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What if a scope's REAL ability 
to solve your problellls could be 
found in a spec sheet? 

HP 546158 HP 546168 

1 GSa/s 2 GSa/s 
sampling rate sampling rate 

250 MHz 500 MHz 
single shot single shot 
bandwidth bandwidth 

500 MHz bandwidth 
1 ns peak detect 

All scopes look wonderful 
on paper. 

The real questions come when you 
try to use one on the job. Is it 
catching narrow glitches? Am I really 
protected from aliasing problems? 
Why doesn't it respond faster when 
I turn a knob? And what am I 
missing while it's struggling to 
process old data? 

Beyond the numbers, to 
real-world performance. 

It's not that the new HP 54615B/16B 
digital scopes look great on paper, 
too. Check out sampling 

rates up to 2 GSa/s, 500 MHz 
bandwidth, 1 ns peak detect 
(at all sweep speeds) single shot 
bandwidths up to 500 MHz and 
display updates of up to 0.5 million 
points/second. But it's how this 
performance works for you that 
makes all the difference. 

With not one but three processors 
working on your data, the 
HP 54615B/16B responds instantly 
and dramatically reduces dead time. 
And patented alias reduction 
minimises the false signals that show 
up on other scopes. 

So call HP to try the new 
HP 54615B/16B scopes and discover 
the difference between paper 
performance and real performance. 

Get a scope that'll get the 
job done. Call Tassia on 
1800 629 485 (Aust-wide) 
or !)272 8613 (Melbourne 
callers). 

There is a better way. 

9h.9'1 HEWLETT® 
a:~ PACKARD 
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Unusual headphones 

This month Louis Challis has been 
testing the unusual Ergo Model i 
Stereo Headphones, from Swiss man
ufacturer Precide SA. They tu med 
out to be very interesting, as he 
explains in his review starting on 
page 10. 

Shows the LF spectrum 

if you built our low cost Spectrum 
Analyser (September-October i992), 
this month's Upconverter should 
interest you. it extends the Analysers 
effective range down into the LF 
region, making it a lot more useful. 
See the article starting on page 60 ... 

On the cover 
Due to begin operation in i998, the 
iRiDiUM system will have no less 
than 66 satellites in low earth orbit, 
to provide a satellite telephone ser
vice covering literally anywhere on 
Earth. it's an enormous project, and 
now well under way - see our spe
cial feature story starting on page 26. 
(Artwork courtesy iridium inc.) 
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LETTERS TO 
THE EDITOR 
PC interference 

My experience in fixing interference 
on Channel 2 (63 - 70MHz) from my (no 
brand name), '4.86 based PC may be 
interesting to readers. A clear herring
bone type pattern covered the screen on 
my TV, and my neighbour's TV, when 
tuned to Channel 2. 

I tried a number of things - mains fil. 
ters, rabbits ears instead of the antenna 
on the roof - ferrite ring around power 
cords, all to no avail. I concluded that 
the interference was being radiated more 
or less everywhere. 

I removed all cables except the power 
cable and fired up the PC. As I replaced 
each cable, I checked the TV which (to 
my surprise) showed interference only 
when the mouse cable was attached. 

Thinking that it was a long shot, I grid 
dipped the cable to find that it resonated 
at about 68MHz. I bought a mouse cable 
extension with plans to fit some sort of 
filter in each wire but, to follow up the 
long shot, I first plugged in the exten
sion cable. To my surprise the interfer
ence vanished. Two grid dipped reso
nances were at about 50 and lOOMHz. 

I cannot offer any sort of detailed 
explanation. For the sake of those with 
the same interference, I hope that I have 
stumbled across a useful solution. 

Clive Luckman 
Middle Park, Vic. 

Feature, or fault? 
I wonder if you could help solve a 

problem, proudly advertised as a feature 
in 'ARLEC Security Floodlights'. This 
may interest your readers as well and 
could save someone a large power bill. 

The feature/problem is described in 
the instructions as follows: 

To override the 'automatic' mode, (i.e. 
operation of the motion sensor) switch the 
mains 'off and on' within two seconds. 
The security light will now stay on contin
uously. To return to 'automatic', interrupt 
the mains for at least ten seconds. 

In other words, if you are on holiday 
and the power fails for a second or so, a 
300 watt load (two floodlights) will stay 
on until the power fails for more than ten 
seconds. (The designer must have had a · 
brainstorm.) 

The AC input section is very marginal 

as well, and so is the relay. Aren't we 
checking imports to suit Australian 
Standards, or are gadgets that have the 
USA stamp good enough for us? 

Wolfgang Melchhart 
Westmeadows, Vic. 

Power response? 
In the June 1996 issue of EA you have 

a description of a 50 watt/channel ampli
fier with performance details on page 55. 
Fig. 7 is a graph of what you have labelled 
the 'power response of the amplifier with 
the tone controls bypassed'. Surely the 
graph is of the frequency response of the 
amplifier, and which is a completely dif
ferent parameter. 

The frequency response is the voltage 
gain of the amplifier as a function of fre
quency and should be measured at about 
1 OdB below the rated power output of the 
amplifier (to ensure that the voltage gain 
is not affected by overload at any fre
quency). The power response of an 
amplifier is the power output for a speci
fied distortion as a function of frequency. 

Obviously the power response is not 
affected by the tone controls, because 
they only influence the voltage gain 
with respect to frequency. 

You could have an amplifier with a 
frequency response that is within ldB 
from 20Hz to 30kHz, but which also has 
a power response that is -6dB at 20Hz 
and 30kHz. 

In other words the maximum power 
output for a given distortion at 20Hz and 
30kHz might be only one quarter of the 
power output measured at a mid fre
quency of lOOOHz. Power response and 
frequency response are two entirely dif
ferent parameters and often the source of 
much confusion. 

Certainly the frequency response of a 
50 watt amplifier should never be mea
sured at an output of 49 watts. 

Neil Mccrae 
East Hawthorn, Vic. 

DSE's response: 
We agree that the graph shown does 

not fit the definition of power response 
used by Mr McCrae. It might be better 
described as a graphical representation 
of power bandwidth, which National 
Semiconductor defines as 'the frequen-
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cy range over which the amplifier volt
age gain does not fall below 0. 707 of the 
flat band voltage gain specified for a 
given load and output power'. This term 
is used to describe such graphs in audio 
design articles published in the respect
ed English journal Electronics World + 
Wireless World. 

Certainly in the past, many amplifiers 
were incapable of delivering full power 
output over a wide frequency range, 
predominantly due to slew rate limita
tions. The practice of measuring fre
quency response at low power levels 
yielded better figures than did full
power measurements. 

It is a tribute to modem audio tech
nology, such as that employed in the 
Stereo Control Amplifier, that in con
trast with Mr McCrae's closing state
ment, the frequency response of well
designed audio amplifiers can be mea
sured at full output. 

Rex Callaghan, 
Technical Services Manager 
Dick Smith Electronics 
North Ryde, NSW. 

Filter unsafe 
I've just finished looking through the 

July issue. While reading the power fil
ter article, I noticed one potentially 
lethal error in the design. 

The bolts used to attach the mains 
socket to the case are made of steel 
While one of them is earthed, the other 
is electrically unconnected. Should a 
fault occur, such as the active line com
ing adrift and coming into contact with 
this bolt, the latter would become live 
and extremely dangerous. 

Given the level of debate on electrical 
safety that has appeared in yours and 
other similar publications in recent 
times, I find an oversight such as this to 
be quite amazing. I would suggest a cor
rection be printed in the next issue to 
highlight both the danger and the simple 
remedy of using a nylon bolt in plate of 
the steel one. 

Lance Turner 
Glen Iris, Vic. 
Because of the construction used, the 

risk of the second screw becoming 'live' 
seemed extremely small, Lance. 
However we agree that the use of nylon 
bolts would certainly reduce the risk 
even further. Thanks for your concern. •:• 

Letters published in this column express the opin
ions of the correspondents concerned, ond do not 
necessarily reflect the opinions or policies of the 
. stoff or publisher of Electronics Austrolio. We 
reserve the right to edit letters whkh ore very 
long or potentially defomotory. 

EDITORIAL 
VIEWPOINT 

Reflections on the V chip, 
and a grateful farewell ... 

It's been interesting to see the comments that have been made, ever since 
Communications Minister Richard Alston announced that the Federal 
Government would be making it mandatory for new TV receivers sold in 
Australia to be fitted with the so-called 'V chip'. The response has been quite 
mixed, with seemingly almost as many people opposed to the idea as there 
have been in favour. 

The essence of the V chip concept seems to be that all video program 
providers are required to electronically 'tag' each program with a classifica
tion code, transmitted in the vertical blanking interval like the existing VITS 
signals and Teletext/closed caption information. Receivers fitted with the V 
chip can then be programmed by a parent to prevent viewing of programs with 
certain classification codes, thereby controlling what their children can view. 

Considering the increasing level of violence in the movies, it's understand
able that parents are seeking this kind of help from technology. In principle it 
sounds reasonable enough, too - although as many people have pointed out, 
it's only new sets that will be fitted with the V chip. Older sets will lack the chip 
and accordingly display every program - which means that if people pass their 
existing set on to their kids (as many do) when they buy a new one, they'll 
defeat the purpose. There's also the problem that in many households, young
sters are better able to program new technology than their parents. This could 
well mean that either the kids end up programming the V chip, or at least work 
out how to reprogram it. Either way, the purpose would again be defeated ... 

I notice from recent issues of US magazines such as EDN that virtually the 
same controversy has been raging over there as well. Many Americans also 
seem to be worried that the V chip could allow Governments (including their 
own) to perform covert censorship of programs for adults. I'm not sure 
whether the technology would even allow this, although it's perhaps not 
impossible. I guess most of us would be concerned if the system is capable of 
this kind of 'big brother' manipulation. 

Mind you, developments such as the Intemet/W orld Wide Web and interac
tive multimedia could well make it very difficult to achieve the kind of con
trol that the V chip proponents are aiming for - unless the Government is 
proposing that all computers have to be fitted with a V chip as well. Now that 
would be controversial! 

Before closing, can I draw your attention to the fact that this issue carries the 
last of our Vintage Radio columns to be written by contributor Peter 
Lankshear. After launching the column for us back in June 1988, Peter has 
laboured every month to provide interesting and popular episodes. But now, 
with episode 100, he has decided to 'call it a day' and take things a little eas
ier. I'm sure you'll join with us in thanking Peter for all the effort he put into 
those 100 columns, and also in wishing him all the best for the future. 

Have no fear that the Vintage Radio column itself is ending, though. Next 
month our new columnist Roger Johnson takes over, and Roger assures me 
that he has plenty of interesting topics planned. So stay tuned! 

Jim.Rowe 
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Moffat's 
Madhouse ... by TOM MOFFAT 

More mechanical MIDI music mayhem 
Thought you were rid of MIDI stuff 

after the April issue, right? Wrong, 
because that was only the start. Some 
things are developing in the MIDI 
field, along with the mechanical music 
area, that bear reporting. For mechan
ical music enthusiasts - lovers of 
pianolas and the like - what follows 
is excellent news indeed. 

In the March and April issues of EA, 
we touched briefly on how you can 
use a MIDI keyboard or module, along 
with a personal computer, to make 
your own pianola or nickelodeon, or 
even simulate the fine old DeCamp 
Robot Dance Orchestra that lives in 
Sydney. But, it turns out, we were 
only scratching the surface. 

Anyone who was ever a kid, and that 
includes most of us, would have come 
across an old time carousel or merry-go
round at some time or other, at a circus, 
in a place called Luna Park or even 
Disneyland. The centrepiece of these 
machines was always a huffing, snorting 
music machine that played the appropri
ate ooom-pah music as the horses went 
round and round and up and down. No 
self-respecting carousel back then 
would allow one of those new-fangled 
'amplifiers' attached to loudspeakers. 
Legitimate carousels got their music 
from a thing called a 'band organ'. 

The proper name is 'military bang 
organ', because these machines were 
designed to produce the entire sound of a 
full marching band, powered by air pres
sure under the direction of a perforated 
paper roll. The sounds came mostly from 
reeds, like in an enormous accordion. 
There were also bells, and horns. (One 
excellent air-horns-only mechanical organ 
was blasting away in Sydney's 
Powerhouse Museum last time I was 
there.) All this stuff was housed in an 
ornately carved and painted box, usually 
topped by a whacking big bass drum. 

The king of all these contraptions was 
the Wurlitzer Style 165 'Orchestral 
Duplex' band organ, advertised as 'suit~ 
able for the largest type stationary 

Carousels, Roller Coasters and other Park 
installations'. The instruments were made 
from around 1914 until 1939, when the 
last of them was installed in a merry-go
round in Los Angeles. 

Now there are fewer than a dozen of 
these Wurlitzers in existence, and given 
their age they must all expire eventually. 
One precious machine was even 
destroyed by fire in 1994. But that's not 
the end of Wurlitzer band organs by any 
means; they are being brought back to 
life courtesy of MIDI music modules, 
the personal computer, and a handful of 
dedicated enthusiasts. 

I recently stumbled upon a MIDI file 
which is a simulation of a Wurlitzer 165 
band organ in full bellow; a recording of 
an old-style American patriotic song 
called 'Painting the Town Red, White, 
and Blue'. It's a cross between a march 
and a ragtime tune, typical of the music 
of the World War One era. 

As mentioned in the original MIDI arti
cles in EA, a typical MIDI musical instru
ment can play up to 16 instruments at once 
from a collection of 128, including most 
band and orchestra instruments, and things 
like pianos, guitars, and drums. In a top
line MIDI device the instruments are not 
synthesized; they are actually recorded, 
sampled, and digitized into some RO Ms in 
the MIDI unit. In other words, the instru
ments are the real thing. 

The Wurlitzer simulation uses 13 MIDI 
instruments, but because of the unique 
sound of the band organ, the instruments 
are used in very whacky ways. For 
instance, big organs like this have very 
large reeds to play the bass notes, and due 
to their size there is a delay between when 
the wind hits them and when they get 
vibrating enough to make a sound. So 
each bass note is kind of a 'whoof. 

In the MIDI band organ, these bass 
notes come from an alto saxophone 
played two octaves too low - some- · 
thing a real alto sax couldn't do. The 
attack time is highly exaggerated, the 
notes are played only briefly, so each 
makes the required 'whoof' sound. 

6 ELECTRONICS Australia, September 1996 

Similarly, one of the soprano melody 
instruments is really a tuba played three 
octaves too high. Liberal use is also 
made of a pan flute, playing in several 
wrong registers at once. And over the 
top of the whole performance is a glock
enspiel, tinkling along at maybe four 
times the pace of the main song. 

Something that will make purist's skin 
crawl is the use of some electronic syn
thesizer voices to 'fill' the band organ's 
sound, particularly a sawtooth wave. 
How dare they! But - it works, and if 
you listen to this MIDI file on any 
halfway decent MIDI instrument, you'll 
be taken right back to Luna Park in the 
blink of an eye. This merry-go-round 
organ is almost perfect! 

Actually, you WILL be able to listen 
to this performance. We are making 
this file available on the EA BBS; 
details will follow. 

The background 
How did this interesting band organ 

performance come about? First, the 
song: 'Painting the Town Red, White, 
and Blue' was written by Stephen Kent 
Goodman way back in 1992. Not 1892, 
but 1992, only four years ago. This is a 
significant event, because it means that 
people are still composing this glorious 
old music of the past. 

Stephen Kent Goodman's big thing is 
writing music for concert bands and 
ensembles, and 'Painting the Town' was 
originally scored for a small ragtime 
orchestra (there are many of these small 
bands around, and there's even a string 
quartet in Tasmania that plays lots of 
Scott Joplin ragtime). 

Then along came an enthusiast named 
Robbie Rhodes, who decided to arrange 
'Painting the Town' for Wurlitzer Band 
Organ, beginning with a MIDI file. 
Although there are computer-driven roll 
cutting devices for piano rolls, which 
work from MIDI files, nothing was 
available for the band organ format. So 
Robbie's only option was to attack the 
problem with a long roll of blank paper 



and a knife. Too hard! 
Instead, Robbie Rhodes enlisted fel

low enthusiasts David Was son and 
George Bogatko to manufacture a 
Wurlitzer Band Organ within a Roland 
Sound Canvas MIDI module player, 
based on the Robbie Rhodes MIDI file 
for piano roll cutter. It was a roundabout 
method, but they got there. 

In the original EA MIDI articles, I said 
that it seemed the MIDI player, com
bined with a computer, was becoming 
the modern-day equivalent of the 
pianola. And it looks like I wasn't 
wrong; since those articles were written 
hundreds, maybe thousands, of electron
ic 'piano rolls' have become available, 
mostly on the Internet. One of these is a 
real mind-snapper; it's not one pianola, 
but two of them, going at it simultane
ously - a two-player, piano duet. 

Again this is a modem tune called 
Bucktown Buck, composed in 1993 by 
Frank French. The song first surfaced on 
a CD called Bucktown in the 90's, a col
lection of piano duets performed (on 
real pianos) by Frank French and Scott 
Kirby. Bucktown is near New Orleans, 
the stomping grounds of Jelly Roll 
Morton whose style inspired the tune. 

Driving two pianos 
A ragtime enthusiast named John 

Roache was so taken by Bucktown Buck 
that he sat down at his MIDI computer and 
constructed a piano-roll style sequence of 
the whole performance, with MIDI com
mands flying out to two pianos at once; 
one a honky-tonk piano and the other the 
MIDI 'bright acoustic' piano. 

How could any one person do that? It 
sounds like so much work - there must 
be many hundreds of notes in Bucktown 
Buck. Well, I took the bull by the horns 
and managed to track down the 
pianist/constructor/programmer of this 
performance, to find out how an expert 
does it. MIDI enthusiasts take note! 

Let the man introduce himself: "My 
name is John Roache. I am an amateur 
ragtime enthusiast living in Torrance, 
California. I have been playing piano 
and keyboards for almost 50 years. I 
began creating ragtime computer music 
in the mid-'80s on the Commodore-64 
using the SIDPLA YER music composi
tion program. In 1994, I began to dis
cover the power of MIDI and have been 
sequencing ragtime, stride and swing 
music since then." 

Yes, but HOW? With the help of 
some snazzy software, Cakewalk Pro, 
and a SoundBlaster AWE 32 sound 
card, that's how. There are several ways 
to get the music into the computer. The 
'top of the line' method is to run a piece 

of sheet music through a scanner, and 
then use optical character recognition to 
transfer notes from the sheet music into 
the software score editor. 

If you are a musician (and it seems 
many MIDI enthusiasts are), you can sit 
down at the keyboard and play your music 
into the computer. Since the editing soft
ware is like a multi-track tape recorder, 
you can split up the job and play the left 
hand part onto one track, using both 
hands, and then play the right hand part 
onto another track again using both hands. 
This simplifies things, but you still have to 
be a reasonable musician to do it 

So, for something like the Bucktown 
Buck duet, you end up with four tracks 
- left hand first guy, right hand first 
guy, left hand second guy, and right 
hand second guy. These are probably 
rough and ready at this stage, full of 
mistakes, and here is where the real 
work begins. 

Almost every MIDI software package 
includes a 'piano roll editor', in which 
the notes are displayed as 'holes' in a 
roll of 'paper' on the screen. As the 
music plays the 'paper' moves along 
sideways. The hole positions up and 
down the screen represent note pitch, 
the holes' length represents the length of 
the notes, and their position left or right 
represents the order they appear in the 
song. (There's a photo of this on page 22 
of the April issue of EA.) Since John 
Roache concentrates almost entirely on 
piano roll arrangements, he uses the 
piano roll editor exclusively: 

"Editing a sequence for piano roll 
arrangements is exactly the same as was 
done when the old piano rolls were cre
ated. The piano roll was created by a 
performer playing on a 'recording' 
piano which created a punched paper 
roll. This paper master was then manu
ally 'edited' by taping over mistakes and 
manually punching in corrected notes 
and adding more notes to fill out the 
arrangement. Midi sequences are edited 
exactly the same way, except it is all 
done digitally in the computer instead of 
manually on a paper roll." 

More notes to fill out the arrange
ment! Now we know the secret of why 
piano rolls sound like piano rolls. The 
piano roll arranger has ta.ken certain 
liberties to jazz up the song a little. A 
few extra notes here and a few there, 
and let's throw in an extra run, or 
maybe several. The resulting produc
tion sounds absolutely spectacular, but 
it's now unplayable by a human 
pianist. The tune exists only within a 
mechanical piano (or a computer). 

What all this means is that those fabu
lous mechanical music machines of the 

past are not dying after all. They're 
being reconstructed electronically by 
modern-day people like Robbie Rhodes 
and John Roache, using their clever 
computer and music skills. And we have 
composers like Stephen Kent Goodman 
writing new material in the old style. I 
guess these people are our 'music 
archaeologists'. 

Now it's 'where to get it' time. We 
have posted the two MIDI files men
tioned here on the Electronics Australia 
computer bulletin board, on phone num
ber (02) 9353-0627. Look for the file
name 'MADMIDl.ZIP'. Note that these 
are very complex tunes, and they won't 
play on any sound card or synth with 
less than 20 voice polyphony. Be sure to 
fasten your seat belt before playing, and 
tum the volume up LOUD, especially 
for the band .organ. 

Finally, here are a couple of useful 
Web sites on the internet: 

'http://pages.prodigy.com/tracht
man/' takes you to Warren Ttachtrnan's 
Ragtime MIDI page, which is absolute
ly chock-a-block with MIDI piano rolls. 

'http://members.aol.com/ragtimers' 
is John Roache's home page; it's got 
lots more of his excellent piano roll 
sequences of both classic ragtime and 
the latest modern material. + 

ABC DE 
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YZ 
Only research can fill in the gaps. 

MS 
Multiple Sclerosis.· 
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What's "ew In " 
VIDEO and flODIO . 

Home Theatre loudspeakers 

Sydney based loudspeaker system man
ufacturer Audiosound Laboratories is now 
able to offer complete packaged systems 
for 'home theatre' and other surround 
sound applications. The systems are based 
on some of Audiosound's existing sys
tems, with the addition of a newly 
designed, double magnetically-shielded, 
cohesive point source centre channel sys
tem, the CE-1. 

The CE-1 is a passive equalised single 
unit system offering very cohesive point 
source speech reproduction for the centre 
channel. 

At present there are three packages 
available (systems 1, 2 and 3), each com
prising front, rear and centre channels and 
claimed to offer excellent value compared 
to purchasing the units separately. 

System 1 is very unobtrusive, yet full of 
impact. It uses the 'space-bass' system 

Large-screen CTV 
from Mitsubishi 

A new large screen colour television 
from Mitsubishi Electric is claimed to 
make home theatre worth considering 
and big screen TV more affordable. 
The firm's 33" (78cm) New DIVA 
(CT-33AC2SL) has an RRP of just 
$3299, said to make it one of the best 
value sets on the market. 

The Symphony Sound System on the 

High performance DAC kit 

Melbourne firm Contan Audio has 
released what is believed to be the first 
Australian designed high performance 
audio DAC, which is available as a kit. 
The unit is claimed to achieve a dramatic 
improvement in the performance of low 
to medium quality CD and DAT players. 
(The CD/DAT must have a digital output, 
either coax or Taslink.) 

The design is based on the Burr
Brown PCM63P ultralow distortion 20-
bit digital to analog converter, which 
uses colinear dual-DAC architecture to 
provide a guaranteed THD and noise 
level of -88dB. Even better performance 
(better than -96dB) can be achieved 
using the enhanced PCM63P-K. The 
input receiver uses the Crystal 
Semiconductor CS8412P, which has 
excellent jitter performance. 

New DNA includes a Super Woofer for 
enhanced bass with low distortion. A well 
balanced picture is achieved using AI 
(artificial intelligence) Fuzzy Logic cir
cuitry. The TV takes a viewer's distance 
from it into account, and assesses ambient 
light levels to automatically adjust the 
brightness of the picture. 

An Auto Turn feature lets you tum the 
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incorporating two subwoofers (seven 
speakers in all), for under $2000. The total 
system comprises the space-bass set, two 
tiny satellite speakers and two subwoofers 
plus two matching tiny DM-ls forthe rear, 
plus the new CE-1. The tiny up-front and 
rear speakers come with wall mounting 
brackets and can be colour matched to 
order for an almost invisible total system. 

System 2 uses floor-standing 8015's up 
front, with their Piccolo system for rear 
channels and the CE-1 for the centre. The 
8015s have received an Australian Design 
Award. This complete package is eco
nomically priced at $1890. 

System 3 is similar to System 2, and the 
same price, but uses unobtrusive DM-l's 
instead of Piccolo enclosures for the rear 
channels. 

For more information circle 143 on the 
reader service card or contact Audiosound 
Laboratories at 148 Pitt Road, North Curl 
Curl 2099; phone (02) 9938 2068. 

The Contan PCB offers a choice of 
two alternative 8x oversampling digital 
filters: Burr-Brown's DFl 700P (band
pass ripple .00005dB, stop attenuation 
1 lOdB, no digital de-emphasis), or 
Nippon Precision Circuits' SM5842AP 
(bandpass ripple .00002dB, stop attenu
ation 117dB, automatic digital de
emphasis correction). 

Other features include socketed out
put op-amps to allow experimentation, a 
separate +/-15V power supply for the 
op-amps, and indicator LEDs for 'syn
chronous lock-in' and de-emphasis. 

The basic PMDAc-1 kit, with twin 
PCM63P DA Cs and DFl 700P filtering, 
is priced at $413. The PMDAc-2 kit with 
the enhanced PCM63P-K DACs is $488. 

For further information circle 144 on 
the reader service card or contact Contan 
Audio, 37 Wadham Parade, Mt Waverley 
3149; phone/fax (03) 9807 1263. 

screen to the left or right using the 
remote control. 

Mitsubishi Electric CTV receivers are 
available at all major electrical retailers 
nationally. For further information circle 
141 on the reader service card or ring 
NSW (02) 684 7777; Qld (07) 
3357 8813; SAINT (08) 340 2000; WA 
(09) 377 3400; Vic/Tas (03) 9262 9855. 

_,. 



Digital camcorder 
released by Panasonic 

A new era in consumer video has arrived with the 
Panasonic NV-DXl digital camcorder, which is claimed to 
offer broadcast quality in a compact, easy-to-use unit. 
Previously digital video camera/recorders were large and 
limited to professional applications. 

The NV-DXl uses a new format known as DV (Digital 
Video), which enables digital recording on a cassette half the 
size of an 8mm video cassette. DV is a worldwide format sup
ported by 56 companies. Although all video equipment in the 
DV format is compatible, there are differences in product con
struction, quality and ease-of-use. Panasonic has decided to 
give all of its DV format products the name Digital6. 

The DXl is Panasonic's first such product, and features 
three-CCD imaging technology like that used in professional 
broadcasting equipment. A timebase corrector (TBC) is a stan
dard feature of the DV format, reducing horizontal jitter by 
compensating for any irregularides in the time axis. The for
mat also includes an error correction function that minimises 
dropout and assumes recording and playback reliability. 

With 500-line horizontal resolution capability, DV brings 
crisp detail far exceeding the 400 lines offered by Super 
VHS and Hi-8. 

High quality digital sound supports the outstanding digital 
picture quality. Recording is possible in two modes: two chan
nels with 48kHz 16-bit sampling for DAT level sound quality, 
or four channels with 32kHz 12-bit sampling which provides 
two channels for original sound recording and two more chan
nels for audio dubbing. If the user shoots in 12-bit dual stereo, 
background music or narration can be added later without 
affecting the previously recorded audio or picture. Inserting 
new images in the middle of recorded sequences is also possi
ble without replacing the original sound. 

The 6 - 60mm ( 10: 1) range of the DXl 's optical zoom lens 
can be digitally extended up to 20: 1. A turbo zoom button 
allows the user to adjust from full wide-angle to telephoto in 
just 1.9 seconds. 

The DXl also has a large, multi-angle colour viewfinder 
which is adjustable for high angle or low angle shooting. It has 
a wide magnifying lens (39mm diameter) allowing the user to 
view the image with the eye off the eyecup. 

High quality 
equipment racking 

A new high quality, heavy duty equip
ment racking system has been introduced 
by South Australian firm A&R 
Woodcraft, which has gained an enviable 
reputation as a manufacturer of quality 
cabinets for the specialist audio industry. 

The recent trend in the hifi market 
towards Home Theatre systems has drawn 
attention to the lack of suitable high quali
ty racking in Australia. This prompted 
A&R Woodcraft to develop its new Stand 
Alone (SA) racks, which are claimed to 
provide performance, style and versatility 
to suit most applications. 

Three manual exposure settings, in addition to an auto
matic setting, easily adapt to a wide range of lighting situa
tions. Manual adjustment is highly accurate, based on the 
information from the three CCDs, iris data and an A WT 
(auto white tracking). 

The DXl's manual focus uses the ring system commonly 
found in professional equipment. 

Fast-forward and rewind of tapes is 60 times the normal 
speed and a 60 minute tape can be rewound in 80 seconds. 
Digital searching at 10 times normal speed shows a clear pic
ture free of noise bars. The Digital Photo Shot feature takes a 
high resolution still shot with about seven seconds of sound. 
One 60 minute tape can hold 500 stills. 

The DXl is compact and lightweight. It weighs only 1.2kg 
with the battery pack and tape loaded. The rigid polycarbonate 
ABS alloy outer case resists heat and shock. An internal lithi
um-ion battery power enables 60 minutes of continuous 
recording or 180 minutes when using both the internal and an 
optional external battery. 

The RRP for the Panasonic NV-DXlEN digital camcorder is 
$6099, and it is available from leading electrical outlets. For 
further information circle 140 on the reader service card or 
contact Panasonic's Customer Care Centre on 132 600. 

terns are available conveniently packed in 
kit form. 

The systems are also very reasonably 
priced, and start at $399 for the SA400 
three-tiered unit. The larger SA 700 three 
tiered unit is $449, while the largest four
tiered SAlOOO model is $499. 

Optional timber finishes are now also 
available, in Australian Jarrah or 
Australian Oak, at extra cost. 

All SA Rack Systems can be purchased 
direct from the manufacturer by a fail-safe 
seven day money back guarantee mail 
order, using Visa, Bankcard, Mastercard 
or Money Order. Adelaide customers may 
also view and purchase the racks from 
Grenfell Hi-Fi and V AF Research Pty Ltd. 

The SA racking systems are available in 
three standard sizes that all incorporate 
solid timber construction, a quality tex
tured black painted finish, 60kg shelf 

capacity and adjustable shelf positions. 
They can be fitted with either 50kg castors 
or adjustable spikes, and the smaller 
designs can be expanded easily. All sys-

For further information circle 142 on the 
reader service card or contact A&R 
Woodcraft, SA Turin Place, Salisbury 
South 5108; phone/fax (08) 285 7755. + 
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Video & Audio: The Challis Report 

ERGO STEREO 
HEADPHONES MODEL 1 
Swiss manufacturer Precide SA attracted considerable interest at this year's Consumer 
Electronics Show in Las Vegas, with its new Ergo loudspeakers and stereo headphones using 
Heil high-velocity drivers. Although Louis Challis originally thought he'd be reviewing the new Heil 
headphones for us this month, he was sent the earlier Model 1 phones. They turned out to be 
very interesting, all the same ... 

What constitutes good sound reproduc
tion, and the means of achieving that aim? 
These ideas have undergone so many 
changes in my lifetime that it is with some 
temerity that I raise this issue here in 
reviewing the Ergo headphones. 

In the late 1920s, my father purchased 
his first pair of headphones. They were the 
electro-acoustic transducers for his first 
three valve do-it-yourself 'wireless set'. He 

embarked on the construction of that 
wireless following his belated success with 
a crystal set (for which he borrowed the 
headphones from a neighbour). Both the 
wireless and his trusty old headphones 
worked moderately well until he sur
mounted the rigours of the depression, 
and purchased a superb Gulbransen seven 
valve radio in the late 1930s. 

I discovered that old three valve wireless 

The Ergo Model 1 stereo headphones are unusual in shape, as you can see. The 
headband is very wide, well padded for comfort and adjustable in terms of 
height above the transducers. 
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set and its headphones gathering dust in 
the back of the garage at the end of the 
1940s, when they became another toy. 

My father related to me how his head
phones provided him with one of his rare 
opportunities to escape from life's troubles 
and tribulations into a private world of lis
tening pleasure. But that original set of 
headphones was rudimentary by today's 
standards. Their electro-acoustic quality 
hardly rated a comparison with the quality 
dynamic loudspeaker in his seven valve 
radio. That of course mattered little to my 
father; his listening experiences were pri
vate and personal. He could relax in his 
own private world, free from the social 
pressures and constant demands of a large 
and hungry family. 

The frequency response of the old head
phones was no better than the earpiece in a 
telephone set of the day, with an output that 
was far from flat over the critical 250Hz to 
3kHz frequency range. The three valve 
'wireless' most probably had difficulty 
achieving even that order of bandwidth; in 
those days, expectations and demands were 
far lower than those of today. 

