording, and wow and flutter 
in the tape playback mechanism.

In studio mixing applications, how­
ever, digital recording does not elimi­
nate all complications. In the mixing 
and enhancement process, information 
is passed from one tape to another - re­
quiring D/A and A/D conversion pro­
cesses, a source of noise. These conver­
sions are no longer necessary if all pro­
cessing and mixing are handled with 
DSP techniques.

In DSP-based studio recording sys­
tems (see Fig. 12), signals are converted 
to digital as early as possible. In fact, 
some implementations place a remotely 
controlled amplifier/converter at the 
recording microphone. After conver­
sion, the audio processing is handled 
digitally, with high performance and 
flexibility. Gain factors are handled with 
digital multiplication. Filtering and 
equalisation can be handled with an HR 
filter that replicates the performance of 
standard analog filters. Alternatively, 
digital FIR filters can provide high-per­
formance linear-phase filters or complex 
comb filters. Dynamic-range control is 
easily included in the system by using a 
multiplier for non-linear compression- 
/expansion computations.

The traditional mixing process is also 
easily implemented in a DSP-based sys­
tem. Digital channels to be mixed are 
simply added together. Relative time 
delay lags can be easily introduced into 
the channel flows, allowing phase coher­
ence to be explored without adding ex-
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pensive delay lines to the system. An 
additional advantage is that the channel 
interconnections - which have to be 
hardwired in an analog processor - can 
be easily reconfigured in a DSP system.

In addition to improving on tradi­
tional operations, a DSP studio record­
ing system opens up numerous new op­
tions. Unusual special effects are readily 
included in the system. Reverberation 
effects can be modelled, simulated, and 
integrated into the final recording. An 
FFT routine’s spectral analysis of the 

signal forms the basis for frequency 
-domain filters that provide optimal 
equalisation. Overall system flexibility 
allows the entire mixing system to be 
dynamically configured - processing 
steps can be re-ordered, mix groups and 
subgroups re-specified, and effects such 
as fading, equalisation, and compres- 
sion/expansion included at any juncture.

Studio recording, then, follows the 
pattern of other applications using DSP. 
DSP techniques offer increased preci­
sion for processing steps traditionally 

performed with analog circuits. Of 
equal importance, DSP’s flexibility 
paves the way for many new and crea­
tive processing steps. As in other areas, 
the DSP is shifting the role of convert­
ers; accurate ADCs and DACs are used 
in the system, but as close to the real- 
world interface as possible. The signal 
processing is conducted in the digital 
realm.

(Adapted from ‘Analog-Digital Con­
version Handbook’, by permission of 
Analog Devices, Inc.). ®

Glossary of DSP terms
Accumulator An arithmetic element that adds together, 
or accumulates, a sequence of inputs. A DSP multiplier 
with an accumulator on-ship is called a 
multiplier/accumulator (MAC).
Algorithm A DSP algorithm, such as the fast Fourier 
transform, or a finite impulse-response filter, is a structured 
set of instructions, and/or operations, tailored to 
accomplish a signal-processing task. Each algorithm has a 
well-defined structure; however, variations in algorithm 
parameters, such as the number of input points or taps, 
allow the same basic algorithm to perform different 
functions.
ALU An arithmetic and logic unit, which performs 
additions, subtractions, or logical operations (e.g., AND, 
OR, XOR) on operand pairs.
Attenuation The damping-out, or suppression, of signal 
content. Filters will attenuate the frequency content of a 
signal that lies in the filter’s stopband.
Barrel Shifter A device that accepts a digital number as 
its input and - as a function of the controls — shifts the 
number up or down, or rotates the word as though it were 
placed on a barrel. A barrel shifter is used in a system for 
many tasks, including scaling and normalisation.
Biquad A particularly simple recursive, or infinite 
impulse-response (HR), digital filter form, often used as a 
building block for constructing more complicated recursive 
filters. A biquadratic, or biquad, section uses the three 
most recent input points and the two most recent output, or 
feedback, values to compute each output point.
Block Floating Point A compromise between fixed-point 
and floating-point arithmetic. Data grouped in “blocks” is 
assumed to be normalised with a common exponent (but, 
not being attached to the data words, the exponent need 
not be explicitly processed with the data). In essence, the 
process is carried out in fixed point, with its inherent speed 
advantage.
Convolution In discrete computations, a mathematical 
operation, defined as the summation, or integral, of a 
product of two functions over a range of differences in the 
independent variable. In the time domain, one function is 
the impulse response, as a set of coefficients, h(i), over N 
time intervals; the other is the input, f(n — i), as a function 
of the differences between the time at the instant at which 
the function is being evaluated, n, and the input at earlier 
instants, determined by the variable delay, i, from 0 to N. 
In DSP, the convolution of an input signal, x, with the 
coefficients, h, results in the filtering of the input signal.
Correlation A mathematical operation that indicates the 
degree to which two signals overlap. A high positive 

correlation reflects two signals that closely track each 
other. A negative correlation indicates that the two signals 
are closely related, but out of phase by roughly 180°. If the 
correlation is close to zero, the two signals are unrelated.
Digital Signal Processing DSP is a technology for 
high-performance signal processing that combines 
algorithms and fast number-crunching digital hardware.
Discrete Fourier Transform The discrete Fourier 
transform (DFT) is a DSP algorithm used to determine the 
Fourier coefficient corresponding to a particular frequency. 
FFT An n-point fast Fourier transform (FFT) is 
computationally equivalent to performing n DFT's but, by 
taking advantage of computational symmetries and 
redundancies, can reduce the computational burden by 
several orders of magnitude.
FIR Filter A finite impulse-response (FIR) filter is a 
commonly used type of digital filter. Digitised samples of 
the signal serve as inputs; each filtered output is computed 
from a weighted average of a finite number of previous 
inputs.
Fixed-Point Arithmetic Each number is represented in a 
fixed arithmetic field of n bits, allowing integers in the 
range 0 to 2n - 1, to be represented.
Floating-Point Arithmetic Each number consists of a 
mantissa and an exponent, allowing wide dynamic range to 
be accommodated in the numbering system.
HR Filter An infinite impulse-response (HR) filter is a 
commonly used type of digital filter. This recursive 
structure accepts as inputs digitised samples of the signal; 
each output point is computed on the basis of a weighted 
average of past output — or feedback — terms as well as 
past input values. An HR filter is more efficient than its FIR 
counterpart, but poses more challenging design issues.
MAC Multiplier/accumulator; see Accumulator.
Microcode A set of instruction control signals in a 
program memory that govern the cycle-by-cycle operation 
of the various devices in a building-block architecture.
Passband The frequency range over which a filter 
passes, to within some tolerance, the incoming signal 
content.
Pipeline An architectural structure that allows two or 
more operations to be carried out simultaneously, like the 
stages of an assembly line. While each basic operation 
requires several cycles to complete, a later stage of one 
operation is simultaneous with an earlier stage of another 
operation. This structure allows the effective throughput 
rate for each operation to be substantially increased.
Rolloff A measure of filter performance defined as the 
rate-of-change of the filter’s amplitude response with 
respect to frequency over a transition band.
Stopband The frequency range over which a filter 
attenuates, to within some tolerance, the incoming signal 
content.
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for your existing TV set!
• Not a kit — it's ready built 

and tested. Just plug it in!
• Uses your VCR tuner to save 

you $$$.
• Hundreds of pages of the 

latest news, sport, finance, 
weather, information ... all 
free!

• Also receives "subtitles" or 
closed captions for hearing 
impaired.

• Easy to use!
• Designed and manufactured 

in Australia, with full service 
back-up through Dick Smith 
Electronics.

• Infra-red remote control 
INCLUDED at no extra 
charge!

WHY BUY A 
NEW$1100 

TELETEXT TV? 
ONLY$579

At last! Now you can receive Teletext — without going to the 
huge expense of buying a new Teletext TV!
Haven't seen Teletext yet? You're missing out on the latest 
news, stock exchange and financial information, sport results and 
TAB information, weather reports and forecasts, even 
recipes, jokes and much, much more. It comes to you 
absolutely FREE — courtesy of the Australian Television 
Network.
On a normal TV, it's the little colour flashes you see in the 
black bars between picture frames when your TV "rolls". Unless 
you have a Teletext TV or decoder, you don't even know 
they're there!
And don t forget, most stations transmit popular programmes 
with subtitles for the hearing impaired. This Teletext decoder will 
let you see subtitles too!
Until now, you've had to buy a specially equipped TV to 
receive Teletext.
Now you can buy just the Teletext decoder — and keep your TV

It s not a kit — it's ready to go. And because it plugs into your 
video cassette recorder, costly duplication of the tuner section is 
eliminated. So you save!
Isn't it time you had the benefit of Teletext in your home?

Cat L-4468

ONLY AVAILABLE DIC 
FROM MITH

ELECTRONICS



XMAS 
BONUS!
Build yourself a door­
bell and we’ll throw in 
an extra 8 Xmas 
tunes: FREE!

jnelody door bell

J9-J3

»di Maith pM fid X 1716

What a great bargain: just in time 
for the festive season! You can 
build this superb new musical 
doorbell, with 16 popular 
evergreen tunes, and we’ll also 
include FREE a second tune chip 
with 8 extra Christmas tunes and 
Carols! What a fantastic project to 
build -and now you'll really 
impress the friends and rels this 
Christmas!

16 Tune 
“Standard” 
Repertoire
• Twinkle Twinkle • Eency Weency 
Spider • Santa Lucia • Are You 
Sleeping • London Bridge
• Butterfly • Coo Coo Waltz (2)
• The train is running • Coo Coo 
Waltz (1) • Lullaby • Clementine • 
Rocka-a-bye-baby • Little brown 
jug • Long Long Ago • Mary had a 
little Lamb • Dream of Home and 
Mother catK-2726

Bonus Xmas 
Tunes!
• Jingle Bells* Santa Claus is 
Coming to Town • Silent Night 
• Rudolph the Red Nose Reinder 
• Joy to the World • We wish you 
a Merry Christmas • O Come all 
ye Faithful • Hark the Herald 
Angels Sing

This chip normally $10 
extra: This month FREE!

NORMALLY $49.95
THIS $OO95 
MONTH

DIC MITH

Something to build over the 
break..
What break, you say! OK - why not take advantage of the 
couple of days off to build yourself a great kit. Likethese 
superb hi fi speakers, for instance:
Compact Book 
shelf System
Put them together in a 
night or so - and you’ll 
have a great pair of 
speakers rated at approx. 
40 watts cont (100W 
max). All you need is 
some glue, a screwdriver 
and a bit of time.
Attractive woodgrain type 
finish.

You’ll need: 
An enclosure pack 

(K-4000) *212“ 
Two Woofers (K-3998) ,59S0 
Two Tweeters (K-3999) »1350

Normally great 
value at *249
THIS MONTH ONLY s229

More great kit savings
Home Alarm Optic
Build your own alarm controller Detel 
and really save - AND »----------- tl^ Nifty |itt 
only you will know i----------------------- security
the particular system gggg F Photose 
you ve built. Its easily! Ill I senses ( 
good as most I I |ight|ev
commercial I j J someom

Cat K-3424 *----------IlW offectivi

Normally $149.00 
THIS MONTH:*99
Walkabout Wadio

Normally $27.95

THIS MONTH: $1995
Why build yourself an AM radio when you can 
buy one - possibly even cheaper. Just for the fun 
of it! PS - Betcha this „ „
beats the pants off one Normally SIH.Ho 

Cat K-2720 THIS MONTH: *995
NEWKITSNEWKITS

$4995
Masthead Amplifier
Crook TV signal? Build your own masthead 
amplifier and fix it! Very simple to build, 
comes complete with all hardware, power 
supply, etc. Easy one night project. Cat K-5800

Multi-Purpose Pre-Amp
Here’s versatility! EA’s ingenious new pcb is adaptable to just about any 
preamp - or the power supply for same. Whatever you want in audio 
preamps - you’ve got! Short form kit - includes pcb, op-amp etc, you supply 
passive components depending on type of preamp you want. Cat K-5010

$g95

Proximity/Motion Detector
Another new one from AEM. It's an oscillator which reacts to bodies (yours, 
anyones!) -up to 20 metres away. Adjustable sensitivity down to soc95 
centimetres. Think of the applications! Cat K-8100 OO

Remote Switch Transmitter
A really worthwhile add-on to for car alarms, etc etc. 
Suits the devices recently described in Silicon Chip - 
this kit is for the transmitter only. (EG a spare, one 
for your partner, etc etc). Cat K-8150 g
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Digital Signal Processing:

New single-chip DSP micro 
eases system design
A new pair of lower-cost single-chip DSP microcomputer chips 
from Analog Devices combine Harvard architecture with 
on-chip memory and dual serial interfaces, to provide cost 
effective solutions for signal processing.

by GREG KOKER
Analog Devices DSP Division

The ADSP-2101 and ADSP-2102 are 
two new high performance microcom­
puters designed for digital signal pro­
cessing applications. Based on Analog 
Devices’ ADSP-2100 architecture, they 
provide a more cost effective solution 
for applications where the ADSP-2100 
is too expensive.

The ADSP-2101/02 contain many new 
features, including on-chip memory, 
serial ports with autobuffering capability 
and programmable wait-state genera­
tion.

Present users of ADSP-2100’s don’t 
even have to change their software; the 
ADSP-2101/2 are object code compat­
ible. On-chip “boot” loading hardware 
allows the internal memory to be simply 
loaded from a single 27xxx series 
EPROM.

The ADSP-2101 contains 64K bits of 
static RAM, configured as IK x 16 data 
RAM and 2K x 24 program RAM. The 
program RAM can be used for both in­
structions and data. The ADSP-2102 is 
a mask ROM version of the ADSP- 
2101, with the 2K x 24 program RAM 
partially replaced by ROM.

Since the ADSP-2101/02 has the same 
architecture as the ADSP-2100, they 
make up a family of object code com­
patible processors. The devices all share 
the same computation units and assem­
bly code syntax. Programs designed to 
run on the ADSP-2100 will also run on 
the new processors.

Fig 1 shows the internal architecture 
126 ELECTRONICS

of the ADSP-2101/02, with the new fea­
tures added to the ADSP-2100 block 
diagram. The control registers for the 
new portions exist as previously unused 
register codes and memory mapped 
registers. The microcomputer executes 
most instructions in one processor cycle.

All three Analog Devices DSP com­
ponents have separate memory spaces 
for the program and data. This allows 
for simultaneous access of instructions 
and data. This is usually refered to as a 
Harvard Architecture. The ADSP-2100 
has separate address and data busses for 
each of these spaces. Instructions can 
also be fetched from the on-chip 16 
word instruction from the cache, it can 
also read data from the program memo­
ry. This permits two operands and one 
instruction fetches per processor cycle.

The ADSP-2101/02 has separate inter­
nal address and data buses for each of 
the two memory spaces. The internal 
data and program RAM are sufficiently 
fast to allow both an instruction and a 
data fetch to occur each cycle. The 
ADSP-2101/02 can also do one external 
fetch (from either data or program 
memory spaces) per cycle as well. The 
processor will execute all instructions in 
one cycle, provided that no more than 
one external fetch is necessary.

The on-chip memory on the ADSP- 
2101 is organized as IK x 16 data RAM 
and 2K x 24 dual purpose program 
RAM. The data RAM is located in the 
first IK locations of the 16K word data 
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RAM space. It is used whenever the 
program references an address between 
0 and 1023. Any other data memory ad­
dress causes an external memory cycle 
to occur. There is no penalty associated 
with accessing external memory if ap­
propriately fast memory is used, and if 
only one external access is necessary to 
execute the current instruction. This al­
lows the user to have large amounts of 
data memory and still achieve full pro­
cessor performance.

The on-chip 2K x 24 program RAM 
can be used both for instruction and 
data storage. This RAM can be located 
in one of two address ranges, either the 
first or last 2K locations in the 16K pro­
gram RAM space. The MMAP control 
pin determines which of the two config­
urations is used. The first configuration 
is useful when the internal program 
RAM is being used to store instruc­
tions. This allows the interrupt and re­
start vectors to be stored internally and 
removes the need for external memory.

Having the internal RAM mapped to 
the last locations of memory permits in­
terrupt vectors in the external memory 
space. Like the data RAM, external 
memory cycles are generated when the 
referenced address is outside of the in­
ternal memory space. There is no pen­
alty for accessing external program 
memory as long as only one external ac­
cess is required by the current instruc­
tion and sufficiently fast memory is 
used.

The program space can also be used 
for data storage. The internal program 
RAM is fast enough to be accessed 
twice during each instruction cycle. This 
allows both an operand and the next in­
struction to be fetched during the same 
cycle.

The ADSP-2KX) has an instruction
cache to allow instructions to be read
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from cache while the program space is 
being used to supply a data word. This 
feature allows looped code to have free 
access to the program memory space for 
data fetches, and provides what is effec­
tively a three bus architecture. Since the 
internal memory can be accessed twice 
per cycle on the ADSP-2101/02, the in­
struction cache is not necessary to ob-
tain this ‘three bus' performance. 

The external program and data
memory spaces feature on-chip 
grammable wait state generation. This 
feature is useful for interfacing to slcv;

pro-

slow
memory without any external hardware. 
From zero to seven wait states can be 
added, to accesses to either external 
memory space. The number of wait 
states added are independently pro­
grammable for each external memory 
space.

Boot memory
DSP microcomputers often have on- 

chip ROM which can be used for stor­
ing programs. This provides a single 
chip production solution, but makes 
development costly and time-consum­
ing. Often these processors require the 
use of external memory during develop­
ment and then switching to ROM for 
the production design.

Some manufacturers provide a partial 
solution to this problem by replacing 
the typical ROM with cither EPROM
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DSP microcomputer
or EEPROM. Unfortunately these al­
ternatives are available on only the low­
est performance parts. The ADSP- 
2101/02 provides a new solution to this 
problem by providing on-chip RAM and 
a convenient method for loading this 
RAM from an external memory space.

The boot memory circuitry of the 
ADSP-2101 is a unique feature which 
allows use of an single inexpensive byte­
wide EPROM to load the internal pro­
gram memory. A single 2764 EPROM 
can fill the internal 2K x 24 memory 
space of the ADSP-2101. No additional 
hardware is necessary to connect a 
2764, 250ns EPROM to the ADSP- 
2101.

Fig.2 shows an example system. When 
the system reset is released, the boot 
memory circuitry loads the internal pro­
gram memory from the external 
EPROM. The ADSP-2101 then starts 
operating from the internal program 
memory at address 0. This feature is 
disabled when the internal program 
memory is configured as the last 2K 
program memory addresses.

The boot memory space consists of an 
external 64K x 8 space, divided into 8 
separate 8K x 8 ‘pages’. Up to 6K bytes 
are used to store the data for the inter­
nal program memory. A length code in 
the external memory provides the abil­
ity to load only a portion of the internal 
program memory. This feature is useful 
to limit the time necessary to load the 
memory, as well as the ability to leave 
some of the internal memory available 
for passing data between different pro­
grams. Up to 8 separate programs can 
be provided if a 27512 EPROM is used 
for the boot memory. No additional 
components are necessary to take ad­
vantage of this multiple program fea­
ture.

Page 0 of the external boot memory 
space is used to store the progam 
loaded initially after reset. The remain­
ing pages can be loaded by setting a 
control register to the page desired. An­
other control bit is used to force the 
loading of the desired page. The num­
ber of wait states used while reading the 
boot memory is programmable from 0 
to 7 instruction cycles. The boot 
memory interface is set during reset to 
allow the use of inexpensive 250ns 
EPROM.

The multiple page feature allows the 
ability to switch between different pro­
grams without having the need for ex­
panding the program memory external­
ly. The switching between these ‘boot 
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programs’ can be a time consuming 
task, especially if slow EPROMs are 
used. If higher speed EPROMs are 
used, the number of wait states used in 
the loading process can be adjusted ac­
cordingly (after the first program has 
been loaded). By storing the actual 
length of the program as data in the 
boot EPROM, there is no time spent 
loading meaningless data.

The ADSP-2102 provides an addi­
tional cost reduction by eliminating the 
external boot EPROM. The only hard­
ware change necessary to implement 
this is the removal of the EPROM. The 
internal program memory on the 
ADSP-2102 can be configured as any 
combination of RAM and ROM. This 
allows the customer to decide how 
much of the internal program RAM is 
used for instructions (ROM) and how 
much is left for data storage (RAM.)

Interval timer
The ADSP-2101/02 has a 16 bit pro­

grammable interval timer with an 8 bit 
prescaler. The timer can be used to gen­
erate periodic interrupts and to specify 
the resolution in multiples of the pro­
cessor cycle. With the prescaler, users 
can trade off total delay and resolution. 
A delay of 5.24ms can be made with an 
80ns resolution. The expiration of the 
timer causes a maskable interrupt to 
occur and the timing period starts over

[Cryslal or Clock |

CLKINO CLKIN1 CLKOUT V 
DD

V
SS

s 
p 
o 
R

ADSP-2101/02

2764

Boot 
Eprom

S 
P 
O 
R

250ns

again.
The ADSP-2101/02 have bus request 

and bus grant signals, to allow tri-stat- 
ing the external bus signals. Since the 
processor can operate completely inter­
nally, it is possible for the processor to 
continue operations while the external 
buses are granted.

There is a new mode control option 
called GOMODE. If GOMODE is ena­
bled, then the processor will continue 
instruction execution until an external 
access is necessary. If GOMODE is dis­
abled, then the processor will stop when 
the buses are granted whether an exter­
nal access is necessary or not. Stopping 
the processor from operating internally 
is useful for reducing power consump­
tion or for synchronising multiple proc­
essors.

The ADSP-2101/02 also have a new 
instruction WAIT which waits for an in­
terrupt to occur. WHen the processor is 
stopped by this instruction or because 
the buses are granted, the processor en­
ters a reduced power consumption state.

SPORTS
The ADSP-2101/02 contain powerful 

programable synchronous serial ports 
(SPORTS). The SPORTS have a pro­
grammable word length between 3 and 
16 bits. These SPORTS are useful for 
simple interface to popular data conver­
sion products such as codecs, A/D and 
D/A converters, as well as interproces­
sor communication. Each SPORT inter-
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Fig.3: An ADSP-2101/02 
system with two PCM 
codecs connected to the 
programmable 
synchronous serial ports 
(SPORTs). 



nally generates serial clock and frame 
signals. Both SPORTS contain unique 
automatic buffering circuitry which al­
lows SPORT data to be written and 
read directly from data memory.