Essential for recording 
Most professional musicians find that a 

good set of headphones still constitutes an 
essential requirement during recording 
sessions. When worn, they provide the 
wherewithal to hear the wanted sounds at 
any level without those ear level signals 
leaking through to the recording micro
phone. During public performances, 
drummers frequently use headphones, 
even though the lead artists don't. That is 
because, if headphones were used by the 
lead artists, they would certainly attenuate 
and potentially degrade the critical audito
ry information on the characteristics of the 
playing environment. 

Most headphones exhibit subtle limita
tions in their low frequency sound repro
duction capabilities. Thus by way of exam
ple, a good loudspeaker can deliver a bass 
response which few headphones can 
approach, let alone equal. 

Between 1925 and 1975, headphone 
manufacturers made tremendous strides in 
converting those lowly headphones into a 



true high fidelity transducer. The two dri
ving forces behind those advances were 
Koss in the USA and Sennheiser in 
Germany. Whilst the two firms followed a 
somewhat different path, they were both 
successful, and their products gained con
siderable market acceptance. 

Koss' main thrust was through the adop
tion of an 8fi 'all dynamic' headphone 
configuration. Their most common head
phone configuration used soft cushions 
which fitted snugly and comfortably over 
the ears. Their headphones were equally 
popular in both recording studios and for 
consumer applications. The sealed air vol
ume was relatively small, and as a conse
quence, the acoustical coupling was rela
tively good. More significantly, their low 
frequency performance was as good, if not 
better than that provided by most studio 
monitoring speakers of the day. 

Sennheiser's approach was entirely dif
ferent to that of Koss. They focused their 
attention on the development of an 'open 
ear' high velocity headphone, which soon 
won a surprisingly large following. As well 
as being light, these provided acoustical 
transparency, and comfort levels which 
became the envy of their competitors. 

The Sennheiser 'open ear' headphones 
could be used in situations where the 'real 
world' must be simultaneously monitored 
and should not be isolated. Sennheiser's 
secret was their development of a highly 
efficient, high velocity transducer system. 
By adopting Samarium Cobalt or 
Neodymium Ferrite magnets, extremely 
high flux densities were achieved. That 
ensured outstanding efficiency, with a 
simultaneous reduction in both the trans
ducer's weight and size. 

As I recall, before I seriously examined 
the Sennheiser design philosophy the mar
ket was being flooded with a host of 'me 
too' lookalikes, relatively few of which 
were as good as the original (let alone the 
subsequent) Sennheiser headphones. 

It was about that time, in the early 
1980s, that the Sony 'Walkman' revolu
tion ensued. Personal sound systems 
became the in thing, and most teenagers 
(and many joggers) were using, and enjoy
ing their own private world of music. 

Even though Stax, Koss, Sennheiser, 
Pioneer and other manufacturers devel
oped outstanding electrostatic head
phones, those products were generally 
costly and with an added complexity asso
ciated with the need for a mains or com
paratively large battery pack. The electro
static headphones were consequently tied 
to the home, and to a sedentary occupa
tion or listening environment. 

Spotted at CES 
Whilst touring the 'high end' exhibits at 

the Sahara Hotel during this year's 
Consumer Electronics Show (CES) in Las 
Vegas, I became aware of further head
phone developments. I found a new head
phone company, Precide SA of Switzerland, 
whose 'Ergo' products and name were new 
to me. They were exhibiting prototype 
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Three plots of the performance of the Ergo Model 1 headphones, as measured 
using a B&K 4153 artificial ear. At top is the right earpiece response, with that 
of the left earpiece in the centre. The lowest plot is the pink noise response with 
113 octave band filtering. They're a 'little bright' at the high end, and modest in 
terms of bass, but otherwise perform well. 

stereo headphones as well as loudspeakers, Their secret was the adoption of the Heil dri-
using Heil high velocity drivers. vers, which provided clean low distortion 

Now back in the late 1970s, I purchased a sound of a quality simply unmatched by any 
pair of revolutionary 'ESS AMS' loudspeakers other tweeter of the day. 
which used Heil dipole tweeters. Whilst the When Audio Dynamics of Melbourne 
speakers were avant-garde, they certainly rang me recently to offer a pair of Ergo 
provided an exciting auditory experience. headphones for review, I asked if they 
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THE CHALLIS REPORT 

would be the same advanced headphones 
which I had examined in Las Vegas. 

Somehow I gained the impression that I 
was being sent a pair of Ergo headphones 
incorporating the new Heil drivers. 
However what I received a few days later 
was a pair of Ergo Model 1 's. My first 
response was to feel peeved, but then I 
had a second look at the box and decided 
that I'd proceed with the testing and the 
review anyway. 

Rather different 
The Model 1 Ergophones certainly look 

different from any other headphones I 
have tested or listened to. Instead of the 
common circular, or even oval shaped 
headphones, the Model 1 's have rectangu
lar shaped headphone assemblies with an 
unusually wide padded headband on top. 

The headband is adjustable so as to pro
vide a simple means of optimising the trans
ducer positions, relative to the wearer's ear 
canals. It is also shaped so that the head
phone assemblies are angled inwards at the 
front. There are two long rectangular foam 
pads on the trailing edges of the phones 
which ensure that they sit comfortably clear 
of your ears, but sufficiently close to provide 
a reasonable degree of coupling. 

Following repeated requests for back
ground information on the design and con
struction philosophy of the Ergo Model 1 's, I 
finally picked up my trusty tool kit and 
opened up the transducer assemblies to find 
out what wonders were inside. If I'd expect
ed something different, then I wasn't really 
disappointed. The design appears to be 
based on a combination of some well con
ceived ergonomic research, together with 
practical plastic moulding technology. 

The headphones' first major break with 
convention is the use of an extremely wide 
slotted yoke, fabricated from two separate 
layers of plastic. This provides the mecha
nism for incorporating a ratchet function into 
the inner layer of plastic, for positive trans
ducer height adjustment to suit your physical 
requirements. An unusual but practical wide 
layer of 20mm thick black urethane foam is 
conveniently attached to the underside of 
the yoke, to provide comfortable head
phone support on your head. 

Two large rectangular headphone assem
blies are mechanically attached to the head
band on both sides of the yoke structure. 
These assemblies are also slotted and have 
dimensions of 140mm x 107mm. 

To avoid compressing your ears, the two 
105mm long vertical pads of 20mm x 
20mm urethane foam are glued to the rear 
trailing edges of each rectangular assem
bly. Their presence neatly ensures that the 
headphones sit comfortably on the sides of 
your head. 

Large thin rectangular foam covered 
pads cover two somewhat larger finely 
perforated aluminium plates on the front 
of each of the headphone assemblies. A 

55mm diameter transducer is securely 
glued to the rear of each of those alumini
um plates. The transducer enclosure is 
backed by a cloth covered slotted rear 
cover, which maintains the dipole charac
teristics of the composite transducer sys
tem, and provides a reasonable degree of 
'open-ear' performance. 

In lieu of the normal circular connection 
cable, the Ergo Model 1 s provide a neat 
three-metre long flat four-core flexible 
moulded cable, with a 6.Smm stereo plug 
at the business end. 

Objective testing 
I mounted the headphones on my Briiel 

& Kjaer artificial ear, and plotted the fre
quency response of each earpiece. The 
frequency responses are not identical, 
although there are some common domi
nant characteristics and features. The fre
quency response of the right ear is excep
tionally smooth, and is certainly within 
+ 12dB from SO Hz to 22kHz. 

On closer examination there are a num
ber of resonances, the most significant of 
which are at around 2.SkHz, and in the 
10-12kHz region. There are some promi
nent nodes, the most significant of which 
are in the 3kHz and 4kHz regions. 

Although the frequency response does not 
exhibit a particularly flat characteristic, don't 
be fooled. The overall frequency response is 
still particularly good, even though it may be 
a 'trifle bright' over the 2kHz to 20kHz 
region. An examination of the response does 
reveal that the low frequency response of 
the headphones drops off fairly rapidly 
below 1 OOHz, however. Although still use
able (and even possibly reasonable) at SOHz, 
the headphones are rapidly running out of 
steam at lower frequencies. 
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The total harmonic distortion character
istics of the Ergophones are reasonably 
good at an 80dB sound pressure level, at 
frequencies from 1 OOHz to 20kHz. 

At 90dB sound pressure level, the distor
tion products at 1 OOHz are both significant 
and audible. However at the same output 
level, the distortion levels at higher frequen
cies are still innocuous. At 1 OOdB sound 
pressure level, the low frequency distortion 
at 1 OOHz is already unacceptable but the 
distortion levels at high frequencies are still 
quite acceptable and innocuous. 

I measured the pink noise response of 
the Ergophones, and found the overall 
performance mirrors the swept sinewave 
responses, with a significant level of 
brightness (and potential presence), at the 
top end of the spectrum. 

The input impedance of the head
phones is relatively high, being 240'1 at 
63Hz, 170'1 at 250Hz and between 130 
and 170'1 at higher frequencies. 

The headphones weigh 380 grams, 
which is on a par or marginally heavier 
than other quality electrostatic head
phones, with which they are capable of 
competing 'head-to-head'. 

Subjective testing 
I have not been in the habit of listening 

with headphones at home, even though I 
have many pairs, including 'open-ear', 
'close-coupled' foam surround earphones 
and even a set of electrostatics - which 
although 15 years old still provide excel
lent performance. 

Whilst Martin Durrenmatt of Precide SA 
in Switzerland sent me a fax providing 
additional information on the ability for 
the wearer to alter the shape of the head
band with a hair dryer, I resisted the temp-



tation as I suspect most purchasers would. 
Mr Durrenmatt also claims that there 

are positive attributes in a drooping low 
frequency performance, and I simply do 
not share that view. There are many 
recorded sources, and classifications of 
music which require (nay. demand), as 
good a low frequency performance as pos
sible, particularly where a simultaneous 
low distortio.n is sought. 

I was fortunate to have some truly exciting 
music with which to audition these head
phones. The first of the discs I used was a 
Delos Virtual Reality Recording (Delos DE 
3196) featuring Andrew Litton leading the 
Dallas Symphony Orchestra & Chorus in 
Tchaikovsky's 1812 Overture. The recording 
technique on this disc is outstanding. Whilst 
I have three other versions of the 1812, this 
is unquestionably the best. 

Whilst the bulk of the music and singing 
on this disc sounded good if not excellent 
when auditioned through the head
phones, the reproduction of 'cannon' fir
in·g was simply not in the same class as the 
rest of the content on the disc. However, 
giving the headphones their due, the other 
music is crisp, sharp and with a degree of 
presence that my monitor speakers simply 
do not reproduce in quite the same way. 

I progressed to another outstanding 
disc, 'Christmas in Vienna Ill' (Sony SK66 
846). This recording features Placido 
Domingo, Sise! Kyrkjebo and the famous 
Charles Aznavour, with the Vienna Opera 
Choir and the Vienna Symphony 
Orchestra recorded on 22 December 
1994. The music and microphone tech
niques on this disc are also outstanding, 
and each of the singers is audible with a 
fidelity which simply has to be admired. 

From the start of the first track of 'Hark 
The Herald Angels Sing', I was aware that 
this disc is special, and that the reproduction 
capabilities of the headphones were achiev
ing full credit for the original recorded con
tent. Even allowing for the presence of spa
tial information (the absence of which I have 
become reconciled whilst listening to my 
monitor speakers), I simply could not fault 
the headphones. 

I progressed to a third disc, (a Sheffield 
Lab Audiophone Reference Series disc), 
featuring the famous Arnold Steinhardt on 

violin and Lincoln Mayorga on the piano. 
Twenty years ago, I (and possibly even 
some of you), went out of my way to pur
chase direct-to-disc recordings mastered 
by Doug Sax, and featuring Lincoln 
Mayorga as the pianist. Those were excep
tional recordings, and indeed, this particu
lar disc is equally exciting. It features 
Edvard Grieg's Sonata No 3 in C minor, 
Fritz Kreisler in abstracts from the operetta 
'Apple Blossoms' and other delightful 
excerpts from Amy Beach's and Victor 
Herbert's fine music. 

Both my family and I have gained con
siderable plea6ure from this disc, and it 
certainly did not suffer to any degree as a 
result of being auditioned through the 
ERGO Model 1 headphones. If anything, I 
felt that the music sounded marginally 
cleaner, and certainly crisper than it did 
when compared to my monitor speakers. 

The last discs that I listened to were Yo
Yo Ma's 'Great Cello Concertos' (Sony 
M2K 44562), featuring music of Haydn, 
Saint-Saens, Schumann, Dvorak and Elgar. 
I must agree with Martin Durrenmatt's 
comments that the degree of fidelity when 
replaying a cello recording does not suffer 
from the drooping low frequency response 
- even though Yo-Yo Ma's impeccable 
playing appears to be located between 
your ears, instead of in the normal and 
generally preferred position in front of 
your head. 

In summary 
The overall performance of the Ergo 

headphones is good to excellent on classi
cal music, but simply not of the same cal
ibre when listening to rock, pop or reggae 
music. If classical music is your bent, then 
you will undoubtedly like these head
phones. If however pop music is your 
scene, then although offering good perfor
mance, they are unlikely to be perceived 
as outstanding. · 

With a recommended retail price of 
$299, they offer reasonably good value in 
terms of listening pleasure. 

For further information on the 
Ergophones contact Audio Dynamics, of 
155 Camberwell Road, Hawthorn East 
3123; phone (03) 9882 0372 or fax (03) 
9813 3108. <· 

NOTES & ERRATA 
low Cost RF Test Oscillator (May/June 1996): There were a number of confusing dis

crepancies between the schematics, the PCB overlay diagram and the parts list, regard
ing the main PCB. 

In the schematic of Fig.1 (May article, page 58), the 0.1uF capacitor labelled C26 should 
be shown as C29; the 22nF capacitor shown as C29 should be shown as C30; the 0.1 uF 
capacitor shown as C30 should be shown as C31; and the 0.1 uF capacitor shown as C31 
should be shown as C27. Resistor R39 should also have a value of 180W, not 150W. 

In the PCB overlay on page 62 of the June article, R35 should be shown as R34 
(220W); R39 should be shown as R35 (1 M); R38 should be shown as R39 (150W); and 
R33 should have a value of 15k, not 33k. 

In the parts list (page 61, May article), there should only be one 4.7k resistor - R18. 
Also C15 and C16 should be shown as MKT capacitors having a value of 4. 7nF, not 
0.1 uF; and C20 should be shown as a 2.2uF 16VW tantalum. As noted in the second arti
cle, U12 (TL 072) was also omitted from the parts list. 

Our apologies for the discrepancies and confusion. + 

LANTEK PRO 
Series 
Cat.5 Testing 

-----·--·-----___,,~..,.-__.,, ... ~-------~.-~~·-
FEATURES LANTEK PRO XL LANTEKPRO 
-<~-.~~--~--~-~---~--------·----.. ~~"~ 
AUTOTEST TIME 40seconds 40 seconds 

FREQUENCY RANGE l·lOOMHz 1-lOOMHz 

DUAL NEXT Yes Yes 

MAJOR TEST SUITES Line Mopping Line Mapping 

(REPORTING PASS/ Length Length 
FAIL FOR EACH) DC Loop DC Loop 

Capacitance Capacitance 
Attenuation Attenuation 
Dual NEXT Dual NEXT 

ACR Yes Yes 

CABLE EXPERT Yes Yes 

CABLE LENGTH Yes Yes 

TDR (IMPEDANCE 
Yes No 

VS. LENGTH 

AVERAGE NOISE Yes No 

(FOR EMI, RFI) Yes No 

TEST STORAGE 500 500 

GRAPHICAL DISPLAY Yes Yes 

FLASH ROM Yes Yes 

CABLE TYPES SUPPORTED >200 >200 

BATIERY LIFE 10-12 hours 10-12 hours 

NEW: FIBRE OPTIC KIT 

Scientific Devices Australia Pty Ltd 

(03) 9579 3622 
Fax (03) 9579 0971 

(02) 344 5200 
Fax (02) 349 2602 

(08) 281 3788 
Fax (08) 281 4194 
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Product surveillance tagging technology: 

HOWYOUGR 
BUSTED FOR SHOPLIRING 
We've had quite a few requests for an article discussing the basic technology being used by 
retailers to protect against theft of merchandise. Tracking down this information turned out to 
be surprisingly difficult, but at some risk to his reputation Tom Moffat was able to come up 
with ~his report. We present it purely to satisfy your technical curiosity. 

by TOM MOFFAT 

"If that thing beeps at me one more 
time, I'm gonna SUE you! I MEAN 
it!" Ah, another happy customer head
ing out the door of the local variety 
store. The shop has recently installed 
one of those contraptions that detects 
goods accidentally leaving the store 
prior to payment for them. 

This particular gadget seems to have 
taken a liking to a crusty old lady who may 
have some metallic body part - perhaps a 
replacement hip? Every time she walks 
past it, the machine erupts in a beeping 
frenzy. The old lady freezes beneath the 

flashing red light, and everyone now 
knows she is a SHOPLIFTER! 

I witnessed this performance while 
standing in the checkout queue. It was a 
short-staff day, and the manager himself 
was working the till and copping the 
abuse from the old lady. I was tempted 
to tell him: "I'm an electronics guy, and 
I might be able to help you sort out that 
machine ... " 

Trouble is, to do the job properly, the 
first order of business would be to disas
semble the old lady to see what's causing 
the alarms. I don't think she would be too 
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keen on that, either. Still, it would be an 
interesting prospect - I've always won
dered how those shoplifting detectors 
work. That's how this article came about. 

Now, after a rather difficult research 
effort, we can reveal some of their secrets. 
For academic interest only, mind you! 

In what I'd call 'Phase One' of my 
preparation for this· article, I struck a 
brick wall. Nobody wants to talk about 
those store alarms, particularly to some 
fellow who intends to write about them 
in a public magazine. If you want to see 
something funny, just walk into your 
local shop and say "Do you mind if I 
take some pictures of that detector thing 
in the doorway?" You won't be shown 
the detector - only the door. 

I discovered the names of a couple of 
manufacturers of detectors, so I sent them 
some polite faxes mentioning that I was 
researching a magazine article and would 
like some technical information about 
their products. The result was a stunning 
silence, in both cases. I guess I could have 
claimed I was a technician hired to repair 
a detector, but that would be dirty pool. 

Not to worry. Useful information 
about lots of things can be gleaned from 
the many alternative sources that flour
ish here in the USA. So what follows is 
'unofficial', not sanctioned or admitted 
to by anyone. 

A lot of it was determined experimen
tally, but the results add up nicely. And 
from an electronics point of view, it all 
makes good sense. In other words, 
absolute accuracy is not guaranteed, but 
it's pretty likely we're very close to the 
mark. I suspect there won't be too many 
complaints about accuracy, because any
one who says we're wrong will be obliged 
to tell us what's right... 

Article surveillance 
The whole science of protecting stores 

against shoplifters comes under the head-



ing of Electronic Article Surveillance, or 
EAS. The general technique revolves 
around attaching an electronic 'tag' of 
some kind to every item sold in the store. 
When the customer pays for the item at the 
checkout, the tag is then either deactivated 
or removed. The removable tags have fas
teners which can only be dislodged by a 
special tool without destroying the item. 

EAS systems fall into two major cate
gories: those based on magnetic metal 
strips, and those based on a tiny UHF 
antenna and a diode. Before going into 
detail about their principles of opera
tion, let me point out emphatically that 
this information is not intended to aid 
anyone in defeating shoplifting detec
tors. Should you be caught trying to 
nobble one, I'm sure some store would 
just love the opportunity to make an 
example of you, and charge you with 
every violation in the book. 

Magnetic strips 
These metal strips are long and thin, 

perhaps up to 300mm long and 12mm 
wide. They are used primarily in libraries 
and video stores, since they can be easily 
inserted in the spine of a book, or along the 
back of a video cassette. The metal strip 

has special magnetic properties, making it 
saturate very easily in the presence of a 
magnetic field. 

The detector device is characterized 
by large frames standing at either side 
of a doorway. Each of the frames con
tains a loop of many turns of wire. In 
fact the detector frames in the library 
near my home are of 'open' construc
tion, so the size and shape of the coils 
can be clearly seen. 

One loop of wire is strongly energized 
with AC, which is induced into the other 
loop standing parallel to it and perhaps a 
metre away. What we have so far, then, is 
a large air-cored transformer, and the 
receiving loop delivers a nice clean sine 
wave induced by transmitting loop nearby. 

Now, if we introduce one of the metal 
strips into the field, it will saturate each 
time the field reverses polarity, introduc
ing a spike onto the sine wave received on 
the second loop. The spike will be mostly 
harmonics of the original frequency. 

All we have to do, then, is filter out the 
original sinewave frequency and measure 
what's left. When no strip is in the field, 
there should be no output from the filter 
connected to the second coil. But when the 
strip enters the field, causing spikes and 

thus harmonics, frequencies not removed 
by the filter produce an output which can 
be easily measured. Result: an alarm -
somebody's pinching a book! 

When you go through the library check
out procedure, each book has its spine 
'swiped' along a de-activating device 
which then lets you carry the book through 
the detector without causing an alarm. It's 
been determined experimentally that if the 
magnetic strip is hit with a strong DC field 
from a permanent magnet, the strip itself 
becomes magnetized and is thus magneti
cally saturated. In that condition it can't 
saturate any more under the influence of 
the AC field from the loop at the library 
door. No saturation means no spikes, no 
harmonics, and no alarm. So the deactivat
ing device is probably nothing more than a 
big permanent magnet. 

Upon return of the book to the,library, 
it is a simple matter to nin it through a 
degaussing coil, removing its residual 
magnetism. Then it's all primed and 
ready to set off the alarm again, if some
one carries it out the door without first 
checking it out. 

There is some concern about use of this 
system with video cassettes, because the 
magnetic fields are quite strong and it's 
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possible the tape itself will be affected by 
carrying it through the strong AC field at 
the door. 'Swiping' the cassette to deacti
vate it would also subject it to a strong per
manent magnetic field. 

In snooping through the video shops 
near my home, I didn't find one that was 
using EAS, at least of the magnetic strip 
type. Their method of shoplifting pro
tection is much more direct: The video 
cassette boxes on display, the ones you 
pick up and examine, do not contain 
tapes at all. They are either empty or 
they contain styrofoam blocks. The 
tapes themselves are stored behind the 
counter, and they're handed to you only 
as part of the checkout procedure. 

A variation on the magnetic system is 
based on a metal strip that is strongly res
onant around 60kHz. Here a coil is also 
used to produce a magnetic field at 60kHz. 
But this time the field is quickly pulsed on 
and off. If the resonant metal strip is pre
sent within the field, it will keep 'ringing' 
briefly after the field is cut off. All the sys
tem has to do then is check for 60kHz 
energy being emitted after the energizing 
source is removed. 

In theory it should be possible to do 
this with one coil and some quick trans
mit-receive switching, in a similar man
ner to something like a depth sounder 
that pulses and then listens for a return 
echo. Such a coil could then be mounted 
somewhere like under a floormat, invis
ible to a potential thief. 

The very sharp resonance of this kind 
of strip is destroyed if the strip is mag
netized, so deactivating it is again a mat
ter of 'swiping' it along a permanent 
magnet. A degaussing coil can later be 
used to i:e-arm it. 

UHF techniques 
We've all seen those small white or 

beige tags that are attached to store goods 
such as items of clothing. You carry your 
purchase to the checkout, and when you 
pay your money, the operator uses a spe
cial tool to remove the tag. You're then 
free to exit with your new purchase. 
Should you neglect to have the tag 
removed, you'll suffer the same indignity 
as the old lady in the variety store as you 
carry the goods out the door. 

This is quite a popular system, 
because it's very difficult to carry a tag 
out of the store without setting off an 
alarm. And it's almost impossible to 
remove the tag without the special tool 
- unless you're prepared to rip it off, 
damaging the item it's attached to. 

The technology behind UHF tags is 

simple and elegant. The detector at the 
door consists of two parts, a transmitter 
and a receiver. The transmitter emits a 
continuous signal at around 900MHz and 
the receiver is listening on the second har
monic at 1800MHz. 

Within the tag is a simple antenna, prob
ably a folded dipole, with a diode connect
ed across its terminals. When the tag 
enters the transmitter's field, the antenna 
receives the 900MHz signal and presents 
it to the diode, which acts as a frequency 
doubler. The same antenna then re-radi
ates energy at 1800MHz, which is detect
ed by the receiver. Result - an alarm. 

Due to the high frequencies involved, 
these UHF systems are very resistant to 
false alarms, except when certain old 
ladies pass through. A disadvantage is that 
the tags are moderately expensive, 
because a fairly high-quality diode is 
required to efficiently generate energy at 
1800MHz. But since these tags are 
removed and used over and over, price is 
really no problem. 

One fault with the tags is the damage 
they can cause to clothing. Although 
small, the tags do have some weight, and 
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they are attached to the garment by a pin 
about the diameter of a small nail. Once I 
bought a couple of tee shirts at the above
mentioned variety store; they'd spent 
some time on display hanging on racks. 

When I got them home I discovered that 
the cloth had been badly deformed by the 
weight of the tags, and each shirt sported a 
hole several times the diameter of the 
attachment pin. The hole had simply been 
pulled larger and larger. The shirts were 
only worth about five dollars each; per
haps it was a bit of overkill to protect such 
shoddy merchandise with these high-tech 
security tags. 

There is another type of tag which can 
get by with a cheaper diode, and is thus 
considered disposable. It's much the 
same arrangement: an antenna with the 
diode at its terminals. The detector's 
transmitter is again operating around 
900MHz, but this time there is another 
signal source at 1 OOkHz. 

When no tag is in the detector area the 
two signals happily exist side by side, with 
no interference between them. But when a 
tag is introduced, both signals hit the 
diode, which modulates the 900MHz sig-



nal with the lOOkHz signal, and then re
radiates it. To detect the tag, then; this sys
tem uses a receiver looking for a 900MHz 
signal with lOOkHz modulation. 

Since these tags are considered dispos
able, customers can legally carry them out 
of the store. So, to prevent an alarm, it is 
necessary to deactivate the tag once the 
purchase has been paid for. Given the 
crummy nature of the diode, the most like
ly way of deactivation would be to simply 
blow the diode - either by hitting it with 
a strong RF field or maybe with DC con
nected directly to the antenna. 

A weakness of this kind of tag is that it 
can be accidentally damaged by static 
electricity. This gives credence to the the
ory of deactivating the tags by intentional
ly blowing their diodes. 

Swept-HF tag 
This is a special type of tag that appears 

to be new on the scene. The tag contains 
an inductor/capacitor circuit which is 
sharply resonant at around 8.7MHz. The 
detector unit again consists of two coils 
mounted each side of a shop doorway. The 
transmitter generates an 8.7MHz field, 
which is swept about 300kHz each side of 
centre. With no tag present, the receiver 
coil simply reproduces what the transmit 
coil is sending. But when the tag is intro
duced, the high-Q resonant circuit per
turbs the signal in a manner which can be 
easily detected. Experiment has shown 
that any L-C circuit resonant at 8. 7MHz 
will set off an alarm if carried through one 
of these detectors. 

Don't try it 
As mentioned previously, this infor

mation has come from sources of dubi
ous repute. People who have experi
mented with cracking these systems 
may no~ be spending their days work
ing on ways to defeat jail security sys
tems. So our final advice is: read this, 
enjoy it and learn something; but DO 
NOT TRY USING THIS KNOWL
EDGE to attempt breaking the law! 

What we haven't done yet is solve the 
mystery of the old lady. It looks like, 
from the appearance of both the tags and 
the detector at the door, that the variety 
store is using a UHF system of the fre
quency-doubling type. So what's caus
ing the false alarms? Maybe we've got a 
non-linear old lady ... 

Then again, there is one possibility that 
nobody's yet mentioned: Maybe she IS 
pinching stuff, carrying the tags through 
the door, and yelling "lawsuit" every time 
the alarm goes off. 

Wouldn't it be funny if all this fancy 
technology could be simply defeated by 
bellows of indignation?•:• 
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GIVING PARKES 
A BETIER 'VIEW' 
After having been upgraded with an enlarged focus cabin and 'translator', as described in our 
April issue, the Parkes Radio Telescope is now being fitted with a new Multibeam Receiver. 
This gives the telescope the ability to 'image' an array of 13 adjacent focal points at once. In 
addition each of the receiver's 13 channels produces two linearly polarised outputs, and all 
26 of the resulting outputs can be analysed using an array of high-speed digital correlators, 
to detect up to 1000 different frequencies simultaneously ... 

by GEOFF McNAMARA 

Our sense of sight is something we too 
often take for granted. We're able to see 
thanks to a collection of millions of tiny 
light-sensitive cells in our eyes. It takes 
10,000 cells in each eye just to read this 
issue of Electronics Australia. But imag
ine if you only had a single photo-sensi
tive cell: you would have to look at a sin
gle point on a page, remember the loca
tion and intensity of that point, and then 
move onto the next one, on and on, slow-

ly building up a complete image of an 
individual letter. Once done, you would 
do the same for the next letter - as soon 
as you found it! - and eventually build 
up a word, a sentence, a story ... 

This may sound tedious, but it's exact
ly what radio astronomers have to do all 
the time. Most radio telescopes are 
equipped with a single feed that can only 
respond to a single point on the sky. In 
order to 'read' the radio sky, astronomers 
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have to aim their telescopes, collect suffi
cient signal from that point, then move on 
to the next point. This is extremely inef
ficient, simply due to the time it takes to 
build up an image of an extended object 
at radio wavelengths. 

This is all about to change at the 
Parkes radio telescope in western New 
South Wales. The telescope is being fit
ted with a 'Multibeam Receiver' which 
uses an array of feeds, enabling the tele-



Participating Institutions 
The. Parkes Multibeam. Receiver is a joint ptoject between scientists from the 

through the spectrum as most spectrum 
analyzers do." 

In order to search the radio spectrum 
continuously, each of the 26 signals 
corning down the line has to be divided 
into about a thousand different channels. 
"To do that we need a spectrometer, 
which in our case is a very fast digital 
correlator", Staveley-Srnith said. 

A~falia Je\e~ope National Facili~, the CSlftO. Qivision of ~di sics, ~ 
. ~-tty ()fW•stero Sydtiey1.tfte:UAl¥eitify·Of Metioume MOllntli to & Siding 
St)rlng •ObServatories; .the;;Urt~ of Sydney ~.several o""rs.as .institutes. 

scope to image an area of sky twice the 
size of the full Moon. While this is far 
short of the field of view of our eyes, it 
will mean tremendous improvements to 
the rate - and variety - of 'stories' 
astronomers will read in the heavens. 

At the front end of the Multibeam 
Receiver is a collection of 13 feeds that 
sit in the focal plane of the 64-metre 
paraboloidal dish. A cluster of wave
guides channel the signals collected by 
the feeds into an evacuated dewar via 13 
waveguide windows. 

Inside the dewar are the amplifiers. 
Two linear polarisation radio signals are 
extracted from each waveguide and fed 
straight into 26 very low-noise HEMT 
(high electron mobility transistor) 
amplifiers. These are cooled to 20 
Kelvins (-253°C) to reduce noise. The 
signals are amplified further and con
verted to an intermediate frequency cen
tred on 160MHz. 

The 160MHz IF signals are brought 
®wnstairs into the control room via 26 
low-loss coaxial cables, and fed into a 
bank of electronics called the 'correlator'. 
The correlator is the heart of the system, 
and will enable the astronomers to map the 
nearby Universe. By dispersing the 
incoming radio signals into a spectrum, 
astronomers can identify radio emissions 
from specific sources and processes. 

"In our case, we want to look at the 
2lcm line of neutral hydrogen'', said 
Lister Staveley-Smith, Project Scientist 
for the Multibeam Receiver. The 21cm 
line allows astronomers to study the dis
tribution and relative velocity of neutral 
hydrogen in the Milky Way and other 
galaxies. "The 21cm line is fairly weak 
and requires a large telescope", 
Staveley-Smith continued. "What we 
get from this line is not just where the 
source is located, but what the frequen
cy of emission is," he said. 

Due to the Doppler effect, the 21cm 
line emitted from a galaxy moving away 
from us will have moved to a lower fre
quency. Just where on the radio dial the 
astronomers find the 2 lcm line tells 
them how fast the galaxy is receding. 
Thanks to a well-known astronomical 
phenomenon described in 'Hubble's 
law', the astronomers can use the reces
sion velocity to work out the distance to 
the galaxy. "So the velocity is very 
important in determining the three
dimensional structure of the nearby 

Universe", explains Staveley-Srnith. 
The problem is that when astronomers 

are using the telescope, they have no 
idea where on the radio dial they'll find 
the 2lcm line for the galaxies they'll 
discover. "Unlike a conventional spec
trum analyser, we have to receive all fre
quencies at all times, otherwise we're 
just throwing away signal", Staveley
Srnith pointed out. "We can'tjust sweep 

Correlators are very expensive elec
tronic devices and have been one of the 
main reasons why multibeam systems 
are so rare. For example, the correlator 
used on the Australia Telescope 
Compact Array at Narrabri cost $1.5 
million and only has about a third the 
capacity needed by the current project. 

The new Multibeam Receiver module is winched up to the enlarged focus cabin 
of the Parkes radiotelescope. The array of 13 feed horns is visible at the bot
tom. (Picture courtesy Elly Hakvoort, ATNF) 
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But things changed when NASA 
designed a new correlator chip as part of 
a major up-grade of the 300-metre 
Arecibo radio telescope in Puerto Rico. 

The new chips were manufactured by 
Hewlett-Packard and cost a few hundred 
dollars each - a fraction of what they cost 
10 years ago. Even so, the Australian team 
were lucky, as Staveley-Smith explained: 
"You place an order for these chips 
straight from the production run in the fac
tory and you have to take what you get. 
There's a risk in what the production effi
ciency is: sometimes it can be a few per
cent; other times they can get it just right. 
In our case we ended up with 400 of these 
things!" The astronomers intend to use the 
extra chips on multibeam systems that 
operate at higher frequencies. 

A thousand channels for each polarisa
tion from each feed creates an enormous 
amount of data, but Staveley-Smith points 

takltiJJjlplace oritfli:'ff:•nilator~-· .. 
Th~:Patk·;{~m Receiver Wift0;f!)ff1f!'ounted on the new 'translator', Which 

was part of thB i:Apgtadt:i for the venerable Parkes radio telescope (see EA April 1996 
issue. f.)~f:Ll~)\.> " ; '·' 1 . . ... . .. . . . . . . 

Despite~~,~ oUhe ~to a Q)tnlmUf1l, welghthas still been a problem. 
"We .1Nfffe,@in(ffi1. ~··the wh~ .a$Serrib!Y out .of stalnte§ steer, commented 
$aveley~S~: ~~ii.$~0<Xld ~fe~ ~o u~ for strefigth and for l'tOtding vacuums." 

.,:ace(f ~i~ f ~ 1W;eiqht li~it, .hOVlfever; the S(:ientists h~d to look for an .alter
native matetfaf· \tfbulrd. ~e 1.2•metre diameter .dewar: "We had to redesign the 
dewar in alum•ntfi;ft,' which is muc~ lighter but not as strong, and very difficult to weld 
in such a wayttltlt it1holds a vacuum"; fie added. 

out that the system will do more than sim
ply collect the data. It will analyse it for 
you, too: "Unlike a lot of astronomy, we 
hope to produce maps of the radio sky in 
real time using some new hardware and 
software that we've installed at Parkes." 

The ultimate aim, of course, is to cre
ate images of the sky at wavelengths 
that haven't yet been adequately 

explored. "A special region of interest in 
the southern sky is the galactic plane", 
said Staveley-Smith. 

Because we're situated in the plane of 
our disk-shaped Galaxy, it's easier to see 
'above' and 'below' the disk than 
through the plane. "In the optical and 
even the infrared it's not possible to see 
through the plane of the Galaxy because 
there's too much obscuring dust in the 
way. It turns out that there are some very 
interesting structures that are being 
obscured from our view." 

One such object is known as the 
'Great Attractor', so called because 
everything in the local Universe seems 
to be pulled towards it - whatever it is. 
"We hope to use the fact that the 21cm 
line can pierce straight through this gas 
and dust to make a much more detailed 
map of this particular region", Staveley
Smith explained. 

But this is just the beginning. Already 
other radio astronomers are beginning 
to see just how useful the Multibeam 
Receiver will be. One enthusiastic 
group are the pulsar astronomers. As 
other observations are made, 
astronomers can use the same data to 
search for these spinning radio stars 
(see Electronics Australia March 1995). 
"That really adds to the scientific value, 
when one piece of astronomy can be 
piggy-backed onto another", Staveley
Smith points out. "Not only are we get
ting 13 times as much information from 
the telescope, but we're actually dou
bling that again by having two observa
tions going on simultaneously. That's 
quite exciting in its own right!" 

The new Multibeam Receiver is set to 
give the Parkes radio telescope - and the 
astronomers who use her - a new view 
on the Universe. It is scheduled to begin 
routine observations by late 1996. 

BIOGRAPHICAL NOTE: Geoff 
A closeup view of the Multibeam Receiver module as it was being assembled. 
Visible at the bottom are some of the 13 feed horns, with the dewar vessel at 
top. This houses the receiver's 26 low-noise HEMT amplifier/downconverters, 
operating at 21cm - about 1430MHz. 

McNamara is a freelance astronomy 
writer who contributes to several 
Australian and overseas science and tech
nology magazines. + 
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A SHORT HISTORY 
OF EARLY.UDAR-3 
In this third article of our three-part series, the author summarises the efforts of British and US 
researchers in developing radar systems which were to help their forces to win World War II. To 
conclude the series he also reviews some of the more important developments in post-war years. 

by JOHN BELL, B.E., M.Eng., F.l.E.E., F.l.E.Aust 

During the wartime years 1939-45, it 
would be fair to say that radar develop
ment was closely allied to the thrust and 
counter-thrust associated with airborne 
operations over Europe and in the Battle 
of the Atlantic. Initially it was primari
ly a technical battle between the 
Germans and the British, later to be 
joined by the Americans. 

Whether in peace or war, aircraft need 
to be detected and tracked and so range, 
bearing, numbers and aircraft speed and 
other data such as height and identification 
need to be made available. Simply put, 
one ideally needs a long-range surveil
lance system to be able to detect aircraft or 
other platforms, and then a corresponding 
system capable of tracking target(s) accu
rately so that engagement can occur. 

Furthermore, if the target is a cooper
ative friendly or civil aircraft it will nor
mally assist radar interrogation by 
responding to received signals - or 
alternatively, if hostile, only the reflect
ed echoes from the transmitter would be 
received back on the ground. Thus at 
the risk of oversimplifying matters, we 
can group radars into surveillance or 

tracking, and active or passive types. 

The British approach 
These were some of the problems that 

the UK Tizard Committee needed to 
address back in the 1930s, along with the 
recognition that radar could be used for 
many other purposes including the detec
tion of ships and submarines, on-board 
navigation, the identification of friend or 
foe (IFF), gun-laying, the control of air 
space and so on. Air and ship-borne sys
tems were also required. The British poli
cy was to design complete systems and 
integrate operations, a simple step not fol
lowed to the same extent by other powers 
- whose efforts and hence operational 
success were often more limited. 

The success of the Daventry experiment 
(Ref.I) in February 1935 (see first article) 
and fear of German bomber raids led the 
British, under the guidance of Robert 
Watson-Watt (both Watson-Watt and 
Tizard were subsequently knighted), to 
establish a number of ground-based radar 
Chain Home stations along their southern 
and eastern coasts as early as 1937. By 
1939, this system, which initially operated 

Fig.3.1: Chain Home (CH) antennas situated on the British East coast. The 360ft 
steel transmitter towers are on the left, the 240ft receiver towers on the right. 
(Courtesy GEC-Marconi). 

22 ELECTRONICS Australia, September 1996 

at between 22 and 30MHz using elemen
tary pulse techniques, was capable of 
detecting hostile aircraft at a range of 
200km and was to play a significant role in 
the Battle of Britain. 

Initially the first stations were situated 
near to London, but by 1939 they ran 
right along the South Coast up to 
Northern Scotland. These initial Chain 
Home (CH) stations had wide azimuth 
beamwidths with limited vertical cover
age, and were successfully used to 
detect all but low-flying aircraft. 

A later, but complementary develop
ment to address this problem of detecting 
low flying aircraft was to be the introduc
tion of Chain Home Low Flying (CHL) 
stations, which operated at about 200MHz 
and which used elementary azimuth beam 
steering techniques in early 1940. 

The subsequent marriage of long-range 
aircraft detection with height, direction 
and range resulted in the availability of the 
hugely successful and very similar 
Ground Control Intercept (GCI) stations, 
which were to be particularly useful for 
directing night fighters equipped with 
Airborne Intercept (Al) radar. The tech
niques of ranging and beam-steering were 
also to be applied to coastal gunnery, the 
location of mine-laying aircraft and the 
detection of U-boats. 

Naturally, most of this work in devel
oping radar systems was carried out 
under the cloak of secrecy, with Germany 
and Britain in particular carrying out 
clandestine measures to determine what 
the other side was up to. Today this is 
called ELINT (Electronic Intelligence). 
Germany's Graf Zeppelin was flown up 
the English Channel in order to try to get 
the British to switch their Chain Home 
system on, so the Germans could monitor 
received signals, hence deducing how the 
British system worked! 

The disclosure of information was min
imal, even among friends, though the US 
and British were to start major cooperative 
programs early in the war. 

The British had one great advantage 
when war eventually came, and that was 



they had an integrated command and con
trol system to complement their Chain 
Home Stations. This allowed them to use 
the data received to guide their fighters to 
intercept the incoming bomber streams. A 
second, and lesser known, advantage was 
that the British were first in the field of 
applying a new science of Operations 
Research to resolving problems associated 
with the application of the new technology 
to Service needs. 

Some more important British develop
ments will now be discussed, commenc
ing with airborne systems. 

Navigation and H2S 
At any time map reading for aircraft 

navigators is difficult, except on clear 
moonlit nights. This was made even more 
difficult for RAF navigators, who had 
often to contend with 8/10 cloud when 
under attack from ground defences. It was 
quite common for bombers to lose their 
way, ending up bombing the wrong targets 
or failing to return to their base. 

To help combat this navigation prob
lem a scanning system called H2S was 
developed, which allowed a rough plan 
of the ground below an aircraft to be 
displayed. The initial system operated 
at S-band (lOcm) but later versions, 
operating at different wavelengths 
including X-band (3cm), with much 
improved display facilities were soon 
in operation. These allowed the naviga
tors to identify major ground features. 

Fig.3.3: SCR-268 radar equipment of 
the 496th Anti-Aircraft Artillery 
Battalion shown in the field during 
1943. These operated at about 
200MHz. The Germans countered 
them using their airborne Kettenhund 
and Karl ground jammers. (Photo 
courtesy US National Archives) 

However the introduction of this sys
tem not only alerted German defences 
to an imminent raid but allowed 
German night fighters equipped with 
'Naxos' to home in onto individual 
bombers. Thus H2S became a device 
which needed to be used sparingly if it 
were not to become a liability. 

The other problem was that H2S used a 
magnetron, and as the magnetron is virtu
ally indestructible, the British were well 
founded in their fears - soon to be con
firmed - that a magnetron would soon 
fall into German hands. Because H2S was 
a mapping device, it was extremely useful 
in detecting surface vessels or U-boats 
which had surfaced in order to transmit or 
recharge their batteries. 

(The acronym H2S is said to have been 
coined from the use of the Theorem of 
Pythagoras, where H is the height squared 
and S the square of the slant range. 
Aircrew called it 'Home sweet home!') 

British efforts had also resulted in the 
development of ASV (aircraft-to-surface
vessel) radar, which was used successful
ly during the war to allow reliable ren
dezvous with convoys, the detection of 

Fig.3.2: WAAF operators operating 
CH receiver equipment. Note the 
radiogoniometer (large circular 
dial}, which was used to determine 
the direction of a target by observ
ing variations in signal strength as 
the radlogoniometer coil was rotat
ed. (Courtesy GEC-Marconl) 

ships and submarines and as a navigation 
aid. These PPI mapping systems operated 
in the VHF b.and and were the workhorse 
of Coastal Command, especially as weath
er conditions were frequently atrocious. 
They were capable of detecting a surfaced 
submarine at lOkm and landfall at 65km. 

By 1942 the U-boats were able to detect 
the presence of ASV VHF transmissions 
and it was found necessary to adopt the 
Mark 3 version, essentially a modified 
H2S which operated at frequencies the U
boat receivers could not detect. Together 
with the development of well organised 
direction finding (D/F) techniques aimed 
at U-boats and other vessels breaking their 
high frequency communications silence, 
life became ever more difficult for the 
German naval personnel: radar, D/F and 
Asdic became a deadly combination. 

Bombing with Oboe 
Another system developed by the 

British was Oboe, which turned out to be 
the most precise bombing system of the 
war. Two well-separated ground stations 
emitted pulses which were picked up by a 
special airborne receiver, so defining air
craft range from each ground station. The 
aircraft's position and bomb-aiming point 
were therefore simply defined, for here is 
the classic school geometry triangle with 
three known sides, no angles being 
involved. (Actually the aircraft would 
need to fly an arc with respect to one of the 
stations to emulate the school student 
using a pair of compasses.) 

On the ground and at sea, quite sophisti
cated fire-control radars were being devel
oped such as the Anti-Aircraft No3, Mark 
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Early Radar 

m mobile fire-control radar which operat
ed at about 204MHz. By this time the 
radar control of servomechanism systems 
were resulting in the automatic tracking 
and engagement of targets. 

The US approach 
In the USA, both the Army and Navy 

developed separate VHF/UHF pulse radar 
systems which were operational by 1940. 

Prior to the outbreak: of war the Army 
had tested the SCR-268 pulse radar 
operating at 205MHz, which was capa
ble of detecting aircraft at 40km; later 
versions were mainly used for search
light control. From this followed the 
mobile SCR-270 and fixed station SCR-
271 systems, which both operated at 
106MHz, with aircraft detection range 
now being up to 200km. Later the US 
Army Air Force were to remodel the 
British air-to-surface 176MHz (ASV) 
Midi Radar to the SCR-521, and the 
200MHz Airborne Intercept (Al) Mark 
IV Radar to the SCR-540. 

Following a visit of the so-called Tizard 
mission in September 1940, when the 
British handed over details of the newly
developed cavity magnetron, it was agreed 
that the newly formed Massachusetts 
Institute of Technology Radiation 
Laboratory would undertake the develop
ment of radar systems in the microwave 
bands. Much of this work was recorded 
for posterity (Ref.2), and was to lead to the 
production of Aircraft Intercept and long
range navigational radars as well as preci
sion gun-laying systems. 

The SCR-720 Airborne Intercept radar 
operating in S-band (3GHz) for night 
fighter use, and the Eagle AN/ APQ-7 high 
resolution ground-mapping X-band 
(9.3GHz) radar for high altitude blind 
bombing were developed. The SCR-584 
was possibly the first really mass-pro
duced successful gun laying radar used; it 
operated in S-band. 

The SCR-584 was used with dramatic 
success at the Anzio beachhead in April 
1944, where German bombers had been 
bombing almost at will, successfully ' 
countering the older SCR-268 system by 
simple jamming techniques, including 
the dropping of 'chaff. In their first 
action, which was at night, some 48 
guns, controlled by hastily installed 
SCR-584 (and SCR-545) radar dropped 
five out of 12 Junkers 88's in their first 
salvo (Ref.3). The rest jettisoned their 
bombs and fled. This simple action went 
a long way towards establishing the suc
cess of the beachhead and helped short
en the Italian campaign. 

Fig.3.4: SCR-270 early radar warning equipment of the 2nd AAA Battalion in 
position at Point Bolo, Okinawa in 1945. These operated at about 1 OOMHz and 
were susceptible to jamming. (Photo courtesy US National Archives) 

Electronic warfare 
To counter the threats posed by radar, 

aircraft navigation and other detection sys
tems, a battle of wits then developed -
leading to what is today known as 
Electronic Warfare (EW). Frequencies 
were changed, powerful noise and decep
tion jammers were sited on the ground and 
in aircraft in order to try to obliterate the 
enemy's signals. 

More adroitly, the enemy's signals 
could sometimes be interfered with to give 
misleading information. In 1943 the 
British started to protect their bombers by 
dropping large quantities of aluminium 
foil in front of their bomber streams: this 
foil was cut to one-half of the German 
radar's wavelength and simply reflected 
back the transmitted signal(s), so obliterat
ing the entire bomber force from view. 
Known to the British as 'window', to the 
Germans as 'duppel', to the Americans as 
'chaff' and the Japanese as 'Giman-shi', it 
was a very successful tactic - still in use 
today as a reasonably effective electronic 
countermeasure (ECM). 

Predictably it was not long before the 
Germans modified their radar systems to 
try to see through the chaff, using doppler 
information - as once released, chaff has 
no effective forward velocity. More pre
cisely Doppler frequency modulation of 
the returned carrier wave can be used to 
distinguish between static and moving tar
gets. Thus electronic counter-counter 
measures (ECCM) were introduced, and 
became part of a further battle of wits as 

each side tried to outdo the other in tum. 
(It is as well to remark that these aspects of 
EW contributed in the long-term towards 
making today's commercial radar systems 
more reliable, in that they could less easi
ly be interfered with, whether by the 
weather, intent or by accident.) 

Post-war developments 
The cessation of hostilities in 1945 saw 

only a brief period of consolidation in 
radar development. Its use for peaceful 
purposes had long since been recognised, 
especially for air and sea traffic control, 
collision avoidance, weather mapping, 
navigation, surface mapping and the 
exploration of space, and these were soon 
to become important. Nevertheless it was 
not long before military type radars devel
opment restarted, for this was to be the 
onset of the present day era of radar guid
ed weapons and countermeasures. And 
sadly other wars were to follow. 

The cavity magnetron (with its essen
tially fixed frequency range) was comple
mented and often replaced by the higher 
power klystron and its derivations. 
Although the cavity magnetron is still 
used today, the klystron amplifier offers 
the advantages of parallel operation and 
complex modulation systems. 

The wideband Travelling Wave Tube 
(TWT) amplifier became reality; this is 
still used in specialised military appli
cations and microwave links. The intro
duction of the transistor saw reliability 
increased and equipment size 
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decreased. The fear of intercontinental 
ballistic missiles saw a renewed interest 
in developing special radars in the VHF 
and UHF bands, with their ability to 
perform reliable long-range detection in 
place of the line-of-sight microwave 
systems. Radar theory was also being 
developed and digital techniques were 
being used by the 1960s. 

Probably the biggest advances during 
the past 25 years have been the impact 
of the use of the semicoµductor as a 
low-noise front end amplifier for 
receivers, to replace the more cumber
some parametric and maser amplifiers; 
the electronically steered arrays; and, 
most of all, the impact of digital signal 
processing which has allowed a near
optimal extraction of information from 
the data received, and enhanced meth
ods of presentation to the human 
observer. Matched filters also allow the 
use of pulse compression techniques, 
where relatively long modulated pulses 
may be transmitted, pulses which after 
receiver processing look to be of a high 
power short duration. 

Despite all of these advances, there is 
still room for improvement. 
Interpretation of data is still very much a 
human activity and symbolic presenta
tions are inferior to the real world which 
the human eye sees. Operationally, 
radars are now being used for remote 
sensing of the environment which, sen
sibly used, will assist in the assessment 
of earth's resources as well as in envi
ronmental control. 

Radar guidance of missiles is now 
commonplace. Missiles can now be 
launched from land or sea to engage air
craft - the so-called SAMs (surface-to
air missiles). There are missiles which 
can be launched from ships to engage 
other navy ships, surface-to-surface 
navy missiles (SSNs), air-launched-to
surface (ASVs) and so on. 

The advent of electronics, modern 
communications and radar have made 
modern warfare a complex business, 
very often controlled and fought away 
from the actual battle front. Probably the 
recent use of radar-based systems has 
avoided a repeat of the carnage associat
ed with two World Wars. The experi
ences of the Gulf War indicate how 
deadly radar and similar guided 
weapons have become. 

Today the radar originally conceived 
to deal with the perceived bomber threat 
is a vastly superior system. Commercial 
aircraft carry transponders which not 
only identify the aircraft (a throwback to 
the old lFF system), but relay height 
information as well and which coupled 
with doppler navigation, terrain map
ping and weather warning makes air 
travel exceptionally safe. 

Safety at sea has been enhanced by 
collision avoidance and navigation 
radars. And dare I say it, but the use of 
Doppler radars by the police have sure
ly lessened our dreadful road toll. 

Not all developments or systems can 
be covered in three articles such as this. 
For readers whose appetite has been 
whetted, the following bibliography con
tains much useful and interesting reading. 

It is unfortunate that major technical 
and scientific advances are often made or 
accelerated due to a threat of, or because 
of, war. Radar is no exception and nor, 
for that matter, is medicine. Despite this 
the author feels that the development of 
radar has been for the benefit of mankind 
and hopefully, will help to establish last
ing peace, increased safety on land, at sea 
and in the air and lastly, the sensible use 
of our planet's resources. 
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IRIDIUM ON TRACK 
FOR LAUNCH IN 1998 
Many EA readers will have heard of IRIDIUM, the global telecommunications system being built 
by a world-wide consortium of major telecomm firms. Planned to begin operation in 1998, it will 
employ an array of no less than 66 low-orbit satellites to deliver voice, data, fax and paging ser
vices to hand-held telephones virtually anywhere on the earth's surface. Here's an up-to-date 
report on how this massive project is progressing. 

by PRAKASH NADKARNI (Technical Director Marketing, Iridium, Inc.) 

and JOHN WIN DOLPH (Director of Corporation Communications, Iridium, Inc.) 

The IRIDIUM system is a satellite-based, wireless personal 
communications network that is designed to permit any type of 
telephone transmission - voice, data, fax, or paging - to 
reach its destination anywhere on Earth. Consisting of 66 
interconnected satellites orbiting 780km above the Earth, the 
IRIDIUM system will facilitate communication for business 
professionals, travellers, residents of rural or undeveloped 
areas, disaster relief teams, and others. As the launch date of 
the first IRIDIUM satellite approaches, the many various ele-

26 ELECTRONICS Australia, September 1996 

ments of the program remain on, or ahead of, schedule to 
deliver global wireless personal communications in 1998. 

Launch schedule 
The first IRIDIUM satellite is scheduled for launch later this 

year. Three locations will serve as launch sites: Vandenberg 
Air Force Base, near Lompoc, California, USA; Baikonur 
Cosmodrome in Kazakhstan in the former Soviet Union; and 
Taiyuan Satellite Launch Center, which is located 650km 



Above: A Siemens EWSD - based D900 switch will perform the call process
ing for the IRIDIUM system. 

Left: Technicians Inspect the gateway and cross/ink antennas of an IRIDIUM 
satellite. 

southwest of Beijing in China. 
Earlier this year, the first of several 

Pathfinder exercises were conducted. 
These exercises are launch rehearsals 
that enable teams from the launch facil
ity, Motorola, Lockheed Martin, and 
Iridium, Inc. to validate space vehicle 
launch procedures, timelines, and inter
faces. 

Preparations began many months 
prior to the launch exercises. Shipping 
as much as 27 tonnes of spacecraft and 

equipment to each of three launch sites 
presented considerable logistical chal
lenges. Additional requirements were 
necessary for the Chinese and 
Kazakhstan launch sites, including 
obtaining authorisation to transport 
assembled spacecraft outside of the 
United States. 

New US customs initiatives related to 
increasing export activity at the port of 
Phoenix, Arizona, USA, recently made 
it possible for IRIDIUM satellites to be 
inspected on-site at Motorola's Satellite 
Communications Division in Chandler, 
Arizona, USA. This new arrangement 
will preclude an unnecessary landing at 
a port of export, reducing potential dam
age to the satellite and streamlining the 
export process. 

Prior to the Pathfinder exercises at 
Taiyuan Satellite Launch Center, the 
Long March 2C rocket had been trans
ported from the China Academy of 
Launch Technology in Beijing. The 
launch exercises included dummy fuel
ing, mating onto the dispenser, interface 
checks with the launch vehicle, and 
other launch processing activities. 
Engineering staff and technicians 
artended from both the China Academy 
of Launch Technology and China 

An IRIDIUM satellite main mission 
ant~nna panel undergoes qualifica
tion testing at the Raytheon 
Electronics Systems plant in 
Waltham, Massachusetts. 
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Satellite Launch and Tracking Control 
General. 

Last May Pathfinder exercises began 
at Vandenberg, where the first IRIDI
UM satellites are scheduled to be 
launched. The three Delta II launch 
vehicles that will launch IRIDIUM 
satellites are now in final assembly in 
the Pueblo, Colorado, USA, facility of 
McDonnell Douglas. These rockets will 
be delivered to Cape Canaveral, Florida, 
USA, for checkout before being shipped 
to Vandenberg. 

Vandenberg's SLC-2 launch complex, 
which is NASA property, has recently 
been refurbished, including the tower 
and blockhouse equipment. After the 
IRIDIUM structure test vehicle was 
unpacked for the Pathfinder exercises, it 
was mated with the McDonnell Douglas 
dispenser, which will simultaneously 
deploy five IRIDIUM satellites in space. 

Thanks to a lighter fairing than was 
originally planned, the Delta II launch 
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Iridium On Track 
vehicles will be able to deliver the IRID
IUM space vehicles to a higher insertion 
orbit. This improved capability will 
allow the IRIDIUM space vehicles 
launched on the Delta II to arrive on 
orbit with a larger amount of station
keeping fuel. 

In addition to the 40 satellites it will 
launch as part of the original constella
tion, McDonnell Douglas announced 
last December that it had signed a con
tract with Motorola's Satellite 
Communications Division to launch 15 
other satellites. The additional launches 
will be used in the IRIDIUM system's 
operations and maintenance phase. 
McDonnell Douglas will place the satel
lites into low-earth orbit using the 7420 
model of its Delta II rocket. These five 
replenishment launches will each carry 
three satellites. 

Next September, Pathfinder exercises 
Members of the Hewlett-Packard integration team work on the final assembly 
of a test system for the communications electronics in IRIDIUM satellites. 

are scheduled to take place at the 
Baikonur Cosmodrome in Kazakhstan 
in the former Soviet Union. Engineers at 
the Khrunichev State Research and 
Production Space Center, a state-owned 
aerospace engineering company in the 
Russian Federation, completed rail 
transport tests at the launch site last win
ter. These tests verified the process of 
moving the Proton rocket from the 
assembly building (where the IRIDIUM 
space vehicles and the rocket are mated) 
to the launch pad. 

The Proton launch vehicle is the largest 
of the three rockets that the IRIDIUM 
system will be using. Current plans call 
for 21 of the 66 satellites in the IRIDIUM 
constellation to be launched at Baikonur. 
The Proton has the capacity to place 
seven IRIDIUM satellites directly into a 
circular transfer orbit at 512km, where 
the satellites will be deployed from the 
dispenser. From that point, the satellites 
will be moved by the onboard propulsion 
subsystem to an altitude of 650km for 
operational orbit. 

Recent milestones 
The IRIDIUM system is designed 

around a development schedule that 
includes 47 milestones. They include 
design reviews, readiness reviews, qual
ification testing, and manufacturing. 
Earlier this year the midway point was 
reached on development schedule. 

Two mass frequency simulators 
mounted on a Khrunichev 'dispenser' 
simulate an IRIDIUM satellite's 
weight, resonant frequency and cen
tre of gravity during testing. 
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At the top of each IRIDIUM satellite are two solar panels which supply power to the 
battery module at the top of the 'bus'. In the middle is the communications section, 
triangular in cross section, with three swing-out L band planar antennas which 
together provide a total of 48 spot beams for earth coverage. At the bottom are the 
Ka band cross-link and uplink/downlink antennas. 

Basic facts about IRIDIUM 
Planned to begin operation in 1998, the 

IRIDIUM system is based on a constella
tion of 66 operational satellites in polar 
orbits at a height of around 780km above 
the earth. The satellites will be in six 
orbital planes, with 11 operational satel
lites and two on-orbit spares per plane. 
Each satellite.in the IRIDIUM system will 
communicate with handheld subscriber 
telephones using frequencies in the 
range 1616 - 1626MHz, in the L band. 
Upward and downward feeder links to 
IRIDIUM earth stations will use frequen
cies in the Ka-band ranges between 19.3 
- 19.6GHz (downlinks) and 29.1 -
29.3GHz (uplinks). In addition the satel
lites in adjoining orbital planes will be 
cross-linked using frequencies in the Ka
band between 23.18 and 23.38GHz. 
Each satellite will be solar powered, will 
weigh approximately 689kg and will have 
a design lifetime of 5 - 8 years. The satel
lites each have three main 'mission 
antenna' panels, which each support up 
to 16 spot beams - giving a continuous 
ground cover of 48 cells per satellite. 
Each antenna panel measures 1860 x 
860mm x 40mm thick, and weighs only 
38kg. The system is designed to achieve 
a 16d8 'link margin' with handheld 
phones using an antenna with a gain of 
only 3d8. 
In addition to the main mission antennas, 
the satellites each have an array of 
smaller Ka-band antennas used for 
uplink and down communication as well 
as cross-linking between satellites. 

Hand-held phones for use with the IRID
IUM system will be dual mode, and capa
ble of communicating with either the 
orbiting satellites or a local terrestrial dig
ital cellular system. They will use QPSK 
(quadrature phase-shift keying) digital 
modulation, with frequency division/time 
division multiple access (FDMA/TDMA) 
technology. 
The first IRIDIUM satellites are being 
launched later this year. To achieve rapid 
deployment, the satellites will be hauled 
aloft in rockets carrying from two to 
seven satellites at once. Three separate 
launch sites are being used: Vandenburg 
Air Force Base in California, USA; 
Baikonur Cosmodrome in Kazakhstan, in 
the former Soviet Union; and Taiyuan 

Several significant milestones are dis
cussed below. 
Assembly of the First Space Vehicle 
for Qualification Testing: A major 
stage in the IRIDIUM program involved 
qualification testing. The assembly of 
the first space vehicle for qualification 
testing involved integrating the satellite 
bus, main mission antenna, communica
tions module, and related test software. 
A new welding method developed by 
Lockheed Martin significantly reduced 
the production time for assembling the 
space vehicles. The new method 
involves welding the interconnects 
between the solar cells that provide elec
tricity aboard the spacecraft. In addition 
to creating a stronger bond, the new 
method reduces from two weeks to two 
days the time required to attach the solar 
cells. 
Test and Development Readiness 
Review: Testing is a key component of 
the IRIDIUM system's development 
schedule and the Test and Development 
Readiness Review confirmed testing 
methods. Low-level tests were initially 
performed and the testing built progres-

Satellite Launch Centre in China. 
The US launchings are being handled by 
McDonnell Douglas, which will launch a 
total of 40 satellites via Delta II rockets, 
each carrying five satellites. Those 
launched in Kazakhstan will be handled 
by Russia's Khrunichev State Research 
and Production Space Centre, via Proton 
rockets each carrying seven satellites. 
The launches from China will be aboard 
Long March 2C/2D rockets built by the 
China Great Wall Industry Corporation 
(CGWIC). Both the KSRPSC and the 
CGWIC are members of the IRIDIUM 
consortium. 
McDonnell Douglas has also won a con
tract to launch 15 additional satellites 
during the later maintenance phase. 
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Iridium On Track 
sively to include more intricate features 
of the constellation. Testing the ground 
interface with the L-band link was one 
part of this readiness review. 
Production Readiness Review: At 
peak production, IRIDIUM satellites 
will be manufactured at a rate of one per 
week. The Production Readiness 
Review confirmed that suppliers can 
provide a continuous flow of the various 
components required to manufacture the 
spacecraft flight hardware. An impor
tant part of this review involved evaluat
ing the tooling and material supply line. 
Space Vehicle Qualification Test: The 
IRIDIUM satellite's major components 
- the satellite bus module, communica
tions module, and the main mission 
antenna - underwent a variety of qualifi
cation testing at Lockheed Martin 
Missiles and Space Headquarters in 
Sunnyvale, California, USA. Acoustic 
testing demonstrated the satellite's ability 
to withstand launch vibration. 
Pyrotechnical shock tests verified that the 
satellite can withstand deployment. 
Thermal balance testing assured the ade
quacy of the spacecraft thermal control 
systems in meeting the needs of the 
spacecraft in the on-orbit environment. 
Electromagnetic compatibility tests con-

The firms building IRIDIUM 
The list of companies and organisations cur
rently involved in building the IRIDIUM sys
tem includes many of the major national and 
multinational players in telecommunications 
and electronics. Here's a summary of the 
main participants and their involvement: 
Motorola Satellite Communications 
Division: The prime contractor, and also pro
viding the communications payload aboard 
each satellite. - including the digital network 
switching, cross-satellite connectivity and the 
satellite processors. 
Raytheon Company: Building and supply
ing the main mission antennas that provide 
the direct communications links between 
the satellites and hand-held IRIDIUM sub
scriber units. 
Lockheed Martin Missiles & Space: 
Providing the 'bus' section of each of the 66 
satellites. This includes the satellite structure, 
power system and attitude control system. In 
addition providing support for system engi
neering, integration, test and assembly. 
Scientific Atlanta, Inc: Designing and manu
facturing the earth terminals which will control 
the satellite constellation and provide full 
duplex communications with IRIDIUM system 
satellites. 
Siemens AG (Germany): Developing and 
supplying the mobile telecommunications 
switching systems and related services for 
terrestrial gateways. The switching systems 
used for the IRIDIUM system are members of 
Siemens' EWSD-based D900 mobile services 
switch family. 