Codecs, which are used in many tele­
communications applications, use non­
linear encoding algorithms to compress 
13 or 14 bits of dynamic range into a 
coded 8 bit balue. There are two algo­
rithms in common use, A-law and 
u-law.

Most DSP applications require con­
version of these coded values to their 
linear values. The ADSP-2101/02 pro­
vides dedicated hardware to remove the 
overhead of these conversions. When 
this hardware is enabled, the transmit­
ted and received data are converted au­
tomatically with no overhead.

Each SPORT has individual control of 
whether A-law, u-law, or no compand­
ing occurs. This allows one SPORT to 
be operating with the companding ena­
bled for a codec, while the other oper­
ates without companding.

Fig.3 and 4 show some examples of 
how the ADSP-2101/02 SPORTS can in­
terface to common codecs, serial A/D- 
D/A, and even another ADSP-2101/02. 
The SPORTS have a five pin interface 
which consists of a clock, two data pins, 
and two framing signals. The serial 
clock is configurable as either an input 
or an output. Each SPORT is capable 
of generating an independent clock be­
tween 93.75Hz and 6.144MHz (with a 
12.288MHz instruction rate). The 
SPORTS can operate with an external 
clock between 0Hz and 12.5MHz.

Frame signals
The frame signals have many pro­

grammable features which allow for 
common framing protocols, internal 
frame generation, and even programma­
ble inversion. There are separate frame 
signals for the receive and transmit sec­
tions of each SPORT.

There are two methods by which the 
internal frame signals can be generated. 
One method is based on a programma­
ble division of the serial clock. This 
method is useful with continuous clocks 
to generate periodic transfers and oper­
ates whether the serial clock is inter­
nally generated or externally provided. 
The divider circuitry provides up to 
65536 cycles between transfers. Fig.3 
shows an example system where this 
type of frame generation is useful. The 
ADSP-2101/02 can generate all the nec­
essary signals for two independent PCM 
codecs.

The other method for internal frame 
signal generation is based on data being

available for transmission. The appro­
priate frame signal is generated when­
ever there exists a valid ‘non transmit­
ted’ data word in the transmit data 
register. This method is useful for inter­
processor communication.

Fig.4 shows two ADSP-2101/02 proc­
essors connected serially, the processor 
on the left generates the serial clock. 
Each processor generates its own trans­
mit frame signal, which serves as the re­
ceive frame signal for the other pro­
cessor. When either processor writes to 
its transmit register, a receive sequence 
occurs on the other processor. The 
other SPORT on each processor is 
available for connection to a codec or 
other serial peripheral.

One problem that many processors 
have is the overhead involved with 
serial port transfers. Many DSP algo­
rithms operate on blocks of data. This 
requires the serial port interrupt han­
dlers to keep track of the number of 
transfers, and multiple instructions to be 
executed for each serial port transfer. 
The autobuffer feature of the ADSP- 
2101/02 SPORTS is provided to help re­
duce the overhead for SPORT data 
transfers. This feature allows the 
SPORTS to read and write directly to 
the data memory, interrupting the pro­
cessor only after a specified number of 
transfers occur.

DAG circuitry
The autobuffer circuitry uses the 

powerful data address generator cir­
cuitry (DAG) to generate the necessary 
addresses for the buffering of SPORT 
data. When enabled, the autobuffer cir­
cuitry uses a specified DAG register 
combination to provide an address for 
the SPORT data transfer. The auto­
buffer circuitry steals a single instruction 

cycle for its operation and does not 
otherwise interfere with normal pro­
cessor operations.

A SPORT interrupt occurs only when 
the DAG has a modulus overflow as a 
result of updating the pointer used for 
the transfer. By selecting an appropriate 
buffer length and modification value, 
the user can implement many interrupt 
schemes. Some possibilities for auto­
matic interrupt generation are when the 
buffer is full, or when the buffer is half 
full, or when the buffer is empty. The 
overhead for the SPORT transfers is 
only a single cycle for each transfer and 
then the normal interrupt overhead only 
when the buffer is ready to be operated 
upon.

Say for example that a particular ap­
plication requires 128 data words to op­
erate on. A single 256-word circular 
buffer could be used to allow 128 words 
to be read in (the next block) while the 
current block is being operated upon. 
The processor could be interrupted 
every 128 words to switch between the 
buffer halfs. Only one cycle is used per 
transfer of SPORT data. The interrupt 
routine would only be called once every 
128 words, so a large percentage of the 
normal overhead is removed. This type 
of operation works equally well for the 
transmit and receive operations.

SPORTO contains a special multi­
channel interface. This is used to pro­
vide arbitrary word selection from 24 or 
32 word multiword protocols. Enabled 
words are transmitted and received in 
the normal fashion. Disabled words are 
ignored when received, and the transmit 
data pin remains tri-stated. In this 
mode, the receive frame sync signal op­
erates as the frame information for the 
receive and transmit operations. The 
transmit frame sync signal becomes a
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DSP microcomputer 
word valid signal to indicate externally 
which words are selected.

An example of the use of this inter­
face could be in secure communication. 
Say for example that the ADSP-2101/02 
is used to encode/decode information on 
one or more channels in a multi-channel 
serial network. The channel(s) on which 
the coding operation occurs could be 
dynamically selected by the processor. 
Fig.5 shows a simple hardware interface 
to allow the uncoded words and the 
decoded words to be appropriately 
merged.

The ADSP-2101/02 have the ability to 
replace the second SPORT with two ex­
ternal interrupts, a flag input (FI), and 
a flag output (FO). In this configuration 
the flag input can be used to control 
program flow from an external source. 
Its sampled value is available as a 
condition code for a conditional branch 
instruction. The FO can be set, reset, or 
toggled by a new instruction. This al­
lows the program to simply control an 
externa] circuit. Possible uses for the 
input and output flags could be to start 
a conversion in an A/D or D/A convert­
er, or to test if a conversion has com­
pleted. The additional external inter-
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rupts can be programmed to be either 
level or edge sensitive.

Maths function
The Arithmetic Logic Unit (ALU), 

Multiply-Accumulator (MAC), Barrel 
Shifter, and Data Address Generators 
(DAG) are common to the ADSP-2100, 
ADSP-2101, and ADSP-2102. The com­
putation units all have separate input 
and output registers and provide single 
cycle operation. Multi-function instruc­
tions allow two operands to be fetched 
in parallel with an ALU or MAC opera­
tion. The sequencer provides zero over­
head nested loops, JUMP, CALL and 
nested interrupt support.

The DAGs provide indirect address­
ing for operand fetches from the data 
and program memory spaces. Each of 
the two DAGS contain four index, 
modify, and length registers. The index 
registers are used to contain the ad­
dress. The modify registers are used to 
modify the address in a post-modify 
scheme. The length registers are used as 
part of the modulus logic to provide cir­
cular buffer capabilities. One of the 
DAGs also has a bit reverse capability 
which is useful for FFT algorithms.

The ALU provides a standard set of 
arithmetic and logic functions such a 
add, subtract, negate, increment, decre­
ment, absolute value, AND, OR, Ex­
clusive OR and NOT. Two divide 
primitives are also provided, to simplify 
the division operation. Also provided is
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the ability to saturate the output if over­
flows or underflow occur.

All ALU registers have a secondary 
set of registers to allow easy context 
switching. The ALU operates on 16-bit 
or unsigned values, and provides single 
cycle operation.

The MAC provides high speed multi­
ply, multiply-accumulate, and multiply- 
subtract operations. The multiplier op­
erates on two 16-bit values and pro­
duces a 32-bit product which is added/- 
subtracted from a 40-bit accumulator. 
The 40-bit accumulator allows for a 
larger range of intermediate value. All 
MAC registers have a secondary set of 
registers to allow easy context switch­
ing. The MAC provides single? cycle ex­
ecution for all operations.

The SHIFTER allows for easy data 
scaling and data formatting operations. 
The shifter allows placement of a 16 bit 
value anywhere in a 32 bit output field. 
The SHIFTER provides the following 
operations: arithmetic shift, logical shift, 
normalization, denormalization, derive 
exponent, and derive block exponent. 
Like the ALU and MAC, there is a sec­
ondary set of registers associated with 
the SHIFTER to allow easy context 
switching.

The program sequencer provides the 
necessary program control features such 
as branching, subroutine calls, interrupt 
control, and looping operations. Four 
levels or zero-overhead looping are pro­
vided. Each level of looping can be ter­
minated by any processor condition 
code, or by the expiration of a program­
mable down counter. Up to five nested 
levels of down counter can be achieved.

Further information on the ADSP 
2100, 2101 and 2102 DSP microcomput­
ers is available from the Australia dis­
tributor for Analog Devices, Parameters 
Pty Ltd., at 25-27 Paul Street North, 
North Ryde NSW 2113, or 1064 Centre 
Road, Oakleigh South VIC 3167. Phone 
(02) 888 8777 or (03) 575 0222. ®
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Real world signal components

, with dbwn-to-earth specs.
ANALOG TO DIGITAL

mWVYV

mW!
DIGITAL SIGNAL PROCESSORS

NOTE: If your application requires faster cycle rate or higher resolution we have a complete range of word slice components.

Model Resolution No. Channels Conversion Rate Data Access T ime F.I.F.O. Size
AD1332 12 Bit 1 125 KHz max 15 nS 32 word x 12 Bit

AD 1334 12 Bit 4 64 KHz max 15 nS 32 word x 14 Bit

AD7878 12 Bit 1 100 KHz max 40 ns 8 word x 12 Bit

AD7672 12 Bit 1 330 KHz max 90 ns
applications.

Cycle Time
170 nS (6)
125 nS (8)

NIL
NOTE: We also have a complete range of A to D converters to suit all Real World conversion 
Model Cycle Rate Data Memory Program Memory
ADSP2100 6 or 8 MHz 16Kxl6Bit 32Kx24Bit

(External) (External)
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(External) (External)
lOOnS (10) 
80 nS (12.5)

ADSP2101/2 12.5 MHz IK x 16 Bit 2Kxl6Bit
(Internal) (Internal)

Expandable to 64K x 24 Bit 
(External)

80 nS (12.5)
80 nS (12.5)

SYDNEY:
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Fax: (02) 887 1283
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Spring Hill Qld 4000
Tel: (07) 832 1415
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Fax: (03) 579 0622
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106 Howe Street.
Osborne Park W.A. 6017
Tel: (09) 242 2000
Fax: (09) 242 2150
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Digital Signal Processing:

Digital audio 
production system
An excellent illustration of the way digital signal processino is 
revolutionising professional audio is provided by the new 
Opus professional audio production system developed bv US 
company Lexicon Inc. H y

In a distributed system each element 
can be optimised for a unique task. 
When linked, the entire network can 
achieve processing throughput that 
would be impossible for a single pro­
cessor.

Overall view of 
the Opus system 
with the digital 
control section at 
upper right.
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For example, Opus has the unique 
ability to perform several signal process­
ing tasks - such as ‘scrubbing’ full band­
width audio directly from the hard disk, 
editing, mixing, recording and playback 
- concurrently in the digital domain.

The Opus system is optimized for a 
wide range of audio production applica­
tions. For TV and film production, 
Opus offers sound effects editing and 
pre-lay; dialog recording, editing and 
replacement; and music editing. Other 
applications include CD preparation and 
radio production. By combining the 
functions of a multi-track recorder or 
film dubber, a digital audio editor and a

digital mixer, Opus offers innovative 
capabilities not available in other audio 
processors.

The key to Opus’ performance is its 
distributed DSP processing architecture.



Since Opus is a modular system, each Opus can be config­
ured for a particular application. Purchasers can specify the 
number of storage disk drives and the I/O configuration. Fu­
ture Opus options such as digital EQ, digital dynamics pro­
cessing and mixing automation can be added as needed.

The Opus system is controlled from a sophisticated worksta­
tion that combines aspects of a multitrack recorder, an editor, 
a mixing console and a personal computer. It holds up to 
twelve channel strips, channel faders, a master/monitor strip 
and master fader, along with a CRT screen, an alphanumeric 
keyboard, soft-labeled function keys and the edit knob. Ex­
pansion slots are provided for signal processing control mod­
ules.

Each Opus channel strip includes a dual 200-segment plasma 
level meter, four auxiliary sends, input trim, record, pan, 
mute and solo controls, along with a Penney & Giles 104mm 
fader. In addition, there are controls for unique functions such 
as Access Channel ID and Mode Select along with an 
8-character soft label.

The Opus workstation itself handles no audio material, but 
sends control signals to the electronics cabinet which houses 
the digital processors, the analog and/or digital audio I/O in­
terfaces, power supply, ventilation, backup sub-systems and a 
disk drive.

This complete isolation of the audio and control signal is all 
the more remarkable when the workstation is seen in opera­
tion. It controls levels for the eight disk outputs and four addi­
tional inputs in real time, and entirely in the digital domain. 
The engineer or editor uses familiar long-throw faders and 
sees the results on a plasma bar graph meter bridge.

This design allows the Opus user to take full advantage of 
intuitive mixing skills, developed over years of professional 
practice. Because it eliminates the need to access a separate 
‘mixing’ or level control screen, digital mixing can be done at 
any time without interrupting work flow

For bit-accurate backup, restoration and archiving of proj­
ects produced on Opus, two options are offered: streaming 
tape and random access removable media. The reusable 
streaming tape cartridges are fast, cost-effective and conven­
ient. They have the high-data capacity required for day to day 
backup operations.

Optical disks combine very high disk storage capacity with 
the flexibility of a removable cartridge format. They also offer 
long life and random access retrieval, features which make 
them ideal for creating and archiving sound effects libraries.

The integrated design of Opus makes conventional audio 
production operations easier and faster. It also gives the engi­
neer, editor and producer the power to refine and re-shape a 
soundtrack in entirely new ways.

“Opus began as a comprehensive audio production system, 
says Joel Silverman, Lexicon’s director of sales. “Instead of 
adding features to a muscial instrument synthesizer or grafting 
rudimentary editing functions onto a digital audio storage sys­
tem, we built a dedicated audio production system from the 
ground up. As Opus makes its way into the everyday world of 
meeting deadlines, our approach’s practicality will become in­
creasingly clear.”

For further information on Opus contact the Australian dis­
tributor for Lexicon, Amber Technology, PO Box 942, Brook­
vale 2100 or phone (02) 975 1211. ®

Power and Speed at an affordable price, on your IBM PC.

Or CAD the powerful and easy to use Electronic Design Software 
now provides complete End to End Design.
First design vour circuit using the Schematic Design fools (SB 11

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 your design w ith Verification/Simulation loob (5 STL

OrCAD/VST Features:
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• 10,000 events per second (8MHz AT)
• 10 breakpoints, 16 AND/OR signals per breakpoint
•Logic analyser format simplifies data analysis
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Finally produce vour design using Printed ( ircuit Board (PCB),

OrCAD/PCB Features:
•Auto routing up to 32” x 32" with 16 copper layers maximum
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New Products

Wattmeter has data bus
The DW-6070 AC wattmeter is a 

portable, battery operated instrument 
with a special in-built data bus that al­
lows readings to be printed out on-site 
or later transfered via a serial interface 
to a computer for analysis.

This remarkable capability is available 
through the DW-6070’s in-built data bus 
terminal for interfacing with a computer 
or a small dedicated printer. The unit, 
however is practically the same price as 
AC wattmeters without a data bus.

The wattmeter measures true power 
(not apparent power), AC voltage and 
AC current. The large LCD display, 
built in over-input indication and bat­
tery low indication combine to make a 
very easy to use and practical unit.

Ranges include 2000W and 12,000W 
with a resolution down to 0.1V and ac­
curacy of +/-1%, 200V and 750V with 
resolution down to 0.1V and accuracy 
of +/-0.8% and a current range of 15A 
with resolution of 10mA and accuracy 
of +/-1%.

For further information contact 
Emona Instruments, 86 Parramatta Rd, 
Camperdown 2050, phone (02) 
519 3933.

Fuel cut-out solenoid
A device currently receiving a lot of 

attention in the automotive security in-

dustry is the fuel cut-out solenoid. This 
is probably because it provides a rela­
tively simple and effective means of 
making sure that a thief doesn’t actually 
get away with a vehicle being broken 
into. No fuel - no go.

Fuel cut-out solenoids are specialised 
electromechanical products which are 
usually made exclusively for car alarm 
manufacturers. However, a kit is now 
available to electronic hobbyists from 
Oatley Electronics.

The kit, priced at $57.90, includes the 
fuel cut-out solenoid, a large double­
pole double-throw switch, two hose 
adaptor couplings (fuel input and out­
put), 300mm of fuel hose, four hose 
clips and printed information. The in­
formation includes specifications, a wir­
ing diagram, installation instructions 
and several suggested circuit diagrams. 
The double pole switch makes it possi­
ble to have some type of indicator such 
as a piezo buzzer or a lamp, to remind 
the owner that the fuel cut out is acti­
vated.

The fuel cut-out assembly is an Aus­
tralian product and is designed to per­
mit fuel flow when power is applied to 
the solenoid coil.

For more information on the de­
scribed kit contact Oatley Electronics, 5 
Lansdowne Pde, Oatley 2223 or phone 
(02) 579 4985.

IBNI-PC 1/0 PCB
Procon Technology has released an 

externally mounted digital I/O board for 
‘real-world’ computer control applica­
tions. The PC-IO-NR provides eight 
optically coupled inputs and eight relay 
outputs on a board measuring 240mm x 
100mm.

The board is suitable for a multitude 
of applications in industry, the home or 
school. These boards are capable of 
being daisy-chained to provide a total of 
120 inputs and 120 outputs using a spe­
cial 8 bit bi-directional card (PC-BD- 
IO), also available from Procon Tech­
nology.

Each PC-IO-NR board comes com­
plete with demonstration software and

full instructions for use.
For further information contact 

Procon Technology, PO Box 43, Essen- 
don 3040, phone (03) 336 4956.

Digital panel meter 
catalog

A brand new 18 page Lascar catalog 
is available from the Australian repre­
sentative, Jaycar Electronics. The cata­
log features the latest surface mount 
technology DPM’s from Lascar - the 
world’s leading DPM manufacturer.

Panel meters are available in both liq­
uid crystal and LED-type displays. All 
DPM’s come complete with snap-on 
bezels. Full technical information is pro­
vided for the 50-odd products described.

Contact Jaycar branches or the head 
office at 115 Parramatta Rd, Concord 
2137, phone (02) 747 2022, for a free 
copy of the catalog.

DB connectors
Utilux now offers the Australian mar­

ket one of the most comprehensive and 
competitively priced ranges of DB con­
nectors available. The range embraces 
connectors with crimp removable con­
tacts, insulation displacement plugs and 
receptacles, accessories and PC board 
receptacles.

The crimp removable connectors of 
the Utilux (Molex) range are available 
in 9 to 50 circuits and are usable with 
all standard accessories. Crimp contacts 
are available in either loose or reel form 
with three styles of selective gold plat­
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ing which accommodate conductors of 
20 to 28 AWG.

Accessories include plastic and metal­
lised hoods for use with screwlocks, 
cable back shells for clip and retainer 
attachment and, a slide latch assembly. 
Utilux can supply hand crimp tools and 
semi-automatic machines to suit and 
also have the facility to supply custo­
mised ribbon cable assemblies using the 
Molex range of DB connectors and rib­
bon cable.

For further information contact Utilux 
Electronics Division at Kingsgrove 
NSW , phone (02) 50 0155.

Dual band transceiver
Icom has released the IC-32AT, a 

hand-held FM transceiver, featuring 
dual band operation.

Not only can the IC-32AT operate 
over the entire 144-148MHz and 430- 
440MHz bands, but it can transmit on 
one band and simultaneously receive on 
the other - true full duplex operation 
with telephone convenience. One fre­
quency from each band can be stored in 
each of the 20 dual storage memory 
channels for simplex or instant duplex 
operation, allowing the unit to scan all 
40 memories, all 2 metre memories or 
all 70cm memories with the IC-32AT’s 
versatile programmed scan facility.

An advanced priority function allows 
the user to call channel memory, any 
selected memory channel or all memory 
channels every five seconds, even while 
operating. Using a custom-designed 
dual-band final amplifier power module, 
the tiny IC-32AT generates a full 5.5 
watts output on 2 metre and 5 watts on 
70cm.

As well, the optional UT-40 tone 
squelch unit runs the IC-32AT into a 
personal pocket pager, emitting a 30 
second alarm when the selected tone 
frequency is received.

For further information contact Icom 
Australia Pty Ltd.,7 Duke St, Windsor 
3181, phone (03) 529 7582.

Hand-held oscilloscopes
Tektronix has announced the avail­

ability of two new hand-held digital 
storage oscilloscopes (DSOs).

The new T200 scopes are targeted at 
field service engineers and technicians, 
but are ideal for anyone needing a light­
weight, compact oscilloscope for trou­
bleshooting design or service problems. 
To date, these scopes are being used to 
test and repair such diverse products as 
biomedical instrumentations, burglar 
alarm systems, elevators, and process 
plant machinery.

The T200 oscilloscopes capitalise on 
flat panel LCD technology and digital 
capabilities to achieve their small size 
and portability, but offer the perform­
ance and feature set of full-sized digital 
storage oscilloscopes.

For further information contact Tek­
tronix, 80 Waterloo Road, North Ryde 
2113, phone (02) 888 7066.

Disk interchange
Minicomp now has available the SMT 

(Systems Manufacturing Technology) 
Interchange. The SMT Interchange is a 
bi-directional means of transferring data 
from one format to another. It has the 
ability to go from 5.25" to 3.5" disk 
drives or from hard disk to hard disk or 
vice versa. The interchange does as its 
name suggests: it acts as a crossroad to 
facilitate moving data from a PC, XT, 
AT, to a PS/2 or portable.

SMT Interchange consists of a 3 
metre cable, with plugs (Centronics) at 
each end. Also provided is special soft­
ware on disk (both 5.25" and 3.5") 
which does the uplifting on one com­
puter and downloading on the other 
computer. Recommended retail price of 
the Interchange is $95.00 (incl. tax).

Further information from Minicomp, 
104-108 Mount Street, North Sydney 
2020 or phone (02) 957 6800.

Counter-timer 
scope
Tektronix has introduced two analog 

oscilloscopes with a built-in .750MHz, 
10-digit count-timer, video triggering ex­
panded automatic pulse parameter 
measurements and non-volatile RAM 
for storing test setups.

The 11301A and 11302A feature 400 
and 500MHz of bandwidth respectively. 
The 11302A achieves an exceptionally 
bright display, via its use of Tektronix’ 
Micro Channel Plate CRT (a proprie­
tary photon-multiplier technology) for 
viewing low repetition rate signals and 
hunting for glitches.

In addition, the 11301A and 11302A 
feature eight-channel display capabil­
ities, automatic signal displays and in­
teractive touch-screen interfaces.

Further information is available from 
Tektronix Australia, 80 Waterloo Road, 
North Ryde 2113 or phone (02) 
888 7066.

Digital 
capacitance meter
A useful service instrument designed 

to measure capacitor values from O.lpF 
to 20,000uF has been released by Wag­
ner Electronics.

The DM6023 has an easy to use nine 
range push button front panel switch, 
allowing quick direct measurement. De­
sign considerations of high reliability 
and durability were achieved using LSI 
circuitry.

Accuracy is provided from a crystal 
timebase generator and fast sampling. 
Protective measures such as a circuit to 
prevent damage from charged capacitors 
are included.

The DM6023 is most accurate on the 
lowest capacitance range. Up to 200pF 
the digitally displayed O.lpF increments 
are accurate to ±0.5%. Accuracy is 
down to a respectable ±2.0% on the 
20,000uF range. This precision portable 
capacitance meter is only $149.

Available from Wagner Electronics, 
305 Liverpool Rd, Ashfield 2131 or 
phone (02) 798 9233.
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New Products
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AC voltage standard
Claimed to represent a significant im­

provement in the state of the art, the 
Ballantine model 6400A AC voltage 
standard delivers AC voltages from 1 
nanovolt to 1000V with an amplitude 
uncertainty of no more than 32 parts 
per million between 40Hz and 20kHz. 
The standard, which can be pro­
grammed over the IEEE-488 interface 
bus, has an uncertainty of only 475 ppm 
at 1MHz.

The achievement of these levels of 
precision has hitherto required the use 
of AC-DC transfer standards with their 
concomitant slow and tedious measure­
ment procedures. Unlike transfer stand­
ards, which are actually devices for 
making comparisons, the 6400A is a 
true voltage standard. Its output is a 
very clean sine wave, the frequency of 
which can be set with 1 ppm precision 
on each of its seven ranges, which ex­
tend from ImV full scale to 1000V.

Because of it^ combination of simple 
operation and extremely high accuracy, 
the Ballantine 6400A is the first AC 
standard that allows the latest genera­
tion of precision AC voltmeters to be 
quickly and precisely calibrated.

For further information on the 6400A 
contact The Dindima Group, PO Box 
106, Vermont 3133 or phone (03) 
873 4455.

Radio log program
Amateur radio operators can now 

save time logging their contacts on com­
puter instead of the old longhand meth­
od. A recently introduced IBM PC 
compatible program, titled Logmaster, 
is one such program that adds power to 
a computerised ham shack.

Logmaster allows entry and tracking 
of all contacts using a simple menu 
driven screen. Once entered, there are 
a number of valuable functions avail­
able. Logmaster even handles duplicate 
logging to simplify contest scoring.

This handy, time saving program is 
available from Dick Smith stores for 
only $99 (Cat.X-9702).

Impedance analyser
Tech-Sales announces the new Solar- 

tron 1260 Impedance Analyser, recently 
launched by U.K. based Solartron 
Schlumberger.

The 126 offers gain, phase, group 
delay and impedance ipeasurements 
over a frequency range 10 microhertz to 
32 megahertz.

Input signals on two independent 
voltage channels and one current chan­
nel are analysed using a single sine cor­
relation technique to provide fast and 
precise measurements of phase and 
gain. The built-in voltage or current 
generator offers frequency, amplitude 
and bias sweep facilities. IEEE and 
RS232 interfaces allow remote opera­
tion and output of results to a printer or 
digital plotter.

The performance of the 1260 is opti­
mised for testing materials, measuring 
and analysing components or electronic 
circuits, and studying transmission or 
network characteristics.

For further information contact Tech- 
Sales, 12 Maroondah Highway, Ring­
wood 3134 or phone (03) 879 2266.

Low profile 
DIL switch

The new low profile A3000 series 
DIL switch, from Siemens can be 
picked, placed and soldered fully auto­
matically and is immersion-washproof. 
Penetration of solder flux and cleaning 
agents to the contact area is prevented 
by means of a self-adhesive cover on 
the top of the switch, which is removed 
after washing.

Other features include:
• High contrast “on” and “number” 

captions.
• Stationary contact with wiping action.
• Available in plug-in and surface 

mount (type 2 preferred version).
• Packaged in bar form for automatic 

assembly.
• Standard sizes 4, 5, 8 & 10 way, other 

size available on request.
* Approved for use in Telecom equip­

ment.
Further information from Siemens 

Components Division, 544 Church 
Street, Richmond 3121 or phone (03) 
420 7111. 7

Suppression capacitors
To assist design engineers involved in 

EMI/RFI suppression work, Rifa has in­
troduced a Lab Kit covering a selection 
of their wide range of specialised sup­
pression capacitors. The kit is supplied 
in an attractive briefcase with over 200 
capacitors covering delta, single capaci­
tors as well as RC networks.

Rifa suppression capacitors employ 
metallised paper construction giving 
them very high dv/dt ratings and ena­
bling them to withstand high surge volt­
ages in the most demanding of applica­
tions.

Further information from Rifa, 202 
Bell Street, Preston 3072 or phone (03) 
480 1211.

Battery has 10 year life
A long-life RE (Recombination Electro­
lyte) battery with a proven track record 
overseas has just been made widely 
available in Australia by Dunlop Bat­
teries. The Powersafe, say the manufac­
turers, has a life of at least 10 years 
under normal duty.

This, plus the battery’s high energy 
density and minimal maintenance has 
made the Powersafe popular, particu­
larly with the telecommunication indus­
try. According to user reports, the trou­
ble-free period of a Powersafe cell 
matches that of the highly reliable elec­
tronic support systems in telephone ex­
changes.

No topping up and no maintenance 
are additional Powersafe benefits, which 
flow from a design that recombines 
gases back into the liquid state almost 
the instant they are formed during dis­
charge.

Capacities of the Powersafe range ex­
tend from 30 to 450 ampere-hours at 
the 10 hour rate. Powersafe monoblocs 
are available in 4, 6, 10 and 12 volts in 
sizes to suit virtually every situation.

Further information is available from 
Pacific Dunlop Batteries Industrial, 55 
Byrant St, Padstow 2211, phone (02) 
774 0500. ’
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Letters
Continued from page 5
ard may be unkown to readers also - 
and to wives and children who may use 
a similar kind of resin and catalyst when 
working with fibreglass or hardeners 
used in liquid casting plastic.

So before using any of these catalysts, 
check their chemical composition and 
take appropriate precautions. The cost of 
a pair of safety goggles is a very small 
price to pay for the protection of eye­
sight.
(With acknowledgement to American 
Airlines.)

Circuit symbols
I am employed in the TAFE sector of 

RMIT and some of my teaching within 
the Certificate of Technology - Electri­
cal course is in the area of electrical 
drafting.

A student showed me your article 
“How to read circuit diagrams”, which 
appeared in the April 1988 issue and I 
wish to offer the following comments.

It is disappointing to see old-fash­
ioned symbols being presented to the 
newcomer in electronics. The symbols 
shown in Fig. 1 and 2 appear similar to 
those used widely fifteen years ago. 
However, symbols published by the 
Standards Association of Australia and 
by International Standards Organisa­
tions have changed markedly over this 
period.

Courses conducted by TAFE Colleges 
incorporate current Australian standards 
and students studying such courses are 
directed to these standards by study 
guides or syllabus documents.

I have found over a number of years 
teaching electrical drafting subjects, that 
many students are confused by the dif­
ferent symbols used in electronics maga­
zines to those shown in the standards. 
Unfortunately your article may well add 
to that confusion.

I would agree that not every 
individual/firm/organisation involved in 
the production of drawings would use 
Australian standard symbols, and that 
technical personnel need to be aware of 
other symbols.

However, your article is directed to 
the newcomer and it is my belief that 
these people should be presented with 
current Australian standard symbols. It 
is just possible, through education of 
the newcomer to a standard set of sym­
bols, that one day we may all be using 
the same symbols.

Terry Clement
Acting Head of Department

Electrical Technology, RMIT 
Melbourne, VIC

Comment: Thanks for your views. We 
are not unaware of the SAAHEC stand­
ard symbols, but as explained in 
“Forum” for October we choose not to 
use them. Rather than help the newcom­
er, we believe they’d do just the opposite 
- and a lot of other magazines seem to 
agree with us.

Super Timer
Continued from page 74

to 103 miles per hour. A second drive 
gave a speed of 87 mph. Must have 
been getting tired! The measuring ap­
paratus certainly was.

The thyristor based timer control was 
particularly effective and performed 
without fault during the various tests.

The timer can make many kinds of 
measurements with the highest accura­
cy. It is very effective for obtaining or 
confirming (useless?) information, and 
poses a challenge to the designer to pro­
duce the endless range of triggering de­
vices required to make timing measure­
ments, particularly over short distances 
or short intervals. Try making triggers 
to measure the speed of a slot car or 
radio controlled model! ®

Superhet receivers
Continued from page 144
chapter are eminently successful in their 
chosen field as stated. However for the 
reception of weak distant transmitters 
such as amateur stations over distances 
of thousands of kilometres, or (over 
shorter range) CB broadcasts, mobile 
transmitters or any of the myriad low- 
power transmitters that are part of our 
present day business and professional 
life, still more advanced superhetero­
dyne receivers are necessary.

The highest class of superheterodynes 
are called ‘communications receivers’, 
having many advanced features, more 
controls and sometimes radically differ­
ent types of intermediate stages.

Such special receivers are capable of 
extremely narrow bandwidth, so that 
stations very close in frequency can be 
successfully separated and received. 
Also sophisticated AGC and ‘noise 
blanking’ circuits may be used, and 
sometimes automatic digital computer- 
controlled tuning and logging are fea­
tured.

If that has just whet your appetite, 
discussion of such advanced features 
must wait until another episode. For 
now, bye! ®

Hobby contest
Continued from page 45
‘Beat Me’, and designed so that its beat 
rate is set merely by tapping on its case, 
at the desired rate. It was again neatly 
housed in a medium-sized Jiffy box.

Mr Agius' entry was a Sprinkler 
Timer Unit for lawn watering systems, 
designed to control the watering of up 
to 14 different lawn ‘sectors’ using two 
solenoid valves and commercially avail­
able ‘Distributor Taps’.

Both designs were creative, imagina­
tive and used readily available parts. 
The Judges decided that they again had 
slightly wider appeal than the other en­
tries, and therefore awarded both Paul 
Thompson and Tony Agius the runner- 
up prizes of DSE Component Vouchers 
worth $100 each.

As in the other section, however, the 
Judges also awarded a special commen­
dation. This was to Mr T.C. Madden, 
of 3 Jingara Court, Karaiia Downs 
Queensland, whose entry was a UHF 
Amplifier for TV Reception. This used 
all discrete parts, housed in a tinplate 
box made from a tinned-fruit can, and 
the Judges liked its ‘roll your own’ ex­
perimental approach.

Our congratulations to all of the prize 
winners, and commiserations to those 
whose entries didn't qualify for a prize. 
As noted earlier, we hope to publish 
both the prizewinning entries and many 
of the other designs in the coming 
months - so keep an eye out for them.®

ENVIRONMENTAL 
TEST CHAMBERS

WIDE RANGE TEMPERATURE, 
HUMIDITY, ALTITUDE, 

COMBINED VIBRATION, 
ROOMS

233 BOUNDARY ROAD 
BRAESIDE, 3195

PH: (03) 580 8333 
TLX 37667
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Product Review:

Goldstar's DM-6335 
'pocket wonder' DMM
If you're still harbouring any vague fears about the quality of 
test equipment from Korea, the new Goldstar DM-6335 should 
finally put them to rest. Very nicely made and surprisingly 
sturdy, it will literally slip into a shirt pocket.

The first digital multimeters that 
came out were the size of a suitcase, 
with a weight that made them ‘trans­
portable’ rather than portable. They 
had an equally staggering price tag, too, 
even though in many cases they weren't 
all that stable.

Since then, they've been steadily 
shrinking in size, weight and price - an­
other good example of the benefits of 
galloping VLSI integrated circuit tech­
nology. At the same time, the perform­
ance has been steadily improving, to the 
point where now even the cheapest 
models tend to provide more ranges, 
higher resolution and greater stability 
than most of those high-priced early 
models.

It's also not long ago that electronic 
equipment of any kind made in Korea 
had a reputation for dubious quality and 
reliability. This applied even to com­
modity items like transistor radios, let 
alone more specialised ‘up market’ 
items like digital multimeters and other 
test equipment. But nowadays the Ko­
reans have lifted their game consider­
ably - to the point where quite a lot of 
equipment from reputable Japanese 
firms is actually made there, under con­
tract.

As with Taiwan, it's the story of 
‘Japan, Inc’ all over again.

Judging by the new DM-6335 pocket 
multimeter, Goldstar Precision has cer­
tainly mastered the art of producing 
high-grade test equipment in an efficient 
and cost-effective fashion. Considering 
its recommended retail price of less 
than $120, it offers an impressive com­
bination of features and performance in 
a package measuring only 148 x 66 x 
25mm.

It's a 3-1/2 digit instrument, with a 
maximum count of 1999. The liquid­
crystal display has digits a generous 
10mm high, and has good contrast for 
easy readability. Along with the actual 
measurement readout the LCD also dis­
plays the current units of measurement 
and various indicator flags to remind 
you of any special functions in opera­
tion.

It provides some 18 ranges in all. 
There are 5 DC voltage ranges, with 
FSR values of 200mV, 2V, 20V, 200V 
and 1000V and resolution ranging from 
lOOuV to IV. Rated basic accuracy on 
these ranges is +/-(0.5% -I- 1 digit).

The AC voltage range is a little small­
er, with only 4 ranges having FSR 
values of 2V, 20V, 200V and 750V, and 
resolutions from ImV to IV. Rated ac­
curacy of these ranges is +/-(0.75% + 5 
digits). Input impedance for both DC 
and AC voltage measurements is 10M, 
with overload protection capable of 
withstanding 1100V DC or AC peak for 
up to 60 seconds.

There are only two current ranges 
each for DC and AC, in each case with 
FSR values of 200mA and 10A. But this 
works out better than you might think, 
because the resolution on the 200mA 
ranges is lOOuA while that on the 10A 
ranges is 10mA. So from a practical 
point of view, most current levels found 
in the majority of electronic gear can be 
measured quite accurately.

Rated accuracy on the 200mA ranges 
is +/-(0.75% + 1 digit) for DC, and +/- 
(1% + 5 digits) for AC. The corre­
sponding figures for the 10A ranges are 
+/-(1.5% + 5 digits) and +/-(2% + 7 
digits). The overload protection can 
cope with 400mA on the 200mA ranges 

for 60 seconds, and 13A for 40 seconds 
on the 10A ranges.

Finally there are 5 resistance ranges, 
with FSR values from 200 ohms to 2M 
in 10:1 ratios, and resolutions from 100 
milliohms to Ik. The rated accuracy for 
these ranges is +/-(0.75% + 1 digit). 
An additional feature here is that a 
voltage limiting circuit can be switched 
in if desired, to keep the voltage across 
the test circuit below 450mV. This al­
lows convenient checking of diodes, 
transistors and other semiconductor de­
vices (and also circuitry around them).

The overload protection operating for 
resistance measurement can cope with 
500V DC or 350V AC RMS, with no 
specified time limit.

So much for the basic instrument. But 
like many of the latest instruments, the 
DM-6335 provides a number of addi­
tional features. One of these is auto­
ranging, which can also be disabled if 
you wish to set the range manually and 
have it stay on that range. Another fea­
ture is a ‘Hold’ or storage button, which 
forces the instrument to stop sampling 
and hold the last reading (handy for ex­
tricating yourself from something before 
you consider the implications of the 
measurement).

Both of these are fairly standard, of 
course, but the DM-6335 also offers an­
other function that's not so common: a 
‘-Mem’ button, which causes the instru­
ment to memorise the two most signifi­
cant digits of the measurement, and 
subtract that figure from all subsequent 
measurements (until either the function 
is disabled, or you change range).

The idea of this function is that it al­
lows you to memorise a reading, and 
then automatically display the deviation 
of subsequent measurements from that 
value. Very handy for measuring drift, 
or voltage regulation of a power supply!

It also allows you to compensate for
probe and measuring lead resistance, on
the lowest resistance range.

Incidentally the DM-6335 also con-
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tains a small piezo buzzer, which ‘beeps’ 
at various times to draw your attention 
to overload conditions, to acknowledge 
that you have pressed a control button 
and so on. It also sounds continuously 
on the resistance ranges when the mea­
sured value is less than 2% of FSR, 
providing a ‘continuity test’ function for 
checking wiring.

Checking it out
I tried out the sample DM-6335 over 

a couple of weeks, making a fairly wide 
range of measurements. It turned out to 
be very easy to use, with no recognisa­
ble ‘vices’ at all.

We don't have access to fancy calibra­
tion gear at present, but measurement 
comparisons with other instruments of 
known accuracy and reliability sug­
gested that the voltage and current 
ranges were well within the rated specs. 
Checks of the resistance ranges with 

some precision reference resistors 
showed the same for these, so perform­
ance-wise the DM-6335 checked out 
fine.

Mechanically, it proved to be surpris­
ingly rugged in construction - consider­
ing its compact size. A peek inside con­
firmed that the case was a quality 
moulding, with solid internal fillets and 
support/assembly pillars.

Essentially the complete circuitry of 
the instrument is packaged in a single 
VLSI chip, apart from the LCD display, 
the piezo sounder and a few support 
components. Everything is mounted on 
a neat double-sided PCB with plated- 
through holes, except for the LCD 
which is a separate sub-assembly attach­
ing to the board with four screws. The 
connections to this are made via a con­
ductive-plastic connector strip, mating 
with a set of pads on the front of the 
board.

Even the ‘works’ of the rotary selec­

tor switch are an assembly mounted on 
the PCB, with the control knob shaft 
having flats and passing through a slot 
in the centre. An elegant approach, and 
one that allows the complete unit to be 
disassembled and re-assembled easily if 
servicing is required.

Needless to say, the test probe input 
sockets are fully recessed to prevent ac­
cidental contact and shock. The DM- 
6335 comes with a matching pair of test 
probes, with shrouded plugs at the 
meter end and shrouded alligator clips 
which screw onto the test prods over 
the needle tips. There's also a small 
user manual, with a tiny circuit sche­
matic at the rear to facilitate servicing 
(if you have a suitable magnifying 
glass!).

On the whole, the DM-6335 gives 
every evidence of being well designed, 
carefully made using quality parts and 
therefore likely to give reliable service. 
For the quoted RRP of $118.80 it there­
fore seems to provide excellent value 
for money.

Like other instruments in the Gold­
star range, it is available ffom a net­
work of dealers throughout the country. 
You'll find a complete list in current 
Goldstar ads, showing the one nearest 
you. (J.R.) $

The World's leading supplier 
Racal-Redac

is proud to announce an 
exciting new product 

CADSTAR.
CADSTAR is another 

innovation from Racal-Redac 
and a major breakthrough 

in advanced high-tech 
PCB design 

CADSTAR gives the capability 
of producing very dense 
double-sided surface mount 

designs.

' design right first time'

RCS CADCEWTRES
A Division of RCS Design Pty Ltd. - Incorporated in Victoria. 

728 Heidelberg Road 
Alphington, Victoria 3078 
Australia
Tel: (03) 499 6404
Fax. (03) 499 7107
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Basics of Radio Transmission & Reception - 6

Superheterodyne
Receivers
This month we meet the superheterodyne receiver, which can 
have exceptionally high sensitivity and sharp selectivity - 
essential requirements for the reception of distant radio 
stations.

by BRYAN MAHER

The TRF receivers we considered last 
month were simple, basic but limited in 
performance. They lack sensitivity, and 
hence do not have enough gain to ‘pull 
in’ distant stations. Also TRF receivers 
have insufficient selectivity, so they 
have trouble separating the many strong 
local stations in a large city.

To overcome these deficiencies, in 
1918 Major Edwin H. Armstrong in­
vented a radical new idea, the superhet­
erodyne receiver. The word ‘heterodyn­
ing’ means the act of beating two differ­
ent frequencies together, working to ob­
tain a third frequency as in Fig.l. (het­
ero = different; dyne = work).
TRF deficiencies

To see why we would bother to in­
crease the complication of radio receiv­
ers, compared to the relatively simple 
TRF receiver discussed last month, it 
appears that the greatest shortcomings 
of the TRF receiver stem from two 
facts. In TRF receivers:
1. When tuned to a station the TRF re­

ceiver circuits are all tuned to the 
same frequency.

2. The frequency to which they are all 
tuned must be continuously variable.

Tuning many circuits to the one fre­
quency runs the risk that accidental cou­

Fig.l: The basic 
idea of 
heterodyning. A 
local oscillator 
at frequency F2 
beats with the 
input frequency, 
producing sum 
and difference 
signals.

pling via the power supply lines or stray 
capacitance can couple output radio fre­
quency (RF) signal back to the sensitive 
input of the tuned stages or to the an­
tenna, causing instability.

In an unstable condition a receiver 
screams, whistles its head off and is 
quite useless.

The design of continuously variable 
circuits initially required large ganged 
variable capacitors, as we saw last 
month. These have such massive metal 
components that stray capacitive cou­
pling from one section to another is a 
natural, though unwanted consequence.

Because of this effect the variable 
tuned circuits cannot be designed to 
have very high gain, nor can too many 
stages be used, or unstable oscillatory 
conditions will inevitably occur.

Thus sensitive high gain TRF receiv­
ers are an impossibility. The lack of se­
lectivity of TRF receivers stems both 
from the above limit on the number of 
tuned stages and also from another 
rather subtle effect - the change in 
bandwidth of a tuned circuit as we tune 
it across its variable frequency range.