The IRIDIUM telemetry, tracking and control facility (TTAC) in Yellowknife, 
Northwest Territories, Canada. It was built by Telesat Canada, which has also 

·bu/It similar TTAC facilities at Oahu in Hawaii and Iqaluit in northeastern 
Canada, and will be operating all three of these TTACs. 

firmed that the hardware subsystems will 
not interfere with each other. 
Space System Multi-Space Vehicle 
Tests: A distinguishing feature of the 
IRIDIUM system is its intersatellite 

Hewlett-Packard Company: Designing, 
developing, manufacturing and integrating 
special test equipment systems to be used to 
verify functionality of many of the IRIDIUM 
satellites and system components. 
Telesat Canada: Designing, building inte
grating and operating telemetry, tracking 
and control (TTAC) facilities. Also providing 
geostationary satellite communications 
links between the TTAC sites, the SATCOM 
Control Center and the Master Control 
Facility. 
ARINC, Inc: Engineering and developing the 
control segment network management sys
tem, also providing system engineering and 
architecture expertise. 
IEX: Designing the system's call processing 
system, jointly with Motorola Satellite 
Communications Division. Also defining spec
ifications for the complex interactions among 
subscriber units, gateway elements and 
space elements. 
Integrated Systems: Providing the MATRIXx 
design tools used to simulate the entire IRID
IUM system handling millions of calls per 
minute. 
Software Technology, Inc: Providing the 
satellite/ground control system software, 
based on OS/COMET, and associated 
ground support infrastructure for the IRIDIUM 
satellite constellation. 
Essex Corporation: Contributing systems 
engineering and high fidelity performance 
modelling in areas including system capacity, 
messaging, interference and resource alloca
tion, crosslink routing, channel management 
and handoff operations. 

links. The Space System Multi-Space 
Vehicle Tests demonstrated the ability 
of an individual subscriber unit to com
municate with another individual sub
scriber unit by a path involving multiple 
space vehicles. The tests were per
formed in a simulated orbit environment 
with RF links and a Doppler shift simu
lator representing orbit conditions. 
Satellite Control Facility and 
Telemetry, Tracking, and Control 
Integration and Tests: The Satellite 
Control Center at Motorola's Satellite 
Communication Division in Chandler, 
Arizona, USA, will soon be ready to sup
port first launch operations. The Satellite 
Control Facility and Telemetry, Tracking, 
and Control Integrations and Tests veri
fied that the Satellite Control Center, 
which will serve as the launch control cen
ter, works with the Telemetry, Tracking, 
and Control (TT AC) west facility. It also 
demonstrated that the satellite control soft
ware and hardware have been fully inte
grated and tested for functionality. 

Construction continues 
A variety of construction projects are 

also nearing completion around the 
world. The Master Control Facility, 
which is located in northern Virginia, 
outside of Washington DC, USA, was 
completed last May, and staff is sched
uled to move in during the fourth quar
ter. This facility will track the constella
tion of IRIDIUM satellites. 

The Master Control Facility will be sup
ported by a backup control facility in 
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Rome, Italy. Negotiations were recently 
completed with Nuova Telespazio, which 
entered into a contractual relationship with 
Motorola to construct and operate the 
backup control facility. Nuova Telespazio 
will also be responsible for operating the 
facility, which is scheduled for completion 
during the first quarter of 1997. 

Eleven contracts have been signed for 
gateways that will connect the IRIDI
UM constellation to the public
switched telephone network. A generic 
gateway design was completed in the 
last quarter of 1995 as a model that 
gateway operators can adapt to their 
site. The goal of the design is to provide 
gateway operators with guidelines for 
lightning protection, grounding, equip
ment layouts, and room configurations. 

Last February the first groundbreaking 
ceremony for an IRIDIUM gateway was 
held in Matsumoto City, Japan, which is 
also the site for the 1998 Nagano Winter 
Olympics. The site was selected for its 
proximity to Tokyo, Osaka, and Nagoya, 
where international calling traffic is heav
iest. It was a special groundbreaking 
because it included a traditional Shinto 
ceremony. Shinto is the oldest surviving 
religion in Japan and the ceremony 
included a purification ritual and a bless
ing by a Shinto priest. 

The first North American gateway for 
the IRIDIUM system will soon be com
pleted. Located on six acres at Arizona 
State University Research Park in Tempe, 
Arizona, USA, this facility will be operat
ed by the North American consortium, 
which includes Motorola, Sprint, and Bell 
Canada. This gateway will tie the IRIDI
UM constellation to North America. The 
l860m2 headquarters is scheduled for 
completion at the end of the year. 
Equipment is scheduled to be installed by 
mid-1997 and testing is scheduled to 
begin later that year. 

The IRIDIUM system's Telemetry, 
Tracking, and Control (TTAC) facili
ties will be ready for operation short
ly. The TT AC south facility, which is 
located in Oahu, Hawaii, USA, was 
recently completed. 

Applications were filed with the US 
Federal Communications Commission 
for a licence to construct and operate 
the IRIDIUM system's transmit
receive fixed earth station facility in 
Hawaii and Arizona. 

The TTAC west facility, which is locat
ed in Yellowknife, Northwest Territories, 
Canada, is also complete. The electronics 
equipment has been installed at TT AC 
west and the facility was linked both by 
terrestrial landline circuits and by geosta-

tionary satellite to Motorola's Satellite 
Communications Division in Chandler, 
Arizona, USA. These links allow further 
integration and testing of TT AC west with 
other system elements. 

Construction is also now complete at 
TTAC east, which is located in Iqaluit, 
Northwest Territories, Canada. In addi
tion, construction has been completed on 
the Transportable Tracking System facili
ty in Iceland. All facilities will be opera
tional for first launch later this year. 

Conclusion 
Now entering its fourth year of 

development and construction, the 
IRIDIUM system remains ahead of 
schedule. In 1998 this new form of 
global wireless telecommunications 
will be available to anyone. For the 
first time in the history of telecommu
nications, a handheld telephone will be 
available to make or receive calls from 
anywhere in the world. Published by 
arrangement with Iridium, 
Incorporated. Some of this material is 
reproduced from 'IRIDIUM Today', 
with permission. All pictures are 
reproduced by courtesy of Iridium Inc. 
Our grateful thanks to John Windolph 
and David Savold of Iridium Inc., for 
their help in preparing the article. + 
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SHO•TWAl'E 
LISTENING with Arthur Cushen, MBE 

Preservation of radio history is essential 

As it is now more than 100 years since 
Marconi patented his radio transmission 
idea, a lot has happened in radio history. 
It is pleasing to note that there are areas in 
which this history is being retained, in 
printed form and also in sound record
ings. In New Zealand, this activity of the 
New Zealand Radio DX League climaxed 
recently when a tremendous amount of 
archive material in the form of verifica
tions, letters, cards, scrapbooks, albums 
and the like was handed over for perma
nent storage at the Hacken Library in 
Dunedin, a part of the Otago University. 

The Hacken Library owes its existence 
to the vigorous collecting and subsequent 
generosity of a Dunedin doctor, Thomas 
Moreland Hacken (1836-1910). Hacken 
applied his drive and talent to the acqui
sition of books, newspapers, maps, pam
phlets, photographs, pictures and artifacts 
relating to New Zealand, the Pacific and 
early Australia. 

The Hacken Library is not a library as 

such, it is a depositry for archival material 
stored under excellent conditions and the 
New Zealand Radio DX League were 
pleased to have the library accept our his
tory of radio listening. The material pre
sented goes back to the early 1920s, and 
for students of communication offers an 
ideal opportunity to trace broadcasting in 
New Zealand and overseas. 

The collection had been stored in 
Oamaru, and under the control of Peter 
Grenfell had been housed in members' 
homes until it reached such an extent that 
it had to be housed in a permanent home. 
Members had died and left their material 
to the League, estates had been wound up 
with the DX League being the beneficiary, 
and so in keeping with the wishes of the 
benefactors this move to a central position 
has overcome many problems. 

The presentation of the NZ archive 
material to the Hacken Library was sub
ject to television, press and radio cover
age. It appeared in part of 'Sounds 

AROUND THE WORLD 

Historical', a Sunday programme between 
0800-1 OOOUTC which is carried on RNZI 
on 61 OOkHz, and on the National net
work within New Zealand. In the pro
gramme Jim Sullivan the presenter usually 
highlights sound recordings of the past, 
going back to the 1930s. It was fitting that 
this move to the Hacken Library was also 
part of his weekly programme. 

Band expansion 
In the May issue, we commented on the 

expansion of the AM band in North America 
to 1700kHz and in Australia to 170SkHz, 
and reported on the reception of stations in 
this band. A letter from the Director of 
Engineering of the Australian Broadcasting 
Authority in Canberra points out that the 
expansion of the band in Australia is limited 
to a certain class of broadcasters. 

In his letter, Mr Greeney said You may 
have been referring to recent develop
ments approved by the Australian 
Spectrum Management Agency (SMA), 
which permit narrowcast services to oper
ate in the medium frequency band, just 
above the upper end of the AM broadcast
ing band, with centre frequencies at 9kHz 
intervals from 1611 to 1 705kHz ... 

Narrowcasting AM services licensed by 
the SMA for use in the medium frequency 
band 1611 kHz to 1 705kHz are strictly 
limited in their maximum permitted radiat
ed power, and have much narrower band
width limitations imposed on them than 
apply to broadcasting stations operating in 
the AM broadcasting band. {• 

COLUMBIA: HJ)W, Radio Emisora, Nuevi Continente, is a medium wave 
station operating on 1460kHz with 15kW. The surprising verification 
from this station, in the form of a letter, photos, stickers and audio cas
sette was received from a report of April 1989, some seven years and two 
months after the letter was posted to HJJW. 

ISRAEL: IBA, Jerusalem is using 7465kHz in English at 0400-0415. This 
is a clear channel, as Norway has moved to 7520kHz, but the best signal 
from Israel is still on 9435kHz. 

COSTA RICA: The relay base of Radio Exterior De Espana has been 
heard on several frequencies. They use 9620kHz from around 1030UTC 
while the channel of 3210kHz has been heard in Spanish from opening 
at 1100UTC to closing at 0400. All programmes are relayed from the 
Madrid studios. 
ECUADOR: HCJB, Quito in its broadcast to the Pacific 0700-1130UTC 
has made a frequency change to 9445kHz. The old channel was 
5900kHz and it is understood that this caused some interference to radio 
transmissions in the South Pacific - forcing the frequency change. 
HUNGARY: Radio Budapest has been received at 0230-0300 on 
9840kHz. The schedule is 0100-0130 and 0230-0300 on 9840 and 
11,870kHz to North America, and to Europe 1900-1930 on 3975kHz, 
6140, 7130 and 9835kHz. 
IRELAND: A letter from Michael Commins of Mid West Radio indicates 
there was worldwide interest in the special St Patrick's Day broadcast, 
when a BBC transmitter at Woofferton was used on 11,715kHz and 
widely heard in the South Pacific area. Mid West Radio plans to run a 
similar broadcast in 1997 and if funding or sponsorship for the pro
gramme is secured, a weekly or monthly broadcast would originate from 
Mid West Radio. Verification was in the form of a letter, card and stick
er, and a newsletter concerning the station's operation, which is on FM. 

PHILIPPINES: FEBC, Manila broadcasts in English to the South Pacific 
0930-11 OOUTC on 11,640kHz, a slight move from 11,635kHz. Another 
interesting signal is on 9405kHz, when the broadcast is in Chinese from 
0859UTC. 
SOUTH AFRICA: Channel Africa at 0500UTC is heard with three differ
ent language broadcasts. English is on 9590kHz, French on 9525kHz and 
Portuguese on 7185kHz. The future of Channel Africa is in doubt, as the 
new government is looking at the operation of shortwave service from 
Johannesburg. 
UNITED KINGDOM: The BBC has produced a new programme maga
zine BBC on Air, and of interest to shortwave listeners is the fact that all 
the transmitter sites are shown against each frequency. A summary of the 
sites used by the BBC Service shows that they have transmitters in the UK 
and at the following sites: Ascension Island Canada, Caribbean, Cyprus, 
Hong Kong, Japan, Korea, Lesotho, Oman, South Africa, Seychelles, 
Singapore and USA. BBC World programmes are also relayed by trans
mitters in Australia, Nepal and New Zealand. 
ZAMBIA: Lusaka is being heard on 491 OkHz from 0500 and also 
around 2000UTC with its Radio One programme. Signals have been 
improved following the installation of two 1 OOkW Chinese transmit
ters which are now in operation. Christian Voice from Lusaka is using 
the new frequency of 3330kHz from 0400-2100UTC, and is received 
during the last part of the transmission. •:• 

This item was contributed by Arthur Cushen, 212 Earn Street, lnvercargill, New Zealand who would be pleased to supply additional information on medium and short
wave listening. All times are quoted in UTC (GMT) which is 10 hours behind Australian Eastern Standard Time and 12 hours behind New Zealand Standard Time. 
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TECS 
Pentium 
Systems 

Picture tor illustration purpose only. Actual unit may vary. 

Configuration: 
Genuine Intel Pentium CPU, GigaByte PCI bus motherboard 
with 256K pipeline burst cache, on-board dual channel enhanced 
IDE and floppy controller, on-board 1 x enhanced parallel and 2 x 
16550 UART fast serial ports, 1.2G mode 4 HOD, 16M EDO RAM, 
1.44M FDD, 2M S3 Trio64V+ video card, BX speed CD-ROM drive, 
Sound Blaster 16 Plug and Play, pair of speakers, MS mouse and 
pad, Windows 95 keyboard, choice of desk-top or mini-tower case 
plus following software pre-loaded: 
Windows 95, MS Encarta 96, MS Works 4.0, MS Money, MS Golf, 
MS Dangerous Creatures and VET 9.0 antivirus software. 

2 year parts, unlimited labour wa"anty. 
1 year on-site warranty, delivery and setup.* 
-Limited to Melbourne metropolitan areas only. Conditions apply. 
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Upgrade options: 

5121< pipeline cache in lieu of 256K add $50 
Latest Triton II HX chipset in lieu of FX add $50 

Under$2000!! 
6x86-1 OOMHz P-120 computer system 
Configuration as above with 14" monitor 

ExOOlenl vruue !or mone~ al :f.&i 
Enhanced /DE hard drives 

850M $259 2.1G $419 
1.2G $289 2.5G $539 
1.7G $329 

Essential item to connect you to 
the excidng world of Internet! 
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Banksia MyFastModem 
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Canon BJC-210 
The new low cost bubblejet printer with three colour 
wocess without sacrificing the quality. No more 
bluish-green mud" substitute instead of black. 

For high speed black & white printing, the BJC-210 
accepts the optional black cartridge, giving you up to 
3.4ppm. The standard resolution is 360 x 360 dpi. 
In addition, BJC-210 offers a • 
special 720 x 360 dpi smoothing 
function for sharp, laser-like text I I 
using the optional 64-nozzle 
black cartridge. 

IBM 6x86-tOOMHz 
CPU Bl motherboard 

- 256K p/line cache. 
- 4 x PCI slots. 
- 4 x 72pin SIM sockets. 
- on-board dual channel E-IDE controller. 
- on-board floppy controller. 
- 2 x on-board 16550 UART serial ports. 
- on-board ECP/EPP parallel port. 

CAM WIZ digiul camera 
Ideal for still images KEY FEATURES: 
or video conferencing! -for use with desktop and notebook computers 

- adjustable focus lens for portrait and distance shots 
- manual and automatic controls including: shutter speed, 
scan mode, brightness, white balance.colour saturation 
and gain 

- 256 grey scale and 16 million colour modes 
- 640 x 480, 320 x 240, and 160 x 120 image resolution 
modes 

- requires no video capture card, exte.al 
power or additional hardware 

- connected through parallel port and ., I 
powered from keyboard .,,, 

- compatible with EPP, bi-directional 
or uni-directional parallel ports 

Goldstar 111onitors 
$395 
$445 
$515 
$560 
$599 

$1069 

High performance video cards 
Hercules Terminator 64 2M DRAM $195 
Hercules Terminator 64 2M EDO 

with hardware MPEG 
Hercules Dynamite 128 2M 
Diamond Stealth 64 2M DRAM 
Diamond Stealth 64 2M VRAM 

$465 
$379 
$149 
$445 

THE ELECTRONIC 8l 
COMPUTER STORES 

City: 305 Latrobe Street, Melbourne, Vic. 3000 Ph:(03)9602-3499 Fax:(03)9642-8551 
Clayton: Cnr. Blackburn & Wellington Ads., Vic. 3168 Ph:(03)9562-9501 Fax:(03)9562-9261 
Trade: TECS Imports P/L, 88 South Pde., Blackburn, Vic. 3130 Ph:(03)9877-7071 Fax:(03)9877-7081 
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When I Think Back ... 
by Neville Williams 

Ferris Bros Radio, a prominent Australian 
firm: but the truth is stranger than fiction! (2) 
From the humblest of beginnings, Ferris Bros. Radio battled on through World War II, with radio 
assuming a distinctly limited role in its affairs. After the war the situation changed, with a strong 
emphasis on portable and car radios, backed up by a nation-wide involvement in TV components 
and antenna systems. In the ultimate, however, Ferris Industries acquired new owners and a new 
identity and effectively disappeared into outer space! 

From the very outset in 1932, Chum 
Ferris planned to build household radio 
receivers which would carry the family 
brandname, as well as marketing and 
servicing as many other brands as might 
become available. Significantly, he took 
time out to fit a radio set into the 
Company's ancient Hupmobile tourer, 
demonstrating thereby an underlying 
interest in radio in 'the great outdoors': 
cars, caravans, boats and weekenders. 

However, while the Company picked 
up a few related orders in the early days, 
technology in the '30s was heavily 
biased towards conventional household 
radios, and by the time the way had 
opened up for mobile or portable 
receivers, wartime regulations had 
severely curtailed all civilian radio pro
duction in Australia. But not surprising
ly, once the restrictions were finally lift
ed Ferris lost no time moving back into 
this specialised field. 

In a promotional brochure The Ferris 
Company 1932-1964, they claimed that 

their postwar 'portable' receivers had 
already gained a reputation (I quote) 'as 
quality products or, as some say, the 
Rolls-Royce of car radios'. Their con
temporary sales literature was proudly 
emblazoned with two distinctive circles, 
one emphasising the name FERRIS, the 
other AUSTRALIAN MADE. 

The brochure also claims that the 
Ferris model 74, produced in 1947 under 
the personal supervision of Chum Ferris 
and F.B. Allison, had been the 'world's 
first genuine portable car radio'. 
Admittedly its chunky shape was still 
reminiscent of a mantel radio, but it was 
small enough and rugged enough to 
withstand any likely amount of handling 
and bumping around in a road vehicle. 

Using six 6.3V valves and a vibrator 
HT system, it could be bracketed into a 
car and powered from the car's own 
electrical system - be it 6V or 12V, 
negative or positive earth. Its copper 
plated steel case and internal filtering 
served to attenuate ignition noise. It 
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Featured freely on Company literature 
were twin circles displaying 'Ferris' 
and 'Australian Made'. Ferris were 
justifiably proud of their heritage, 
their reputation, their staff and their 
products. 

could as easily be transferred into a boat, 
a caravan or a holiday cottage for nor
mal family listening, a DC/ AC switch 
allowing it to operate either from an 
alternative battery supply or from the 
AC mains. 

At a time when radio was a vital 
source of news and entertainment, yet 
normally so very 'non-portable', the 
Ferris concept had obvious consumer 
appeal. 

Variations on a theme 
A check through old leaflets uncov-

Ferris Bros' Head Office and No.1 
Factory in Pittwater Rd, Brookvale 
(Sydney) - occupied In 1953, and 
subsequently extended to embrace 
their ever more demanding products 
and facilities. 



ered a range of derivatives from the 
model 74, including one using a reflex 
circuit to reduce the valve complement 
to five - in order to lower the price. 
There was a compact version to suit 
small English cars, and another adapted 
for remote cable control from the steer
ing column. Yet another provided for an 
extension loudspeaker system, for use in 
tourist coaches. 

A couple of models featured a short
wave band, the 'outback' version offer
ing reception of the Flying Doctor, Bush 
Fire Control, Police and Ambulance. 
Some models also included an economy 
switch, to reduce the current drain when 
the full potential of the receiver was not 
required. . 

At the time of initial release the basic 
model 74 was priced at 39 guineas (£40-
19-0). The introduction of transistors 
around 1959, the adoption of printed cir
cuit boards and other technological 
developments saw the subsequent 
release of more efficient and more 
attractively styled Ferris 'car/portable' 
radios, with minimal increase in the 
price relative to prevailing wage levels. 

Model 184 (1962-64) typifies the 
styling which dominated the solid-state 
era. In a car, it could be supported under 
the lower lip of the facia panel. In other 
situations it could be carried by the han
dle as a self-powered portable, or 
perched upright on a shelf or table top 
for family listening. 

Over the years, Ferris produced an 
impressive sequence of both portable 
and 'fixed' auto receivers with the 
design emphasis variously on RF gain 
and selectivity, multiband coverage, 
push-button tuning, audio performance 
and so on. Normal and/or key-locked 
cradles were made available, with a 
variety of fitting accessories, 
escutcheons, antennas, plugs, cables, 

The Ferris No.2 Factory in nearby Mitchell Rd, Brookvale. Commissioned in 
1956, It was devoted mainly to metal working processes to do with TV anten
na engineering. 

extra loudspeakers etc., to suit most 
vehicles on Australian roads. 

Backup service 
Typically, a Retailers Price List to 

hand dated July 1967 offered about a 
dozen different Ferris models, with and 
without accessories. Supplementary lit
erature listed a couple of conventional 
transistor portables, a 'Gemini' twin 
speaker mantel set and an odd gadget 
called a 'Tranimate'. Used with a gutter
grip antenna, the latter could receive sig
nals from outside a car and feed them to 
an ordinary transistor set inside, thereby 
minimising the ignition hash that might 
otherwise obliterate the program. 

If that seems somewhat 'over the top', 
what about a four-speed portable record 
player that could transform a car radio 
into a portable radiogram - presumably 
for use on a picnic or holiday outing. 

Thumbing through the literature, one 
repeatedly comes across evidence that 

Ferris Industries were very serious about 
performance and quality control, in 
terms of equipment, facilities and per
sonnel. 

All receivers, they emphasised, were 
subjected at the factory to vibration, 
voltage, temperature and humidity tests 
to ensure that they would cope with con
ditions likely to be encountered in 
everyday useage. As for field service, 
the literature on loan from Chum Ferris 
contained typical service manuals relat
ing to individual models, while a 
brochure listed 300-odd accredited ser
vice centres spread around Australia. 

Ferris were proud in 1969 when 
Choice magazine, published by the 
Australian Consumers Association, spe
cially commended their Volumatic II 
series of car radios, after detailed com
parison with other currently available 
brands. Furthermore I gather that they 
were featured in the Montreal EXPO. 

In the literature I also encountered 

The first Fe"is portable car radio model 74 {left) was released in 1947. Shaped like a mantel radio, it was housed in a 
plated steel case and included a built-in vibrator type HT supply. Current in 1963-64, model 184 (right) was typical of the 
styling that won Ferris industry awards and a substantial share of the Australian auto/home/portable market. 
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WHEN I THINK BACK ... 
Set up for the first postwar Sydney 
Royal Show - the traditional image 
of Ferris as EA 's older readers will 
remember it. The model trains are dis
played on the tabletop on the right. 

references to products that I'd either 
forgotten - or didn't know about in 
the first place. There was, for example 
a reputedly popular range of 'Marina' 
marine transceivers, PMG approved 
'for small ships'. A (then) recent addi
tion to the series detailed in The Ferris 
Wheel (No.11, November 1967) 
offered 8-channel coverage, crystal 
locked circuitry, an RF output of up 
around 150 watts, and a remote control 
unit. Fibreglass whip antennas, which 
could be lowered conveniently to clear 
obstructions, were said to be available 
for the series, plus a whole range of 
boating installation extras. 

(This is not to be wondered at 
because, according to the Penta Comstat 
Beacon, Chum and his wife ('mate') 
Joan had been 'boaties' for decades with 
their cruiser Tempest, replaced in 1971 
with the more pretentious Barrine. 
Nowadays, in 'boatie' terminology, they 
have apparently 'swallowed the anchor' 
and substituted a golf course for the blue 
water, and amateur bands for the boat
ies' network). 

In the same publication, there is men
tion of the Ferris M-200 series of 
'Easybeat' portable mains-powered 
record players, of which I also had no 
previous knowledge. A new stereo 
model 500 is said to have been released, 
styled along similar lines in a neatly fin
ished portable case. In the stereo ver
sion, one loudspeaker had been housed 
in the body of the unit, the other in the 
removeable lid. For use in the home, a 
separate pair of bookshelf loudspeaker 
enclosures was available. 

Not surprisingly, Chum Ferris was 
well aware of the potential of FM 
broadcasting, with its promise of high 
quality, noise-free sound, ultimately in 
stereo. He had supported the late Ray 
Allsop, right back to the time when AM 
broadcasters were doing their best to 
turn the politicians against what they 
saw as a threat. 

When AM appeared to have won the 
day by side-tracking FM to UHF some 
time in the distant future, Chum pub
licly rejected the proposal, both as a 
major manufacturer and an officer of 
ERDA - the Electrical and Radio 
Manufacturers and Distributors 
Association. 

Writing in Mingay's Electrical 

Weekly (March 9, 1962) - with Os 
Mingay' s personal support - he 
detailed his findings in the USA, where 
he had been researching TV antennas 
with Channel Master, 100 miles west of 
New York. Quoting figures from the 
FCC, the Americans, he said, had suc
cessfully accommodated more than 10 
times as many VHF TV stations as pro
posed by Australia, while also setting 
aside a VHF broadcast band, currently 
occupied by 195 FM broadcasters. 
Unlike the AM stations, they were virtu
ally noise-free. 

As it turned out, the Federal 
Government later reversed its decision 
and legislated Australian FM broadcast
ers into what had become the de facto 
international FM Band. 

Allied Capacitors 
Returning to The Ferris Wheel, issue 

No.11 (November 1967) summarised 
Ferris Industries' successful venture into 
the production of Allied Capacitors in 
the mid 1960s. The article does not spell 
out the circumstances and, 30 years on, 
Chum Ferris himself is hazy about the 
commercial details. 

It would appear, however, that 
Ducon and Simplex had run into prob
lems, raising the question as to whether 
Ferristrelecomponents could help fill 
the gap. Whatever the details, the chal
lenge - spelled out by Alleyne Bowler 
(ex Ducon) - was to meet the elec
tronics industry's need for improved 
capacitors with tougher 'Military 
Standard' specifications. For Ferris it 
meant urgently re-training operators to 
cope with new and more demanding 
production technology. 
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Acknowledging - typically - their 
ultimate reliance on reliable staff, the 
Ferris newsletter pictures Anka 
Obatrov and Rose-May Ringuet operat
ing plastic film winding machines; 
Ayesha Easlea tab welding; Sylvia 
McColl performing a control lead 
strength test; and Departmental 
Supervisor Pam Loveday operating 
tell-tale capacitance measuring equip
ment. Also mentioned in this context 
was Chief Engineer Karl Trankle and 
trainee engineer Kevin Charters. 

Credited as prime sources of the pro
duction 'know-how' were TCS for 
polystyrene capacitors; Fischer & 
Tausche, electrolytics; Shinmei 
Electric, trimmer capacitors; Shizuki 
Electrical, plastic including lacquer film 
capacitors; and Johnson Matthey & Co, 
for silvered mica types. 

Back in the 1960s, I vaguely recall 
Geoff Wood offering me over the 
counter at RDS (Radio Despatch 
Service) capacitors that were agreeably 
small and well rated when compared 
with the traditional bulky Australian 
eqivalents. Here I am, 30 years later, 
tracing or re-tracing them back to 
Allied, Telecomponents and Ferris Bros 
- the multifaceted company out 
Brookvale way! 

Channel Master antennas 
But if mobile radio and the 

Telecomponents arm of Ferris 
Industries loomed large, the agreement 
that Ferris signed back in the 1950s 
with Channel Master must surely have 
out-loomed them! In The Ferris 
Company 1932-64, the writer remarks 
that Channel Master (Aust) Pty Ltd, in 



respect to TV antennas and accessories, 
gained the manufacturing rights to 
'everything but the roof!' 

In the USA, Channel Master had had 
the opportunity to document the role of 
the antenna in a huge number of instal
lations and environments. They had 
access to an 'enormous' test range in 
the Catskill Mountains, New York 
State, where the gain, frequency 
response, directivity, front/back ratio 
and impedance of arrays could be mea
sured and plotted. 

The resulting expertise became avail
able to Ferris, and gave them a head start 
when they pondered the congested nlix 
of stations and channels down the 
mountain-strewn East Coast of Australia 
(see illustration). Ferris were in the for
tunate position of having lab facilities 
and knowledgable staff, qualified to 
debate problems and solutions with their 
counterparts in New York State. 

Ferris' No.2 factory in Brookvale, 
NSW, had been expressly set up to man
ufacture TV antennas and the bits and 
pieces that were part of the installation 
process. They had agents and service 
centres who could alert them to prob
lems and problem areas. 

They also had survey vans which 
could be despatched into new or problem 
TV areas. Fitted with a telescopic tower, 
the vans could be fitted with antennas of 
one kind of another, with appropriate 
equipment in the van to observe and 

measure the incoming signal(s). 
Nor was it a lop-sided arrangement, as 

far as Ferris and the US Channel Master 
were concerned. In the brochure The 
Crossfire Story, Chum Ferris, as a 
Member of the IREE Aust. and 
Technical Director of Channel Master, 
tells how he spent time in the US labo
ratory (August/September 1961) adapt
ing the 'Crossfire' range of antennas to 
frequencies that had been provisionally 
earmarked for channels 4 and 5 in 
Australia. All six models of the 
Crossfire series were modified success
fully, without compromising their nor
mal hi-band and low-band performance, 
thereby fitting in with the policy of 
Channel Master (Aust) to major on all
band antennas. They were so successful, 
in fact, that the Americans realised that 
they could offer the same designs in the 
USA as universal TV/FM antennas. 

In The Ferris Wheel for November 
1967, Kevin W. Hill, General Sales 
Manager, observes that with new sta
tions coming on air and the prospect of 
an ultimate colour service, the days of 
'any so-called TV antenna' or any gim
micky indoor gadget had passed. 
Channel Master had developed and 
could supply properly engineered anten
na systems optimised for weak signals 
or strong signals, whether subject to 
ghosts or not, on specified channels and 
sited fortuitously or otherwise. I gather 
that in order to cater for TV reception 

areas Australia wide, the Channel 
Master inventory of models topped the 
100 mark, ranging from the simplest 
design to 20-odd elements. 

They were also able to offer masts, 
rotatable beams, cables, splitters, line 
amplifiers and community systems, 
where appropriate. 

(Although identified as General Sales 
Manager, Kevin Hill himself had a tech
nical background, with tech college 
training in Melbourne and Sydney and 
radar service in the Armed Forces dur
ing the war.) 

Channel Master antennas not only 
dominated the Australian scene but led 
to overseas connections. Ferris 
Industries cooperated in the establish
ment in Auckland of Channel Master 
(NZ) Ltd, holding one third of the share 
capital. It proved to be a very success
ful venture. 

In 1963 Ferris, in conjunction with 
local interests, also formed Ferris 
Industries (Malaysian) Ltd, to assemble 
and market Channel Master products in 
Malaysia and Singapore. Key person
nel were seconded to 
Malaysia/Singapore to familiarise the 
staff with Australian products and ser
vices. The General Electric Co. subse
quently purchased a majority interest, 
but Ferris retained its original share
holding of 100,000 Straits dollars. 

In the mid 1960s, Ferris Channel Master 
concentrated on both MATV (master 
antenna TV) and CA TV (community 
antenna TV). In 1967 they produced a spe
cial handbook on MATV, detailing the 
special considerations affecting multiple 
TV sets required in hotels, motels, blocks 
of flats, etc. Of special interest was their 
combination of the Crossfire 3606A -
claimed to be 'the World's most powerful 
TV antenna' and a built-in Telstar signal 
booster, said to be lightning-proof and fed 
from a readily accessible power supply 
within the building. 

1969 saw the release of a new series 
of solid-state MA TV amplifiers offering 
higher gain, lower noise and a strong 
emphasis on reliability. 

CA TV commonly addressed the prob
lem of multiple separate homes or apart
ments which needed to share access to 
one strategically placed antenna to gain 
acceptable reception. Classical examples 
occurred in NSW coastal areas where 
waterside homes were shielded from TV 
transmitters by steep and lofty cliffs. 

From 'The Ferris Wheel', a TV map of 
Australia showing the VHF channels, 
actual and planned. Some areas 
require a large, complex array, as 
Implied by the superimposed sketch. 
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Staff relationships 
In the matter of personnel; it is evident 

that the Ferris Group did not share the 
cyclical hire-and-fire attitude that has 
been mentioned from time to time in 
these columns. 