Recall that earlier in this series we 
defined the quality factor ‘Q’ of a tuned 
circuit as:

Q = (2Pi f L)/R 

where Pi is 3.1416; f is the frequency in 
Hz to which the circuit is tuned; L is 
the inductance of the tuned coil in 
henries; and R is a quantity in ohms 
representing all losses of the tuned cir­
cuit.

Despite this definition it is found in 
practice that the Q of a tuned circuit 
hardly changes at all as we tune it 
across its frequency range.

The reason for this unexpected state 
of affairs is that while the inductance L 
remains mostly constant, as the fre­
quency is increased we find that the cir­
cuit losses R also increase. This is be­
cause R is much more that the simple 
DC resistance of the coil.

R represents a conglomerate effect 
summarising all the tuned circuit power 
losses, which includes dielectric shunt 
resistive losses of the capacitors and all 
the insulating materials; these power 
losses increase at higher frequencies. R 
also includes the series resistance of the 
coil, wiring and capacitors; these resist­
ances increase at higher frequencies.

Skin effect
This increase in series resistance is 

called the skin effect, as at high fre­
quencies currents are pushed out of the 
centre of the conductor by their mag­
netic field, and are forced to flow only 
near the surface of the conductor. With 
less effective cross sectional area the 
conductor appears to have higher resist­
ance to high frequency currents.

So the losses symbolized by R in­
crease roughly in proportion to frequen­
cy, with the result that Q remains al­
most unchanged as we tune across the 
dial.

But we also said earlier that Q relates 
the bandwidth ‘delta f of a circuit to its 
tuned frequency:

Q = f/(delta f)
as Fig.2 shows. (The Greek symbol 
delta is used to mean ‘a small change in 
a value’).

But as Q does not change when the
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Fig.2: A reminder about the response of a tuned circuit. 
The higher the Q, the narrower the curve.

TABLE 1: Superhet frequencies
Station and mixer 

tuning f1 
(kHz)

Local Osc 
f2 

(kHz)

IF = 
(f2-f1) 
(kHz)

500 955 455
750 1205 455

1000 1455 455
1200 1655 455
1350 1805 455
1500 1955 455

Table 1: How the local oscillator ‘tracks’ the signal, to 
produce a constant IF.

tuned frequency f is increased, it must 
be that the bandwidth (delta f) also in­
creases. This is why it is impossible to 
design narrow bandwidth variable-tuned 
circuits for high frequencies. The band­
width is different when tuned to differ­
ent stations. For a broadcast band (500 
to 1500kHz) TRF receiver the band­
width typically increases by a factor of 
three across the dial.
Enter the superhet

To conquer these deficiencies, which 
are inherent in all TRF receivers, Major 
Armstrong proposed a radical new idea, 
the superheterodyne or ‘supersonic het­
erodyne’ receiver as shown in the block 
diagram of Fig.3.

The antenna feeds signals at chosen 
station frequency fl to a non-linear 
‘mixer’ RF amplifier stage. Also fed 
into the mixer are RF signals at a differ­
ent frequency f2, from a ‘local oscilla­
tor’ (LO). The local oscillator signals 
are large enough in amplitude to drive 
the mixer into the necessary non-linear 
mode of operation.

Four output frequencies are possible 
from the mixer stage. These are fl, f2, 
(fl+f2) and (fl-f2).

Following the mixer is an intermedi­
ate frequency or ‘IF’ amplifier stage, 
fixed-tuned to frequency (fl-f2) and re­
jecting the other three frequencies fl, f2 
and (fl+f2).

Both the mixer and local oscillator 
are variable tuned, but ganged and de­
signed in such a way that as they are 
tuned across their frequency range, the 
difference in frequency (fl-f2) remains 
constant. This has the effect that which­
ever RF signal may be tuned is con­
verted into a fixed and lower-frequency 
IF signal, which carries the same modu­
lation as the original received RF signal.

The whole idea of superheterodynes 
is that, as the intermediate frequency 
amplifier stages are tuned to a fixed fre­
quency, the IF tuned circuits can be 

made small, compact, with both coil 
and fixed tuning capacitor within one 
metal shield can. This completely 
shielded construction allows a number 
of intermediate amplifier tuned stages 
to be used.

Although all IF stages are tuned to 
the one frequency, stage gain can be 
made quite high without instability, by 
the complete shielding and isolation of 
each IF tuned circuit.

The intermediate frequency tuned cir­
cuits are called IF transformers. These 
can use mica dielectric tuning capaci­
tors, or fixed capacitors with adjustable 
ferrite ‘cores’ in the transformers to per­
form the tuning. Either way, they can 
be quite small.

Sharper tuning
The design and construction of these 

small compact IF transformers achieves 
a higher Q, sharper tuning and nar­
rower bandwidth than can be realized 
with variable-tuned circuits such as are 
used in the mixer stage. Therefore with 
this superheterodyne arrangement, most 
of the receiver's selectivity is attributa­
ble to the fixed-tuned IF stages.

But as the IF is a constant frequency, 
the bandwidth does not change much as 
we tune across the frequency range. As 
many IF stages can safely be used, quite 
narrow bandwidth (i.e., high selectivity) 
can be achieved.

Choice of IF
Once set up, the idea is that the in­

termediate frequency is a constant.
To avoid any problems of station 

transmissions interfering with the IF sig­
nals, a number of standard IF frequen­
cies have been agreed by manufacturers 
and governments and few if any radio 
transmitting stations are allowed on 
these chosen frequencies. A receiver de­
signer chooses one of these- standards 
for his IF frequency.

The frequencies 175kHz, 455kHz, 
3.3MHz, 9.0MHz, 10.7MHz and
45 .75MHz are regarded as reserved fre­
quencies for IF use. Most AM broad­
cast receivers use 455kHz for their IF.

In general the lower the intermediate 
frequency chosen for a receiver, the 
greater the selectivity, i.e., the narrower 
the overall receiver bandwidth.

Though the superheterodyne princi­
ple immediately disposes of the low 
sensitivity and selectivity problems in­
herent in all TRF receivers, it can bring 
some new difficulties of its own. But 
whoa - one thing at a time!

Firstly Fig.3 shows the frequencies 
used to tune a station on 1000kHz. The 
mixer input circuit is tuned to the sta­
tion frequency on 1000kHz, while the 
local oscillator (or LO) is tuned to 
1455kHz. The heterodyning or ‘beat’ ef­
fect yields a difference of (1455-1000) = 
455kHz, which becomes the intermedi­
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ate frequency or IF.

A range of frequencies used as the 
receiver is tuned over the broadcast 
band would be as shown in Table 1. 
Notice that while fl changes over 3:1 
range, f2 changes over a lesser range 
(1955/955kHz = 2.05:1).
Padding & trimming

Before you retort ‘So what?’, con­
sider that the mixer tuning and local os­
cillator tuning are both operated by the 
one tuning dial drive mechanism and 
knob. The common arrangement is a 
two-gang tuning capacitor, with one sec­
tion for the mixer RF tuning and the 
other for the local oscillator.

But as fl and f2 must change over a 
different range, some tricks of circuit 
design must be used. One method is to 
use a padder capacitor in series with the 
oscillator tuning capacitor, to shorten its 
tuning range.

To bring all of the tuned circuits into 
alignment, small semi-variable capaci­
tors in parallel with the mixer and local 
oscillator tuning capacitors are 
‘trimmed’ to bring the IF frequency to 
the required figure - e.g., 455kHz.

Further separate trimming capacitors 
or trimmers may be used to bring all IF 
tuned transformers to exactly the same 
frequency. Alternatively adjustable 
screw-type ferrite cores may be used, as 
mentioned earlier.

Once this ‘lining up’ procedure is 
done, all padding and trimming adjust­
ments are sealed and not moved again.

Any subsequent repairs to the circuit 
or replacement or components may re­
quire re-adjustment of padders and

trimmers. For this reason the sealing 
compounds used are semi-permanent 
materials, rather than permanent paints 
or glues.
The basic superhet

Radio receivers intended for city and 
suburban reception (where station field 
strength is high) do not need much 
sensitivity, but still require adequate se­
lectivity because there may be many sta­
tions to be separated.

For this very common application a 
receiver can be implemented using one 
IF stage, involving one IF amplifier 
transistor and two tuned IF transform­
ers. Preceding this would be a mixer 
stage tuned to the station, and of course 
the local oscillator as in Fig.4.

Such a lineup of stages would be an 
economy receiver, satisfactory for ‘local’ 
reception only, where many powerful 
stations are located within 50km or so 
and the owner has no wish for long dis­
tance reception.

Radio receivers of this basic super­
heterodyne type sell for a range of 
prices from $10 upwards, and millions 
have been manufactured and sold as 

most Australians are city or suburban 
dwellers. Many have also been home- 
constructed over the years by readers of 
Electronics Australia using designs pub­
lished in this magazine, and often from 
the associated kits.
Greater complexity

Away from the cities there are many 
different applications where people live 
at distances of 100 to 250 kilometres 
from their nearest ‘local’ station. Radio 
receivers for such use need more sensi­
tivity than can be achieved using the 
basic superhet of Fig.4.

Also there are listeners who wish for 
reception of some of the more powerful 
AM stations on frequencies in the 
3.0MHz to 30MHz range, and national 
transmitters like Radio Australia, Voice 
of America, Deuschland Speigel, the 
BBC and so on.

For such receivers better selectivity is 
mandatory, because the extra sensitivity 
will pull in many stations from far and 
near, some of which will be very close 
in frequency, stretching the receiver's 
ability to separate them.

These receivers are more complex,
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using two or three IF amplifier stages 
involving three or four IF transformers, 
as sketched in the block diagram Fig.5.

Such multi-band receivers incorporate 
some sort of band-switching (or ‘wave­
change switch’ to use a very old name), 
so that two or more sets of tuning coils 
can be switched, one set for the medi­
um-wave broadcast band and the 
other(s) for the HF or ‘short-wave’ 
band(s). Some of the more expensive 
receivers have three or four sets of coils 
to cover the various bands.

In each case the high gain and sharp 
selectivity of the intermediate amplifier 
stages plays an essential role in the re­
ception, the receiver responding to the 
very weak signal and successfully sepa­
rating the many stations.
Optional RF stage

For a number of reasons, a high-per­
formance superhet receiver may also in­
clude a tuned radio frequency amplifier 
stage ahead of the mixer, as shown in 
Fig.5. Such an RF amplifier must of 
course be variable-tuned, its tuning 
ganged with the mixer and local oscilla­
tor tuning, all being operated by the 
common tuning dial. If tuned by vari­
able capacitance a three-gang variable 
tuning capacitor would be required.

One reason for including an RF stage 
in a high-performance receiver is to 
allow automatic gain control (AGC) of 
the RF signal ahead of the mixer, to 
prevent overloading on very strong sig­
nals. A second reason applies to long­
distance reception, for a mixer circuit is 
usually less noisy when fed with a fairly 
strong RF signal.

There is a third important reason fa­
vouring the inclusion of an RF stage 
(and occasionally two RF stages) ahead 
of the mixer, but that reason is a topic 
for a whole future episode in this series. 
Many designs

Literally hundreds of variations of the 
basic superheterodyne principle have 
been designed and built world-wide in 
the seventy years since Major 
Armstrong's day.

Superheterodyne receivers are the 
most successful and widely used type of 
radio and television receivers, with fre­
quency ranges covering most of the 
spectrum from VLF all the way up to 
UHF.

Quite a number of different types for 
various applications in domestic, hi-fi 
and amateur service have been featured 
in this magazine, both under its present 
name Electronics Australia, and its 
previous names Radio, TV and Hob­
bies, Radio and Hobbies, and earlier 
still Wireless Weekly.

Demodulation
As indicated in Figs.4 and 5, in all 

these AM receivers the output of the 
last IF transformer feeds the AM 
demodulator or detector, where the 
audio component (i.e., the music and 
speech) is extracted from the modulated 
carrier. Many types of demodulator are 
possible, the simplest and most common 
being the diode detector as described in 
detail in the previous episode.

Following the demodulator the audio 
signal passes through the volume con­
trol, then on to the audio amplifier 
stages.
Audio amplifier

The audio amplifier stages of radio 
receivers come in all shapes and sizes, 
and in a wide range of power capabil­
ities. You will find some radio receivers 
whose audio stages are simple, cheap 
and capable of only mediocre audio re­
sponse. Then there are radios whose 
audio stages are excellent designs, 
producing music quality truly classed as 
hi-fi.

The power output capability of con- 
tempory designs in audio amplifier 
stages for radios cover a wide range. 
You'll find anything from about 100 
milliwatts output for driving head­
phones, all the way up to 100 watts of 
hi-fi stereo music intended to drive mul­
tiple loudspeakers in lounge rooms or in 
automobiles.

Just one of the hundreds of possible 
designs for a suitable audio section is 
shown in Fig.6. This circuit raises the 
audio signal level to an amplitude and 
power sufficient to drive a loudspeaker 
or perhaps a pair of earphones. Of 
course we will want a volume control 
too.

The first stage in Fig.6 is often called 
the audio ‘voltage’ amplifier, preceded 
by the volume control. The second 
stage is the audio ‘power’ amplifier, 
suitable for driving a loudspeaker. In 
this case it can do so to moderate vol­
ume, and with not exactly ‘hi-fi’ quality

- more like ‘medium-fi’.
The volume control is usually placed 

ahead of the audio amplifier, so that the 
audio stages will not be overloaded on 
strong signals.

Fig.6 uses a so-called logarithmic vol­
ume control (to avoid any abrupt con­
trol action) followed by a LM741 op­
amp as a voltage amplifier with a volt­
age gain of 6, after which comes an 
LH0021CK power amplifier whose volt­
age gain is also set at 6. Thus a 400 mil­
livolt audio signal from the volume con­
trol will give full power output of +/- 
14.4 volts peak (on light loads) or +/-11 
volts at output currents up to 1.0 amp.

The safe output power into a loud­
speaker load is limited by the type of 
heatsink to which the LH0021CK is at­
tached. With an effective heatsink, out­
put power up to 8 watts into an 8 ohm 
loudspeaker is quite easily obtained.

More information on audio voltage 
and power amplifiers in general is con­
tained in my book ‘Op Amps Ex­
plained’, available by mail order from 
Electronics Australia.

Power supplies
Naturally power supplies for all the 

sections of the radio circuits shown must 
be provided. Either one (or more) bat­
teries or a mains transformer and recti­
fier and filter would be used.

A power transformer stepping down 
the 240 volt mains to a suitable low 
voltage around 15 volts, a bridge recti­
fier and a few large electrolytic capaci­
tors may constitute the simplest possible 
mains power supply.

To obtain improved results and re­
duce mains hum sometimes the power 
supply voltages are held steady (despite 
mains voltage fluctuations) by the sim­
ple application of voltage regulators, ei­
ther zener diodes or integrated circuit 
feedback voltage regulators.

More information on power supplies 
and voltage regulators will also be 
found in my book ‘Op Amps Ex­
plained’.

Fig.6: One of the 
many possible 
configurations 
for the audio 
amplifier section 
of a receiver.
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Improvements

That completes the essential parts of 
a superheterodyne radio receiver for the 
reception of amplitude modulated (AM) 
signals. A superhet design may be quite 
simple, or it may include one or more 
embellishments to improve the perform­
ance, compensating for the shortcom­
ings of atmospheric radio transmission.

The limitations of transmission reveal 
that in many locations the signal re­
ceived from the station does not remain 
constant in amplitude, rather it fades up 
and down at both very low rates (i.e., 
stronger at night time) and also high 
rates (i.e., fluttering signal strength).

Both slow and fast changes in signal 
strength are caused by the nature of the 
atmospheric propagation of electromag­
netic radiation, especially over long dis­
tances.
Automatic gain control

The first improvement we make to 
our basic radio receiver is to add auto­
matic gain control, or AGC circuits. In 
earlier years this was called ‘automatic 
volume control’ or AVC.

Recall that the carrier signal in the 
frequency domain picture (refer to 
Fig.7(b) last month) gives us no speech, 
music nor any information except the 
fact that the station is transmitting. 
However we can deduce from the car­
rier the station frequency, and the sig­
nal strength as received at our location. 
When the signal fades up and down, it 
is the received RF amplitude of both 
carrier and sidebands which is changing.

Automatic gain control circuits make 
use of the IF signal at the output from 
the final intermediate amplifier. The 
AGC circuits most commonly used rec­
tify this IF signal to obtain only the 
negative half of the modulated IF sig­
nal, and smooth it out to obtain the 
average (negative) DC component, 
using a circuit such as Fig.7.

A second small secondary winding 
L21 on the final tuned IF transformer 
provides IF signal to diode D21, con­
nected so as to pass all the negative half 
of the IF signal but to block the positive 
half. This negative rectified IF signal is 
smoothed to the average negative DC 
level by the low-pass filter R22 and 
C21.

The time constant, (R22 C21) is 
chosen to be quite long, longer than the 
period of the lowest audio frequency ex­
pected, and thus much, much longer 
than the period of the IF signal. For 
broadcast station reception the time
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Fig.7: The AGC circuitry of a typical superhet receiver using semiconductor 
devices.
constant (i.e., the RC product R22.C21) 
is usually made longer than 30 millisec­
onds.

The output from the filter R22/C21 is 
a smoothed negative DC voltage, called 
the AGC line voltage, directly propor­
tional to the average amplitude of the 
RF signal strength. We will now use this 
negative DC voltage to control the gain 
of all the IF amplifiers in the receiver, 
and perhaps the RF stage (if one is pre­
sent).

The idea is that the stronger the RF 
signal, the greater the negative AVC 
line voltage, which we will use to re­
duce the gain of the intermediate ampli­
fier stages and RF stage on strong sig­
nals. Then vice-versa on weak signals, 
the AGC line DC voltage will be less, 
allowing the gain of those stages to rise.

By this automatic control we hope to 
achieve constant amplitude output, even 
if the received signal strength varies.

Fig.7 shows the AGC rectifier and fil­
ter D21, R22, C21 and the AGC line 
going to RF and IF stages. Some detail 
is shown of the RF stage and its AGC 
connections. Similar AGC connections 
are made to all IF stages, but note that 
the mixer stage is not usually AGC con­
trolled.

The gate of the RF amplifier JFET 
transistor is fed by radio frequency sig­
nals from L2, and also fed a negative 
DC potential from the AGC line via 
L2. The small capacitor C22 bypasses 
all RF signals at the low side of L2 to 
ground, to prevent RF signals flowing in 
the AGC line.

Resistor R23 together with C22 form 
a little decoupling filter, and there is a 
similar filter in each other controlled IF 
amplifier. These isolate the high fre­
quency signals of each IF and RF ampli­
fier. Such high frequency isolation is es­
sential, preventing any RF or IF cross­
coupling between stages via the AGC 

line (which could lead to high frequency 
instability).
Superhet bandwidth

The passband of the overall superhet­
erodyne receiver is essentially the pass­
band of the intermediate amplifier sec­
tion, even if an RF stage is used. This is 
because the IF transformers can be de­
signed and manufactured to have higher 
Q value than is possible for the variable 
frequency tuned circuits of the RF and 
mixer stages.

Also IF transformers for radio receiv­
ers are designed to have ‘loose-coupled’ 
tuned primaries and secondaries (i.e., 
the coupling factor is below critical cou­
pling).

Because of these two characteristics of 
IF transformers, the IF stages can be 
more sharply tuned than any variable- 
tuned RF stages.

The use of many IF stages narrows 
the bandwidth still further, and while 
this is desirable for separating stations, 
the bandwidth may be too narrow to re­
ceive all the high notes and high har­
monics in the broadcast music.
Superhet versus TRF

Therefore a few hi-fi enthusiasts still 
prefer TRF receivers with their broader 
tuning, for reception of high quality 
local broadcasts. Although popular 
some years ago, this preference for TRF 
has faded today as better results can be 
had receiving hi-fi music from the FM 
stations. FM receivers will be discussed 
in a later episode.

While the TRF receiver is only useful 
for short-to-medium distance reception, 
for long distance reception the superhet­
erodyne type receiver is essential as 
only superhets can achieve sufficient 
sensitivity and narrow selectivity.

The superhet receivers outlined in this
(Continued on page 137)
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This man isn’t a
computer expert,

yet he chose a UNI-X
CompuPak

kit - and
assembled it ; ' and the

in one 
night!

No, he’s not a genius, but 
he’s brilliant at spotting great 
value. Like many of us, he's 
realized that a personal 
computer is invaluable, yet 
the price tag for a 
professional unit has always 
been a little beyond his 
reach. Until now.

Quite simply the UNI-X 
CompuPak kit contains all the 
major componentry of a top 
quality Industry standard 
computer, in an unassembled 
form. You save the dollars 
and increase your 
knowledge, by putting it 
together yourself.

UNI-X also provide a 
National Warranty through 
Honeywell Ltd, a professional 
network of expert backup and 
service.

S999
Including Tax. 

At this price

Bangs per buck

experts 
agree 
with his 
choice.

Australian Personal Computer 
have now proved what our 
customers have known for years
Processor. 

NEC The Unix contains a NEC*VM 
manufactured by Sony.

The complete Super 10 kit 
contains:
□ Super — 10 mother board 

640K Installed
4.77/10MHz, plusV-20 
chip (very fast!)

□ Colour graphics adaptor 
card.

□ Multi I/O Card-Serial/ 
Parallel Ports, Games Port, 
Clock, calendar, Floppy 
Controller.

□ Dual Frequency TTL 
Monitor (Green or Amber) 
includes tilt and swivel 
base.

□ Top quality Japanese 
Disk Drive.

□ 150 watt switching power 
supply.

□ High tech flip-top case.
□ Complete set of 

accessories.
□ AT style keyboard.
□ Industry standard — runs 

all IBM software.
□ Assembly manual
□ Utility Disk.
□ All upgrade options 

available.

Ring PATRICK SIMONIS 
(07) 356 7866 right now.

■IMil
Bangs periouck — /ust one way ol comparing the relative merits ol these seven 
ultra checlones The lighter shading denotes price (in thousands ol dollars) and 
the darkershading a performance mde* See Table 3 lor more details I 

^vr^rtfom left to right areIrvino. MicroDOS Comr 
Um teutonics and Techm

SP'S» " an 8088 runni^ 

I 'Lttmht w»l ^"Xo8 

at the same 
orwkfed"""? machines examinee 

LS?"dan) Pc '“x* ™> « 
lini .ï, minimum, although the
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«°* by
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I « "tastest "overall, providing a 50 I 
I cent boost over the Technology Inter

¡Machines
Commodore

"an; ai^ Uni-x T 
a nice intra tilt/swiv«

Cost
M I

Specifics. a .... u

\ reduce costs

UNI-X S CompuPak
p(y L1(j I DivisionPty Ltd

Phone (07) 356 7866 
Dealer enquiries welcome 
Phone (07) 356 8311

UNI-X CompuPak Division, 16-20 Edmondstone St. 
Newmarket, Queensland 4051

... see for yourself in the full 
Report in the October '87 issue, or 
ring us for a copy.
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E.A. GIVES YOU THE CHANCE
_ _ _ _ _ _ _ _ _ _ ELECTRONIC
If you win you get to select between 

the unbelievable >«*1 hi-fi pack! 
CHOOSE THE COMPUTER PACK WORTH OVER $6,400 ~1 

AND THIS IS WHAT YOU’LL WIN!
HIGH PERFORMANCE TANDY 1000 TX. A 
PROFESSIONAL-CLASS MS-DOS 
COMPUTER FOR HOME, SCHOOL OR 
BUSINESS.
• Over six times faster than standard PC XT. 
• Built-in 8.89cm Disk Drive. Stores 720,000 
characters. • Expandable with a second 
8.89cm or 13.3cm Disk Drive. • 640,000 
characters of memory. • IBM PC Compatible. 
• Includes MS-DOS 3.2 and GW-BASIC 
Software. • Includes Personal Desk Mate 2.
THE CM-11 HIGH-RESOLUTION RGB1 
COLOUR MONITOR, has a 33cm screen 
displaying 80 x 25 text, 640 x 200 graphics.

’Wnnnniff,,

20-MEGABYTE HARD 
DISK CARD.
For the Tandy 1OOO, 
Tandy 3000 HL, IBM PC 
or PC compatible. Comes 
with manual and software 
utilities.

PLUS
— Auto Dial Modem.
— All the necessary connection cables.

132 COLUMN BUSINESS PRINTER
A superior printer with exceptional 
speed and quality. Three modes for 
word processing, data processing and 
dot-addressable graphics.

TO SUBSCRIBE
envekjoe^uol'ipd'0'1 2 yT subscriPtion <24 issues) $88. Simply fill out the coupon attached and put it in the reply paid
detaHsP(cardP t^ne cirri numb« d are missln9. send your name, address, phone number and cheque, money order or credit card

Comoanv PO ^227 wiMw signature) to Freepost No. 4, Electronics Australia Tandy Subs Offer, Federal Publishing 
company, PO Box 227, Waterloo, NSW 2017. Any enquiries phone (02) 693-9515 or 693-9517. Unsigned orders cannot be accepted.

co^-En»»
enter only once by submitting their name, address and a hand-drawn facsimile of the subscription coupon tc The Feder^PuSshino Comoani Australian residents need not purchase a subscription to enter, but may
to cash. 4 The judges decision is final and no correspondence will be entered into 5 Description of the comoetrtion and instnirtio^s^^Zn^00? 2271 3 PnzeS are n°' ,rans,errabte or exchangeable and may not be converted
closes with last mail on February 28. 1989 The draw will take place in Sydney on March?1989 and the^^r^in  ̂ 0 the competition conditions 6. The competition commences on 28th November. 1988 and

s rom —■ nsw 2015 p-' ™ «xx,

TO ENTER THE DRAW - SUBSCRIBE OR EXTEND 



TO WIN IN THE ULTIMATE
COMPETITION._ _ _ _ _ _ _ _

the fabulous computer pack or 
There can only be one winner!

CHOOSE THE HI-FI PACK WORTH OVfcH 5 
AND YOU’LL WIN THESE 13 PRIZES

AUTOMATIC BELT DRIVE TURNTABLE.
This elegant slimline turntable gives you amazing clarity 
and superb sound. The belt drive system assures smooth 
rotation constantly and minimizes wow and flutter.

COMPACT DISC — THE ULTIMATE IN STEREO-CD 
PLAYER WITH AUTO CHANGER
• With remote control for all major functions. • Plays up to 
6 discs continuously. • 32 track memory. • Extended 
repeat mode. • Index search.

DELUXE 51cm 
COLOUR 
TELEVISION
• Infra-red remote 
control. • On screen 
display. • Sleep 
function. • The 
CTV-2001 has a slim 
line and sophisticated 
design.

— A remote control VCR.
— A stereo cassette deck.
— 3-way bass reflex speakers with massive 

380mm woofer.

REALISTIC STA-2280, 100 WATTS PER CHANNEL, 
MINIMUM RMS INTO 8 OHMS FROM 20-20,000 Hz with 
more than 0.05% total harmonic distortion.
• 11-step bass, treble and balance controls. • Dual tape 
deck monitoring system. • Memory stores six FM and Six 
AM stations. • Easily expandable. • FM mute/MPX filter 
system. • Digital flourescent frequency display.

— Universal 8-in-one remote control unit.
— Sound processor with surround-sound.
— Equalizer with spectrum analyzer.
— Two minimums-7 mini-speakers.
— Two sturdy, attractive utility cabinets.

“HURRY OFFER ENDS 28th FEBRUARY, 1989”
PLUS EVERYONE WHO SUBSCRIBES OR EXTENDS THE!R CURRENT 
SUBSCRIPTION NOW RECEIVES THIS GREAT MAGNIFIER ABSOLUTELY 
FREE. THE WALTEX MAGNIFIER IS NOT A TOY- ITS A LARGE HIGH 
MAGNIFICATION MAGNIFIER, WITH AN OPTICAL QUALITY ACRYLIC LENSE. 
IT’S IDEAL FOR VIEWING SMALL COMPONENTS, STAMP & COIN 
COLLECTIONS, JEWELLERY AND PHOTOGRAPHS.

YOUR CURRENT SUBSCRIPTION BY 12 MONTHS.



Vintage
Radlie by PETER LANKSHEAR

Cabinet restoration
It may surprise the new vintage radio enthusiast to learn that 
one of the most controversial topics for serious collectors is 
the question of cabinet restoration. One faction says that a 
radio should be displayed as found, with dents, scratches, 
warts and all. Others contend that a receiver is only fit to be 
seen when it looks at least as pristine as it did when it left the 
factory.

In Britain and the United States, res­
toration has been the subject of some 
strong words from respected authorities, 
and the N.Z. Vintage Radio Society 
members conducted a prolonged debate 
some years ago, with no final resolu­
tion. What then is all the fuss about?

The key issue is originality. The pur­
ists insist that an artifact should not be 
modified in any way, or have incorpo­
rated any materials that were not avail­
able at the time of its construction. The 
opposite school maintains that many 
valuable relics are unsatisfactory in their 
as found condition and accepts that 
modern coponents and materials may 
have to be used, but concedes that 
every attempt should be made to con­
form to the original concepts and inten­
tions of the designer.

Absolute originality can be an unreal­
istic ideal, as there are few radios that 
have not been serviced of worked on at 
some time.

An extreme example of the restora­
tion school is the vintage car movement. 
By the very nature of their purpose and 
treatment, old cars are rarely, if ever, 
found in good original condition and 
collecting is practically synonymous with 
complete rebuilding and refinishing. 
Some examples have so much care lav­
ished on them that the finish of the 
paintwork and chrome is considerably 
better than the manufacturer would 
have intended or could have afforded. 
Prizes are awarded at shows for perfec­
tion of paintwork and appearance.

Many museum curators do not ap­
prove of this approach at all. They con­
tend that perfection of finish is second­
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ary to authenticity and anyway, all ma­
terials deteriorate in time and it is un­
realistic to pretend otherwise.

In the art world, classic works are 
being painstakingly ‘derestored’ in an 
attempt to undo the mistakes of past 
misdirected enthusiasms. Radio collect­
ing has found its place somewhere in 
between the over-restoration and the 
purist disciplines.
A compromise

The most practical approach for col­
lectors to adopt is a compromise be­
tween these extremes. Eliott Sivowitch, 
Radio Curator of the Smithsonian Insti­
tution, told me that their approach is, if 
at all possible, to tidy up an exhibit 
using cleaning agents and polishes. Only 
if these fail will refinishing work be con­
sidered.

It seems to me that what the Smithso­
nian judges to be correct should be a 
good guide for amateur collectors. It is 
sometimes surprising what a bit of 
elbow grease and a domestic cleaner 
will achieve. Preparations are available 
for the rejuvenation of tired and crazed 
lacquer.

Significantly, at an auction, reason­
ably sound receivers in original condi­
tion will invariably realise more than 
even well restored models. In other 
words, refinishing is likely to devalue a 
collectors item, so unless you really are 
an expert, leave old and rare cabinets 
alone until you have had a lot of experi­
ence!

Consideration should be given to em­
ployment of a professional refinisher if 
a valuable cabinet is in a bad way.

When to refurbish
Despite all this there are times when 

refinishing a cabinet is appropriate.
Radios from around 1940 and later 

are not rare or particularly valuable. 
Still capable of doing a good day's 
work, they are entirely suitable as 
everyday domestic receivers, and defi­
nitely have a place in collections. 
Wooden cabinets of this era were pieces 
of attractive furniture with classic ve­
neers and really come to life when 
properly polished. Many are still in ex­
cellent condition and a good clean and 
an application of furniture polish is all 
that is necessary for rejuvenation.

Some cabinets have not been so fortu­
nate. Many fine receivers became un­
fashionable and were relegated to the 
workshop, garage or factory, to spend 
their time belting out the top 40 tunes 
or sporting commentaries. Knobs were 
often lost, or were adjusted with greasy 
or paint covered fingers. The cabinets 
were knocked about and became prime 
targets for pinups and stick-on decals 
and as repositories for glasses, cans and 
cups.

The result of all this rough treatment 
is a finish that is generally beyond sav­
ing. It is at this stage that these old clas­
sics can often be obtained for the ask­
ing.

Such a receiver came my way recent­
ly. Saved from the rubbish collector, it 
had suffered from the usual treatment 
handed out to workshop hacks. Knobs 
were missing and one was replaced with 
an obviously incorrect type. Labels and 
dirt hid the inlaid veneer. After the 
treatment I am about to describe, it 
now looks like new and graces the 
Lankshear conservatory.

The set in question is a New Zealand 
made Columbus 90, typical of literally 
scores of models of the 1940's from 
both sides of the Tasman.

I am not, in this article, dealing with 
servicing of the chassis. This is a very 
extensive subject which I hope to cover 
in later articles. For now, assuming that

December 1988



The author's Columbus 90 mantel model, before cabinet restoration. It dates 
from the 1940's. Note the scratched lacquer and stickers plastered over the 
cabinet.
the radio is working, I suggest that all 
paper and electrolytic capacitors as well 
as resistors should be checked with a 
meter. Replacements are inexpensive 
and any suspicious characters should be 
renewed.

A big job
Refinishing an old receiver cabinet is 

not a project that can be completed in 
one evening. If you are going to restore 
the finish on a wooden cabinet, there 
are no half measures.

Be prepared to strip the cabinet down 
completely to the wood. Under no cir­
cumstances should the original polish be 
covered over with new lacquer. This is 
referred to by a fellow collector as the 
‘toffee apple treatment’, and looks terri­
ble.

First remove the knobs and chassis 
bolts, to take out the chassis. In larger 
radios the speaker will be separate and 
fastened to the cabinet by wood screws. 
At this stage a thorough dusting with a 
paint brush and vacuum cleaner is a 
good idea. Put the chassis and speaker 
to one side, along with the hardware 
and make a thorough inspection of the 
cabinet to dismantle it as much as possi­
ble.

At the least remove the speaker 
mounting board, grill and dial escutch­
eon. The grill cloth will be either glued 
to the cabinet or the speaker board. Ei­
ther way it is likely to be the worse for 
wear, dirty and faded and unless laun­
dering is successful, it is best discarded.
Removing the finish

The success of the whole project de­
pends on the thoroughness of the re­
moval of the old finish and subsequent 
preparation of the wood for refinishing. 

Sanding, scraping and stripping are the 
recognised methods and each has its 
merits and traps.

Hand sanding is safest, but slowest. 
Always use a cork sanding block and 
medium grade sandpaper. Do not be 
tempted to use a coarse paper to speed 
up the work. The result will be deep 
scratches in the wood, which will be 
very hard to remove. An orbital power 
sander is much more efficient, but un­
less great care is taken, thin veneer will 
be cut through with disasterous conse­
quences. A steel scraper can be very ef­
fective, but requires skill to sharpen 
properly and use without damaging the 
cabinet.

The easiest method, but the most ex­
pensive, is to use a proprietary paint 
stripper. These are pungent smelling 
pastes that are applied thickly and left 
to soften the finish. After the stripper 
has been left to work, for half an hour 
or so, the resulting goo is removed with 
a scraper, hopefully leaving bare wood 
underneath. Incomplete removal can be 
corrected by a second coat.

A mixture of remover and old lacquer 
is inflammable, so dispose of it careful­
ly. The active ingredient of stripper is 
actually a gas, the paste being only the 
vehicle to carry it. It is, therefore, a 
good idea to conserve the gas by cover­
ing the cabinet with a plastic sheet or 
better still, putting it in a large plastic 
bag. Always use rubber gloves or there 
will be more than paint removed!

When stripping is complete, the whole 
cabinet should be scrubbed with a stiff 
brush and water. This may seem a bit 
drastic, but it does no harm, makes 
final sanding much easier and gets rid of 
the last vestiges of paste.

Repairing damage
Regardless of the method used, we 

have now reached the stage of attending 
to the woodwork. Lifting veneer can be 
held in position with masking tape and 
reglued with PVA glue.

Dents can often be removed by wet­
ting the depressed area, then covering it 
with a wet rag and heating with a 
household iron. The resulting steam 
swells the pores of the wood and forces 
the fibres back into shape.

Chips, borer holes and small cracks in 
the veneer can often be disguised with 
plastic wood. Be careful to match the 
colours, as bare wood can be consider­
ably paler than when finished. An ex­
treme case is walnut. Unfinished, it is a 
light brown, but when wetted, even 
with water, the colour can be almost 
black.

If there is any suspicion of borer in­
festation, obtain one of the liquid poi­
sons sold for the purpose. A typical 
compound is diluted with mineral tur­
pentine and painted liberally -on the in­
terior of the cabinet.

When the blemishes are removed, 
sand the cabinet down using a sanding 
block, and fine aluminium oxide or gar­
net paper, rubbing only with (i.e., 
along) the grain. Be particularly careful 
to get the last vestiges of old lacquer 
out of the mouldings and grooves.

It is likely that some solid parts of the 
cabinet will be made from inexpensive 
wood, stained with dyes to resemble 
fine timber. Lacquer removal, washing 
and sanding between them will have re­
moved most of this colouring. Oil stains 
are rubbed into the wood, but tend to 
hide the grain and are best used on 
open pored timbers. Water based stains 
are the most stable but raise the grain, 
which has to be resanded.

Non grain raising (NGR) stains are 
the easiest to apply. They are available 
in many shades at paint and handyman 
stores. Being spirit based, they dry in­
stantly and should be applied with a 
small paint brush.

Stains are concentrated dyes and their 
effect can be very easily overdone. Be 
careful because unwanted splashes are 
very hard to remove. Generally, figured 
woods and veneers are best left un­
stained. The insides of many cabinets 
were stained and should be redone if at 
all patchy.

It will be obvious from all this, that 
restoration can be fairly time consum­
ing. There is plenty to go on with and 
next month I will describe the relac­
quering and reassembly work. ®
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Solid Stole Update
KEEPING YOU INFORMED ON THE LATEST DEVELOPMENTS IN SEMICONDUCTOR TECHNOLOGY^^I

‘Universal’ DSP peripheral
Texas Instruments has announced the 

availability of a single chip interface 
that greatly reduces the need for analog 
design expertise in the development of 
digital-signal-processing (DSP) systems. 
A universal DSP peripheral, the new 
analog-interface circuit (AIC) chip is a 
complete, flexible, high-performance 
analog-to-digital input/output system.

The TLC32040 integrates the func­
tions of 10-15 MSI and LSI functions, 
including an anti-aliasing input filter, 
analog-to-digital and digital-to-analog 
converters with 14 bits of resolution and 
10 bits of linearity, a low-pass output­
reconstruction filter, signal-conditioning 
blocks, a multiplexer, timing and con­
trol logic and a four-mode serial inter­
face. The AIC chip’s filter characteris­
tics, sampling rates, gain selection and 
phase adjustment are software-program­
mable.

For further information contact Texas 
Instruments, 6-10 Talavera Road, North 
Ryde 2113, phone (02) 887 1122.

Data 
transmission IC

The Philips SAA1045 universal 
driver/detector integrated circuit trans­
mits data directly across twisted-pair 
lines up to 150m long. This is the far­
thest distance covered by a currently 
available circuit as most existing drivers 
are limited to a few metres.

As well as connecting directly to the 
D2B (digital data bus), the CMOS 
SAA1045 can implement bus protocols 
with data rates up to about IMbit/s. 
The circuit is in an 8-pin DIL or SO 
package, yet contains detector, driver, 
digital filter and analog circuits.

The SAA1045 suits office, home and 
factory applications. It can be used to 
connect up all the electronics circuits in 
a car. The bus provides for a response 
time within 2ms, and the twisted-pair 
wire format makes it inexpensive to im­
plement. The D2B is designed to con­
nect home entertainment systems and 
also works as the cluster bus on the 
Japanese HEB (home electronic bus).

For further information please contact 
Philips Elcoma, 11 Waltham Street, Ar­
tarmon 2064, phone (02) 439 3322.

PAL devices
Advanced Micro Devices and SEEQ 

Technology recently announced the first 
in a family of jointly developed Pro­
grammable Array Logic (PAL) inte­
grated circuits that promised to expand 
the fast-growing programmable logic 
market. PAL devices have evolved to 
meet the increasing demand for logic 
devices in virtually all computation and 
communication systems, offering a low- 
cost, high performance alternative to 
expensive custom solutions.

The new products, developed with a 
unique, electrically erasable (EE) 
CMOS process, can be quickly and

Stellar sensor
The most advanced CCD image sen­

sor yet developed for scientific and as­
tronomical research is said to have been 
delivered to the Lick Observatory. The 
400 x 1200 pixel CCD was developed by 
EG & G Reticon in Sunnyvale, Califor­
nia.

The large 400 x 1200 format gives as­
tronomers more resolution than has 
heretofore been available. The device 

easily programmed, erased, and repro­
grammed by customers to meet specific 
requirements not available in standard 
parts.

The new devices are ideal for applica­
tions that demand easy programmability 
and low power consumption, such as 
lap-top computers, instruments, medical 
data-logging systems, telephone line 
cards and on-line transaction processors. 
These devices replace as many as seven 
standard logic parts, reducing system 
component count and economizing on 
board space.

For further information contact RAE 
Industrial Electronics, Melbourne, 
phone (03) 277 4033 

has demonstrated a dynamic range of 
140,000 to 1 at a temperature of 120K. 
These features allow the Lick astrono­
mers to study and analyse faint and 
more distant light sources in space. 
CCD arrays provide greater sensitivity 
than is possible with photographic 
plates.

For more information contact Email
Electronics, 15-17 Hume Street, Hunt­
ingdale 3166, phone (03) 544 8244.
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1 Meg DRAM
Texas Instruments has become the 

first major US supplier of one-megabit 
dynamic random access memories 
(DRAMs) for military applications. 
Now in production, the Class 
B-processed DRAM is organised as 
1,048,576 bits x 1-bit. Tl is also charac­
terising a one-megabit DRAM with a 
262,144 x 4-bit organisation for military 
applications.

Designers who use one-megabit 
DRAMs to replace 256K devices can re­
duce board space and system cost or 
provide four times the memory in the 
same area. One-megabit devices are 
most appropriately used in military ap­
plications that require large, dense 
memory storage. These include graph­
ics, cockpit displays, image processing, 
speech recognition and mainframe com­
puters.

The SMJ4C1024 (xl) and the 
SMJ44C256 (x4) are fabricated in TI’s 
EPICTM (Enhanced Performace Im­
planted CMOS) technology, and are 
characterised over the full military tem­
perature range (-55 to 125° Celsius). 
Previous DRAM generations typically 
have been fabricated in NMOS tech­
nology which limited their high-tem­
perature operation to 110° Celsius.

For further information contact the 
Semiconductor Division, Texas Instru­
ments, 6-10 Talavera Road, North Ryde 
2113, phone (02) 887 1122.

SRAM for 80386 
systems

Integrated Device Technology re­
cently introduced a 4K x 16 static RAM 
(SRAM) optimized to work with Intel’s 
82385 cache controller in 80386 systems. 
This cache SRAM, the IDT 71586, fea­
tures a 35ns access time with an on-chip 
address latch.

The IDT 71586’s on-chip address latch 
improves speed by reducing interchip 
delays and eliminating the need for ex­

12 bit 500kHz ADC
DATEL has introduced the ADS-111 

sampling A/D converter. Unmatched in 
size, the ADS-111 utilizes an innovative 
hybrid design that combines a high 
speed 12-bit A/D converter and a fast 
sample and hold amplifier in a space­
saving 24-pin DIP. The ADS-111 digi­
tises sinusoidal input signals at mini­
mum rates of 500 thousand samples per 
second with 12-bit binary performance.

By combining both the A/D and S/H 
in one device, critical layout factors are 
achieved to ensure stable, high-band­
width operation. The A/D converter 
uses a subranging, or two-pass, tech­
nique for the conversion process to pro­
vide high speed and precision results. 
The S/H has a very fast signal acquisi­
tion time to help achieve the 500kHz 
minimum throughout rate.

The ADS-111 has a pin-programma­
ble feature that allows analog input sig-

VLSI chip set in PS/2
The IBM PS/2 Model 35 will be AT 

compatible, thanks to the VL82CPCAT 
chip set from VLSI Design. IBM have 
chosen the VLSI ICs for this new ma­
chine, the latest in the PS/2 line-up.

For further information contact 
Energy Control International, 26 Boron 
Street, Sumner Park 4074, phone (04) 
85 8742.

ternal glue logic. At the same time, 
board space is reduced by as much as 
57%.