John Emanuel, who cooperated in the 
preparation of this article, served much 
of his formal apprenticeship with the 
Company and there is photographic evi
dence in the literature that, at any one 
time, there would be a dozen-odd 
apprentices in training. If they had for -
mal obligations to the Company, the 
reverse was also true. 

Factory photos also indicate a gener
ous percentage of women operators on 
the production lines. Looking back, 
Chum Ferris recalls that the Company 
had a very good relationship with 
women in the area. They were grateful 
for the opportunity to supplement the 
family income, and generally coopera
tive in adapting to the peaks and troughs 
of production schedules. 

In any case, it was in the interest of 
Company shareholders to keep the fac
tory operative and the staff busy. In the 
early days, they had deliberately diver
sified into radio service, electrical ser
vice, refrigeration and even the odd 
spot of plumbing. 

The need to keep the factory occupied 
had led them into producer gas genera
tors, interspersed with mechanical ser
vice on the vehicles being so fitted. 

Things had gone well with car radio, 
but TV set production had been a disas
ter. They gave it up, but resumed some 
months later when they got the opportu
nity to supply sets to a couple of TV 
rental groups with reliable finance. 

They had also contracted to build spe
cial professional equipment, such as an 
electricity meter checking system for 
EMMCO/EMAIL and an Audiometer, 
as used by specialists to measure the 
acuity of patients' hearing. For good 
measure, add two-way VHF radio for 
light planes, laboratory power supplies, 
battery chargers for home handymen, 
and the Ferris 'Fireplus' transistorised 
ignition system. Chum stressed in con
versation that they had long term plans 
to expand and develop custom-built 
high tech products. 

Again, when the No.2 factory had 
capacity to spare, Mr J.L. ('Jack') Ferris 
- a cousin to the brothers - cast 
around and produced a 'Coursemaster' 
golf buggy and a selection of road trail
ers. They also came up with a range of 
six 'Tiltmaster' boat trailers, with 

A typical group of 14 Ferris aprentices, distinguished In their shirts and 'string' ties. 
John Emanuel, who owns the picture, is in the back row, second from the right. 

winches and boat hooks to suit, along 
with folding canopies. Like the golf 
buggy, the boating equipment tended to 
peak in summer, when interest in radio 
and television tended to taper off. 

Oh yes - someone even came up 
with the idea of making 0-gauge model 
trains, including a very desirable model 
of the NSW C-36 express/freight loco 
and replicas of Sydney's suburban elec
tric 'red rattlers'. These, I am told, have 
since become sought after collectables; 
but in their day they kept operators busy 
and provided a novel sideline for Ferris 
dealers, Australia-wide. 

End of the story 
So what happened to the Ferris 

Group? The short answer is that the two 
brothers, having battled their way from a 
run-down shop in Mosman to a compa
ny with national and international con
nections, reached an age where they had 
to plan for ultimate retirement. 

Chatting with 'Chum', I recalled the 
observations of Arthur Spring - also 
featured recently in these columns. As 
he grew older he became progressively 
more conscious that an error of judg
ment could affect the well-being of a 
whole raft of employees and their fami
lies. It was a responsibility that, for him, 
became a burden. 

Said Chum, as he pondered the hun
dreds of people relying on the Ferris 

Group, "I can identify with that!" 
Sufficient to say that in 1969 the 

shares in Ferris Industries Ltd were 
acquired by Hawker Siddeley, such that 
it became a subsidiary of Hawker 
Siddeley Electronics Ltd. 

In a complicated reshuffle, Ferris 
became an associate company with 
Space Track Pty Ltd (previously a de 
Havilland subsidiary) and Allied 
Capacitors Pty Ltd. 

Out of these overall resources, 
Hawker Siddeley Electronics spawned 
two new Divisions: 

• Systems Division, based at Manuka 
ACT and elsewhere, and concerned 
with space tracking, systems engi
neering and systems management. 

• Engineering Division, based initially 
at Salisbury SA and concerned with 
defence electronics, guided missile 
development and specialised elec
tronic products. 
The stated intention was that the Ferris 

group would progressively expand into 
industrial and defence electronics, while 
also continuing to manufacture and sell its 
traditional consumer products through 
existing facilities and channels. Mr G.I. 
Ferris was requested to serve on the Board 
of Hawker Siddeley Electronics, with 
Messrs W.M. and T.W. Ferris on the 
Ferris Bros Pty Ltd Board, both boards 
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being under the chairmanship of Mr Rollo 
Kingsford-Smith. 

The last copy of The Ferris Wheel to 
hand from Chum Ferris is dated March 
1971, with 'Hawker Siddeley 
Electronics' added to the masthead, 
along with a trade mark contrived from 
the initials HS. Inside is a mixture of 
items from Ferris and HS, including a 
release item about the new award win
ning 'Volumatic' Ferris car radios. 

It was in accordance with forward 
planning but, with hindsight, one could 
but speculate whether the Directors had 
any notion of the Federal 
Government's tariff reductions that 
would shortly devastate radio produc
tion in Australia. Or that, despite 
Ferris' moves to automate, complete 
Asian-built receivers would ultimately 
be imported for less than the cost of the 
parts needed to build them here. 

Again, whether the negotiators had 
fully appreciated the enormous gulf 
between consumer products and space 
hardware. With that thought came the 
conviction that Ferris was in danger of 
becoming a mere segment of a very 
complex wheel: 'the Ferris cog'! 

As if to emphasise the point, The 
Ferris Wheel for November 1970 had 
featured Hawker Siddeley Electronics' 
deep involvement in the Tidbinbilla 
space telescope in the ACT - a very 
odd partner indeed for the traditional 
Ferris marketing enterprise. 

What happened to Ferris/Hawker 
Siddeley/De Havilland in the next cou
ple of decades is quite another story, 
which I have not followed up in detail. 
Sufficient to say that when I asked 
John Emanuel - now a car radio spe
cialist - what had become of Ferris 
and their award-winning 'Volumatics' 
he was very sad. The proudly 
Australian made Ferris range had given 
way in the marketplace to a much less 
distinctive Asian import. 

As to the Brookvale complex itself, 
Bob Ditchbum - who worked with 
Ferris for best part. of 30 years - tells 
me that the number 1 factory and Head 
Office has recently been bulldozed out 
of existence, while the buildings that 
comprised factories 2 and 3 are appar
ently industrial real estate occupied by 
sundry tenants. 

I remember visiting the Tidbinbilla 
space station some years ago, and was 
suitably impressed by what I was shown. 
I recall nothing, however, to suggest that 
it had ever had anything in common with 
Ferris industries. Intentions and plans 
notwithstanding, Ferris Industries has 
seemingly disappeared into space in 
more ways than one!+ 
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FORUM Conducted by Jim Rowe 

Pay rates for electronics technicians: 
readers lend their support to 'P.R.' 
There's been a fairly strong response to the letter I presented in the June column from 'P.R.', 
complaining about Australia's relatively low pay rates for electronics technicians and other tech
nically trained people. We've also had an interesting response to Alan Elliott's letter in the March 
issue, regarding the safety of smoke detectors containing radioactive Americium 241, and I'm 
also taking the opportunity to present a letter from a reader concerned about what he found inside 
a passive IR detector ... 

If you read this column in the June 
issue, you'll no doubt recall the letter 
from 'P.R.' of Crows Nest NSW, about 
pay rates for electronics technicians and 
other technical people. It was written 
shortly after the reader concerned had 
returned to Australia after some years 
working overseas, and reflected his 
shock at discovering how low the pay 
rates had remained here - 'pathetic' 
was the word he used to describe them. 

His letter was written with a great deal 
of feeling, and it's not surprising that it 
produced a response from other readers. 
Here's a letter that arrived soon after the 
June issue was published. from a reader 
in South Australia identifying them
selves as 'J.D.': 

In regards to the letter in the June 
issue of your magazine titled 'Should 
electronics technicians be paid more 
than street sweepers'. Hear, hear - yes 
they should. 

I'm an electronics technician 
employed by one of South Australia's 
larger repair companies, repairing the 
full range of domestic audio visual 
equipment. I have been in this trade 
since 1982. In the last 10 years my wage 
has increased by only $3.00 per hour, to 
a massive 'just under' $14.00 per hour 
for a 38-hour week. Not much for a per
son paying off a mortgage. 

My wife earns more than I do, and she 
is only a secretary ('admin assistant' to 
be politically correct). Sufficient for us 
to consider that I stop work when our 
first child arrives and become a house 
husband. At the rate it is going, we 
would be better off if we went back to 
fanning. At least there you only have the 
banks and nature to contend with. 

The 'Mr Fi:iit' title is still very evi
dent, but to fix modem electronic equip-

ment you need to be both mechanically 
and electronically inclined. The study 
required to repair this equipment is 
more than you need for some degrees. 
To get where I am I have done approxi
mately 7-112 years of study, part and 
fall time. 

The complexity of a modem TV is far 
beyond the Back Yarder, yet to try to fix 
a video camera can cause big headaches 
even for people with. the test equipment. 

This industry has long been in need of 
an upheaval. The idea of a licence to me 
is a good one, but only if it includes the 
technicians that are industry trained, the 
ones with the know-how but not the 
paper to prove it. I know of a few of 
these people and they are all good techs. 

This idea of individual workplace bar
gaining is good if you are a good nego
tiator and you have work conditions that 
can be negotiated. The best thing at the 
moment is the government should 
enforce the award conditions, both 
Federal and State. To negotiate a work
place agreement is not for a person who 
is lowly paid in the first place. Unions 
would be great if there was one that cov
ered this industry properly, let alone 
recognised us as an industry. 

My place of employment is at the 
moment turning over well in excess of 
$120,000 per month, and is growing. A 
bigger piece of that pie we are fighting 
for, but not with much success. No won
der we can't find technicians. I don't 
blame any young person for not wanting 
to enter this trade, as you can get better 
pay working as a shop assistant, e.g. my 
weekly turnover is over $3000 per week, 
with last month turning over more than 
$15,000 personally. To work harder 
may be possible, but not if there's no 
more money. 
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Hmmm - as you can see, J.D. is pret
ty well in agreement with P.R., on all 
counts. And without wishing to deni
grate the level of committment and hard 
work involved in secretarial (sorry, 
administration) work, any more than 
P.R. was denigrating the work of street 
sweepers, it does seem unfair that peo
ple performing these jobs can earn sig
nificantly more that technicians with a 
high degree of knowledge and skill in 
electronics or a similar technical voca
tion. Wouldn't you agree? 

Further support 
Anyway, here's another response in 

similar vein. This one comes from Mr 
E.L. Scharenguivel, of Cloverdale in 
Perth, WA: 

I fally agree with the comments made 
by P.R. about the status and pay for 
technicians. When I arrived here some 
35 years ago, I found the attitude was 
that technicians belonged to the 'lower 
classes' - you worked with your hands 
like a 'grease monkey', and should be 
paid peanuts. 

My last position was in government 
service, and I was not popular with the 
hierarchy for being critical of the anom
alies - like why we had a different set of 
rules for civil servants. Weren't we all 
government workers? A classification 
such as 'Day Labour' for workers would 
imply that we were perceived to be what 
in Asian countries was called 'Coolie'! 

When I first started in the trade there 
was little else but radio and I was known 
as a radio mechanic. As we all know 
things have changed since those days, 
but technicians are still regarded as 
people with only basic skills. 

A former Minister in the Whitlam 
Government, Clyde Cameron, wrote a 



few articles in the local press (Sunday 
Times) a few years ago, and he men
tioned THEN that if the workers had 
kept pace with the public servants, an 
electrical fitter would be on $600 per 
week. We were tied to the Accord, limit
ing pay increases to the cost of living -
but the public sector and executive 
salaries skyrocketed! 

In spite of all the Equal this and Equal 
that tribunals, nothing has changed. 

Thank you for those comments too, 
Mr Scharenguivel. It does seem that the 
skills of technical people are discounted 
in comparison with many other occupa
tions, doesn't it? 

Somehow, this mistaken view needs 
to be corrected. It's a pity that the vari
ous technician organisations haven't 
been able to do more of a 'selling job' 
in this regard, to change the public per
ception of their members and the skills 
they possess. 

Not just electronics 
Our third response shows that it isn't 

only electronics technicians, or even 
Australian technicians, whose salary 
levels are unrewardingly low. It comes 
from Mr P.A. Hutchings of Palmerston 
North in New Zealand, who writes: 

Regarding the letter in your June 

l 

Forum, if you think that electronics ser
vicemen are the only ones that are poor
ly paid, check the motor and allied 
trades. I think you' II find that their pay 
is on a par. Electricians ( sparkies) seem 
to fare slightly better, but most trades
men seem to be the poor relations as far 
as income is concerned. 

This is due, I think, to the attitude 
some people have that anybody with a 
few clues and two to three years' sec
ondary education can do the job, as well 
as a university trained electronics 
enginner - but on a labourer's pay (or 
less). There's also the view that trades
men should not be considered too high
ly because if they are paid too highly, 
the costs of repairing those cheaper 
devices would be too high when profit 
margins are added. The shareholders 
must have their dividend ... 

I am sorry if I am getting rather cyni
cal with age, but only shop assistants 
and process workers get less. 

Some time back, I lost my job as an 
automotive serviceman and took a job 
as a process worker on about $10 less 
per week but with a lot less stress. But 
the cost of sophisticated equipment has 
dropped and the reliability has 
increased considerably in recent years. 
Maybe if people had to purchase new 

I r 

equipment every time something failed, 
they would think differently - but then 
again, maybe not. 

Thanks for your comments too, Mr 
Hutchings. I guess you're right, that 
automotive service technicians have 
much the same problem. Yet as you say, 
electricians seem to fare a little better -
and plumbers seem to do very nicely, it 
seems. Perhaps they've discovered how 
to sell themselves properly ... 

Detector safety 
Moving on, you may recall that in the 

March issue, we published a letter from 
Alan Elliott VK3AL, of South 
Melbourne on the subject of smoke 
detectors. In particular Mr Elliott point
ed out that many of the popular detec
tors contain a small quantity of 
Americium 241, which is both radioac
tive and extremely toxic. Apparently 
only 0.03 of a microgram of this sub
stance is regarded as the 'maximum per
missible body burden' - a very tiny 
amount indeed. 

Well, Mr Elliott's letter has obviously 
struck a chord with reader Frank Moran, 
of Tarragindi in Queensland. In effect 
Mr Moran continues the discussion of 
these detectors, by raising the subject of 
how they are to be disposed of when 
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they fail. Clearly as they contain such a 
dangerous substance they shouldn't be 
simply thrown away in the rubbish. Yet 
disposing of them properly may not be 
easy, as he relates: 

The letter from Alan Elliott, Sth Melb 
(EA March 1996), re the use of radioac
tive Americium in household smoke 
detectors, reminded me of an incident 
which happened to me about two years 
ago. But my story relates to the disposal 
of defective smoke detectors. 

An elderly widow friend for whom I 
have renewed batteries in her two 
detectors in the past, asked me to look 
at one of her installations which had 
obviously developed a defect. It could 
not be silenced, no matter what I did to 
it - not that there is a lot one can do to 
such things. 

I recommended that we replace it for 
her, and she agreed. From that point on 
the episode became what could be 
described as a 'comedy of ignorance', if 
it had not been so serious. I had to dis
pose of the little brute. 

All detectors bear a warning that the 
unit contains radioactive material, and 
should be disposed of responsibly, by 
contacting a Health Authority. 

I started with our city council, and 
explained my concerns to the switch
board operator - who put me on hold 
while she checked with the council 
health department, and the garbage dis
posal department. The advice was that I 
should throw it in my garbage bin. 

When I explained that the 'thing' was 
radioactive, and was accompanied by a 
warning sticker advising against such 
action, she replied that she could not 
give me farther advice. 

Since local fire fighting units around 
the country strongly advocate the 
installation of detectors, I phoned the 
local station, where I was told that fire
men have not been trained in the dis
posal of such things, and they could be 
of no assistance. 

I searched through the telephone white 
pages and found a number for Disposal 
of Dangerous Goods. I was answered by 
a recorded voice which told me if I lived 
in Cairns (I live in Brisbane) I should 
press button I; if I lived in Townsville I 
should press button 2; and so on until the 
the announcement had covered about 
half the coast of Queensland, by which 
time I lost patience. . 

Delving deeper into the white pages, 
the words RADIATION HEALTH caught 
my eye, and that entry told me to 'see 

Health, Q'land Department of. At last I 
had found it, Director Radiation Health. 
An understanding male voice asked for 
my home address, so a car. could call to 
take delivery of the detector. 

If a government department considers 
it important enough to dispatch ci vehi
cle for pickup, surely it must be just as 
important to ensure that all appropriate 
services, and every citizen, knows the 
procedure and is made aware of the 
seriousness of not disposing in the prop
er manner. 

It does not need the brain of a genius 
to appreciate that a substance having a 
half-life measured in hundreds of years, 
should not be just tossed on a public 
garbage dump, especially in a decade or 
two when thousands of these things will 
have been discarded. 

Incidentally, the Health Department 
dismantles the alarms, and the offending 
radioactive parts are locked away in 
safe storage. 

Sadly, I have made approaches to a 
newspaper and a TV channel to publi
cise this information, without anything 
being done to my knowledge. 

What more needs to be done? 
Perhaps there's not much more that 

you can do yourself, Frank. You certain
ly seem to have done the right thing so 
far, even though it turned out to be 
rather harder than expected. 

I agree that it's quite a worry that the 
various departments of your city council 
didn't seem to know what had to be 
done, and that the fire department didn't 
seem to know either. It certainly sounds 
as if the Radiation Health Department 
should be doing more education of the 
local authorities, doesn't it? 

Quite apart from this, I'm also 
inclined to wonder about the cost of 
having the Department of Radiation 
Health collect old smoke detectors, dis
mantle them and store the radiactive 
Americium. This must inevitably cost a 
significant amount, which presumably 
comes from the public purse. 

I wonder if the firms distributing and 
selling these smoke detectors contribute 
to the cost of this disposal? It seems 
unlikely, considering the low prices 
some of them are selling for ... 

Dangerous detector? 
Moving on again, but still in the gen

eral area of detectors, I've had a letter in 
my Forum file for some months now, 
waiting for an opportunity to present it. 
It comes from Mr Steve Archer, a young 
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reader from Ashburton in Victoria, and 
it's about passive IR detectors: 

I was recently given a broken passive 
infrared detector that was originally 
part of a security system. As I opened it 
to see if it could be fix.ed, I was con
cerned by the lack of workmanship, 
especially on the detector board. As a 15 
year old electronics enthusiast, I under
stand that this standard may be accept
able in low voltage equipment, but in a 
device which runs on 240 volts and 
delivers 240 volts at its output I feel it is 
dangerous and a potential fire hazard. 

There are no markings on the case, 
except for 'Security Force', a specifica
tions label, and a quality control 'pass' 
sticker. The blue and brown wires are 
the 240 volts in, and the black and white 
wires are 240 volts out (for connection 
to the flood lamps). This device is made 
in China, and appears to be hand made. 

There must be hundreds of these 
devices installed in houses, and who 
knows how many other types of mains 
equipment of a similar standard. Do you 
agree with my concerns on this matter? 

Along with this letter, Steve Archer 
sent the internals of the detector con
cerned, for us to examine. I took a photo 
of the board assembly, which is repro
duced here to give you an idea of what 
he is talking about. As you can see it 
consists of two PC boards, a small board 
with the IR sensor device mounted at the 
centre, sitting vertically near the front of 
the larger main board. 

Frankly, I'd have to agree with Steve 
Archer that the boards are pretty rough
ly designed, and crudely assembled. As 
Mr Archer says, the build quality on the 
detector board is very poor, with many 
of the components jumbled together at 
all kinds of weird and apparently ran
dom angles - many of them quite free 
to move around physically. Of particular 
concern is the lack of any real protection 
around the PCB tracks on the back of the 
main board, carrying 240V. I suppose 
the complete circuit is normally inside 
an insulating plastic case, but it still 
looks pretty scary. 

It's hard to imagine how a passive IR 
detector, designed to be part of a securi
ty system, could have passed the appro
priate safety and reliability checks to be 
imported and sold in Australia, with this 
level of poor quality. 

Thanks for bringing this matter to our 
attention, Mr Archer, and I'm sorry it's 
taken a while before I was able to fit it in. 
Better late than never, though, I hope! 

I 
t 
I 
l 

I 

' 

r 
I 
I 
I 
t 
I 
l 
\ 
I 
I 



( 

are constantly permeated by a wide 
range of RF frequencies. Switch on any 
small relatively insensitive transistor 
radio and you will be able to pick up'any 
number of stations - some MW sta
tions, some VHF stations, some UHF 
stations, to say nothing of several TV 
stations all pouring out their radiations. 
ls the cancer incidence from this radia
tion higher in the cities, where there are 
more stations, than in the bush where 
they are fewer? 

ls the incidence of cancer in 'devel
oped' countries, well-saturated with RF, 
significantly higher than in 'undevel
oped' countries? Do people in these 
countries live longer, have fewer birth 
defects and less neo-natal morbidity? 
On the contrary. 

Here's a photo of the PCB assembly sent in by reader Steve Archer, and taken 
from a passive IR sensor used In a security system. As he suggests, the design 
and build quality leave quite a lot to be desired - especially as those wires on 
the right, and some of the PCB tracks, normally carry 240V at a couple of amps. 

In passing, I should question your 
concern (mentioned in your editorial for 
September, 1995) for the poor fellow in 
the police radio van who lost a testicle 
to cancer because he was sitting above a 
vertical-pointing antenna. Presumably 

EMFs and cancer 

And finally, this month, there's a let
ter that came from Mr Ken Hicks, of 
Inverell in NSW. Mr Hicks is mainly 
concerned about some of the recent 
comments made about the possible link 
between electromagnetic fields and can
cer, as you can see: 

In the June issue of EA, in his 'defence 
of the Internet', Tom Moffat described 
how he researched an article dealing 
with EMFs and cancer very thoroughly. 
This is such an emotional issue, that it 
would be good to see the arguments for 
and against set forth, together with any 
solid evidence that may exist. Perhaps 
the article could be published in EA? 

In her letter in the same issue of EA, 
Betty Venables dismisses the remark 
'not proven' as 'trite', and seems to be 
claiming that 'anecdotal evidence that 
'artificial EMFs from all sources are 
biological stressors' can be accepted. 

The reliability of anecdotal evidence 
is extremely shaky at the best of times, 
and when it comes within the biological 
field you have to deal with the great 
variability of response. A given stress 
does not always produce the same 
strain. For example, consider the 
amount of some toxic drug required to 
cause death. It is usually quoted as the 
MW50. That is to say, it is the minimum 
lethal dose required to cause death in 
50% of animals. 

This variability is everywhere evident: 
not all smokers will get lung cancer; 
only a small proportion of asbestos 
workers will get pulmonary mesiothe
lioma; a few gold miners will get silico-

sis; a percentage only of sunbathers will this was a 114-wave vertical or some
get solar hyperkeratoses which will thing similar, and since the radiation 
progress to skin cancer, and a very pattern of such an antenna is quite low
small proportion will get melanoma. angle and non-directional, wouldn't the 

The proportion of people who will safest place to be directly over the end? 
succumb to these diseases is relatively I leave you with a comment attributed 
small, but it is constant. Of every thou- to the true believers in UFOs, that 
sand smokers smoking the same number 'absence of evidence is not evidence of 
of cigarettes per day, one can predict absence' ... 
with a high degree of certainty how Thanks for those comments, Mr 
many will develop lung cancer within a Hicks, and I for one found them quite 
certain time. Although the predicted interesting. By the way, we've already 
number may be reasonably constant, it published Tom's article exploring the 
is much more difficult to predict whether evidence for a link between EMFs and 
any particular individual will suffer. cancer; it was in the February issue. 
(The cigarette companies know this!) Perhaps you missed it. I appreciate the 
There is always a wide individual vari- points you make about the high variabil
ability which is now known to be at least ity which complicates any attempt to 
partly genetic. determine cause-and-effect involving 

If your father and grandfather both biological organisms like ourselves. 
smoked heavily all their lives and lived Your final point about absence of evi
to be 90, you might be safe. But if your dence not implying evidence of absence 
father or uncle died at 50 with cigarette- is also a good one, I agree - and surely 
related lung cancer, you must have a it lends weight to my proposition that 
very strong death wish if you smoke. it's very unwise to dismiss a possible 

Similar arguments can be applied to link between EMFs and cancer. 
exposure to asbestos, solar radiation, X- With regard to the unfortunate police 
radation and numerous other physical officer sitting over the antenna in the 
and chemical stressors. There is plenty surveillance van, it's possible that the 
of statistical evidence. But is there a sin- antenna was a 1/4 wave vertical. But 
gle shred of real evidence that RF radia- with the antenna apparently radiating 
tion carries the same risk? Or any risk? virtually all of its output within the 

If RF radiation causes cancer, it metal van (a crazy and most unwise sit
should be extremely easy to produce evi- uation, surely), I think it would be quite 
dence by an epidemiological study of the unrealistic to expect the antenna to 
distribution of cancers of various kinds exhibit a 'textbook' radiation pattern. 
of people living near a broadcast or TV Frankly, I believe it would be an 
station antenna. Maybe even hams with extremely foolhardy 'expert' who would 
their lkW linears are digging their own want to deny that the officer's cancer 
graves or damaging their families. had any connection with his exposure to 

We who live in a 'developed' country the RF from that antenna. Don't you?+ 
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THE SERVICEMAN 
Don't throw that ailing remote 
control away - repair it! 

••• 
@@ 
@@ 

One of our stories this month gives details of a way to repair remote controls, those much abused but 
increasingly important components of domestic electronics. There's also a tale from reader who works 
in the industry, but admits that his family's TV set gradually developed enough faults to make it virtu
ally unwatchable, before he finally found the time to repair it. I'm sure he's not alone, though ... 

Our first contributor this month has a 
story that is more of a Service Tip than 
the usual servicing story. It comes from 
John Aylmer, of Chelmer in Queensland. 

In recent years we have seen more 
and more essential functions transferred 
from the front panel of TVs and VCRs 
to the now universal remote control. 
Where once you could perform most 
operations from the TV itself, today it is 
rare to find more than the power switch 
available as a user control. 

That might be a bit of an exaggeration, 
but not much. Even the fine tuning facili
ty has been transferred to the remote con
trol in many of the latest sets. 

All of which begs the question - what 
happens if (a) the controller's battery 
goes flat; (b) you accidentally tread on the 
controller; ( c) you lose the controller 
down the back of the sofa; or ( d) the con
troller itself breaks down or fails for any 
reason. There are any number of reasons 
why your TV or VCR could become use-

A Case For 
UNA OHM 

Six new TV & Satellite signal 
analysern from $2700 ~~x~ 

less, simply because the remote controller 
is not available or functional. 

So John Aylmer's contribution will be 
invaluable to readers of this column, be 
they servicemen or just responsible own
ers. Here's what he has to say ... 

Fire panels, burglar alanns, TV and 
VCR remote controllers all have a com
mon failure point - the carbon conduc
tive paint that is applied to the back of 
each pushbutton. 

After a few years this coating wears, 
and the user notices that the key has to 
be pressed harder and longer than 
usual to make it work. If the remote is 
dismantled and the rubber contact pads 
carefully cleaned, it sometimes 
improves the operation. But it's not a 
total cure, as some of the carbon paint 
is removed with each cleaning. 

If fluids like soft drinks have been spilt 
into the remote, it totally removes the 
conductive paint and the unit is a writeojf. 
Most controllers in this condition are 
thrown away, but they can be repaired to 
as-new condition by re-coating the rub
ber pads with silver conductive paint. 

This product is available from 
Electrolube and is coded SCP03B. 
Although it is in a very small container, it 
contains enough material to recoat 
dozens of keypads. 

Originally, I had fears that the paint 
may flake or chip off the rubber, so I coat
ed a worn burglar alarm keypad with the 
paint, reassembled the keyboard then 
continuously pounded the keys for an 
hour or more. Afterwards, I could see no 
deterioration in the coating and have 
since repaired many controllers with this 
paint, with no problems whatsoever. 

tery contacts and retension the springs. 
Sometimes the dimple pressed into the 
positive end of the battery holder is not 
large enough and the shoulders of the 
battery hit the plastic moulding before the 
positive terminal reliably touches the 
contact. To correct this, I remove the tin
plate terminal and bend it forward to 
increase the size of the dimple. 

Check the ceramic resonator, since the 
leads often break off at the body of the 
component. Glue the resonator to the 
PCB, if this has not already been done. 
Check all solder joints for fractures, espe
cially at the output LEDs. 

Remove the rubber keypad mat and 
clean the contact side. Coat each key
pad bumper with silver conductive 
paint, taking care not to get the paint on 
the mat outside the bumper area. DO 
NOT APPLY ANY PAINT TO THE 
PCB, EITHER DELIBERATELY OR 
ACCIDENTALLY! 

The silver conductive paint can be 
applied with a matchstick or a small 
brush. Some acrylic thinners will be 
needed to wash the brush, and also to top 
up the paint container to prevent the paint 
from thickening. Once painted, wait 30 
minutes for the paint to dry, or help it 
along with gentle heat from a hair dryer. 

If the remote still does not function, 
look for cracks in the PCB copper tracks. 
Occasionally, the LED or the driver tran
sistor fails, as does the ceramic res
onator. The main chip rarely fails, but 
swface mounted types sometimes have 
faulty solder joints. 

~ Peter C. Lacey Services Pty. Ltd. 

As replacement remote controllers cost 
between 50 and 200 dollars, the ori$inals 
are generally worth repairing if at all 
possible. To restore a worn or inopera
tive remote controller to as new condi
tion, I proceed as follows ... 

As an absolutely last resort, try apply
ing an iron to any plated-through holes in 
the PCB. This sometimes fixes the prob
lem, but it is a drastic measure which can 
create troubles of its own, especially 
where non-metallic tracks are used. 

These last comments might suggest that 
remote controls suffer from varied and 
difficult faults. Not so. The majority can 
be fixed by repairing the battery contacts 

IC 80 Dandenong Rd. Frankston VIC. 3199 
~ Td:(03) 9783 2388 Fax:{03) 9783 5767 
<( 
w 
IC I dismantle the remote, clean the bat-
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and recoating the key pad bumpers. 
Thanks for those tips, John. Remote 

controllers are as common as TVs and 
VCRs, but they lead a very hard life. As 
you say, they break down just as often as 
their companion appliances and the list of 
suggestions in your contribution will be 
of great benefit to anyone faced with a 
baulky remote. 

There's just one further comment I'd 
like to make. With some remote con
trollers, the conductive paint is so loosely 
attached that no cleaning of any kind is 
possible. I have found that new buttons 
are usually available for these kinds of 
controllers, but they are expensive and 
there's the problem of placing an order 
and waiting for delivery. 

John's suggestion about using con
ductive paint to replace the missing 
contact surface is a great idea, that 
will probably save the lives of hun
dreds of sick remotes. 

The plumber's taps ... 
Our next story comes from John 

Walsh, of North Ryde in NSW. As his 
address might suggest, John is employed 
in our version of Silicon Valley and like 
so many workers in electronics, he would 
rather not pick up a soldering iron 
between 5pm and 8am. However, as John 
reminds us, there comes a time ... 

I've often wondered if the mechan
ic's car is the last to get regular 
maintenance. Or the bootmaker's 
kids really do go barefooted to 
school, as urban mythology claims! 

Whether or not those stories are true, 

""'" 011'01.Qa 

there is an authenticated similarity in 
this saga of the decline and fall of the 
family colour TV set, under careful and 
considered supervision in the home of 
an electronics engineer. It's very easy to 
put off doing anything, while ever there 
is a reasonable chance of restoring nor
mality with a solid thump to the cabinet. 
The need to do anything at all can be 
continually reduced until finally, it 
demands attention from the sheer int:on
venience of the multiple faults that 
develop as time rolls on. 

But enough philosophy. (Thankfully! I 
was beginning to lose the thread. Ed.) My 
tale relates the family's Sharp CX2082, 
which has put in good service for more 
than a decade. The only previous failure 
had been the line output transformer 
some years back. 

There had more recently been a slow 
deterioration in performance over a num
ber of years, but 'work-arounds' (or 
methods of avoiding real action) were 
devised for the symptoms which kept mat
ters under control. 

The first was the set failing to turn on 
fully with picture and sound when oper
ated from a cold startup, whether using 
the remote control or the front panel 
power switch. Through the process of 
trial and error, this problem could be 
overcome by cycling the control to off 
and then on again after a small delay. 
This had also a side benefit of being a 
room temperature indicator! 