In an Intel 80386-based system using 
an 82385 cache controller, four IDT 
71586 SRAMs replace 27 memory and 
logic chips and use only 1/3 of the 
power to perform the equivalent func­
tion.

For further information contact 
George Brown Marketing Group, 456 
Spencer Street, West Melbourne 3003, 
phone (03) 329 7500.

nals of either 0 to +10 volts to be 
chosen as the input. The digital inputs 
and the three-state outputs are TTL and 
CMOS compatible.

The standard version, coded ADS- 
111MC costs $395.00.

For further information contact El­
measco, 12 Maroondah Highway, Ring­
wood 3134, phone (03) 879 2322.

Microwave PIN switch
Benmar has introduced the SSE3792 

single silicon chip containing two PIN 
type junctions in a monolithic series­
shunt configuration. This easy pad 
bonding, rugged design is for use in 
compound multi-throw switch designs 
up to 26GHz.

This new Alpha Semiconductor Divi­
sion item features excellent resistance­
capacitance characteristics, low parasitic 
inductance, rugged monolithic construc­
tion, and thus replaces the need to com­
bine discrete beam-lead and chip diode 
devices. The simpler assembly allows 
higher production yields and increases 
switch MTBF (mean time between fail­
ures).

For information contact Benmar, 
Level 67, MLC Centre, Sydney, phone 
(02) 233 7566.
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008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS! LOCAL ORDERS & INQUIRIES CALL (03) 543 7877

$19.95Cat A10450

CHRISTMAS

I

CAR ALARM SYSTEM 
WITH REMOTE CONTROL

AND PAGER
• Complete automotive protection 
system with back-up battery protected 
siren

Supplied with remote key switch, 
pager and glass breakage detector 
1 lOdB siren with independent 
inbuilt rechargeable back-up battery 
Automatically arms when ignition 
is switched off
Will not start 30 second exit delay 
until last door is closed

SELECTABLE OPTIONS
Transmits signal to pager only, 
siren only or to both 
Gives audible beep when the 
system is armed or disarmed 
Valet mode: disarms the system 
completely for service, etc 
Extends car power antenna when 
triggered for long range paging 
Pressing both remote key buttons 
together activates panic alarm

OUTPUT TERMINALS
8 ohm siren/speaker outputs 
Normally open and normally closed 
output terminals
12 V DC 300mA output for other 
alarm devices

COMPONENT BREAK DOWN
Main Unit: Controls and monitors the 
complete alarm system. All input and 
output cables are connected to this 
Pager: Portable monitoring receiver 
"beeps" when the alarm is activated 
up to 2 miles away. Can also be used 
as a paaer when "paging" button is 
Eressed on the main control unit.

ED Indicator: Shows what stage 
the alarm system is in. 
ie: armed/disarmed and exit/entry 
period. It also has a memory LED that 
indicates that the system has been 
triggered and has automatically reset 
Remote Arm/Disarm Key: This 
transmitter allows you to activate or 
deactivate the car from outside the 
vehicle It also has a panic feature 
that triggers the alarm when both 
buttons are depressed together 
Glass Breaking Sensor:' This is a 
piezo sensor that is activated by the 
frequency of breaking glass which 
helps to prevent false alarms 
Back-up battery: Rechargeable 
back-up battery system which stops 
unauthorised disconnection of the 
siren. If any of the wires going to the 
siren are cut it will sound. It also has a 
keyed manual over ride switch for 
disarming or servicing

HORWOOD ALUMINIUM 
CASES
H10382 3x4x2 inches 
H10383 3x4x3 inches 
H10384 3x4x4 inches 
H10385 3x4x5 inches 
H10386 3x4x6 inches 
H10387 3x4x7 inches 
H10388 3x4x8 inches 
H10389 3x4x9 inches 
H103903 x 4x Winches

$ 
$ 
$ 
$ 
$ 
$

5.50 
6.50
7.50 
7.95 
8.50
9.50

$10.50
$10.95
$11.95

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

CD TO CAR CASSETTE 
STEREO ADAPTOR

Enables a portable CD player or 
portable TV to be played through any 
car speaker system by using the cars 
cassette player Reduces the risk of 
theft Just plug in when required, and 
remove when you are finished Hard 
wiring not needed
A10011 $29.95

STACK COMPARTMENTS 
• Precision dovetail system allows 

units to be interlocked together
• Large handle with index card slot
• One piece moulding ensures trays 

will not jam or sieze
• Size: 110(W) x 120(D) x 55(H)mm 
H10080 Single tray.. $3.95 
H10081 Doubletray..$4.25

NOW OPEN IN
SYDNEY!

74 PARRAMATTA RD, STANMORE 
PHONE (02) 5193134

SERIES 5000
INDIVIDUAL COMPONENTS TO

MAKE UP A SUPERB HIFI SYSTEM!
By directly importing and a more technically orientated 
organisation, ROD IRVING ELECTRONICS can bring you these 
products at lower prices than their competitors. Enjoy the many 
other advantages of RIE Series 5000 kits such as "Superb Finish" 
front panels at no extra cost, top quality components supplied 
throughout. Over 1,500 sold!

UTILITY BOXES
Plastic boxes with aluminium tops, 
and available in four sizes Very 
popular for projects and very
ecconomical'
H10101 150x90x50mm
H10102 195x113x60mm
H10103 130x68x41mm
H10105 83x54x28mm
H10110 120x65x38mm
H10112 120x65x38mm
(Metal top)

$ 
$ 
$ 
$ 
$ 
$

3.25
4.50
2.75
1.95
2.95
2.95

PASSIVE INFRA RED 
DETECTOR

Compact P.I.R. with adjustable 
corner or wall mounting bracket, 
dual pyroelectric infra red sensing 
element gives a coverage 2x14 
zones 2m high and 10m wide

Sensitivity adjustment control 
Detecting range 12-15 metres at 
90 degrees
Detecting zones 9 long (up). 
5 short (down)
LED indicator for walk test (can be 
disabled)
Shielded against RF interference 
Relay output NC or NO at 30V 
(AC-DC) 0.5A max
Integral NC tamper switch 
Operating voltage 10.5 - 16V DC 
Current 20mA with LED 25mA

“SNAP TOGETHER’’
PLASTIC CASE
Top and bottom simply snap 
together (no screws required), 
removable front and back panels 
Size: 186(W) x 125(D) x 50(H)mm

$7.95

POWER AMPLIFIER
WHY YOU SHOULD BUY A “ROD IRVING ELECTRONICS" 

SERIES 5000 POWER AMP»
% Metal Filmrpcie^^—ww ÓHÍ1D§PÉCÍKÚÓÑLY$3"

SAVE$50____

Cat. S15075

S15056 $399

CAT.No
M10230

$145

$2.95

S3.95

MODEM TRANSFORMER
PCB pins, spacing 25mm. equipment 
to line. 15mm between equipment 
pins. 25mm between line pins

KEY SWITCHES 
1-y 10+

Cat S12500 Normally $7 95 
1-9 10 f 25 +
$4.95ea $4.25ea $3.95ea

PIEZO SIREN
• 4 piezo units in a high impact 
plastic cabinet

Input 12V DC - 200mA
Output 115dB at 1 m. dual tone
Compact size 105 x 85 x 45mm 
Smart design suits interior use

Cat S15071

rouTW

$24.95

BIG MONTH CAR ALARM
FEATURES.....

Easy installation 
Automatic on/off 
Loud alarm signal 
Auto reset 
Low Price!

SPECIFICATIONS:
Power: DC 12V battery
Current Consumption: 10mA at 

12V DC
Dimensions: 139x 165x 136mm 
Exit Delay: 60 seconds approx 
Entry Delay: 12 seconds approx. 
Auto reset: 90 Seconds approx.
S15048 ............... $39.95

1-9
1.95

10+
95

WIRE WRAP
IC SOCKETS

These quality 3 level wire wrap 
sockets are tin-plated phosphor 
bronze

Cat. H10116
' ueveiooed by
f— ^»ScLtUTRONICS and is being supplied to other kit
suppliers.
«JmSS^CATIONS: 150 W RMS into 4 ohms (per channel) 
POWER AMPLIFIER: 100W RMS in»o 8 ohms (+ 55v Supply) 
FREQUENCY RESPONSE: 8Hz to 20Hz + 0= 0 4 dB 2 8Hz to 65KHz, 
+ 0-3 dB. NOTE: These figures are determined solely by passive filters 
INPUT SENSITIVITY : 1 V RMS for 100W ouput
HUM: 100 dB below full output (flat)
NOISE: 116 dB below full output (flat, 20KHz bandwidth)
2nd HARMONIC DISTORTION: 0 001% at .1 KHz (0 0007% on Prototypes) 
at 100W ouput using a + = 56V SUPPLY rated at 4A continues *0.0003% for all 
frequencies less than 10KHz and all powers below clipping
TOTAL HARMONIC DISTORTION: Determined by 2nd Harmonic Distortion 
(see above)
INTERMODULATION DISTORTION: 0.003% at 100W (50Hz and 7KHz 
mixed 4:1)
STABILITY: Unconditional
Cat. K44771 ................ ......................................... $449

Assembled and tested $599
packing and postAtOVIFA/AEM

2 WAY SPEAKER KIT! 
This exciting new speaker kit, 
designed by David Tillbrook (a 
name synonymous with brilliant 
design and performance) uses 
VIFA's high perfomance drivers 
from Denmark. You will save 
around $800 when you hear what 
you get from this system when 
compared to something you buy 
off the shelf with similar 
characteristics. Call in personally 
and compare for yourself!
The system comprises...
2 x P21 Polycone 8" woofers 
2 x D25T Ferrofluid cooled dome 
tweeters with Polymer diaphrams 
2 pre-built quality crossovers 
The cabinet kit consists of 2 knock­
down boxes in beautiful black grain 
look with silver baffles, speaker 
cloth, innerbond. grill clips, speaker 
terminals, screws and ports.

D25T SPEAKER SPECIFICATIONS 
Nominal Impedance: 6 ohms 
Frequency Range: 2 - 24kHz 
Free Air Resonance: 1500Hz 
Operating Power: 3.2 watts 
Sensitivity (1W at 1m): 9OdB 
Nominal Power: 90 Watts 
Voice Coil Diameter: 25mm 
Air Gap Height: 2mm 
Voice Coil Resistance: 4 7ohms 
Moving Mass: 0.3 grams 
Weight: 0.53kg

P21 WOOFER SPECIFICATIONS: 
Nominal Impedance: 8 ohms 
Frequency Range: 26 - 4,000Hz 
Free Air Resonance: 33Hz 
Operating Power: 2.5 watts 
Sensitivity (1Wat 1m):92dB 
Nominal Power: 60 Watts 
Voice Coil Diameter: 40mm 
Voice Coll Resistance: 5 Sohms 
Moving Mass: 20 grams 
Thiele/Small Parameters: Qm: 2.4

PREAMPLIFIER
THE ADVANTAGES OF BUYING A 

"ROD IRVING ELECTRONICS” SFB!£

...eve mat dollar for
Cat.No. 
P10579 
P10580 
P10585 
P10587 
P10590 
P10592 
P10594 
P10596 
P10598

pin 
pin 
pin 
pin 
pin 
pin 
pin 
pin 
pm

Description 1-9 10+

$4.95

$1.50 
$1.85 
$1.95

$1.40
$1.70
$1.80

$2.70 
$2.70 
$3.50 
$3.50 
$4.50

EXTERNAL SIREN
& FLASHING LIGHT

Housed in a waterproof, metal 
case, with tamper switch.
SPECIFICATIONS:
Siren:

DC 12V. 450 mA
Impedance 8 ohm
S.P.L. (dB/W) 110
Dimensions: 135x 150mm

Flashing Light:
DC 12V
100 flashes per minute 
Dimensions: 82 x 100mm

$89.50

GOLDSTAR 20MHz 
COMPOSITE MONITOR 

X14514GREEN only $89 
X14516 AMBER only $89 

10 OR MORE $85 EACH

■«rcial unit available that sounds as

SPECIFICATIONS:
FREQUENCY RESPONSE: High-level input: 15Hz = 130KHz +0 1dB 
Low-Level input-conforms to RIAA equalisation + = 0.2dB
DISTORTION: 1 KHz -0.003% on all inputs (limit of resolution on measurinq 
equipment due to noise limitation) y
S/N NOISE: High-LevelI input .master full, with respect to 300mV input signal at 
full output (1 2v)-92dB flat -lOOdB A-weigh ted, MM input, master full with 
respect to full output (1,2V) at 5 mV input 50ohms source resistance connected"a^B ^^»ed MC input, master full, with respS^SfCO^ 
(1.2V) and 200uV input signal: -71dB flat -75dB A-weighted
Cat. K44791 .....................................................$399

Assembled and tested $699
packing and postage $10

THIRD OCTAVE 
GRAPHIC EQUALIZER

SPECIFICATIONS: —

DIRECT IMPORT 
5V4” DISK DRIVE!

Double sided, double density, 
500K unformatted. 360K formatted 
Direct import price!
C11801 ...........Only $139

GOLDSTAR 
12” TTL MONITOR 

X14500GREEN . only$99 
X14502 AMBER , only $99 

10 OR MORE $95 EACH

Weight: 1.65kg

Qt: 0.35
Vas. 80:1

Complete Kit Cat.KI 6020 $799
Speaker KH Cat.K16021 $649
Cabinet Kit Cat.KI 6022 $209

SAVE $30
^cu. r\44590 1 unit: $239

2 units: $429
008 335757 TOLL FREE MAILORDER HOTLINE FOR CREDIT CARD ORDERS! LOCAL ORDERS & INQUIRIES CALL (03) 543 7877
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HOOK UP WIRE 
C«t. No. Description 
W11251 13/ 12TNDBLK 
W11252 13/. 12 TLD BROWN 
W11253 13/12 TLD ORANGE 
W11254 13/12 TLD YELLOW 
W11255 13/-12 TLD GREEN 
W11256 13/ 12TLDBLUE 
W11257 13/ 12 TLD WHITE
PRICES PER 100 METRE ROLL 

1-9 10 •
$5.95 $5.00
W11260 14/ 20 RED
W11261 14/ 20 BLACK
W11265 14/20BLUE 
W11268 14/20 WHITE
PRICES PER 1OO METRE ROLL 

1-9 10*
$12.00 $10.00
W11270 24/ 20 RED 
W11272 24/.20 BLACK 
W11274 24/ 20 GREEN

PRICES PER 100 METRE ROLL 
1-9 10*
$14.00 $12.00
W11280 32/ 2 BROWN 
W11282 32/.2BLUE
PRICES PER 100 METRE ROLL 

1-9 10*
$20.00 $18.00

Z10141 Grn $0.20 $0.15 $0.12 
Z10143YIW $0.20 $0.15 $0.12 
Zl0l45Ora $0.20 $0.15 $0.12

QUALITY 5mm LEDS
Cat. No. Col. 1-9 10* 100-
Z10150Red $0.08 $0.07 $0.06 
Z10151 Grn $0.15 $0.12 $0.10

POCKET SIZE 
BATTERY TESTER

• Tests all 9V to 1 5V battenes 
including button cells

• Arms extend to various battery sizes
• Easy to read meter
• Requires no power source
M23521 ............... $11.95

P10964 3 PIN LINE FEMALE
$4.50 .........................$3.90

FREE STANDING, FOLD 
UP MAGNIFIER _

An ecconomically priced hands tree 
magnifier, lets you take care of all 
those tricky fine detailed jobs so 
often encountered in electronics, or 
any of many other practical uses 
such as home, work, hobbies etc
Cat T10020 Normally $14.95

SPECIAL. ONLY $12.95

BRAND NEW FANS
Quality, new tans tor use in power 
amjss computers, hotspot cooling etc 
Anywhere you need plenty of air 
240V 45/8" Cat T12461 $14.95 
115V 45/8" Cat T12463 $14.95 
240V Cat T12465 $14.95 
115V 3^/2 Cat T12467 $14.95
10 • fans (mixed) only $10 each!

P.A. SPEAKERS
Low dual cone, wide range 
200mm (8in ). Ideal for public 
address, background music, 
etc Tremendous Value at these
prices!

$6.95

Cat.Cl2000
10+ 

$5.95

9 PIN TO 25 PIN 
CONNECTOR ADAPTORS 
The perfect solution! Features gold 
plated pins.
X15668 DB9 Plug to DB25 Socket 
X15669 DB9 Socket to DB25 Plug 

each $10.95

CD PLAYER ADAPTOR
Many amplifiers have only one 
auxiliary input This makes using a 
compact disk player as well as 
another auxiliary input inconvenient 
Also the majority of CD players have 
an output voltage of 1 6 or 2 volts 
whereas the auxiliary input norm is 
750mV This CD adaptor allows dual 
auxiliary input, and one input has 
variable gain setting
SPECIFICATIONS:
• Input 2 sets of 2 x RCA sockets 
• Gain 150. 300. 600mV 1V and 2V
• Output 2 x RCA sockets
A11510 .............. $23.95

P10966 3 PIN CHASIS FEMALE
$4.95 .........................$3.95

U.S. TO AUSTRALIAN 
TELEPHONE ADAPTOR

• Australian plug to U.S. socket
Y16008 ................... $8.95

DB25 SOCKET 
WALL PLATE

• Fitted with DB25S socket (RS232)
• Anodised aluminium plate
• Includes mounting hardware 
P10947 ............. $11.95

DB25PLUG WALL PLATE
• Fitted with DB25P plug (RS232)
• Anodised aluminium plate
• Includes mounting hardware
P10944 $11.95

value

C 1.2 AH
D 1.2 A.H.

COMPACT DISC 
STORAGE UNITS

• Holds 10/20 compact discs in their 
cases

• Interlocking modular design 
allows vertical and horizontal 
interlocking

• Discs slide into place honzontally 
making titles easy to read

• Wall mount or free standing
A10031 (10discs) $12.95
A10032 (20 discs) $19.95

7 2V NICAD

remote control cars. toys, and models
SPECIFICATIONS:
Voltage: 7 2
Charging Current: 130mA
Nominal Capacity : 1300mAH
Charging Time: 15 Hours
S15025 ................  $49.95

NICADS!
Save a fortune on expensive 
throw away batteries with these 
quality Nicads and Rechargers!
Size Desc. 10+ 100 +
AA 450 mA.H $2.95 $2.75 $2.50

$9.95 $9.50 $8.95
$9.95 $9.50 $8.95

CAR AUXILLIARY 
STOP LIGHT

Avoid rear end collisions with this 
simple and proven method A very 
cheap form of "insurance'' Simple 
to install with self adhesive rubber 
mounting 12V DC and 2 metre cable
A12090 $12.95

Range
SUPER DELUXE

N. and up to 3 x 9V batteries at the 
same time
Dual colour LED in first three 
compartments to designate 1-5V 
or9V
240V AC/50HZ
Approval No N10637

ROD IRVING 
ELECTRONICS

SYDNEY: 74 Parramatta Rd
STANMORE 2048
Phone: (02) 519 3134
Fax (02)519 3868
MELBOURNE: 48 A Beckett St 
Phone (031663 6151
NORTHCOTE: 425 High St 
Phone (03)489 8866
CLAYTON: 56 Renver Rd 
Phone (03) 543 7877
SOUTH AUSTRALIA: 
Electronic Discounters P/L, 
305 Morphett St. ADELAIDE 
Phone (08)212 1799 
NOTE PRICES MAY VARY INTER 
STATE DUE TO FREIGHT COSTS
MAIL ORDER:
Local Orders (03) 543 7877 
Interstate Orders (008) 33 5757
All Inquiries (03) 543 7877
CORRESPONDENCE:
PO Box 620. CLAYTON 3168 
Telex AA 151938
Fax (03) 543 2648

ROTATING LIGHT
Motor dnven rotating reflecting 
mirror with a flash rate of about 150 
per minute Large lens fit right to 
base, making unit weatherproof 
Spare globe included
SPECIFICATIONS:
• Available in Blue or Orange
• 150 Revolutions per minute 

(approximately)
• Shock absorbing rubber mounting 

legs
• Connecting wire fitted through base 
• 12V DC 750mA
• Base diameter 102mm

Height 140mm
A15042 Blue . .. $42.95
A15043 Orange $42.95

COMPACT DISC CASES
Three standard replacement 
compact disc cases
A10030 ....................... $6.95

$59.95Cat M23525 speaker stands Base slope is 
adjustable to allow you to find the 
correct listening position for your 
speakers

Holds speakers witha minimum 
dimension of 220 x 190mmm
Maximum speaker weight 30Kg
Stand height 125mm
Stand base dimension 370 x 280mm 
Leg studs to stop slipping and 
vibrating on carpets are easily 
removed for smooth tile floors, etc

C10768 $99.95

MAIL ORDER HOTLINE 
008 335757

(TOLL FREE. STRICTLY ORDERS ONLY)

LOCAL ORDERS & 
INQUIRIES (03) 543 7877 
POSTAGE RATES:

I keypad
• Four digit, changeable code
• Over 5000 possible combinations
• Power consumption 5mA standby 

50mA alarm
• Two sector LED and 1 arm LED
• Wrong number lockout.
• 12V DC operation
• Relay output
• Panic button
• Normally open tamper switch
• Dimensions 145 x 100 x 37mm
• ACP3 compatible
Cat A13014 R.R.P. $79.95

SPECIAL, ONLY $69.95

RACING BATTERY PACK 
rjsawsL  

input: 12V DC cigarette lighter, fuse 
protected

Output: standard racing pack lead 
and terminal to suit S15025 and 
Tamiya 7-2V batteries

Charge Tlme:Standard charge is 
15 minutes for 7-2V battenes

0-30 minute timer.
M23528 ................  $39.95

motor, this lightweight (113gm) drill 
is ideal for many jobs. Perfect for 
PCB work' Has a 0 8 to 1 2mm 
chuck and 1 mm drill bit 
Requires 12V 1 AMP (use with
M19010) 
Cat T12302 $19.95

5W DISK STORAGE 
Efficient anâ prac^ica? ’W)tect your 

disks from being damaged or lost! 
Features...
e 100 x 5V4" disk capacity
• Smoked plastic hinged lid
• Lockable (2 keys supplied) 
e High impact ABS plastic base
e Contemporary design
Cl 6020 only $15.95

$10 
$25 
$50 
$100 
$200

$9.99
$24.99 
$49.99
$99.99 

$199
$499

$500 plus

$2.00 
$3.00 
$4.00 
$5.00 
$7.50 

$10.00 
$12.50

Conveniently sacks paper printout 
in document tray automatically 
Made of black plastic coated steel 

' Suitable for most printers 
(80/132 column)

• Excellent value at these prices!