The on and off sequencing had to be 
repeated a number of times, in proportion 
to the room temperature with the change 

.... =® 
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of seasons. (This might give some indica
tion of the time that the fault was tolerat
ed, before some real action took place) 

All was well, with the work-arounds 
firmly in place to accommodate the symp
toms so far. But then a new problem 
showed up. Retrace lines appeared at the 
top of the screen from a cold power up. 
But this too could be overlooked, because 
it disappeared as the set reached operat
ing temperature. 

All it took was a little patience (and a 
little more, and more as time rolled on). 
Everything good comes to those who 
wait. To be fair however, the on/off cycles 
and wann up times were slowly growing 
in length. The time for doing something 
was approaching. 

Drawing on my training and experi
ence with measurement electronics, and 
being a long time reader of the 
Serviceman, some clues and fault analy
sis had already been taken onboard from 
various earlier case studies. 

Looking for temperature sensitive com
ponents with the freezing and heating 
techniques had been a failure. The tum
on fault only ever appeared in the first 
few seconds from tum-on anyway. So bet
ter to start on the more permanent faults. 

From past reading of the Serviceman, 
the likely culprits were dried-out elec
trolytic capacitors in the main functional 
areas that were giving trouble. 

The retrace blanking was a good start
ing point. Tracking through the circuit, 
beginning from ICBOI pin 2 the BLANK
ING IN input of the video processor chip, 
the signal path was traced back towards 

c ... 
.001 
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Part of the circuit for a Sharp CX2082 CTV, which forms the subject of our story from NSW reader John Walsh. The symp
toms were unreliable starting from cold, and bright retrace lines visible at the top of the screen. The causes were all in 
this part of the circuit .... 
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the sync separator IC501. 
After removing a few capacitors in 

the signal path and measurement of 
capacitance values, a likely culprit was 
found in a lOuF 35V cap C511 -
which measured more like 2uF. The 
capacitor was replaced and the retrace 
blanking problem solved. 

The job was proceeding in an orderly 
fashion, so far. One problem solved, now 
to check out the switch-on problem ... 

The set has overload and shutdown cir
cuitry to stop the horizantal oscillator in 
the event that a fa ult occurs. Reading the 
circuit operation notes in the manual and 
looking at the circuit diagram, the pro
tection was triggered by an SCR built into 
the sync separator IC501, which had at 
its gate the HOW DOWN input. 

Again a check of capacitors on the sig
nal line to this pin revealed that C612, a 
47uF 16V capacitor, had no measurable 
capacitance. This was replaced and the 
switch-on problem seemed to be solved. I 
say 'seemed to be' as more was to unfold 
as time went on ... 

It was time to close up the cabinet 
and complete the job. One last problem 
after reconnecting all the PCB plugs 
and connectors was the colour bias 
pots on the picture tube socket PCB. 
These had been moved off position with 
all the activities during testing. 

A pattern generator was applied and 
adjustments attempted, only to find the 
green bias was fixed at a level which 
displayed on the screen but could not 
be adjusted. 

It became apparent that the red and 
blue biases had been conveniently 
adjusted before the repair to substan
tially mask the fixed adjustment of the 
green bias. Subsequent testing revealed 
that Q852, the green driver transistor 
was defective, behaving more like a 
fixed value resistor. A replacement was 
fitted and the colour adjustments made 
satisfactorily. Finally the back cover 
was placed on the set and all was well. 

Except for the challenge of the hunt, 
nobody would have bothered to have a set 
of this age repaired with all the faults so 
far. Particularly if they could have fore
seen the problems that were to arise. 

Notwithstanding this, it had all drawn 
to a close and the set was peif orming nor
mally. Time to close the job off and go 
back to viewing. Or was it? 

Everything went nicely for around a 
week when one night, the set dropped into 
the over-voltage or overload trip mode 
for no obvious reason, after it had been 

working normally for several hours. 
By now alarm bells were ringing. Was 

it really worth continuing with the 
repairs, pouring in more time and effort? 
Or better to face the inevitable prospect 
of replacing the set? Maybe one last 
attempt would be worthwhile. 

Back to the area around replaced 
capacitor C511, to see if anything further 
could be found around the IC501 HOW 
DOWN input connection. Just in case 
there had been too much haste in solder
ing in the replacement for C511, the sol
der joints were scrutinised. 

Careful investigation of the solder 
joints on the capacitor produced the con
clusion that my soldering skills had not 
failed as at first thought possible. 
However during this close visual check 
with a jeweller's loupe, an almost imper
ceptible dry joint was found on a resistor . 
immediately adjacent to C51 l. The joint 
was resoldered and the set checked out. 

Although the capacitor on the HOW 
DOWN line had been faulty, causing the 
original tum-on failure, the subsequent 
in service failure was caused by the dry 
joint on the resistor - which had been 
both aggravated and temporarily 
repaired by the removal, installation 
and flexing of the main PCB. 

In retrospect, one should question 
whether the same path would have been 
taken. This also reinforces the difficulties 
experienced by servicemen in advising 
their customers on whether an appliance 
is worth repairing or not. I think in the 
case of my own set that decision would 
have been difficult and would have likely 
fallen on the side of replacement. 

Had this been a paying job, it would 
have been an unmitigated disaster for any 
Serviceman unlucky enough to get the 
work. For me it was a spare time task and 
a challenge which I might normally 
enjoy. However, this set had been 
allowed to deteriorate for too long and I 
can't say I thoroughly enjoyed the actual 
faultfinding and repairing the set. 

I can say that the trouble-free viewing 
we have enjoyed since the repair has 
been quite satisfying. The set has behaved 
faultlessly for more than three months 
since it was completed, and looks set to 
continue for quite a few years yet. 

Well, John, that'll teach you to procras
tinate! But I think you are right about 
mechanics and bootmakers. We are gen
erally so busy attending to our customer's 
problems and they are the ones that pay 
the bills. Repairing our own equipment 
(cars? boots?) does not put jam on the 
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table, and so gets pushed to the back of 
the bench every time. 

Though I must say, there is one thing to 
be said in favour of putting off what 
should be done today. Many faults are 
much easier to find if they have deterio
rated to the state of 'nearly unwatchable'. 

Anyway, John, thanks for your story. 
Don't forget that we would be interested 
to hear of some of the maintenance and 
repair problems you find in Australia's 
'Silicon Valley'. 

Now for a story from my own bench. 

'Simple job' wasn't! 
In all the years that I have been writing 

this column, I have only once come 
across a story that involved a resistor 
going low in value. In every other case, 
resistors have gone high or open. But now 
I have come across another example, and 
it's a story that caused me no end of angst 
before I got it sorted out. 
. It came about this way ... 
The Sanyo 7605 was a fairly early 

model, with a 75P chassis in a lowboy 
style cabinet. The owner brought it in 
with the complaint that it had an over
bright picture with white 'venetian 
blinds' covering the screen. 

Over the years I must have had at least 
7.60 Sanyo 75P's with these venetian 
blinds. Well, if not quite 760, then still an 
awful lot since the fault is one of the most 
common associated with that chassis. 

The problem is generally caused by 
C603, a 4.7uF 25V electro on the tube 
base board. It's a bypass cap on the 600V 
screen supply rail. When the cap goes 
open circuit it upsets the tube operating 
conditions and reveals the retrace lines 
that are otherwise normally blanked. 

A secondary symptom is the appear
ance of dark vertical lines or shading 
down the picture, initiated by line fre
quency ringing in the screen supply 
source. It's amazing just how much trou
ble a single tiny capacitor can cause. 

Anyway, I checked the set in and told 
the owner that it should only be a day or 
two before I had it fixed. As the days 
passed, the owner became convinced that 
I was the original con man before I had 
solved the problem and he had his set 
back. A 'simple' job has never before 
caused me so much trouble ... 

I put the set on the bench and con
firmed that the symptoms were as the 
owner had described them. Then I 
removed the cabinet back and without 
even checking any voltages, immediately 
replaced C603. These tiny electros are 
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notorious for going open circuit or drying 
out to a low value, so I keep a good stock 
on hand. I didn't even bother to test the 
old one, so confident was I that it was the · 
cause of all the trouble. 

So, after turning the set back on and 
waiting for the picture to come up, I 
was appalled to see the retrace lines 
still present, in all their brilliant detail. 
This sent me back to square one, in this 
case to the filing cabinet where I keep 
all the service manuals. 

The Sanyo 75P chassis screen supply 
circuits are a bit different to most other 
sets, even in the Sanyo range itself. The 
supply is taken off the bottom of the EHT 
winding and passed through a series-par
allel network, on its way to the Automatic 
Beam Limiter circuit in the video ampli
fier chain on the Signals Board. Sounds 
complicated? Well, it is! Far more than 
other Sanyos. 

Since one of the symptoms was an 
overbright picture, I had to investigate 
conditions around the ABL circuit and 
the video amplifier. This includes a tran
sistor and a lOOuF electro, a couple of 
trimpots and several critical resistors. 
Checking out this conglomeration took 
an hour or more, but revealed nothing 
untoward. The picture remained just as it 
was when the set came in. 

I had to put the set aside and get on with 
some other work. But at e"ery spare 
moment, I returned to the circuit diagram 
and tried to work out where I would go 
next. I selected two sections that warrant
ed further investigation. 

One was the video blanking circuits, 
involving transistors Q431 and Q432, 
and the other was the 180V supply rail to 
the video output transistors. 

The first of the blanking transistors, 

PICTURE TUBE 
510 JSB22 

Q431, was a 2SA564 and I have had a lot 
of trouble with older types of PNP tran
sistors. They always seem more prone to 
breakdown than their NPN counterparts. 
But in this case, changing the transistor 
for a brand new replacement did nothing 
to restore the set to normality. 

When I turned to the 180V rail, I found 
another likely cause of trouble: C287, a 
1 uF 250V electro. Regular readers will be 
sick and tired of hearing me say this, but 
low value electros, especially high volt
age types, are notorious for breaking 
down. I usually replace them as a matter 
of course but that procedure in this case 
was a waste of time. The old capacitor 
was in perfect condition! 

By this time the set had been on the 
bench for about 10 days, and the owner 
had rung several times to see when he 
might have it back. I could only apologise 
for the delay and promise to call him as 
soon as I had found the fault. 

Eventually I had been all over every 
part of the set that could conceivably 
cause the symptoms. I haven't mentioned 
the power supply, but I had been all over 
that circuit, looking for wrong voltages or 
ineffective filtering. 

I had checked the video path from 
the detector to the tube base and 
could find no trace of a wrong voltage 
or bad signal. In short, the set was as 
perfect as one could wish for, except 
that it had these distressing retrace 
lines on an overbright picture. 

In desperation, I tried reducing the 
brightness with the front panel brightness 
control and with the internal sub-bright
ness trimpot. These were effective in 
bringing down the overall screen illumi
nation, but did nothing to reduce the level 
of retrace lines. 

When the Sanyo 7605 came in with 
'white venetian blinds' covering the 
screen, our serviceman thought he 
knew what the cause would be, and 
expected it to be a simple repair job. It 
wasn't- but the cause did turn out to 
be in this area of the circuit, as he 
expected ... 

Finally, there was only one thing 
left to try - the screen control on the 
picture tube base board. And this pro
duced an immediate and totally effec
tive cure. First the dark bands disap
peared, then the retrace lines, and at 
last I had a perfect picture. 

I turned the screen pot up again and the 
lines returned. There was no doubt about 
it, but the cause of all the trouble had been 
the screen voltage. There was ample 
adjustment available with the pot to cover 
the range from overbright to almost cut
off, so it didn't seem as though there was 
a faulty part involved. All I could put it 
down to was component drift. 

When I looked at the screen supply, I 
was drawn to the series parallel network 
on the tube base board. It comprises 
R608, R610 and R604, R612 and VR601. 
I did a bit of simple maths on the values 
of these resistors and arrived at a total of 
577,142 ohms between terminals 6DV 
and 6FB on the base board. 

When I checked the value on the board, 
the best result I could get was around 
450k, more than 1 OOk less than it should 
be. At first, the only reason that I could 
see was that one of the resistors had gone 
low in value. I had spent so much time on 
this job that I wasn't prepared to spend 
much more investigating a problem that 
didn't need investigation. 

(Continued on page 101) 
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HOLD THAT PHONE! 
Airline passengers are bringing increasingly sophisticated and potentially hazardous electronics 
on board aeroplanes. How can the airlines cater for the needs of their fare-paying customers, 
without upsetting the sensitive on-board navigation systems? It's quite a problem. 

by ROD PASCOE 

In the mid 1980s, those airline passen
gers who were paying attention to the 
preflight briefings may have noticed a 
change in the patter. As the well
rehearsed flight attendants were direct
ing karate chops towards the front, rear 
and over-wing exits and performing 
Christopher Skase impersonations with 
the oxygen mask, a new line was added 
to the PA announcement: 'Passengers 
are not to use any electronic devices 
such as computers or electronic toys 
during climb or descent, and mobile 
phones are not permitted to be used at 
any time as they may interfere with the 
aircraft navigation systems.' 

At the time, this cynical writer thought 
that the airlines were trying to scare us 
with this safety lecture, when in fact they 
were just waiting for the technology to 
install satellite pay phones in the arm
rests and then charge us for the privilege. 
As it turned out, I was right about the air
borne satellite phones, but wrong about 
the safety aspects. 

In fact, electromagnetic interference 
from portable electronic devices (EMI 
from PEDs) has been reported by 
many airlines as effecting some navi
gation systems. 

But what is the possibility of a PED 
radiating on a navigation frequency? 
First, the range of frequencies used by 
radio navigation systems is broad, starting 
with 10.2kHz and extending to almost 
lOGHz (see Table 1). In addition, there 
are virtually thousands of frequencies 
used for aircraft radio systems spread 
throughout this range. 

PEDs, on the other hand, can radiate a 
broad spectrum of frequencies. High per
formance laptop computers, for example, 
with their ever-increasing clock frequen
cies can radiate up to several gigahertz. 
With the broad range of radiated spectrum 
and the broad range of frequencies used 
by radio navigation, the possibility of 
radiated energy from a PED falling on a 
radio navigation frequency is high. 

It must be remembered that seeming
ly 'passive' devices, like computer 
games and radio receivers have oscilla
tors in them which can also radiate or 
transmit energy. 

How susceptible? 
So just how susceptible are radio navi

gation systems to interference? The 
amount of interference depends on the 
type of interfering signal, its proximity to 
the navaid frequency and the amount of 
energy being radiated. It must be also 
remembered that it is not only the funda
mental frequency which may be a prob
lem, but a harmonic of that frequency. 

Fundamentals and harmonics are eas
ily demonstrated by driving your car 
close to a Non-Directional Beacon 
(NDB) transmitter found at most air
ports, and tuning your car radio to twice 
the NDB signal frequency (which is 
found in most airband monitoring or 
scanning publications). 

Let's say the NDB is transmitting on 
415kHz. By tuning your car radio to 830 
on the AM band (twice the fundamental 
frequency), you can listen to the NDB 
broadcast. Your car radio receives the 
second harmonic (830kHz) of the 
NDB's fundamental (415kHz). 

Antenna location is another factor that 
affects the potential for interference. 
Most antennas are mounted in the centre 
of the fuselage or high on the vertical 
stabiliser. With the number of antennas 
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mounted on an aircraft steadily increas
ing and space at a premium, many 
antennas are mounted very close to pas
senger areas. 

The side-mounted high gain anten
nas for Satcom, for example, are 
mounted less than a metre from the 
first class windows on the Airbus 340. 
In the case of commuter and smaller 
general aviation aircraft, the distance 
from a PED and an antenna of less than 
one metre is possible. 

Airlines are reluctant to divulge details 
of PED interference, except to say it does 
happen and it is a problem. The problem 
has been around for at least 10 years. So 
what's the solution? Do not permit pas
sengers to operate portable electronics 
aboard aircraft during any phase of flight. 

This solution, although risk free, is 
the least popular. At the moment the 
industry practice is to ban PEDs dur
ing take-off and landing, which is a 
compromise. There are, however, spo
radic reports of interference to enroute 
radio navigation from PEDs. 

Compass deflection 
Since 1994, there have been 25 report

ed cases of PEDs creating problems with 
aircraft systems in Australia. The follow
ing are three of the reports made to the 
Bureau of Air Safety Investigation after 
interference from passenger/portable 
devices was suspected. 

'The aircraft was at FL370 (37,000 
feet) with autopilot B engaged. The air
craft was found to have strayed 0. 7 nau
tical miles left of track, after a track 
check was made. Enquiries revealed a 
laptop computer in use in the cabin. 
Track deviation stopped when the com
puter was turned off.' 

'The aircraft was cleared direct to 
Katoomba after take off. The information 
was entered in Omega 1 and checked OK. 
However the track did not match the 
Automatic Direction Finder (ADF) bear
ing. The wind page (on the flight man
agement computer) was checked and 
found to be indicating 200 knots, which 
was not possible. Omega 2 was giving 
correct indications so it was used with the 
ADF for tracking. It was later learned that 



a passenger in row 26 had been using a 
video camera during and after take off.' 

'The pilot reported interference to the 
aircraft's electronic system during 
descent from FL350 to FL310 (35,000 to 
31,000 feet). Investigations revealed that 
a passenger had attempted to use his cel
lular phone in flight. The phone caused 
the aural 'master caution' to sound. There 
were no other warnings evident.' 

Among the 25 reported incidents, CD 
players, tape players, electronic games 
and personal organisers were also sus
pected culprits. 

Finnair for one has been experimenting 
with mobile telephone detectors. The 
portable unit, which is designed to detect 
mobile telephone signals inside aircraft 
cabins, consists of a non-scanning radio 
receiver, which can be tuned to 'listen' to 
a variety of frequencies. It is most sensi
tive at around 900MHz, a frequency com
monly used by cellular mobile telecom
munications systems. 

Unfortunately the unit was triggered 
several times by the aircraft's own avion
ics systems. At least this demonstrates 
how much RF is floating around an air
craft cabin. Finnair reported false alarms 
with the device at 400Hz, the alternating 
current frequency normally used for pow
ering aircraft systems. When an external 
source loads this frequency, the aircraft 
will generate an interference field, possi
bly triggering the detector according to 
Co-Jot, who developed the device. 

The aim of the Finnair trials is to estab
lish how widespread the use of mobile 
telephones on board aircraft is and then to 
eliminate it. Use of personal telecommu
nication equipment on aircraft is forbid
den under International Air Transport 
Association (IATA) and Finnish 
telecommunications rules, but Finnair 
reports passengers are still malting calls. 
Cabin crew are guided by the detector's 
blinking LED and audible alarm, which 
increase in frequency and pitch as an 
active telephone is approached. 

The unit's range is 50 metres. While 
the device will not detect telephones in 
passive mode (switched on, but not in 
use) it will pick them up whenever 
'handshakes' with cellular base-stations 
are made. Incoming calls during a flight 
can also be a problem if mobile tele
phones are not turned off. 

Sky phones 
The introduction of satellite telephone 

systems on commercial flights is now a 
reality. Although an expensive alterna
tive, this will at least start to alleviate 
some of the dilemma of passenger satis
faction versus safety. 

Most long-haul airlines have fitted some 
sort of passenger communication facility 
in their fleet. Qantas plans to install tele
phones and fax machines on all 18 Boeing 
747-400 aircraft by the end of 1997. 

In the 747-400 aircraft, the telephones, 
which use the Inmarsat satellite for global 
communications, will be installed in all 
seats in conjunction with an interactive 
entertainment system. Additionally, there 
will be phones located on bulkheads 

throughout the aircraft to maximise con
versational privacy, with two in each class 
and one on the upper deck. The aircraft's 
fax machine is centrally located and oper
ated by cabin staff. 

Airlines also know that they can make 
a lot more money from providing these 
facilities, particularly from their first 
and business class passengers. Many of 
these passengers spend much of their 
time in the air working away on portable 
computers. Increasingly, these passen
gers are seeking on-board facilities to 
communicate with the world below -
facilities such as telephones, modem 
data connections and facsimile 
machines - especially when they're not 
allowed to use their own. 

But using phone and fax services on 
aircraft isn't cheap: Cathay Pacific for 
instance are charging $11.62 a minute 
regardless of distance, and this is one of 
the best rates on offer in the sky. 
However, on-board phones and faxes can 
be extremely useful in certain circum
stances, including changed travel sched
ules or just doing business - such as con
veying decisions. 

For the airline, Satcom equipment is 
not cheap. The RockweWCollins SAT-
906, for example, sells for around 
$360,000 and another $126,000 for the 
antenna system. In some aircraft, 
Qantas' Boeing 747-400 fleet for exam
ple, this equipment is already fitted as 
part of its satellite based navigation and 
communication system known as FANS, 
or future air navigation system avionics 
package. In this case, offering one of the 
Satcoms voice channels for passenger 
phone and fax communication will help 
subsidise the airline's investment in the 
navigation side of the system. 

However, airlines with the aircraft not 
fitted with the sophisticated FANS satel
lite equipment may well be pressured by 
their customers into installing satphone 
systems into their aircraft - with its asso
ciated heavy price tag and high user cost. 

So there's the dilemma. The airline 
operations departments - the technical 
side of airline management - want to ban 
any and all passenger/portable electronic 
devices. On the other hand, the marketing 
departments - those responsible for 
putting bottoms on seats - do not want to 
inconvenience or restrict their customers. 
Particularly in the high-revenue first and 
business classes, the ones more likely to 
want mobiles and computers ... 

In the short term, a solution could be as 
simple as the flight attendants telling the 
pilots when passengers are using their 
toys. At least the pilots can be on guard 
for possible interference to their flying 
machines.+ 
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Circuit & Design Ideas 
Interesting circuit ideas from readers and technical literature. While this material has been checked as far as possible for feasibility, the circuits 
have not been built and tested by us. We therefore cannot accept responsibility, enter into correspondence or provide any further information. 

Overrange indicator for 
1 MHz pulse generator 

Having built the lMHz Pulse Generator 
(June 92), I found that when I varied the 
pulse width, I had no indication that the 
generator was still within the set period of 
the clock frequency, when I used the unit 
as variable duty-cycle oscillator. If I inad
vertently advanced the PW-control too far 
(near 100% duty), monostable 2 can't 
retrigger and the frequency halves abrupt
ly. To eliminate this undesirable effect and 
for easy setup of the controls I designed 
this circuit, which flashes a LED when the 
pulse width exceeds the clock period. 

This additional circuit is based on the 
dual D-Aipflop IC ICl. ICla is wired as a 
detector, while IClb is a gated oscillator. 
ICla is connected to pins 13 and 5 of the 
dual mono U2 (74HC221) inside the gen
erator. Its Q output is set by the rising edge 
of the U2's delay-pulse, causing ICl's Q 
output to go high and Q-bar low - which 
also takes its data input (pin 5) low as well. 

The output of monostable U2b connects 
to the clock input of ICla (pin 3). When 
this monostable output goes high, the low 
data is clocked through to its Q-bar output, 

Twin joysticks 
from a sound card 

Many PC manufacturers these days are 
providing only one joystick port, even 
though the 15-pin joystick port can easily 
accommodate two as originally intended. 
They then expect you to fork out another 

resetting the flip flop. . 
This repeats at the oscillator's clock fre

quency, and the resulting waveform is a 
duplicate of the delay pulse. The Q output 
is integrated by Rl and Cl, and the result
ing voltage corresponds to the generator's 
duty cycle. As long as this voltage is less 
than 2V, the gated oscillator (IClb) is dis
abled via the diode holding its reset pin 
low. 

If the combined pulse width and delay 
output exceeds the clock period. ICla is 
not able to reset via its clock-input, since 
the generator's monostable output is still 
high and remains high until it retriggers. 
This causes the voltage across Cl to rise, 
reverse-biasing the diode. 

Now IClb resets, and its Q-bar output 

$50 or so to buy a card with two separate 
15-pinjoystick ports! 

Increasingly though, sound cards such 
as Sound Blaster are becoming popular. 
These come equipped with a single 15-pin 
port with provision for two joysticks (as 
originally intended by IBM), but with the 
port also doubling as a MIDI interface 
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goes high - lighting the LED and charg
ing C3 via the lM resistor; while Q goes 
low discharging C2. When the voltage 
across C3 exceeds 2.4V, IClb is set, 
switching its Q-bar output low and Q high. 
C2 charges up again, the flip flop is reset 
and the process is repeated at approxi
mately 7Hz, flashing the LED. 

To ensure the circuit works properly, the 
delay-pulse must always be less than 50% 
of the clock period. The circuit is simple, 
costs next to nothing and is independent of 
the output polarity setting. Now you can 
use the pulse generator as a variable duty
cycle oscillator without the need to hook 
up an oscilloscope! 

Manfred Schmidt, 
Edgewater, WA $40 

connector. For this reason, two pins 
intended for the second joystick are 
reserved for the MIDI Out (12) and MIDI 
In (15) in lines. 

In the original IBM specification, pin 15 
is the second supply pin for the second 
joystick and is therefore superfluous, as is 
pin 12, which is the ground pin for the sec
ond joystick. Unfortunately this means 
that a standard Y-adapter cannot be used 
to connect a second joystick to a sound 
card, unless the ground path for the second 
joystick is routed through pins 4 or 5. 

The following circuit for twin joy
sticks with debounced autofire facility 
was developed for a 486 system 
equipped with a Sound Blaster sound 
CD16 card. A Y-adapter is unnecessary, 
since both joysticks are wired into a sin
gle 15-pin D plug. 

The circuit for joystick 1 is shown here; 
an identical circuit is used for joystick 2, 
which connects to the pin numbers in 
brackets. 

S. Kamaldeen, 
Hobart Tas. $45 



CTCSS signal 
switching system 

CTCSS stands for 'continuous tone 
coded squelch system', and it's a sys
tem used in the two-way radio indus
try to allow receivers to respond only 
to certain transmissions. Sub-audible 

tones are transmitted along with the 
signal, and the receiver listens for 
these tones (67Hz to 250.3Hz), 
switching when one is detected. This 
switching circuit is designed around 
four CTCSS modules, and activates 
one of four relays depending on the 
tone transmitted. 

D9 

TONE VP 
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Port-Powered MIDI 
Interface for the Mac 

MIDI interfaces for the Macintosh will set you back $100 or 
more in Australia. The ones Apple sell are not only pricey, but 
they only have one output as well. You can build one for your
self for a fraction of the price of a commercial unit (mine cost 
me about $30 including the box), and it doesn't even need a 
power supply! As well as being self powered, it has provision 
for three MIDI outputs, and could easily be expanded to four 
if you wanted. 

My Macintosh 280c generates about 6.7V between the V+ and 
V- points on the circuit, and the value of pullup resistor R4 need
ed to be quite high (4.7k) to make the interface work. If yours 
doesn't work reliably (which may be the case if you use it with a 
100 series powerbook - I understand that these have trouble gen
erating anywhere near that much power), then try varying the 
value of this resistor. Somewhere between 500.Q and 5k should 
work, but I would start at the high end and work down. 

The circuit's operation is fairly straightforward, with the four 
small signal diodes and two 1 OuF capacitors creating a dual rail 
supply whenever the computer's modem port is active. 

The lMHz oscillator feeding into the Mac's HSKi!fRxC input 
sets the port speed of the Mac to the MIDI standard of 31.25kHz. 

I used four PCB-mount MIDI sockets and a small piece of 
strip-board to build my interface, but there's no reason you 
couldn't do otherwise. 

John Loadsman, 
Stanmore NSW $40 + 

V+ 

In its initial state, the circuit allows 
the signal to be received by all four 
modules. When there is no CTCSS 
tone present on the tone input line, the 
outputs of each of the 4077 exclusive 
NOR gates are high because of the two 
low signals on the inputs of each gate. 
Transistors Ql to Q4 are thus biased 
on, switching OV to the relay coils 
RLYl to RLY4. 

Each CTCSS decoder module gives 
an active high output if the input signal 
contains the module's specific fre
quency. If, for example decoder 2 
(123Hz), senses a 123Hz tone in the 
signal, its DC output switches high. 
This high signal output appears at pin 5 
of IClb and also pin 6, via diode D2. 
Being an XOR gate, the output at pin 4 
remains high, but the outputs of ICla, 
!Cle and ICld switch low due to the 
blocking action of diodes D 1, D3 and 
D4. The quad bilateral switch on the 
inputs to the decoders switches accord
ingly, preventing any other tones from 
reaching the other decoders. When the 
123Hz disappears from the transmis
sion, the signal is switched back to all 
four decoder inputs. 
· IC2 biases on Q5 whenever there is an 
active output from the CTCSS decoders, 
thus supplying + 12V to the relay coils 
RL Yl to RL Y4 via RL Y5's contacts. 

Peter Howarth, 
Gunnedah NSW $35 
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Check Out Our New Products 
~ 
~ 

General Photo 
Transistors NEW! 
Packof5 ~ 
Cat Z-3022 ~ 95 
2-Tray Tool Box 
A convenient way to carry 
around all of your most used 
tools. Has independent 
sections for screws and 
smaller items. 
Cat H-2594 

Aluminium 
Frame 
Tool Case 
Great for carrying 
sensitive test equipment, 
cameras, laptop 
computers or electronic 
tools. Includes padded 
internal dividers and a 
removable tool holder 
for easy partitioning of 
the storage space r: 

50 Piece 
LUG Set 
Cat H-5060 

$2495 

$at T-4a;5 W!~ 
59 ,5 f' *Accessories not included 

17-Range Digital Multimeter 
With large 3.5-digit readout, this digital 
multimeter offers 20 amp current range, 
diode and continuity test, auto polarity and 
low battery indicator. Supplied with test leads. 
• 3.5-digit display 
• Diode & continuity test 
•Transistor test 
• Input impedance (DC volts) 10M ohm 

Cat Q-1443 NEW! 
$4995,. ire 

Compact Weather Station 

Assorted 
Video 
Drive 
Belts 
Pack of 14 

Now everyone can keep track of the changing weather 
patterns.This stylish unit provides an electronic barometer (with 
altitude compensation) 
showing actual barometric 
pressure & it's trend over 
the last 24hrs, so you can 
gauge the likely changes in 
weather, or make use of the 
forecast that the weather 
station provides. Also 
measures indoor 
temperature and relative 
humidity. Desk or wall 
mountable. Measures 
108 x 136 x 27mm (WHD). 
Requires 4 x AAA batteries. 

Cat D-3952. NEW' 
$13995 .. Ir+ 



Useful Kits To Build 
SERIES 

Multi 555 Timer Circuits \l 
A general purpose IC that acts as a 
building block for timer projects. The 555 
allows a timer or pulse generator to be 
quickly and cheaply put together with just 
a few parts. It is also capable of 
operating relays directly, and is easier to 
set up for those utility projects. Supply 
voltage range is 4.SV to 16V. Supplied 
with all components & a silk screened, 
solder masked PCBs, 
and a comprehensive 
instruction manual 
showing many circuits & 
overlays for different 
timing configurations. 
No power supply or box 
are supplied with the kit. 
Cat K-2813 

$l695@Aug'96 

Sealed Lead Acid \l 
Battery Charger 
Charge your 12V SLA batteries 
directly from your car or boat 
battery. Charges up to 
2A to a 13.8V endpoint. 
Features: 
• 2A average 

current limit 
•Suitable for 6.SAH 

capacity or greater. 
Kit supplied complete, 
including case and 
front panel label. 