4A REGULATED
240V
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 to 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

The above postage rates are for 
basic postage only Road Freight, 
bulky and fragile items will be 
charged al different rates

All wholesale and sales tax 
exempt inquiries to: 
RITRONICS WHOLESALE, 
56 Renver Rd. Clayton 
Ph. (03) 543 2166 (3 lines) 
Errors and omissions excepted 
Prices and specifications subject 
to change

C21056 $29.95
Energy

M19032 $139

Machines * Apple*aregtswredtrademart. 
‘Denotes registered tradmarks of their

VISA

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



General Features ^Construction Projects
Aussat 3 Jan p24
Electronic Vehicle ID system Jan p28
IBM's Wangaratta Plant Now
Upgraded Jan p31
Funway 2 & 3 Jan p52
Big Prizes in New Subscrip­
tions Promotion Jan p74
TIMS Jan p96
Electron Microscopy comes to
Life Jan pl68
Scope's C60 Cordless Iron Feb p!8
Melbourne CD Factory Up­
graded Feb p20
Signal Processing Break­
through by CSIRO Feb p26
Local Breakthrough in
DC/DC conversion Feb p96
Glossary of power supply 
terms Feb pl04
Export success for Aussie PS
Maker Feb pl07
Pubs and Clubs Getting Satel­
lite TV Mar p26
Singapore's Electronics Indus­
try Mar p32
Geoff Wood Bows out Mar p48
Tracer's Navigator Mar p84
Facing the Fax Apr p34
Philips Megachip Project on
Target Apr p36
Portasol Pro’Gas Iron Apr pl 16
Evolution of a hybrid IC Apr p 120
Wired for Sound, TV & Data
Comms May p!6
What's inside the latest Mi­
crowave Ovens May p20
Recording Australia's Oral
History - preface May p53
Recording Australia's Oral
History - 1 May p54
A ‘Pipe Organ’ Without Pipes Jun p!6
Recording Australia’s Oral
History - 2 Jun p52
Cordless Telephones Jul pl6
Airborne Laser searches for
Minerals Jul p18
Recording Australia's Oral
History - 3 Jul p54
The Grand Aussie Hobby
Electronics Contest Jul pl()2
Fairchild's Farewell Aug p!8
Sony's incredible new ICF-
SWÍS Aug p20
Recording Australia's Oral
History - 4 Aug p44
Radio Communications for
the Future Aug pl 18
Australia's Newest Radio
Telescope Sep pl2
AWA's New World-Standard
IC Foundry Sep p!6
Burning off with a Laser Sep p22
Recording Australia's Oral i
History - 5 Sep p43
100 Years of Scanning the
Sky Oct pI2 i
MIDI-Compatible Acoustic

Easy to Build Regenerative
Radio jan p76
Low Cost Temperature Probe Jan p82
Optical Link For Stereo
Headphones Jan p90
Clock Readout for
Omega-Derived Freq.
Standard Jan pl()8
Restoring a Vintage
American Midget' Radio Feb p56

Universal Midi Interface Feb p68
Ear wig: A Bug in a
Matchbox Feb p76
Low Cost Tester for
Transistors, FETs & Zeners Feb p82
Build a Braitenberg Vehicle Mar p60
Low Cost Utility Timer Mar p68
2 Transistor Reflex/Regen
Receiver Mar p78
Low Cost Bench Amp/Signal
Tracer Apr p64
‘El Cheapo’ FM Stereo Tuner Apr p70
Improved 300W 12/2 30V
Inverter Apr p78
Digital Current Tracer Probe Apr p86
Low Cost 50MHz Digital
Frequency Meter May p62
Simple Tester for Power
Transistors May p70
RF Detector Probe May p73
'2S + P' I/O Card May p84
1988 Deluxe Crystal Set Jun p66
2-Chip FM Radio Jun p80
Multi-Mode Video
GraphicsCard Jun p88
New 30W/channel Stereo
Amplifier jUn p94
Stroboscopic Tuner for
Musicians ju| p64
Universal Speaker Protector Jul p69
Line Filter/Conditioner Jul p80
The Slosher Jul p90
New 30W/channel Stereo
Amp - 2 Aug p66
TV Field Strength Meter Aug p70
‘Real World’ Interface for
PCs - 1 Aug p82
Capacitor Meter Adaptor Aug p86
Improved 72L 3-Way Hi-fi
Loudspeakers Sep p62
New 30W/channel Stereo
Amp - 3 Sep p72
Low Cost Stud Finder Sep p80
Current Source for
MeasuringLow R's Sep p88
PowermateJI 13.8V/5A supply Oct p66
16-tune Electronic Doorbell Oct p76
Real World' Interface for

PCs - 2 Oct p84
Low cost 'Audiometer' Oct p92
Multi-purpose preamp Board Nov p64
16-channel UHF Remote
Control - 1 _ Nov p72
MIDI on the Apple 2 Nov p76

Historical
(JCt p1K ------------ --------- ——

Seeking the Origin of Cosmic From Wireless to Electronics Jan p42
Rays " Oct p30 Unsung Hero of the Royal
Sony's KX-14CP1 video Flying Doctor Service Jan pl48
monitor Oct pl()2 Baird and the early days of
Electronic Navigation for ~ TV Mar p42
Motorists Nov p]2 *s th‘s tbe rea' inventor of
Careers in Electronics Nov pl8 modern TV? Apr p26
All the Way from a Garage in History of Magnetic Record-
Guernsey ” Nov p24 in8 Jun p20
The Great Space Suit Contest Nov p32 ^on °* BCS Radio Jul p24
Icom's IC-A20 Air Band Jack Ferry & His Tape Rc-
Handheld N„v p|(x) corders Aug p24

INDEX TO
H Hifi Reviews

Audiosound's 8025 Mini
Monitor speakers Jan p34
NAD's 1130 Preamp/2240PE
amplifier combination Feb p32
Yamaha DSP-1 Digital Sound
Processor Apr p22

1 Entertainment Electronics 1
Portable Electronic Music
Keyboards Jan P12
Perth's New Omnimax
Theatre & Planetarium Feb pl()
Compact Disc Video Mar pl2
CD Video Sneak Preview 1 Mar pI6
CD Video Sneak Preview 2 Mar p20
Introduction to Hifi - 17 Mar pl02
DAT in Depth Apr p 14
The Ultimate Speaker Cable Apr p20
Sony's new AU200, V50E
Camcorders May pl2
Introduction to Hifi - 18 May pl 12
A Pocket Full of Television? Jun pl2
Introduction to Hifi - 19 Jun P124
Sony's New CCD-V200E
Camcorder Jul pl2
Stereoscopic 3D-T V Jul p30
Super VHS Video Aug plü
New Horizons in Television Aug pl4
Keeping the Phase within the
Cart Sep p24
Introduction to Hifi - 20 Sep pl 00
Anatomy of a Radio Station Oct p24
Introduction to Hifi - 21 Oct pl 04

y Design & Theory s

Inside Midi Jan nl22
Principles of Logic Analysis -
2 Jan pl64
Basics of Switchers Feb p99
Principles of Logic Analysis -
3 Feb pl 14
Principles of Logic Analysis -
4 Mar p88
Know Your Test Instruments Mar pl 08
How to read Circuit Diagrams Apr p92
Basic Principles of VCRs - 1 Apr pl04
Digital-to-time converter chip Apr p!26
Basics of Radio - 1 Apr pl 12
Basics of DC/DC Converters Apr pl32
Meet the VL16C452 - A
bunch of Megacells May p82
Advances in PCB drilling
technology May p96
Grasping GaAs Jun p28
Micro Compensates Xtal
Oscillator Jun pl 03
Designing Common Emitter
Amplifiers Jun pl 30
Basic Principles of VCRs - 2 Jul p96
World Time Signals Jul pl 20
Basics of Radio - 2 Jul pl24
Basics of Radio - 3 Aug p98
Primer on Semiconductors - 3 Aug p!28
Basics of Radio - 4 Oct pl34
Using RMS Converter Chips Nov p88
Broadcast Band Loop
Antennas - 1 Nov pl 04
Basics of Radio - 5 Nov pl 20
Basic Principles of VCRs - 3 Nov pl 32
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VOLUME 50: JAN-DEC 1988
Personal Computers Circuit & Design Ideas Notes & Errata

Computers, CAD & 
productivity
Supercom V3 comms package
Connect your PC to the

Jan
Feb

p40 
pl 12

Outside World
Kit teaches basic Micro

Mar p96

Interfacing
CADMAX low cost CAD

Jun p98

package
Low cost ‘CCS Designer’

Jul p76

CAD package Sep pl 18

Serviceman
Index of Serviceman stories
Jan 1975 - July 1987 Jan p70
Not just one ‘dog’ - a whole 
litter! Feb p44
Coming to grips with Office 
Technology Mar p50
The volume control that did 
everything Apr p48
A really elusive fault in a 
Philips KU CTV May p42
More merry dancing with old 
CTV sets Jun p46
The same isn't always, but it 
can be close! Jul p48
Sets that hiccup, or do other 
weird things Aug p50
New and familiar problems 
with old sets Sep p56
Things that go ‘squeak’, and a 
dry joint Oct p56
A surprising cause for an 
unusual fault Nov p56
Converting an overseas VCR 
to work here Dec p56

Reference Notebook
IEEE 488/GPIB/IEC 625
Interface Bus Mar pl26
Common abbreviations in 
electronics Apr pl36

Forum
Who's responsible when a kit 
doesn't work? Jan p54
Should Hi-fi amplifiers be 
earthed, or not? Feb p40
Is the Nanofarad really 
necessary - or even handy? 
More thoughts on projects

Mar p38

p42that don't work Apr
Hi-fi amplifier earthing: 
reader and SAA comments May p30
More on the Nanofarad, the 
billion - and the jar! Jun p32
"That's all very well, but you 
missed the point...” Jul p34
Does a tingle’ mean your 
appliance is dangerous? Aug p30
Oxygen-free copper: more 
than just marketing hype? Sep p30
Am I guilty of misleading you 
all about symbols? Oct p40
Let's tie up some of those 
loose ends! Nov p42
Further thoughts & theories 
about OFC Dec p40

Improved Glow Plug Regula­
tor
Expanding range of Capaci­

Jan p98

tance meter Jan p99
Automatic switching for UHF 
Converter Jan p99
Low Cost Light Chaser/Con- 
troller Feb p64
Simple D-A & A-D for Apple 
II Feb p64
Cutting holes in Scotchcal/Dy- 
namark labels Mar plOO
Simple auto-run circuit for 
fridges Mar pl 00
Darlington assisted switch Mar pl(X)
Simple Geiger counter Mar plot
12 Volt Stroboscope for port­
able use Apr pl 02
Electronic ‘flasher’ Novelty Apr pl 02
Soldering iron timer with 
‘time up’ Beeper Apr pl 03
Linear scale on/off timer May p92
Display for Phase Difference 
Meter May p92
‘Keep awake’ for Concert­
mate 500 May p93
Car battery discharge indica­
tor Jun p58
4-digit combination lock Jun p59
Electronic BCD switch Jun p59
Simple logic pulser Jul p58
14H battery charging timer Jul p58
Standby power supply moni­
tor Jul p59
TTL-RGB to composite video 
converter Aug p90
Dimmer for torches Aug p90
Sump/bilge pump controller Aug p91
High pass filter for TV Aug p91
Backup alarm control Sep p84
Simple 3-transistor amplifier Sep p85
Suppressed zero voltmeter Sep p85
Solid state ‘soft start’ relay Oct p90
250VA inverter Oct p91
Operating a relay at reduced 
voltage Oct p91
Capacitance meter Nov p94
Cascading 4017 counters Nov p95
Logic level change detector Nov p95
Beat triggered strobe light Nov p95

Test Equipment Reviews
Goodwill GFG-813 Function
Generator Mar pll2
Leader's new portable 
DMM/scope Jun pl 06
The IFR FM/AM-1200S 
Comms service Monitor Jul pl 16
Hung Chang HC-5050E FET 
Multimeter Sep p!22
Goldstar DM-6335 Digital 
Multimeter Dec pl38

Vintage Radio
Getting Started Jun pl 20
The remarkable Philips V7A Jul p!28
The Methuselah of Valves Aug pl24
Early receiver developments Sep pl 34
Receivers 1925-30 Oct pl 30
The Brief Heyday of ‘Catkins’ Nov pl 30
Cabinet Restoration Dec pl48

Playmaster Series 200 Mosfet
plifier(Jan/March/May 1985 
File: l/SA/69/70/71) Jan p!75
Voltage & Continuity 
Checker(November 1987,File: 
7/M/70) Jan pl 75
AC/DC
Millivoltmeter( December 
1987, File: 7/M/71) Feb pl24
Universal Voice Operated 
Relay(November 1987, File: 
1/RA/ll) Feb pl24
TV Colour Bar Generator- 
(October 1987, File: 6/MS/21) Feb pl24
Jogger Logger(December 
1987, File: 3/MS/133) Feb pl24
Thevenin-Norton
Story(December 1987) Feb p!24
T ransistor/Fet/Zener
Tester(February 1988, File: 
7/VT/18) Apr pl 43
Temperature Probe(January 
1988, File: 7/MS/20) Apr pl 43
Playmaster 60/60 Amplifier(- 
May-July 1986, File: l/SA/74- 
77) Apr pl43
Playmaster Series 200 Mosfet 
Amplifier(Jan-May 1985, File: 
l/SA/69-71) May p25
Utility Timer(March 1988, 
File: 3/MS/135) "May pl 25
Dual Tracking Power 
Supply(February 1987, File:
2/PS/64) Jun pl41
Jogger Logger (December 
1987, File: 3/MS/133) Jun pl41
Improved 300W 12/230W
Inverter(April 1988, File: 
3/1T/17) Jul p!40
Power Transistor ster(May 
1988, File: 7/VT/19) Jul pl 40
Braitenberg Vchide(March 
1988, File: 3/MS/134) Aug pl39
Stroboscopic TunerfJuly 1988, 
File: l/EM/60) Aug p!39
TV Colour Bar Generator- 
(October 1987, File: 6/MS/21) Aug p!39
Playmaster 30-30
Amplifier(August 1988, File: 
I/SA/80) Sep p39
Line Filter &
Conditioner(July 1988, File: 
2/LF/9) Sep pl 39
Robot Book Oct pl41
Capacitor Meter Adaptor(Au- 
gust 1988, File: 7/CM/16) Nov p 141
T ransistor/FET/Zener 
Tester(February 1988, File: 
7/VT/18) Nov pl41
Playmaster 30/30
Amplifier(August 1988. File: 
l/SA/80) Nov p41
Lamp Saver(June 1986. File: 
2/PC/45) Nov pl41
Low Ohms Current Source(- 
September 1988. File: 
7/MS/21) Nov pl41
50MHz Digital Frequency 
Meter(May 1988, File: 7/F/34) Nov pl41
Sony KX-14CP1 Review(Oc- 
tober 1988) Dec p5 7
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Information centre
Stroboscopic Tuner

Would you please advise me of a 
source of supply for the MO83 IC used 
in the July 88 Stroboscopic Tuner proj­
ect. (R.V., Taroona, Tas).
• This component is available 
through SGS Components who are 
represented in Australia by Promark 
Electronics (6-8 Clarke Street, Crows 
Nest 2065).

EPROM Programmer
I am writing in regard to the 1986 up­

grade of the 1980 Eprom Programmer 
project. Would you please advise if the 
full software listings are still available 
for this project.
• Software listings suitable for the 
TRS-80 model 1 and the Sorcerer 
computers are still available for this 
program. Photocopies of the two 
original articles are available for 
$4.50 each. When ordering these arti­
cles, it would help if you quote the 
file number for the listing you re­
quire, as the project was presented 
in two parts. The file number for the 
TRS-80 version, July 1980 is 2/CC/51, 
for the Sorcerer version, August 
1980, the file number is 2ICCI52.

Light frequencies
I am wondering if you could advise 

me of the frequencies (in hertz, please) 
of the various colours of the light spec­
trum. (D.B. Darwin NT)

• We don't normally use these col­
umns to answer general technical 
questions, but as you have asked so 
nicely, and because many readers 
may like to know these frequencies, 
we are glad to oblige. Our reference 
source is Colour Television Theory by 
Hutson, 1971, McGraw Hill, although 
we have had to convert the wave­
lengths given to frequency values.

Red has a wavelength of 780nm, 
which equates to 384.6 million mil­
lion hertz or 384.6 terahertz. Green, 
which is approximately mid way in 
the spectrum comes out at 500nm, or 
600 terahertz. Finally, at the top end, 
violet has a wavelength of 380nm, 
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giving a frequency of 789 terahertz.
To convert wavelength to frequen­

cy, divide 300,000 by the wavelength 
in nanometres and call the answer 
terahertz. This is based on the prem­
ise that a wavelength of 1 metre has 
a frequency of 300MHz. So there you 
have it!

Electric Fence
I am concerned about the Electric 

Fence project described in EA, October 
86. There are two problems we have 
found with all of the kits that we have 
sold or built. Invariably the case is 
‘live’, and after a short period of opera­
tion, the two BUZ71 FETs explode 
rather violently, taking all the associ­
ated ICs and other components.

We urge you to give this your prompt 
attention, as this kit appears to be a 
safety hazard.(Nathan Ross Electronics, 
Tenterfield, NSW)
• We sure have had our problems 
with this project. An extensive errata 
was published in EA February 1987, 
and other reader enquiries have been 
answered in these columns in May 
87. Your letter is not the only one in 
our files, and we can only refer all 
enquiries to our previous answers.

Battery charging
I am relatively inexperienced in the 

field of electronics, but have built vari­
ous kits over the years. My questions 
concern charging batteries using a 
bench top power supply. For example, 
can I charge ten, series connected, size 
AA NiCad batteries from a variable 
power supply? Can I charge NiCads at 
all from a variable power supply? Also, 
can I trickle charge a lead-acid battery 
from a variable power supply. (G.W. 
Karratha, WA)
• There is no reason why a fully ad­
justable power supply cannot be 
used as a NiCad battery charger, 
providing you set the power supply 
correctly. For example, the current 
limit setting of the power supply — 
assuming it has one - should be set 
to equal the recommended charge 
current of the battery.

If you are after a fast charge rate, 

be careful to turn the supply off after 
the ampere-hours time has expired. 
Put simply, this means that if you 
double the charge rate, halve the 
charge time. However, be very care­
ful that the batteries do not overheat, 
as they can explode due to internal 
heating if subjected to an excessive 
charge current.

If the charger does not have a cur­
rent limit adjustment, set the output 
voltage to the value the batteries will 
finally charge to. For trickle charging, 
it is sometimes useful to connect a 
series resistor between the charger 
and the batteries to ensure the 
recommended charge current is not 
grossly exceeded during the initial 
charging.

If all this seems a bit complicated, 
then the process can be automated 
using a deep-cycle charger, as de­
scribed in our March 87 issue.

It is also quite possible to trickle 
charge a lead acid battery using a 
variable power supply. The main 
point to watch is that the charging 
voltage from the power supply is set 
to no more than around 14V. Also, 
watch that the charge current does 
not cause excessive gassing of the 
battery, although most bench top 
supplies are only good for 2 amps 
anyway. Naturally, allow plenty of 
ventilation around the battery during 
charging.

FM tuner
I have recently constructed the “El 

Cheapo” FM stereo tuner (EA April 
88) and I am very pleased with the 
quality of the sound. However, there is 
noticeable hum at normal listening vol­
ume, even though the RC filter is in­
cluded in the power input from the DC 
plug pack.

Also, can you advise me whether EA 
has ever done a project that can supply 
a stabilised 50Hz, 240V power source 
for a turntable. My understanding is 
that such a device can provide a stable 
supply regardless of mains frequency or 
voltage variations. (J.N. Como, WA)
• The hum you are hearing is most 
likely due to an excessive ripple con­
tent from the DC plug pack. The RC 
filter was included in the original de­
sign to remove the remaining mains
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ripple from an average plug pack - it 
seems yours has an excessive 
amount.

The solution may be to include an­
other identical RC network in series 
with the one described, which will re­
duce the ripple by a further amount.

The best solution however, would 
be to include a series regulator de­
vice such as the three terminal regu­
lator device type 7812. This would 
produce a ripple-free 12V supply 
from your 15V DC source, and should 
be inserted between the 2200uF ca­
pacitor and the remaining circuitry. 
Make sure the input voltage to the 
regulator is at least 15V DC.

An inverter designed to run a syn­
chronous turntable was described in 
the August 85 issue of EA. Copies of 
this article are available from this of­
fice, and kits can be purchased from 
Altronics for $89.

Playmaster 60/60
I have had some problems with the 

Playmaster 60/60 amplifier, which I 
bought as a kit. Initially, the quiescent 
current taken by the left hand channel 
could not be reduced to its specified 
value - or even anywhere near it. How­
ever, I paid for the services of a techni­
cian, who was able to get everything 
going.

When it was returned, I felt that the 
amplifier was running rather hot, but 
the technician said this was normal. 
However, after a month, the unit failed 
completely. Upon removing the covers I 
discovered the PCB was badly disco­
loured due to heat, and lots of other 
heat associated problems had occurred. 
I have since tried to get the unit going 
with little success in the left channel - 
the right channel seems OK. (A.B. Gle- 
nalta, SA)
• The problem with your amplifier 
appears to be largely due to thermal

Apology
We apologise to those who have 

written to us in recent times, but 
who are still awaiting a reply. We 
are only now returning to normal 
after a fire destroyed half our 
premises. Even so, we are still 
operating under great difficulties, 
due to destroyed files, reduced 
room and so on.

We value your letters, and 
sincerely regret the delays some of 
you are experiencing. Hopefully, we 
should soon be back to normal - 
please don't judge us too harshly.

What was it?

Back in the late 1920's, this item 
was regarded by radio enthusiasts as 
almost invaluable. The US company

November's Mystery Item:

Last month's historic puzzler was a 
low-speed induction motor for direct 
drive of gramophone turntables. It 
operated by inducing heavy eddy 
currents in an aluminium disc rotor, 
using the same principle used to 
drive the dials in today's kilowatt- 
hour electricity consumption meters.

runaway, which has occurred in 
some versions of the kit. The May 87 
issue of EA dealt with this and other 
difficulties, and included modifica­
tions and fault finding suggestions.