Cat K-3211 

$4950 
lf/Mm1m , r Aug ·9s \··c 

,~ . 
RF Test Oscillator \l \l \l 

:a. ~~ Amateur ~flilver \J ~Q 
lfyollt1~n ~ cheap short waw radio ;',(;,\ 
at')d~r:e·QiSsapointEld with ·fhe·rseption · 
you're receiving from amateui' r.dio 
signals then this easy to . .Puitct~ceiver 

Js for,xQJJt You'll.be able to listen in to 
: S~~- 'IS, CW signals on the three most 
~larf:IF amateur radio bands (80, 
40, 20m}. The kit ils suppli~ in full. . 
f«m .with l!lll components, hardware, 

. PC& •. pi:e,.punched trontpane~•u .. :· .......... :···.···. · f,1.i.\.·I.· ~==~~~~~-~U 
~~~Ke::~ $99 · .· . g .:· "'.~. 

Test and align your radio and other HF equipment 
with this new low cost RF Test Oscillator which 
produces either CW or amplitude modulated signals 
which may be tuned continuously from 350kHz to 
over 30MHz. Output is indicated on a four digit LED 
display. Kit is supplied with all componants, 
hardware, PCBs, case & pre-punched front panel. 

Now Available n n n 
SOW Stereo Amp v v v 
Features SOW RMS per channel into 8 ohm loads. Ideal tor home 
stereo systems.Protected against thermal runaway, shorts to power
supply rails, undervoltage supply rails, overvoltage from inductive loads 
and ~utput short circuits. Amplifier provides pre-amp outputs & power 
amp inputs on rear panel allowing other equipment to be connected in 
parallel such. as additional amplifiers or sub-woofer amp. Kit is supplied 
in full form with all components, hardware, silk-screened solder-masked 
PCBs and pre-punched metal work and front panel. 

Cat K-7343 

S189 
NEW! 

Cat K-5590 

$299 
@Jul'96 



More Great Product 

Transformer 
4.5-0-4.5V @ 
150mA 
Cat M-2842 $295 

Ultrasonic 
Transducer 
Pair 
Great for remote 
control, movement 
sensing and 
distance measuring. 

Cat L-7055 $9 95 

Solder 1.25mm 

3.5 Digit Engine Analyser 
A sturdy engine analyser for do-it-yourself car service and 
maintenence Designed to check the RPM, dwell angle 
and points as well as the battery charging system. Comes 
complete with inductive pick-up, 
test leads, alligator clip assembly & 
carry case. 
Cat Q-1556 

3 X 5" Cat H-6020 

5 X 8" Cat H-6025 

s4so 

I • 
I 

110·500V Voltage 
Tester 
A handy pencil type probe for 
checking voltages in the r~nge of 
150, 300 and 500 
volts DC or 
110, 220 and 
380 volts AC. 
Cat Q-1534 

$5 

'!':!IJ 

Internet Guide For 
Teachers, Students 
& Parents $9 95 
Cat B-6218 

,,..~ .... --- "\1' ~· 

Beginners Guide To 
The Internet $9 95 

I 1' I I 
Cat B-6220 

~ Buying & Using Your 
Computer $995 
Cat B-6216 

Minimise Mistakes! 
4.5 Digit Multimeter 
This rugged 4.5-digit multimeter is 
ideal for all your electronics work, 
service, design or construction. 
Measures AC/DC voltage, AC/DC 
current. (Up to 20A), resistance, 
capacitance, Frequency and more! 
Comes with test leads and case. 
Cat Q-1528 

MAJOR DICK SMITH ELECTRONICS AUTHORISED STOCKISTS: 
NSW: •Batemans Bay 725 030 •Bathurst 323 933 •Bowral 611 861 •Broken Hill 884 098 •Cootamundra 422 561 •oeniliquin 813 672 •Dubbo 
828 711 •Goulburn 221 288 •Griffith 624 534 •Leeton 532 800 •Moree 522 091 •Mudgee 723 895 •Murwillumbah 723 684 •Richmond 784 101 
•Tuncurry 545 006 •Windsor 776 722 •Young 821 279 VIC: •Ararat 522 345 •Bairnsdale 525 677 •Benalla 622 710 •Colac 312 847 •Echuca 
822 956 •Hamilton 72 2865 •Horsham 824 680 •Morwell 339 458 •Rosebud 822 225 •Shepparton 219 497 •Swan Hill 329 303 •Warragul 234 255 
•warrnambool 615 111 •Wonthaggi 721 411 QLD: •Ayr 831 566 •Boonah (0754) 632 606 •Bundaberg 521 785 •Caloundra (0754) 918 533 •Gympie 
(0754) 836 677 •lnnisfail 612 014 •Kingaroy 625 777 •Mackay 511 723 •Maryborough 214 559 •Mossman 982 200 •Mt. Isa 433 475 •Pialba 283 749 
TAS: Burnie 319 222 •Devonport 248 322 SA: •Whyalla 454 764 WA: •Albany 412 077 •Sunbury 216 222 •Busselton 542 991•Geraldton211 278 
•Mandurah 581 4940 •Margaret River 573 888 Stores Across Australia & New Zealand 



Blade Fuse 
Holder 12V 30A 
Cat P-7905 s2ao 

Ideal for experimental projects and for 
building into models such as vehicles, 
cranes, robotics etc. 

Cat P-9020 $19 95 
PRICE BREAICTHROUGHI 

With Voltage Regulator 
Slimline AM CB 

Heavy Duty 125mm Diagonal Nippers 
Our very best diagonal nippers. Japanese SK-7 drop forged 
tool steel. Features precision finished cutting edges, 
recessed coil spring and thick moulded handles. 

Cat T-3315 $1995 
PanaVlse Jr. PCB Vice 
Handy for when your hands are tied 
up working on PCBs. It holds the 
board firmly between adjustable tough 
plastic clamps. Head assembly can be 
rotated and tilted, and the 
aluminium base can be 

screwed to a ~··" workbench for 
permanent 
installations. 
CatT-4740 

s399s 

tl!~ i,su~'!!R'11:~·.~ 
and enthusi:J rieedingalbw~'<;)</,;•''' 
regolated oc powet; souree::oo·u · · 
. outpui is from .a-.1sv whit• · 
curre~t Is µp to ~5;.; • 
amps@ 15V. 

··•·,~i':ffn~ttN)' 
currel'lt banana~ · 
stvle & tow· · 
current outp~•· 
. oonne.<?tfons are· 
provi$d for extra·. 
ffe~il,'llflfy; · · ... · 
320xt50x 
14omm: · 
Cat $.t3$00.' · 

.. #219 
PHONE, FAX & MAILORDER SERVICE 

For further information, orders or the 
location of your nearest store call: 

1300 366 644 (Local Call Charge) 
Or Fax: (02) 805 1986 

NSW •Albury 21 8399 • Bankstown Square 9707 4888 • Blacktown 9671 7722 •Bondi 9387 1444 • Brookvale 9905 0441 •Burwood 9744 7299 • Campbelltown 
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Construction Project: 

IR REMOTE VOLUME KIT 
FOR THE SOW/CH AMP 
Here's a low cost, easy to build upgrade for the SOW/Channel Stereo Amplifier described in our June 
and July issues. It consists of two modules - a compact IR transmitter and a matching small receiv
er assembly - which together give the amplifier the convenience of remote volume control. The 
receiver module fits neatly inside the amp, while the transmitter fits in a very small handheld case. 
They're based on the MC145026/MC145027 encoder/decoder ICs from National Semiconductor, and 
Dick Smith Electronics is selling a kit (K-5591) for only $39.50. 

Developed by the R&D section of Dick 
Smith Electronics, this simplified IR trans
mitter/receiver combination has been 
specifically designed to provide a remote 
volume control option for the SOW Stereo 
Amplifier. It's closely based on the trans
mitter and receiver of the Four Channel 
Infrared Remote Control developed by 
DSE as part of their Discovery Series (K-
2810), and described in our December 
1995 issue. In fact the transmitter unit of 
the K-2810 system is directly compatible 
with the present receiver. 

Because the new transmitter has been 
designed to fit in a very compact case, it 
uses a tiny A3-size 12 volt battery. As a 
result its range of operation is not be as 
great as the K-2810 transmitter, which 
uses a 216-type 9 volt battery. This is a 
direct function of the capacity of each of 
the batteries. However the new transmitter 
will operate the receiver reliably over dis
tances of up to three or four metres -

which should be fine for most people. 
As with the Four-Channel system the 

chips used in this system allow you to set 
security codes for both transmitter and 
receiver. More about this soon, but we 
suggest that you construct the modules 
and check them initially without including 
any security codes. Once the transmitter 
and receiver have been proven to work, 
then you can set up security coding if you 
wish. Needless to say, both must be set up 
for the same security code. 

Transmitter operation 
Looking first at the transmitter circuit, 

there are only two ICs - ICl, the 
MC145026 security encoder, and IC2 
which is a TLC555 CMOS timer used to 
generate the supersonic carrier. Both chips 
are only powered when one of the operat
ing pushbuttons SWl or SW2 is 
depressed, via diodes D 1 or D2. Without a 
power supply to IC2, the LED driver tran-

sistor Ql is not forward biased and there
fore switched off as well. 

When SWl for example is pressed, the 
supply is enabled to the two ICs via Dl, 
and a high logic level is also presented to 
the encoder data input D6 pin 6. The D7 
input of the decoder, pin 7, is effectively 
pulled to ground by R4. The encoder 
senses the states of inputs D6 and D7, 
and also D8 and D9 which are tied to 
ground (logic zero) at pins 9 and 10. It 
therefore transmits this data along with 
the security code on inputs Al-A5 (pins 1 
to 5, when connected). 

Note that the code inputs on pins 1 to 5 
are trinary inputs, and not the traditional 
binary that is commonly used for logic cir
cuits. Trinary inputs can be set to any of 
three states, for security encoding: high 
(1), low (0) or floating (neither high nor 
low - X). A zero is set by inserting a link 
between the address input pin and the 0 
column, which connects to ground. A 

Above: The receiver module mounts above the motorised volume pot, which is 
fitted to the 50W Amplifier's tone control PCB In place of the original manual pot 
Left: The transmitter fits Into a very small plastic case. The two pushbuttons are 
operated through the flexible dress front panel. 
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floating input is set by having no connec
tion to the address input, and a 1 is set by 
inserting a link between the address input 
and the column marked 1, which is the 
positive supply rail to the IC. 

As far as the Data inputs are concerned, • 
and as with the receiver, only D6 and D7 
are used (ICl pins 6 and 7). These Data 
inputs can also function as trinary address 
inputs, like Al -A5, but here they are used 
as two-state on-off data inputs. To ensure 
that they operate this way, resistors R3 and 
R4 normally pull the inputs down to 
ground. When either of the switches is 
operated, the particular Data input will be 
raised to a logic 1 while the other input is 
left at logic 0. This state will be transmit
ted, along with the address setup on the 
address pins. 

The encoded data/security code 
sequence emerges from pin 15 ofICl and 
is used to gate IC2 on and off. IC2 oper
ates as an astable oscillator at 33kHz, and 
the 33kHz squareware output from pin 3 is 
used to control the current through transis
tor Ql, which drives the two IR transmit
ting LEDs LEDl and LED2. Resistor R6 
controls the LED current. 

As a result, when either of the push
buttons is pressed, the infra-red LEDs 
are switched on and off at a 33kHz rate, 
modulated in turn by the encoded digital 
data/security code sequence. The only 
difference between pressing one button 
or the other is that the Data code bits 
will be different. 

Receiver operation 
The receiver module consists of an IR 

receiver/decoder to receive and demod
ulate the infra-red signals from the 
transmitter, plus a motor drive circuit to 
operate the motor of a standard motor 
driven dual 50k log potentiometer (DSE 
Cat No. R-7830). 

Looking now at the receiver module 
schematic, the receiver front-end uses a 
standard IR receiver IC (DSE Cat. No. Z-
1954), ICl, in conjunction with the 
MCI 45027 security decoder IC2. The sig
nal from ICl needs to be inverted before 
being applied to IC2, and this inverting is 
done by transistor Q 1. Capacitor C3 
ensures that the supply fed to the IR device 
is clean and noise free, while C4 filters 
high frequency noise from appearing on 
its output - which could cause false trig
gering of IC2. 

IC2 is the complementary device to the 
transmitter's MC145026 encoder, and 
makes four bits of the transmitter's encod
ed 9-bit trinary security code available as 
data on output pins 12-15. These are data 
outputs, referred to as D6-D9. As with the 
encoder the MC145027 has security code 
inputs, referred to again as address inputs 

Top: The circuit for the transmitter. The two pushbuttons apply power to the cir
cuit, but with different data fed to tr/nary encoder IC1. IC2 provides the 33kHz 
modulation, driving Q1 and the JR LEDs. 
Below: The circuit for the receiver module. The output from IR detector IC1 is 
fed to tr/nary decoder IC2 via buffer 01, and the decoded outputs from IC2 used 
to drive the pot motor In one direction or the other via IC3, a stereo amplifier 
chip used here as a pair of power comparators. 

Al-A5, and these correspond to the same 
pins on the MC145026. 

Only two of the four data bit outputs are 
used here, D6 on pin 15 and D7 on pin 14. 
These two data outputs are buffered by 
IC3, a TDA2822 dual lW stereo power 
amp, and used to drive the pot motor. 

IC3 makes a very convenient motor dri
ver, because inside its 8-pin package are 
two class-B outputs of sufficient power to 
drive the 150mA required by the motor. 
The dual class-B outputs are needed to 
drive one terminal of the motor high, 
while the other is driven low, in a comple
mentary or bridge fashion. IC3 therefore 
replaces some four transistors which 
would be needed if this were done with 
discrete components. 

The two 4.70 resistors in series with the 
driver outputs (R8 and R9) are included to 
limit current to the motor, and also to iso
late the motor from the driver as far as 
spikes from the motor are concerned. 
Inductive spikes generated by the motor 
are shunted by capacitor C8, and this 
should be mounted directly across the 
motor terminals. If any positive-going 
spikes should exceed the positive rail, they 
will be clamped to the rail by diodes D 1 
D2. Negative-going spikes are clamped by 
the internal action of IC3. 

The operation of decoder IC2 is such 
that when a valid code is received at its 
input (pin 9), the data bits of the code 
are latched onto the IC2 data outputs 
pins 12-15. When the received security 
code matches the 5-bit code set on input 
pins 1-5, pin 11 ofIC2 will also go high. 
This is the Valid Transmission (VT) 
output, which is here used to enable the 
motor driver IC. 

This enabling of the TDA2822 is done 
by providing or removing a DC reference 
level on the negative inputs of the two 
amplifiers. Both of these amplifiers are 
configured as comparators, and reducing 
the DC level on both negative inputs to 
zero causes both the outputs to switch 
high. In this state there will be no differ
ence in voltage across the motor terminals. 

The comparator action is such that when 
the level at the positive input is above that 
of the negative input, the output will go 
high. On the other hand when the level at 
the positive input is below that of the neg
ative input, the output will go low. 

When a valid transmission is being 
received, the VT output of IC2 (pin 11) 
goes high. With one of the IC2 data out
puts high and the other low, the compara
tor operation of IC3 will result in one out
put of IC3 remaining high while the other 
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IR Remote control 
is driven driven low. This will result in the 
motor operating in one direction. 
Conversely with VT high and a reversal of 
states on the two data outputs, the polarity 
across the motor will reverse and the 
motor will run but in the reverse direction. 

If both the data outputs D6 and D7 are 
high simultaneously (i.e., when both but
tons are pushed on the transmitter), then 
both driver outputs will remain high, 
resulting in no voltage difference across 
the motor and no operation. 

When a transmission ceases, the latch
ing effect of the data outputs of IC2 may 
retain a high output on its pin 14 or pin 1 S. 
However at this stage the VT output will 
go low, and disable the drive to the motor. 

The complete receiver circuit is pow
ered from a SV regulator (REGl). The 
decision was made to have the circuit 
powered from both supply rails of the 
SOW Stereo Amplifier, rather than caus
ing a current imbalance in the rails by 
drawing power from a single rail. The 
dual 16.9V rails of the SOW Amplifier 
will present 33.8V at the input to the pro
tective bridge rectifier BRl, which after 
the diode drop across BRl will present 
32.6V to the input of the 780S voltage 
regulator. This 32.6V is safely below the 
3SV maximum input of the 780S. 

The bridge rectifier has mainly been 
included to make the kit suitable for use 
with any power supply between 9V-3SV 
DC or 6V-2SV AC, so that the modules 
can be used with other amplifiers if 
desired. The maximum current drawn is 
around lSOmA. 

Transmitter construction 
The transmitter is wired on a small 

PCB designed to fit into the plastic mini
transmitter case shown, although with 
very little room to spare. Battery termi
nals are provided for the battery, and 
these clips will need to be bent into shape 

The new PCB board is supported by two tapped spacers 30mm long. IR 
detector IC1 chip is then positioned directly behind the small 'window' in 
the amplifier's front panel. 

with pliers as can be seen in the photo
graph. The battery is further fixed in 
place by three PCB pins. 

The electrolytic capacitor Cl is the 
only component which mounts abnor
mally, and this should be inserted with 
enough lead length to allow it to be bent 
over as shown. 

Note there are two links to be included 
on the PCB. These can be made from the 
offcuts of resistor leads, as they are both 
quite short in length. The two IR LEDs, 
LED 1 and LED2, will need to have their 
leads bent at right angles very close to the 
base of the LEDs themselves. The LEDs 
should be soldered into place facing for
ward, and with the rim at the base of each 
LED touching the surface of the PCB -
i.e., as close to the board as possible. 

The transmitter is activated by the two 
micro-switch pushbuttons, and there is no 
function for the plastic actuator which 
remains on one side of the case. The push
buttons are actuated through the flexible 

plastic sticker on the case top cover. 
The mini transmitter case will need four 

holes made in it - two in the top cover for 
the microswitches, and two in the front 
end for the IR LEDs to pass through. To 
make these four holes, we suggest you 
drill a small pilot hole first, to establish the 
correct centre of the desired hole, and then 
increase the hole size slowly with either 
larger drill bits or a tapered reamer, until 
they are the desired diameter. 

The holes for the LEDs at the front end 
of the case have been placed 19mm apart, 
so that the LEDs don't interfere with the 
clip action of the case. This clip-shut 
action happens with the plastic lips of the 
case directly in between the position of the 
two LEDs. However to clear the LEDs, 
some plastic will need to be removed from 
the top cover of the case. This is best done 
with a sharp pair of sidecutters. If you 
remove no more than 6mm from each end 
of the front flat area, this will leave enough 
remaining to clear the LEDs when the top 
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Here's the overlay diagram for the transmitter and receiver modules. With both modules pins 1-5 of the trinary 
encoder/decoder chips can be linked to either '1' or 'O' underneath the PCBs if you wish, in order to provide security coding. 
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Inside the transmitter case. There's 
very little room to spare, but every
thing fits. 
cover is fixed into place. 

The holes in the flat section ofthe front 
face need to be 5mm in diameter, and 
positioned 3mm in from each end of the 
face itself. The centre-line of these holes is 
exactly in line with the height of the walls 
of the case bottom. 

The holes in the top cover of the case are 
also 5mm in diameter. They are positioned 
at a distance of 37mm from the back end 
of the case, or 35mm from the start of the 
flat indented surface of the top cover. The 
left switch is closer to the side of the case 
than the right switch, so position the cen
tre of this hole 3mm from the edge of the 
indented surface. The right switch is fur
ther from the edge and more central, so 
position the centre of this hole 8mm from 
the edge of the indented surface. 

You may widen the diameter of these 
holes slightly if you feel it necessary to 
provide better clearance for the switches, 
but avoid drilling through the raised sur
round of the surf ace, as this will be visible 
once the sticker is in place. 

If the switches are difficult to depress 
through the sticker on the case top, then a 
small circular spacer can be stuck on to the 
sticker. Such a spacer will stick onto the 
underneath of the sticker and reduce the 
travel needed to activate the switches. 

Receiver construction 
Apart from the motorised pot and its 

filter capacitor C8, virtually all compo
nents for the receiver section are con
tained on a 64 x 38mm single sided PCB. 
The assembly of the board is quite 
straightforward, and should give no prob
lems if you use the overlay diagram and 
photographs as a guide. 

The two PCB mounting holes are to suit 

similarly spaced holes on the preamp 
board of the 50W Stereo Amplifier. The 
idea is that the PCB is mounted on the pre
amp board via two 30mm spacers, so that 
it sits at the right height to clear the 
motorised pot, and also for the IR receiver 
IC to sit squarely behind the front panel IR 
bezel. If any pins or links stick out from 
under the PCB and are dose to the pot 
case, then clip these off with sidecutters to 
ensure no accidental contact with the case. 

Remember that the power supply for 
this circuit is unbalanced and not directly 
referenced to the amplifier's ground rail. 
Use the tag of the 7805 regulator for your 
local ground reference when measuring 
with a multimeter of oscilloscope -
should any troubleshooting be necessary. 

Testing and coding 
When you have finished wiring up both 

modules, it would be a good idea to test 
their basic operation before fitting the 
receiver module into the amplifier. You 
can do this by connecting the reciever 
module temporarily to the amplifier's 
power rails and the motor on the amplifi
er's volume pot, via longer lengths of 
hookup wire than will finally be used. 
That way, the receive module can be test
ed sitting outside the case. 

With the amplifier turned on, you 
should be able to activate the pot motor 
using the buttons on the transmitter unit. 
There are no adjustments to be made, so if 
all is well the Up button should make the 
motor tum the pot clockwise, and the . 
Down button should cause the reverse. 

If neither button produces any result, 
you have a problem in either the trans
mitter or receiver - so tum off, and 
investigate. Most likely you will have fit
ted a component to one PCB or the other 
the wrong way around, or perhaps pro
duced an accidental solder bridge. If you 
can't spot any such errors, you may need 
to re-apply the power and measure a few 
voltages. The odds are that one of these 
will be wrong, and provide a clue as to 
where the problem lies. 

If the buttons both produce action, but 
they work in reverse, the cause will be 
simple: you have reversed the connec
tions to the pot motor. The solution to 
this one is easy - simply tum off the 
amplifier, reverse the motor connections 
and try again. 

Onc.e everything is working properly, 
you can decide whether you want to wire 
the security coding links. If you do, the 
main thing to ensure is that the links you 
fit to the transmitter are in exactly the 
same positions as those you fit to the 
receiver. Otherwise, you can please your
self as to whether each of the five pins is 
tied low, tied high or left floating. 

With the security coding links in place 
(or left out, as you wish), the transmitter 
case can be closed, and the receiver mod
ule mounted permanently in the amplifi
er. Don't forget to cut the temporary 
leads to a much shorter length, to suit the 
final board position - if you leave them 
long, they'll probably end up getting 
jammed under the case lid, or otherwise 
cause trouble. 

You should now be able to sit back and 
enjoy the convenience of adjusting your 
amplifier's volume, without getting up 
from your favourite chair. + 

PARTS LIST 
Transmitter module 

Resistors 
All 1/4W 1 % metal film: 
R1 20k 
R2 10k 
R3,4 4.7k 
RS 12k 
R6 18 ohms 
R7,8 1.Sk 

Capacitors 
C1 68uF 16VW RB electro 
C2 1 uF monolithic ceramic 
C3 10nF MKT 
C4 1nF ceramic 
CS 27nF MKT 

Semiconductors 
01,2 1N4148 or similar 
Q1 BC337 or similar NPN 
LED1 ,2 l TE4208C IR LED 
IC1 MC14S026 trinary encoder IC 
IC2 TLCSSS timer IC 

Miscellaneous 
SW1 ,2 Microswitch buttons 
PCB, SS x 31mm; 12V battery, A3 size; transmit
ter case, 60 x 39 x 16mm; stick-on front panel 
label; battery contacts; 3 x PCB terminals pins. 

Receiver module 
Resistors 
All 1/4W 1% metal film: 
R1 47 ohms 
R2,S 6.8k 
R3 22k 
R4 11k 
R6 200k 
R7 2.7k 
R8,9 4.7 ohms 

Capacitors 
C1 4.7uF RB electro 
C2 100uF 16VW RB electro 
C3,7 1uF16VW RB electro 
C4 1 nF ceramic 
CS,6 0.1uF MKT 
CB 0.1uF ceramic 

Semiconductors 
01,2 1N4148 or similar 
Q1 BC547 or similar NPN 
IC1 IR receiver/demodulator (DSE Z-

19S4) 
IC2 MC14S027 trinary decoder IC 
IC3 TDA2822 stereo amp IC 
REG1 780S SV regulator 
BR1 W0-4 or similar bridge 

Miscellaneous 
PCB, 39 x 6Smm; motorised stereo pot assem
bly, dual SOk log (DSE Cat. No. R-7830); 2 x 
30mm long tapped spacers; 4 x PCB terminal 
pins. 
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Construction Project: 

UPCONVERTER FOR 
OUR SPECTRUM ANALYSER 
In response to many requests, here it is - at last! A compact and easy to build upconverter which 
allows you to use our popular VHF/UHF Spectrum Analyser for examining lower frequency sig
nals. In fact it can be used to examine signals from about 50kHz up to around 300MHz, by effec
tively 'translating' them into the UHF band. 

by JIM ROWE 
In the September and October 1992 

issues of EA, I described a low cost 
Spectrum Analyser design which turned 
out to be rather popular. At least one of 
the main kit suppliers is still selling kits 
for it, and I believe many hundreds have 
been built. 

But because the Analyser used a 
VHF/UHF TV tuner module for its 'front 
end', it did have one fairly obvious limi-

tation: it could only be used to examine 
those parts of the spectrum occupied 
internationally by the VHF and UHF TV 
channels (i.e., 50 - 105MHz, 138 -
225MHz and 470 - 870MHz). 

This still allowed it to be used to 
examine quite a lot of different signals, 
of course. All the same, it would obvi
ously have been even more useful if it 
had the ability to 'look at' the spectrum 
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below 50MHz, and also in the 'gap' 
between 105MHz and 138MHz. I noted 
this at the time, and foolishly offered to 
describe a suitable upconverter to add 
this capability, if there proved to be suf
ficient reader interest. 

Well, it soon became clear that there 
was indeed sufficient reader interest. In 
fact since the Analyser was first 
described, I'ye had a steady stream of 
requests for the upconverter. The only dif
ficulty has been finding the time to come 
up with a design that I felt was good 
enough to describe! 

Finally, though, this has been achieved. 
The design to be described here is fairly 
low in cost, and also quite easy to set up. 
It is essentially very straightforward: a 
crystal-locked 512MHz local oscillator 
signal is fed to a double-balanced mixer, 
along with the incoming low frequency 
signals, to 'translate' them up into the 
UHF band where they can be examined 
by the Analyser. 

There is no gain ahead of the mixer, to 
minimise the risk of overload and cross 
modulation. As the mixer has a small con
version loss (around 6 - 8c!B), this means 
that the Analyser and Upconverter combi
nation is not as sensitive as the Analyser 
alone. However it's still quite respectable, 
with signals of less than 7 5 microvolts 
able to be resolved. 

As the upconverter' s local oscillator 
frequency of 512MHz is down near the 
bottom of the Analyser's UHF band, it 
provides an effective LF/HF band which 
extends from about SOkHz up to beyond 
300MHz - in a single band. So it not 
only covers the 'missing bottom end', but 
also the Analyser' s original VHF bands 
and the gap between them ... 

As' before, the Analyser' s sweep 
width control can be used to set how 
much, and which part of this new band 
you examine. For example you can dis
play virtually the complete span, or nar-
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Basically the Upconverter uses an SBL-1Z balanced mixer to heterodyne the incoming low frequency signals against a 
UHF local oscillator. Most of the circuitry forms a PLL, used to lock the local oscillator frequency at 512MHz. 

rower segments down to a range as nar- capacitor Cl (see schematic), while the or 2MHz, when the POS-535 is operat-
row as about 5MHz. 512MHz local oscillator signal is fed to ing at the correct 512MHz. 

All of the converter's circuitry fits on a the 'LO'(L) port. The resulting sum-and- Ql is a PN4258 high-speed PNP tran-
PC board measuring only 64 x 77mm, difference UHF output signals appear at sistor, used here as a level converting 
which fits inside a small metal utility box. the 'RF' (R) port, and it's these signals buffer. It's needed because Ul is an ECL 
It's also powered from 12V DC supplied which are fed to the Spectrum Analyser. (emitter-coupled logic) device, with an 
directly from the Spectrum Analyser The rest of the upconverter' s circuitry is output voltage swing that is not directly 
itself, making it very easy to use as an essentially used to provide the 512MHz compatible with TTL or HCMOS 
'accessory'_ local oscillator signal. The signal itself is devices. When the bias on Ql is correctly 

How it works 
At the heart of the upconverter are two 

small RF modules, and it's these which 
make the unit a lot easier to build and get 
going than it would otherwise be. Both 
modules are made by US firm Mini
Circuits Inc., and are available in 
Australia from that firm's distributor 
Clarke & Severn Electronics. 

One module is the wideband balanced 
mixer, an SBL- lZ. This is basically a ring 
of high speed diodes, together with a pair 
of wideband RF transformers (Fig.1 ). The 
SBL-lZ is similar to the lower cost SBL-
1, but is rated to have a higher bandwidth. 

(The SBL-1 can in fact be used, but it 
will give a higher conversion loss -
especially at higher frequencies.) 

The upconverter's low frequency 'base
band' input signals are fed directly to the 
'IF' port of the SBL-lZ, via blocking 

generated by the second Mini-Circuits set up via preset pot RVl, its action is to 
module, which as you can see is a POS- convert the ECL signal from Ul into a 
535. This is a UHF voltage-controlled rectangular wavefonn signal of nearly 5V 
oscillator or VCO, in a compact 8-pin p-p, across collector load resistor R5. 
package like that used for the mixer. This signal is the (fvco/256) signal 

The POS-535 can be tuned from below in HCMOS compatible form, and is 
300MHz to above 525MHz, by means of fed to pin 1 of U2a, which serves as the 
a positive DC voltage applied to pin 8. PLL' s phase detector. Here it is com
The tuning voltage to produce an output pared with a 2MHz signal derived from 
frequency of 512MHz is typically a little quartz crystal XI. 
over 14V. Here we use a phase-locked Xl is connected in a standard crystal 
loop (PLL) system to control the tuning oscillator circuit, using U2d connected as 
voltage and maintain the VCO module's an inverter with R6 providing DC feed-
frequency at exactly 512MHz. back to bias it in the linear region. 

The main elements in the PLL are Ul, Trimmer capacitor CVl allows the oscil-
an SAB6456 UHF frequency divider, lator to be adjusted to an accurate 
transistor Ql and U2, a 74HC86 quad 2.000MHz. Gate U2c is then used as an 
Ex-OR gate. Ul is used to sense the out- inverting buffer, to prevent any possible 
put signal from the VCO, via series 'pulling' of the oscillator due to loading 
resistor Rl and blocking capacitor C2. variations. The output of U2c is therefore 
As Ul is set up to divide by 256, its out- a stable and accurate 2.000MHz, which is 
put (from pin 6) is therefore (fvco/256) fed to pin 2, the second input of U2a. 
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Upconverter for our Spectrum Analyser 
As both the (fvco/256) and 2.000MHz 

signals are fed to U2a, an Ex-OR gate, its 
output is a function of the instantaneous 
phase refationships between the two sig
nals. In fact it becomes a train of 5V p-p 
pulses, modulated in width according to 
these phase relationships. It is essentially 
the average value of these pulses which 
we use to generate a tuning control volt
age for the VCO, to lock it to 512MHz. 
The control voltage is filtered by the low
pass filter formed by R9 and C6, and 
applied to the VCO tuning voltage input. 

What then is the function of gate U2b, 
diodes D 1-3 and their associated compo
nents? Basically this section of the circuit 
is needed to 'jack up' the control voltage, 
to the correct voltage level required by the 
VCO. You may recall that the tuning 
voltage needed to produce an output fre
quency of 512MHz from the POS-535 is 
typically a little over +14V - which is 
well outside the range which can be 
achieved by simply filtering the pulses 
from phase detector U2a. 

What we do, then, is use components 
C7, Dl and R8 as a 'DC restorer' or 
'pedestal clamp' circuit, to effectively 
place the phase detector output pulses on 
the top of a DC voltage 'pedestal', whose 
height is adjusted by preset pot RV2. 

You might think that it would be suffi
cient to simply return the bottom end of 
Dl and R8 to the +12V supply rail, and 
rely upon the average value of the phase 
detector output pulses to raise the VCO 
tuning voltage to the correct level, to 
achieve phase locking. That's what I 
thought originally, too! However this 
arrangement proved to be incapable of 
producing quite enough voltage to 
achieve initial locking, with some POS-
535 devices. (In particular, those which 
needed a relatively high tuning voltage to 
achieve an output of 512MHz.) 

To make sure that all VCO devices can 
be brought into lock, I had to come up 
with the arrangement shown. Here gate 
U2b is used as a buffer, making use of our 
crystal-derived 2MHz signal to drive a 
rectifier circuit using capacitors C13 and 
Cl4, and diodes D2 and D3. 

As you can see, the rectifier circuit is 
referenced to the + 12V rail rather than 
ground. As a result, it develops across 
trimpot RV2 a DC voltage which varies 
from +12V at the bottom to approxi
mately +16V at the top. RV2 therefore 
allows the control voltage 'DC pedestal' 
to be adjusted over this range, with Cl 5 
used to provide additional filtering of 
any 2MHz component. 

RV2 becomes the PLL's lock adjust
ment, and is adjusted until the VCO fre-

quency snaps into lock, at exactly 256 
times the 2.000MHz from the crystal -
or 512MHz. At the correct setting, in the 
centre of the lock range, the two 2MHz 
signals feeding into U2a are 90° out of 
phase, and the waveform at test point TPl 
is a stable 4MHz square wave. 

That's about it for the circuit opera
tion. The complete converter runs from 