The main change is the addition of 
an MJ340 transistor in place of the 
BC547 (Q12), which forms the ‘Vbe 
multiplier’ circuit. This improves the 
thermal tracking capabilities of the 
amplifier, and consequently its over­
all thermal stability.

The final destruction of one side of 
the power amp section is indeed un­
fortunate. The large voltage drop 
across the 560 ohm test resistors in­
dicates a failure in one or both of the 
output transistors in that channel. 
These should be replaced, and the 
driver transistors carefully checked.

Finally, we advise that you refer to 
the points raised in the ‘Feedback on 
the Playmaster 60/60’ article pre­
sented in May 87, as these rhould be 
the solution to your problems. 0 

which made it later became well 
known and respected throughout the 
world as a maker of test equipment.
(Answer next month)

This type of motor was quiet and 
smooth, and quite reliable due to the 
lack of idler wheels or belts. How­
ever speed regulation was quite poor 
and they were soon superseded by 
conventional induction motors with 
reduction drives. The cost in 1929 
was 7 pounds 10 shillings.

NOTES & ERRATA

SONY KX-14CP1 VIDEO MONITOR: 
In the review of this product in the Octo­
ber 1988 issue, we said that it was com­
patible with an EGA graphics adaptor. 
This is not the case; in reviewing the unit 
we used a multi-mode video card, and ap­
parently ‘fooled’ Ourselves into thinking it 
was EGA compatible.

TV FIELD STRENGTH METER (Aug­
ust 1988): Zener diode ZD1 is drawn with 
reversed polarity on the circuit diagram, 
page 73. Resistor R15 should also be 
shown on the circuit as 5.6k, not 56k. Ca­
pacitor C9 should be shown connected to 
VI (or SC), not SV. (File No. 6/TVT/7).

50MHz DIGITAL FREQUENCY 
METER (May 1988): Transistors Q4 to 
Q7 are shown on the PCB with collectors 
and emitters transposed, not collectors 
and bases as stated in November. (File: 
7/F/34).
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Product Review:

Power Conversions 
300W Sinewave 
Inverter
There are plenty of utility DC-AC power inverters around at 
reasonable prices, but most deliver squarewave output. 
Here's an elegant Australian made unit which provides a 
clean sinewave output, with good efficiency.

Many people such as campers, boat­
ing enthusiasts, farmers and many 
others often have need for a source of 
mains power which is independent from 
the mains. In some applications, a port­
able generator can be used, but there 
are many instances where a generator is 
unsuitable for reasons of cost, noise, ex­
haust fumes or whatever. In these cases 
an inverter is a popular choice, produc­
ing the required 240V AC from 12 or 
24V DC.

The most common criticism levelled 
against most electronic inverters is that 
their output is usually some form of 
square wave, not the sine wave that is 
obtained from normal general-purpose 
outlets. There are two main reasons for 
this. The first is that a squarewave in­
verter circuit is less complicated (and 
less expensive) than a similar capacity 
sinewave unit.

The other reason is that squarewave 
inverters are more efficient than their 
sinewave counterparts. This is because 
the output devices in the squarewave in­
verter are either on or off, thus mini­
mising the power dissipation in these 
devices, and therefore increasing the ef­
ficiency. A sinewave inverter, on the 
other hand, has to turn its output de­
vices on and off gradually, in order to 
generate the proper wave-shape at the 
output. This causes the output devices 
to dissipate (and hence waste) more 
power than those in a squarewave in­
verter.

The problem with squarewave invert­
ers is that the high harmonic content of 

the output can cause problems with the 
connected appliance. One prominent 
example is in powering audio or video 
equipment, where any harmonics of 
50Hz passing through the power-supply 
can result in a very annoying buzz. The 
obvious way to circumvent this problem 
is to not present anything but the de­
sired 50Hz to the power input of the ap­
pliance.

In answer to this problem, a company 
called Power Conversions in Frankston, 
Victoria, has released a medium power 
sinewave inverter. The device is rated at 
250W continuous/300W peak, and is 
housed in a neat plastic instrument case, 

****** 4¿¿ t
* >Htl

measuring 260mm wide, 80mm high and 
230mm deep.

On the front panel is the main power 
switch, 5 status LEDs and a double gen­
eral-purpose outlet. A green LED indi­
cates when the inverter is is stand-by 
mode, while the other four are coloured 
red and indicate various error condi­
tions.

The first of these relates to battery 
voltage. If the voltage of the battery 
drops below a pre-set level, the inverter 
will shut down, to prevent possible 
damage to the battery through being to­
tally discharged. The inverter will also 
shut down if the temperature of its 
heatsink becomes too high, or if the 
load presented to its output is too reac­
tive. In each of these cases, the appro­
priate LED illuminates to indicate the 
presence of the condition.

The final LED indicates that the out-
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The inside story. The small ferrite-cored transformer behind the outlets is the 
reason for the unit's light weight.

put is overloaded. However the inverter 
does not immediately shut down in this 
instance, but merely imposes current­
limiting on the output. This allows the 
unit to cope with the starting current of 
motors and incandescent lights, without 
shutting down immediately. However, 
severe overload conditions will shut the 
inverter down fully.

The rear panel accommodates the 
heatsinks for the output devices, and a 
pair of heavy-duty binding posts to 
which the battery leads are attached. 
The other ends of these leads carry a 
pair of colour-coded battery clips, to 
help ensure that the battery is con­
nected up with the correct polarity.

Internally the unit appears to be sol­
idly constructed, with all components 
excepting the output transistors 
mounted on a single printed-circuit 
board. The output transformer is quite 
small and light, and is also mounted on 
the PCB.

On the bench
We tested the inverter under a variety 

of load and supply conditions. The unit 
performed as expected with resistive 
loads, with good regulation (the output 
was 234V at full load), and distortion 
figures (less than 5%). Bear in mind 
that the mains coming from the ordi­
nary power points in your home is usu­

ally distorted to the order of a couple of 
percent, depending upon the nature of 
the load on the system at the time.

The unit held no surprises when 
largely resistive loads were connected to 
its output. However, when inductive 
loads such as fluorescent lights or de­
vices with large power transformers 
were connected, the unit would com­
plain bitterly and in some cases shut 
down completely. Power Conversions 
recommend the use of power-factor 
compensated fluorescent lamps, which 
have a shunt capacitor across the line to 

bring the power factor of the load back 
towards unity. A similar approach could 
probably be used to accommodate other 
inductive loads.

We found the maximum efficiency of 
the unit to be about 82% at 150W load, 
dropping to a little over 75% at full 
load. These figures are quite good for a 
sinewave inverter, and are not that 
much lower than many squarewave in­
verters. The review unit ran for over 30 
minutes at full load before the thermal 
cut-out shut down the unit. As expect­
ed, the inverter also shut down when 
the battery voltage dropped below 
about 10.6V.

The inverter features an auto-start cir­
cuit, which allows the inverter to idle in 
its stand-by mode, until required. When 
a load is connected across the output, 
the inverter senses this, and immedi­
ately commences operation. In this 
stand-by state, the current consumption 
is less than 65mA, and the start-up is 
virtually instantaneous when a load is 
applied to the output.

Frequency stability was also more 
than adequate for most applications, 
varying less than 0.1Hz from no load to 
full, with about 0.2Hz drift on warm-up.

In summary then, the Power Conver­
sions sinewave inverter proved itself to 
be a capable performer when running 
into resistive loads, and provided that 
suitable compensation measures are 
taken, can also handle inductive loads. 
For applications where an independent 
source of sinewave 240V AC is required 
without the problems associated with a 
generator, this unit is well worth a look.

The inverter is priced at $4.95 plus 
tax and is manufactured by Power Con­
versions Pty Ltd, 4 Chamouni Court, 
Frankston Vic, or they can be contacted 
on (03) 789 7354. (M.C.) ©

The output 
waveform at full 
load. Note the 
low distortion 
(around 3.5% for 
this level of 
loading).
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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.

Wireless 
Weekly®
December 7938

Single-ended pentodes: A new develop­
ment which has taken place in the last 
few months, concerning valves for AC 
receivers has been the production of a 
new series of valves which for the first 
time have eliminated the familiar grid 
cap, characteristic of many American 
types since the first screen-grid valve, 
released years ago. At that time there 
were considerable difficulties in bringing 
the plate and control grid connections 
down to a common base, mainly be­
cause of inadequate shielding and the 

use of high capacity sockets. Design has 
progressed considerably since those 
days, and the problems of shielding, 
etc., are not now nearly as great.

r raih(ci 
TELEVISION

and H<»BUIES

December 7963
Black CRO for use in bright light: A 
new type cathode ray tube, using a 
transparent phosphor screen backed by 
a thin black backing layer, has been de­
veloped by the Hirst Research Centre 
of the General Electric Co. The main 
use for such screens is the display of in­

formation or pictures under normal 
bright lighting conditions.

Manufacture of the transparent screen 
is by vacuum desposition. When suffi­
cient phosphor has been deposited, but 
while it is still transparent, the tube is 
baked and the phosphor coated with a 
black backing material.

This black layer absorbs, any light 
which falls upon the screen (the screen 
appears black) and also prevents the ob­
server from seeing the hot cathode. In 
addition, the thin screen minimises defi­
nition loss due to light scatter within the 
screen layer.

IRE becomes IREE: A few weeks ago, 
members of The Institution of Radio 
Engineers, Australia, voted to change 
the name of their group to The Institu­
tion of Radio and Electronic Engineers, 
Australia. It was pointed out, by way of 
explanation, that the term “radio” is no 
longer adequate to describe a science, 
which has spread far beyond the origi­
nal concept, to invade almost every 
aspect of modern science and technolo­
gy. Nowadays, no matter what the in­
vestigation, or what the job in hand, 
there is a good chance that an electron­
ics expert will not be far away, with his 
valves and transistors and all the associ­
ated gadgetry.

CROSSWORD
ACROSS

1. Charge holder. (9)
6. Control on a CRO. (5)
9. Which organic system has 

electric pulses? (7)

10. Searching device. (7)
11. Soldering points. (4)
12. Concerned with our natural 

satellite. (5)
13. Another name for the

16.

17.
20.
21.

24.

electron as a particle. (4) 
Upper section of audio 
spectrum. (6)
Block view of planet. (6) 
Nature of CB radio. (3-3) 
Metalworker’s electric 
appliance. (6) 
Communication between 
stations. (4)
Historic outback system, 
—- radio. (5)
Refracting device. (4) 
Such temperatures are 
positively cold! (3-4) 
Instrument using beams to 
measure angles. (7) 
Searched for listening
bugs. (5)
Varied a signal’s
characteristics. (9)

DOWN
Channel for shipping 
traffic. (5)
Closest point in a satellite’s 
orbit. (7)
Render inoperative by 
thermal overload. (4)
Group of cells in organ. (6) 
Rigorous investigation for 
new facts. (8)
Sender in semaphore. (4) 
The EA/DSE Grand Aussie

NOVEMBER SOLUTION
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Hobby Electronics -—. (7)
8. Type of mounting. (7)

14. High-level scientific 
programming language. (5)

15. Melted. (5)
18. Display usually seen on a 

CRO. (8)
19. Books showing Landsat 

data. (7)
20. Capable of being adjusted to 

optimum setting. (7)
22. Formed by a moulding 

technique. (7)
23. Device for position 

determination. (6)
27. Two main computer 

requirements, memory 
capacity and —-. (5)

28. Stereo channel. (4)
29. Make a circuit dead. (4)
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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
VALVES: All new, over 200, most types 
used in B&W TV’s, incl. Nationals. The 
lot $200 o.n.o. Ph: (047) 290 677 after 
6 p.m. or write to P.O. BOx 129, Pen­
rith, N.S.W. 2750.

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.

NEW RADIO VALVES: For entertain­
ment or industrial use. Waltham Dan, 
96 Oxford St., Darlinghurst, Sydney. 
Phone (02) 331-3360.

EX-ABC AUDIO TAPES: W' wide on 
101/2" Standard metal spool $6.85. 
Robust metal spool $12.85 7" spool 
$2.85. 5" spool $1.25. Post extra. Also 
in stock %", 1" and 2" tapes. Waltham 
Dan, 96 Oxford St., Darlinghurst, Syd­
ney. Phone (02) 331-3360.

HIGH-TEMP CERAMIC CEMENTS 
AND ADHESIVES: For potting, resis­
tors, furnaces, heaters, hot plates, 
ovens, coating, sealing, moulding, etc. 
to 1500°C. Write for data sheets and 
price list. Flash Electronics, P.O. Box 
97, Kallista 3791.

RADFAX2: Hi-Res radio facsimile 
morse & rtty program for IBM PC/XT on 
360K 5.25" floppy + full Doc. Need 
CGA, SSBhf, FKS/Tone decoder. Has 
re-align auto-start view save print. Also 
‘RF2HERC” same as above but suit­
able for hércules card, and “RF2EGA” 
for EGA card. (640X350 mode). Pro­
grams are $30 each + $3 postage 
ONLY from M. Delahunty, 42 Villiers St, 
New Farm 4005, Qld. Ph. (07) 358- 
2785.

EA/R&H BACK ISSUES: 1962 Jul-Dec, 
1963, 1964 excel. July 1965, 1966 excl. 
Feb., May, June, 1967, excl. Feb., 
Aug., 1968, 1969, 1970. Any offers! R. 
Gummer, 27 Aratonga Ave., Auckland 
5, N.Z.

NEW 64K-256K: PRINTER BUFFER 
design release. VER 4.0 REV G boards 
now available. Double sided PCB, 
EPROM, and instructions $39.00. Op­
tional additions include 2 by 7 SEG 
LED front panel display of percentage 
full, 1 to 99 copies select, 3 polled com­
puter inputs, printer switches, computer 
switches, and serial converter boards. 
For a free catalogue send a 39c stamp 
to Don McKenzie, 29 Ellesmere Ores., 
Tullamrine 3042.

8007 EXP. FILM: 10" x 12" $22 per box 
of 10 sheets — Portable RF generator 
for induction heating cheap. (037) 
755 2601 A.H.

NEW AND USED: Electronic compo­
nents and equipment form retired busi­
ness: thousands of items very cheap. 
Send S.A.E. for list: W. Kluenner, P.O. 
Box 97, Kallista 3791.

VETERAN RADIO: Floor standing 
model, AWA, circa early 50's. Fully 
operational with original manual, 
beautiful french polished case in 
original condition. $80. Peter Phillips, 
a.h. (02) 520 7260.

WANTED
WANTED: Microphone — Pre I960, 
ribbons, carbons, dynamics, ring 
mounts, table stands and Staton ID 
badges for collector, Perth. John Hen­
derson, 85 Parker St., Bassendean, 
W.A. 6054. Ph: (09) 279 1234.

R adko Pty. Lt».
Established 1933

IS THE ONLY COMPANY 
WHICH MANUFACTURES ANO 

SELLS EVERY PCB & FRONT PANEL 

published in EA and ETI 
651 Forest Road Bexley 2207 

AUSTRALIA
RING (02) 587 3491 FOR INSTANT PRICES 

24 HOUR TURNAROUND SERVICE

KIT REPAIRS!!
Repairers of all EA, ETI, AEM and 
Silicon Chip projects.
Got a problem! Or queries;
Ring any tíme 9 am-9 pm Mon-Sun.

EEM ELECTRONICS 
(03) 401-1393

LASER KITS NOW AVAILABLE
HERE is your chance to build a LASER at the 
lowest possible price. THIS KIT includes 
everything, tube, p.c. board, all wire pre-cut, 
holes drilled, finished case, nuts bolts and 
screws, etc. Price include postage

YOU WILL SAVE HUNDREDS OF DOLLARS 
Priced $395, thats low. Ph (08) 296-7464 till 9, 
or write to:
LASER OPTICS
for information, 3 Tarnham Road, Seacombe 
Heights, SA 5047

PRINTED CIRCUIT BOARDS
Minimum postage 4 packaging on all EA 4 ETI 

Project PCBs
Catalogue 1976-85 (inc components) $2 00 

PCBs made to order — 48 hr prototype service 
Bankcard/Mastercard.

Acetronics PCBs 
112 Robertson Rd, Bass Hill 2197 

(02) 645 1241

DO YOU WANT TO BE A RADIO 
AMATEUR?

The Wireless Institute of Australia, 
established in 1910 to further the 
interests of Amateur Radio, conducts a 
Correspondence Course for the A O C P 
and LA.O.C.P. Examinations conducted 
by the Department of Communications. 
Throughout the Course, your papers are 
checked and commented upon to lead 
you to a successful conclusion. gnea 
For further information, write to:

THE COURSE SUPERVISOR zxx 
W.I.A. (N.S.W. DIVISION)

P.O. Box 1066
PARRAMATTA, N.S.W. 2150.

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 reccmmended 

for mains voltage.
4.75mm ... RRP $8.03 6mm...RRP$9.84 8mm... 

RRP $13.60 33 metre rolls
GIFFORD PRODUCTIONS

P.O. Box 62, St. Kilda, Vic. 3182 (03) 534-3462

THE BUBBLE-ETCHER

Our Bubble-Etcher now has a heater. 
Reheats the etchant when you need it. 

The air bubbles db 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
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EA Directory of suppliers
Which of our many advertisers is most likely to be able to sell you that special 

component, instrument, kit or tool? It's not always easy to decide, because they 
can't advertise all of their product lines each month. Also some are wholesalers 
and don't sell to the public. The table below is published as a special service to EA 
readers, as a guide to the main products sold by our retail advertisers. For address 
information see the advertisements in this or other recent issues.

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 •••••••
Perna 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 • • • • •

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 lo: 
Subscriptions Department. Federal Publishing Co. PO Box 227. 
Waterloo 2(117. Phone: ((12) 693 MM
BACK ISSUES: Available onlv until stocks are exhausted Price 
$4.5(1
PHOTOSTAT (OPIES: When back issues are exhausted, 
photocopies of articles can be supplied. Price. $4.5(1 per project 
or $9 where a project spreads over several issues.
Pl B PATTERNS: High contrast, actual size transparencies for 
printed circuit boards and front panels are available. Price: $5 lor 
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.

Back Issues ...................................................

Total price of magazines/photocopies. 
including postage and handling

Mastercard American Express Visa Bankcard

NAME

Credit Card No S.gnature
(Unsigned Orders cannot be accepted)

ADDRESS:

Price: $5. Please note that we cannot undertake special research 
or advise on project modifications. Members of our technical stall 
are not available to discuss technical problems bv 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 lo 
"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 lo New Zealand.
ADDRESS: Send all correspondence lo The Secretary. 
‘Electronics Australia". PO Box 227. Waterloo. NSW 2017. 
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u VARTA Positively the 
Battery Experts

VARTA NICAD 
RECHARGEABLE
The professional quality 
battery for the frequent 
user, resulting from 
exhaustive research, 
sophisticated product 
development and 
high-tech production. 
Recharges up to 1000 
times. This is the 
economical alternative
for constant long lasting 
trouble free operation.

Distributed by ADEAL fm

180 RS
TR 7/8

501 RS

(03) 690-4911. Telex: Adeal AA 37011

RSH 1.8
150 RS

RSH 4

VIC: 150 Buckhurst St. Sth Melbourne 3205.
NSW: 405 Sussex St. Sydney 2000. (02) 211-0422 
QLD: (07) 299-6992. S.A. (08) 258-5865.
WA: (09)279-8811.

Have you developed an interesting new circuit or design, 
and are busting to tell others about it? Are you good at 
explaining electronics concepts, and would like to try your 
hand at writing?

Electronics Australia is by far this country's largest 
circulation electronics magazine, with more readers than 
our two nearest competitors combined. This makes us the 
best possible medium to present your achievements and 
knowledge to your colleagues and fellow enthusiasts.

Ever thought 
of writing 

for EA?
Our Managing Editor is happy to accept contributed 

articles for publication, if they're timely and well written. 
We also pay top market rates for good, interesting 
material.

So don't settle for smaller electronics magazines - your 
efforts deserve publication in the biggest and the best!

If you've never written for a magazine before, send an 
SAE for our FREE writer's guide notes. They'll show you 
how to do it.

Send your articles to Jim Rowe, Managing Editor, 
Electronics Australia, PO Box 227, Waterloo 2017.
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The last thing a pilot needs 20,000 feet 

off the ground is a transceiver navigation system 

that goes dead. Leaving you literally up in the air 

and lost in the clouds.

If this scenario is a familiar one, it was 

probably ICOM that got you safely back on the 

ground.

Because, for quite some time, helicopter 

and aircraft pilots have been using ICOM's 

IC-A20 transceiver as an emergency back-up 

and ground party to aircraft communications.
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So it comes as very good news that the 

Department of Transport and Communications 

have now approved the IC-A20 for use as 

primary equipment.

What s more, ifyou buy one before MLarch, 

you also get a free speaker microphone, which 

leaves your hands free to operate the aircraft.

W^th the IC-A20, ICOM has brought all 

of their expertise to bear on aviation.

They have combined practical, easy-to- 

use functions with quality and durability that 

leaves even ’military standard’ equipment for dead.

So what you get are all the functions you 

need for superior communications - semi-duplex 

operation, 16 memory channels, 3 scans with 

memory lockout scan, one-touch access to the 

121.5MHz emergency frequency, 5W output 

power and a super-sensitive receiver.

To ensure reliable air navigation, the 

IC-A20 also has an instant direction-finding and 

position-fixing function built in.

ICOM’s expertise has earned them the 

reputation for designing what are considered to 

be the most advanced handheld transceivers for 

land and sea.

In fact, the Australian Antarctic Divisions’ 

exploration parties, which often travel up to 1,000 

kilometres inland to remote areas, take ICOM 

transceivers as their only link with base.

They can tell you plenty of stories about 

ICOM transceivers surviving blizzards, seaspray 

and sub-zero temperatures. And there are many 

more stories about ICOM reliability saving lives.

Even if you never find yourself in such 

extreme circumstances, it’s reassuring to know 

that at 20,000 feet, ICOM’s IC-A20 won’t let 

you down. Call Melbourne on (03) 529 7582 or 

interstate on (008) 338 915 for your O
nearest ICOM stockist. ICOM
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