the + 12V auxiliary output of the 
Spectrum Analyser, drawing a little less 
than 60mA. The POS-535 module runs 
directly from the +12V rail, while Ul, 
U2 and Ql operate from +5V which is 
derived by regulator U3. 

Fig.1: The circuitry inside the SBL-1 Z 
double balanced mixer module, made 
by Mini-Circuits Inc. 

Construction 

The overall construction of the convert
er can be seen from the photographs. As 
mentioned earlier, virtually all of the cir
cuitry is mounted on a small PCB, mea
suring 76 x 64mm and coded 96ucv9. 
This is mounted in turn inside a small 
metal utility box, measuring 102 x 70 x 
50mm and readily available. The only 
parts not mounted on the PCB are the DC 
power switch SWl and the input and out
put BNC connectors. 

Assembling the components on the PC 
board should be fairly straightforward if 
you use the internal photo and PCB over
lay diagram as a guide. As usual check the 
board carefully for any etching faults, and 
if necessary correct these before fitting 
any of the parts. 

I suggest that you fit the seven PCB ter
minal pins first (two each for RF in and 
out and power, one for TPl), then the 
resistors, trimmer cap, trimpots and fixed 
capacitors in that order - taking care 
with the polarity of tantalum caps Cl 1 
and C12. Then you can fit the voltage reg
ulator U3 (using an M3 x lOmm machine 
screw and nut to hold down its heatsink 
tab), transistor QI, diodes Dl-3 and ICs 
Ul and U2. Watch the orientation of all of 
these latter devices, to prevent errors; the 
overlay diagram can be used as a guide. 

The last step is to fit crystal XI, and the 
two Mini-Circuits modules Ml and M2. 
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Note that these both have pin 1 identified 
underneath by a blue insulating bead. The 
corresponding holes on the PCB pattern 
are identified with a square pad, in each 
case. Make sure you fit the SBL- IZ mod
ule in position Ml and the POS-535 mod
ule in position M2. 

With the PCB assembly completed, the 
next step is to prepare the box. As you can 
see from the photos, the RF input and out
put sockets are mounted on one end, with 
the DC power cable entering at the other 
end via a small hole fitted with a grom
met. Either side of this cable entry hole, 
and spaced 15mm away, are two 3mm 
holes - one of which is used to attach a 
small nylon cable clamp for the power 
cable, and the other to mount a solder lug 
used to provide a case earth for connec
tion to the PCB near the crystal oscillator 
(more about this soon). 

Power switch SWl is fitted to the top 
of the case at the same end as the power 
cable entry. 

The PCB assembly is fastened inside 
the box via four 20mm-long insulated 
spacers. The two RF connectors are 
mounted half-way up the end of the 
box and spaced with their centres 
30mm apart, so that when the PCB is 
fitted into the box, the socket connec
tion tabs are very close to their respec
tive PCB terminal pins. 

Both RF connectors are of the single
hole mounting BNC type, but note that 
the RF input connector is of the non-insu
lated type, while the output connector has 
an insulating ferrule. This is to minimise 
earth loops and circulating currents. 

To prepare the box, then, you'll need 
to cut the two holes in one end for the 
two BNC sockets, the hole in the centre 
of the other end for the power cable 
grommet, and the two adjacent 3mm 
holes. You'll also need to drill four 
holes in the top of the case for the PCB 
mounting pillar screws, and the hole for 
power switch SWl. 

A photocopy of the front panel artwork 
(reproduced actual size in the article) can 
be used as a template for the position of 
the holes in the front panel. When these 
holes are drilled, the dress front panel 
itself can be fitted, followed by the switch 
and finally the four screws used to attach 
the PCB mounting pillars. 

At this stage you should be able to fit 
the two BNC connectors and the power 
cable entry grommet, together with the 
nylon cable clamp and the solder lug. 
(The latter two are attached via M3 x 
1 Omm machine screws with lockwashers 
and nuts.) Then you can also fit the PCB 
assembly inside the box, on the free ends 



Captured using our DSO Adaptor Mk2, the above displays show what can be achieved using the Upconverter. At top are 
sweeps using the lowest sweep width, with the 512 MHz 'DC' reference at far left, and 75uV signals at 1MHz (top left} and 
5MHz (top right) respectively. Lower left shows the signals from an antenna displayed on the same scale, with the AM 
broadcast stations jumbled around 1 MHz. And lower right is with sweep width of 150MHz, displaying the output from the 
small 10MHz Comb Generator to be described next month. The small additional 'spike' apparent at about 15MHz is break
through from the SBS-28 picture carrier - quite strong in the author's area. 

of the insulating pillars. 
The 12V DC power connections can 

now be made. The cable uses a 2m length 
of light-duty shielded lead, with the inner 
conductor used for the positive lead and 
the outer braid for negative. The main 
lead enters via the grommet, passes 
through the cable clamp and is then ter
minated on the two outer switch lugs -
with the braid connecting to the lug on the 
side nearer to trimcap CVl on the PCB.''-

A 90mm length cut from the end of 
the lead is then used to make the con
nections between the switch and the 
supply pins on the PCB, with the braid 
connecting to the same switch lug as the 
main cable braid, and the inner conduc
tor to the centre switch lug. 

The RF connections between the PCB 
and the BNC sockets are best made using 
short strips of shim copper or brass, about 
3mm wide to ensure that they have rela
tively low inductance. Actually in the case 
of the RF input socket, it's a good idea to 
make the 'earth side' connection out of a 

somewhat larger piece of shim, which can 
be curved around to make a semicircular 
shield around the active input connection 
(see photo). This will minimise any ten
dency for the input to pick up radiation 
from the converter's 2MHz crystal oscilla
tor, or the 4MHz signal at the output of the 
PLL phase detector. 

The final assembly step for the convert
er itself, at this stage, is to use a short 
length of copper braid, or multi-strand 
hookup cable, to make an additional earth 
connection to the PCB. This runs from the 
solder lug on the cable entry end of the 
box, to the earth track on the side of the 
PCB, just adjacent to crystal XI and resis
tor R7. Make the lead as short as possible, 
to provide a low impedance path. The 
purpose of this additional earth connec
tion is again to minimise the level of 
2MHz and 4MHz signals finding their 
way into the mixer circuitry. 

All that remains, before you can check 
out the converter, is to fit a concentric DC 
power plug to the Analyser end of the 

power lead. Make sure you wire it so that 
when you plug it into the matching sock
et on the rear of the Analyser, wired to the 
Analyser's +12V and earth rails, the 
lead' s inner conductor connects to + 12V. 

Testing & adjustment 
You should now be ready to fire up the 

Analyser and Upconverter, and run 
though the converter's checkout and set
ting-up procedure. 

For the initial checkout, all you'll need 
is a DMM set to say the 20V DC range. 
To begin, power up the Analyser and 
switch the converter's power switch to the 
OFF position. Then plug the converter's 
power lead into the Analyser's 12V outlet 
socket, and use the DMM to check that 
12V appears across the outer lugs of the 
switch - with the lug connected to the 
'inner' side of the cable more positive. If 
the polarity is reversed, unplug from the 
Analyser and work out where you've 
made the mistake; then fix it before pro
ceeding any further. 
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Upconverter for our Spectrum Analyser 

If the polarity checks OK, clip the neg
ative test lead of the OMM to the box 
metalwork. Then switch SWl to the ON 
position, and quickly use the OMM posi
tive lead to check that there's +12V at the 
power inlet pin near Cll, and also on the 
pin of U3 nearest the same capacitor. If 
this is OK, check for +SV on the other 
side pin of U3 (C13 side), and also on the 
end of R4 nearest trimpot RVl. 

The remaining voltage to measure is at 
the end lug of trimpot RV2 nearest U3. 
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This should measure very close to +16V. 
Assuming that all of these voltages are 

present and correct, your converter should 
be functioning in the basic sense. If 

. there's a problem with any of them, 
switch off immediately and look for the 
cause of the trouble. 

If the+ 12V rail is OK but the +SV rail 
is not present or low, you may have either 
a short circuit on the PCB, a dry joint on 
the output pin of U3, or one of the other 
ICs fitted to the board the wrong way 
around. If there's no +16V at the top of 
RV2, the most likely cause is 02 or 03 
fitted the wrong way around. 

All being well, though, you'll be ready 
for the setup procedure. For this you'll 
need a scope, with a bandwidth of at least 
20MHz or so to allow reasonably accurate 
examination of 2MHz and 4MHz signals. 

The first step is to adjust trimpot RVl 
for correct operation of the buffer transis
tor stage. To do this, set RVl to its mid 
position and connect the scope's test 
probe active clip to the end of resistor RS 
nearest U2. Its earth clip should connect 
to the other end of the same resistor. 

Adjusting the scope timebase and trig
gering controls should show some kind 
of signal at 2MHz - probably a rather 
peaky and distorted waveform. By 
adjusting RVl, though, you should be 
able to change the waveform into a 
clean and fairly rectangular 2MHz 
squarewave, of nearly SV p-p. This is 
the correct setting for RVl, but don't 
turn the trimpot any further clockwise 
than is necessary to achieve a clean and 
rectangular waveform. 

Now you should be ready to set the 
PLL for correct locking. To do this, set 
trimpot RV2 to its fully anticlockwise 
position, and move the scope probe's 
active clip to the TPl test pin between U2 
and U3. (The earth clip can be left 
attached to the outer end of RS.) 

Initially, you'll almost certainly see a 
train of pulses which are rapidly varying 
in width, and probably impossible to view 
stably on the scope screen. But then, 
watching the scope pattern, slowly tum 
RV2 clockwise. Before long, the pulses 
should suddenly stop varying in width, 
and become stable. If your scope is cali
brated, you should discover that they have 
a frequency of 4MHz. 

A view inside the converter prototype, 
showing where everything goes. Note 
the small shield over the connection 
to the RF input socket, at upper left. 
The wire visible at lower right earth· 

-~~· .-'..~--·. ·---~-- __ ..__~ __ c:.::.....::li•·•~ Ing the crystal can is not necessary. 
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Further careful adjustment of RV2 
should show that the pulses will remain 
stable over a small adjustment range, with 
only the mark/space ratio of the pulses 
varying within that range. The correct set
ting for RV2 is in the middle of the range, 
with the 4MHz waveform having as close 
as possible to a 1: 1 mark-space ratio -
i.e, a square wave. 

If you can't find any setting for RV2 
which results in a stable waveform at 
TPl, your PLL is for some reason not able 
to pull into lock. This would almost cer
tainly be due to a wiring error or faulty 
component, so switch off and investigate. 
Look for resistors in the wrong positions, 
diode 01 perhaps around the wrong way, 
or something similar. 

Assuming you have been able to 
achieve a stable 4MHz squarewave at 
TPl, though, your converter should now 
be operating correctly, with the VCO 
locked to a frequency very close to 
S12MHz - i.e:, at 2S6 times the crystal 
oscillator frequency. 

Of course to set it to exactly Sl2MHz, 
you'll need to set the crystal oscillator to 
2.000MHz using a frequency counter, 
and by adjusting trimmer cap CVl. If 
you have access to a counter, by all 
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means use it to make this adjustment -
measure the 2MHz signal at pin 8 of U2, 
and simply adjust CVl to get an accu
rate 2.000MHz. In some cases, you may 
need to change the value of C8 to allow 
this frequency to be achieved. 

If you don't have access to a counter, it 
should be quite satisfactory for most pur
poses to simply set CVl to its mid posi
tion. The resulting error at 512MHz will 
probably be no more than 1 OOkHz. 

With this final adjustment completed, 
your upconverter should be ready for use. 
All that remains is to fit the other half of 
the box, and connect its RF output to the 
Spectrum Analyser' s input. 

Using it 
After connecting the upconverter's out

put to the input of the Spectrum Analyser, 
switch the Analyser to the UHF range and 
set the Sweep Width switch to the maxi
mum position. Also set the Centre 
Frequency Coarse switch to the third 
position, the Fine pot to mid rotation and 
the RF Gain pot to minimum (fully anti
clockwise). The Bandwidth switch can be 
set to High, and the Sweep Rate pot to its 
midway position. 

Now turn on the Upconverter, and 
slowly turn up the Analyser's RF Gain. A 
fairly prominent signal 'spike' should 
appear, to the left of the screen centre. 
This is breakthrough from the 
Upconverter's 512MHz local oscillator, 
and when the Upconverter is being used 
you'll find this spike or peak a convenient 
reference because it effectively marks the 
'DC' or zero frequency point for the 
upconverted LF band. In other words, it 
marks the 'start' of your new LF band. 

When the Upconverter is in use, the 
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best setting for the Analyser' s RF Gain 
control is where this 512MHz peak can be 
giving the largest height on the Analyser 
display, before the baseline 'grass' level 
begins to dip downwards on either side. 
(This dipping indicates overload of the 
Analyser front end.) 

You'll soon notice that as well as dis
playing upconverted LF signals to the 
right of the 512MHz peak, the Analyser 
will also show 'mirror image' signals to 
the left of the peak. These are the con
verter's 'difference' products, as opposed 
to the 'sum' products. While these differ
ence signals can be used if you wish, they 
can only be displayed down to 470MHz 
or so and are effectively on a 'reversed 
frequency' scale (i.e., increasing frequen
cies moving left). In most cases it's more 
convenient to adjust the Analyser' s 
Centre Frequency controls so that the 
512MHz peak is close to the left-hand 
end of the display, and concentrate only 
on the 'sum' products to its right. 

Apart from this, operation of the 
Analyser/Upconverter combination is 
more or less the same as using the 
Analyser by itself. The Sweep Width con
trol is used to adjust how much of the 
upconverted spectrum is swept and dis
played, while the Centre Frequency con
trols are used to select which part of the 
range you concentrate on. 

As mentioned, the 512MHz peak 
provides a convenient marker for the 
'start' of the converted LF band, and 
it's often convenient to have it just vis
ible at the left-hand end of the screen. 
This has been done in the sample dis
plays shown, as you can see. However 
there's no reason why you can't 'zoom 
in' to some other . part of the upcon-
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Above: Here's the front panel artwork, actual size as usual. A 
photocopy can be used as a template, to mark the position of the 
holes in the box front panel. 
Right: The PCB pattern for the Upconverter, reproduced here 
actual size again for those who prefer to etch their own boards. 

Use this overlay diagram as a guide 
when you're wiring up the converter 
PCB. Pin 1 of each Mini-Circuits mod
ule is identified underneath with a 
blue insulating bead; these pins mate 
with the square PCB pad in each case. 

verted range, if you wish. 
To assist you in navigating the spec

trum away from the 512MHz reference 
peak, I've developed a simple little 'fre
quency comb' generator which produces 
a set of reference spikes on 1 OMHz and 
its multiples, up to around 150MHz. I'm 
planning to describe this in the next 
month or so, and you might want to build 
it as a handy accessory. 

In the meantime, I hope you'll find the 
Upconverter as useful as I've done, since 
developing it. In closing, I'd like to thank 
Gordon Clarke of Clarke and Severn, for 
his help in obtaining Mini-Circuits 
devices and data. + 
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AA FLAT Nl-MH 
BATTERY 



2.5mm plug with 
1 mtr. cord. 

Only $1.95 

5" sealed midrange with aluminium honeycombe 
cone and cloth edge. Power handling 25 watts, 5.4oz. 
magnet, 4oz. impedance, 
frequency 600 - 7kHz 
approximately. 

Retail Price $29.95 



Holds® LP records 

Retail Price $10.60 
Our Price $1.50 

Packet of 4 crimp pins for 
easy tennination of 
speaker cable to push 
speaker terminals. Inside 
diameter for cable is 3mm. 

Retail Price $5.95 
Our Price $3.95 
Save $2.00 cat.PT-4510 

DUAL IMPEDANCS .MIC 



Tll-IE' LA TE'ST #CITS 
Remote Volume Control EA July 96 Cat. KA-1785 
Line Fiiter I Conditioner EA July 96 Cat. KA-1786 
Pocket Sampler For PC EA Aug 96 Cat. KA-1787 
Subwoofer Bridge Adaptor EA Mar 96 Cat. KA-1784 
ESR & Low Ohms Meter EA Jan 96 Cat. KA-1783 
Dual 12V 4WD Battery Control EA Jan 96 Cat. KA-1782 
PC - Driven EGO Analyser EA Feb 96 Cat. KA-1781 
Low Cost Train Control EA Nov 95 Cat. KA-1780 
3 Band Parametric Equalizer SC July 96 Cat. KC-5208 
Improved Remote Extender SC July 96 Cat. KC-5209 
Portable 12V SLA Charger SC July 96 Cat. KC-5210 
Low Ohms fOr DMM SC Jun 96 Cat. KC-5207 
Auto 1 OA Battery Charger SC Jun 96 Cat. KC-5206 
Hi-Volt Insulation Tester SC May 96 Cat. KC-5205 
Improved Knlghtrlder SC May 96 Cat. KC-5204 
Knock Sensor fOr Cars SC Apr 96 Cat. KC-5203 
Programmable Ignition SC Mar 96 Cat. KC-5202 
125W/80, 175W/40 Amp SC Apr 96 Cat. KC-5201 
Woofer Stopper SC Feb 96 Cat. KC-5199 
20MS Digital Delay KC SC Feb 96 Cat. KC-5198 

$49.95 
$39.95 
$29.95 
$22.95 
$69.50 
$44.95 
$37.95 
$29.95 
$59.95 
$24.95 
$39.95 
$29.95 

$179.50 
$89.50 
$19.95 
$34.95 
$65.00 
$89.50 
$79.50 
$39.95 

•194 Wright St (Cnr. Selby St) •Ph:(08) 231 7355 
•Fax:(08) 231 7314 •Mon/Fri:9-5.30 •Fri:8.30 •Sat:9-4pm 
•144 Logan Rd •Ph:(07) 3393 0777 •Fax:(07) 3393 0045 

r Jl!liiiiiiiiJ •Mon/Fri:9-5.30 • Thurs.:8.30 •Sat:9-4pm 
;.. CANBERRA ACT •11 Kembla St. Fyshwick •Ph:(06) 2391801 

•Fax:(06) 2391821 •Mon/Fri:9-5.30 •Sat:9-1pm 
MELBOURNE CITY •Shop 2,45 A'Beckett St•Ph:(03) 9663 2030•Fax:96631198 

•Mon/Fri:8.30-5.30 •Fri:B.30 •Sat:B.30-4 •Sun:10-4pm 
COBURG VIC •266 Sydney Rd •Ph:(03) 93841811 •Fax:(03) 9384 0061 

•Mon/Fri:9-5.30 •Fri:8.30 •Sat:9-4pm 
SPRINGVALE VIC •887-889 Springvale Rd Mulgrave. Nr Cnr. Dandenong Rd 

•Ph:(03) 95471022 •Fax:(03) 95471046 
•Mon/Fri:9-5.30 •Fri:8.30 •Sat:9-4pm 
•140 Campbell St. Hobart •Ph: (03) 6231 5877 
•Fax: (03) 6231 5876 •Mon/Fri: 9-5.30 •Sat:9-4pm 

SYDNEY CITY •129 York St •Ph:(02) 92671614 •Fax:(02) 92671951 
•Mon/Fri: 8.30-6pm •Thurs:8.30om •Satg-4Jlm 

BANKSTOWN •363 Hume Hwy cnr Meredith•Ph:I02) 9709 2822•Fax:(02)9709 
2007 •Mon/Fri:9-530 •Thurs:8.30pm •Sat:9-4 •Sun:10-4pm 

GORE HILL •188 Pacific Hwy Cnr. Bellevue Ave •Ph:(02) 9439 4799•Fax: 
<02)9439 4895 • Mon/Fri:9-5.30• Thurs:8.30•Sat:9-4•Sun:10-4 

PARRAMAnA •355 Church St (Cnr. Victoria Rd} •Ph:(02) 9683 3377 •Fax:(02) 
9683 3628 • Mon/Fri:9-5.30• Thurs:8.3'0pm•Sat:9-4•Sun:10-4 

PENRITH •199 HiQh St •Ph:I047) 21 8337 •Fax:(047) 21 8935 

RHODES 
•Mon/Fn:9-5.30 •Thurs:8.30 •Sat:9-4Pm •Sun:10-4om 
•8-10 Leeds St •Ph:(02) 9743 5222 •Fax:(02) 9743 2066 
•Mon/Fri:9-5.30 

NEWCASTLE •830 Hunter St. !Cnr Stewart Ave) •Ph:I049) 653 799 
• Fax:I049) 653196 • Mon/Fri:9-5.30 •Sat:g.4pm 

PERTH •326 Newcastle St Northbridge •Ph:(09) 328 8252 
•Fax:(09) 328 8982 •Mon/Fri:9-5.30 •Sat:9-4 



Construction Project: 

'VALVE SOUND' 
PREAMPLIFIER 
This easy to build, low cost valve stereo preamplifier lets you hear valve 'sound'. You can 
adjust the overload level as shown by on-board LED indicators to get the right amount of valve 
overload sound. The gain is adjustable, so you can connect the amplifier to any sound system, 
with or without distortion effects. 

by PETER PHILLIPS 
Valve amplifiers have never really gone 

away, despite the overwhelming populari
ty of solid state amplifiers. Keith Howard, 
in an article in the July '95 edition of the 
UK magazine The Gramoplwne writes, by 
way of explanation of this phenomenon: 
"All contrary technical arguments not 
withstanding, a significant proportion of 
critical listeners have discovered that they 
prefer the sound of valve electronics. That, 
and only that, has enabled the valve's sur
vival". The article goes on to demolish the 
usual technical reasons pundits give to 
explain why valves sound better. 

In a companion article The sound of 
cables, in the August '95 edition of The 
Gramophone, Howard refers to objec
tivist and subjectivist opinions. An 
objectivist, according to Howard, 
"Holds the view that the audible charac
teristics of hifi equipment can be com
pletely defined by laboratory measure
ments." On the other hand a subjectivist 

" ... argues there's more to music repro
duction than the figures revealed by a 
THD meter and an oscilloscope." 

Whatever view you hold, there's no 
doubt valve amplifiers are preferred by a 
lot of people, many of whom are happy 
to pay a lot of money for the privilege. 
Today, a wide range of commercial 
sound equipment has a valve preamplifi
er, including audio amplifiers, guitar 
amplifiers, even professional quality 
studio microphones. 

You can also buy all-valve (includes 
valve output stage) audio and guitar 
amplifiers. The problem here is limited 
output power, typically no more than 50W 
per channel. As well, the cost of this 
equipment is around 10 times the cost of 
an equivalent solid state power amplifier. 
So there's got to be something in it, as not 
all purchasers of valve amplifiers are 
wealthy purists with nothing better to 
spend their money on! 
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For example, many guitarists prefer an 
all-valve guitar amplifier, or at least one 
with a valve preamplifier. The usual rea
son is a preference for the sound a valve 
amplifier gives when overloaded, a sound 
pop guitarists often exploit to great effect 

This project, from Oatley Electronics, is 
a stand-alone valve stereo preamplifier, 
based on 6J6 twin triodes, with one valve 
per channel. It operates from a 12V AC 
plugpack and the highest voltage in the 
circuit is around 70V. It has built-in over
load indicators so you can adjust the 
degree of overload and therefore the dis
tortion level. The complete amplifier and 
its power supply are on one single-sided 
PCB that mounts on a plastic utility box. 

Before we describe the circuit and 
its construction, let's have a look at 
some of the technical reasons that are 
often given to explain why a valve 
amplifier 'sounds better'. 

Valve sound 
Many people claim that a valve ampli

fier sounds warmer and fuller than a 
solid state amplifier. There's consider
able agreement that this is because of 
the different ways that valve and a solid 
state amplifiers overload. The argument 
runs along these lines: solid state ampli
fiers tend go into overload quite sudden
ly, while a valve amplifier starts limit
ing, or squashing, the signal before run
ning out of headroom. 

According to John Simonton, in an arti
cle describing a valve preamplifier in the 
June 1994 edition of Electronics Now: 
"Both of these responses produce harmon
ic distortion, adding frequency compo
nents that were not in the original signal; 
but squashing generates much lower order 
harmonics. The result doesn't have the 

This all-valve stereo amplifier is pow
ered by a 12V AC plugpack. Build it 
and check out the 'valve sound'. 



Fig.1: A transfer curve shows how an 
input signal is transferred to the output. 
A solid state amplifier (a) is linear over 
most of its range before it suddenly 
'tops out', giving severe clipping at 
overload. A valve amplifier (b) is not as 
linear, so overload occurs more gradu-

'buzzy fuzziness' that comes from the 
high frequency components produced by 
clipping. If the squashing is asymmetrical 
(more on the top than on the bottom, or 
vice versa) the result can be strong second 
and fourth order overtones. These are 
musically benign in terms of producing 
dissonance, and more pleasing (though not 
necessarily more interesting) than the odd 
harmonics of clipping." 

He continues with a few more com
ments about the nature of sound and per
ceived volume, claiming: "All natural 
instruments generate an increasingly 
complex harmonic structure when 
they're played louder. They don't just 
produce higher sound pressure levels -
in a very real way they get 'fuller'. In 
fact, the increase in harmonic complexity 
gives the strongest indication that one 
sound is louder than another. The squash
ing distortion of valves extends this same 
principle to amplifiers." Simonton sug
gests this might be why valve amplifiers 
are often subjectively judged to be 'loud
er' than solid state counterparts. 

On the other hand, Keith Howard makes 
the rather obvious point that if an amplifi
er is in overload, you need a more power
ful amplifier. True - but regardless of the 

The circuitry around each 
valve is a two stage common 
cathode amplifier. Clipping is 
indicated by the LEDs, and 
the clipping level Is deter-
mined by the setting of RV1 
(RV3). The output signal level 
is set by RV2 (RV4). 

IH1 
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: : : : : -----qj--~b!tput 
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output power, overload can still occur. 
Because the overload sound of a valve 
amplifier is more harmonious than for 
solid state, it makes sense to have a valve 
preamplifier that acts as a limiter for the 
rest of the amplifier. That way, if there is 
overload, at least it's not as objectionable 
as the sound from a clipped output stage. 

The graphs in Fig.I illustrate why the 
overload characteristics of a solid state 
amplifier are different from those of a 
valve amplifier. In (a), the linear transfer 
curve of a solid state amplifier causes the 
output to clip sharply when the level of the 
input signal exceeds the capability of the 
amplifier. According to Fourier, a 'discon
tinuity' such as clipping produces a spec
trum of harmonics that extend into and 
beyond the audible range. In a musical 
context, the resulting odd harmonics cre
ate a strong dissonance. 

R4 C3 
47k ().47uF 

As you can see in Fig.l(b), there are 
no discontinuities in the overload char
acteristics of a valve amplifier, instead 
there's a 'rounding off' effect at the top 
and bottom of the outpiit signal. Because 
of this, the harmonics are within a few 
octaves of the fundamental, which, 
according to Simonton, can actually 
decrease the total harmonic content. 
This can be shown by applying a trian
gular wave to a valve amplifier. Under 
overload conditions, the output signal 
looks more like a sinewave, as the odd 
harmonics have been suppressed. 

Of course, you might react to this by 
arguing that if the transfer curve of a valve 
amplifier is non-linear, then surely this 
means the output is distorted, even if 
there's no overload. Interesting, isn't it? 

Regardless of the arguments, there's 
still a strong preference for at least a valve 
preamplifier stage in an amplifier. This 
project will let you do your own experi
menting and help you form your own 
opinion. If you like the sound (assuming 
you can hear a difference), then connect 
this unit into your sound system. If you 
can't hear a difference, at least you have a 
neat little valve preamp that will be a dis
cussion point with friends. 

Guitarists will be especially interested 
in this project, as it provides a way of 
adding a valve stage to a guitar amplifi
er. Adjusting the overload characteristics 
of the amplifier will give some interest
ing effects that are likely to be more 
musical than those from an overloaded 
transistor amplifier ... 

TO +66V 
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'Valve Sound' Preamplifier 
Now we'll look at the circuit. 

Circuit details 
The circuit is in three parts: the power 

supply, the left channel and the right chan
nel amplifiers. Both amplifiers are identi
cal, so we'll describe the circuit around 
valve Vl. If you are not sure how a valve 
works, regard it as a FET, in which the 
voltage applied to the input element deter
mines the current flowing through, it. 

For a valve, the input element is called 
the grid, so named as it is generally 
made of a grid of fine wire. Electrons 
are emitted from the cathode, a special
ly coated cylinder surrounding a heating 
element called a filament. The electrons 
'boiled' off the cathode are attracted by 
the positive potential on the anode, and 
the number of electrons reaching the 
anode (and therefore the current through 
the valve) is determined by the voltage 
on the grid. As in a FET, the output volt
age is 180° out of phase with the input 
signal, assuming the input is to the grid 
and the output from the anode. 

Like a FET, a valve has a mutual con
ductance (gm), which is a figure relating 
to its gain. The 6J6 valve used in this 
amplifier has a gm of S.3mNV and an 
amplification factor of 38. 

Because the input impedance of a 
valve is virtually infinite, the input 

This layout shows the placement 
of all components on the PCB. 
Note the right angle link around 
V2. Use shielded cable for all 
input and output connections. 

(PCB design copy
right to Oatley 
Electronics.) 

12V AC 

impedance of the amplifier is the paral
lel combination of Rl and RVl, around 
SOkQ. The signal level applied to the 
grid of one half ofVl, a 6J6 twin triode, 
is determined by the setting of RV 1. 

The anode load of the first triode is R2 
in series with R3, totalling around lOOkQ. 
Normally the output signal is taken from 
the anode, but here the output is taken 
from the junction of R2 and R3, to keep 
the gain at a reasonable level while still 
allowing a high value of anode resistance 
and therefore a low anode current. 

The second half of Vl has a grid resis
tor (R7) of lM, which in conjunction with 
the required frequency response (or upper 
cutoff frequency), determines the mini
mum value of coupling capacitor C2. The 
anode load resistance of the second triode 
is the combined resistance of R4, RS, R6 
and RV2, which for practical purposes is 
around S6kQ. The output of the amplifier 
is taken from the wiper of RV2, which is 
in effect the volume control. RVl is set to 
give the required amount of distortion, as 
indicated by LED 1. 

The LED indicators are a form of 
solid state VU meter. The values of R4 
and RS have been chosen to give a visu
al indication of overload when the input 
at the grid of the first triode is about 
lOOmV. At this input voltage there will 
be a small amount of non-linearity in the 

LEn 
Input output 
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output, which increases dramatically as 
the input signal level rises. 

Transistors Q 1 and Q2 form a 
Darlington pair to drive LEDL The input 
signal is supplied through C4, with a 
charge path via the base of Ql and a dis
charge path through, germanium diode Dl. 
A germanium diode is used to give the 
indicator a high, sensitivity. 

The power supply comprises a voltage 
multiplier and RC filter. The multiplier 
section is fed with 12V AC, and through 
the multiplying action of C9 to C14 and 
D3 to D8, produces about 7SV at the 
cathode of D8. The RC filter network of 
R17 to R22 and ClS to C18 is necessary 
to get rid of any ripple in the DC applied 
to the circuit. The output of the filter is 
regulated to 66V by the series string of 
zener diodes, ZDl to ZD3. 

Incidentally, the voltages in this amplifi
er are relatively low, to get a valve 'sound' 
more easily. Most valve amplifiers operate 
at several hundred volts, which is not only 
more hazardous, but requires expensive 
high voltage components. 

The low voltage exaggerates the non
linearity inherent in all valve amplifiers, 
due to the 'space charge' effect, in 
which electrons from the cathode accu
mulate around the grid instead of being 
attracted to the anode. This causes the 
grid voltage to become negative, which 

RIGHT 

output Input 

0 



in tum prevents more electrons reaching 
the anode. The space charge effect 
varies with the signal voltage at the grid, 
giving non-linearity that varies with the 
input signal level. It also means the 
valves are 'self-biased', which explains 
the absence of cathode resistors. 

Construction 
All components, including the valves, 

mount on a printed circuit board. In gener
al, construction is simply a matter of 
stocking the PCB with the components as 
shown in the layout diagram. However 
there are a couple things to note. 

The first is the valve filament wiring. 
The filaments are internally connected to 
pins 3 and 4 of the valves, and are rated at 
6.3V. To minimise hum and other noise, 
the filaments are not connected to PCB 
tracks, and are therefore hardwired with 
hookup wire as shown in the photo. 

The filaments are connected in series 
across the incoming 12V AC from the 
plugpack. Connect pin 3 of VI to the 12V 
AC, pin 4 of VI to pin 3 ofV2, and pin 4 
of V2 back to the 12V AC. Twist the fila
ment wires together to minimise hum. The 
wiring solders directly to the PCB pads. 

The next point is the valve 'sockets'. 
Those supplied with the kit are Imm 
matrix pin sockets, which need modifying 
so they can be inserted into the PCB. 
Using suitable pliers, cut and form the sol
der end of the sockets so they can fit into 
the PCB holes. Then fit a socket to each 
pin of the valve, and adjust them so they fit 
into the PCB. Then solder the sockets to 
the PCB. Do this for each valve. 

There are five wire links to fit, including 
one formed into a right angle, around V2. 
Take particular note of the orientation of 
the diodes and electrolytic capacitors. 
Also make sure the LEDs are mounted the 
right way round. The LEDs should be 
about 5mm away from the PCB. 

The wiring to the input and output RCA 
sockets is done with shielded cable, sol
dered as shown in the layout diagram. In 

the prototype, RCA sockets were fitted to 
the side of the plastic case holding the 
PCB. The 12V AC supply was passed 
through a hole drilled in the case, and the 
leads soldered to the PCB on the trackside. 

I 

Testing 
When you're sure construction is com-

plete, apply power to the circuit. You 
should see the valve filaments light, and 
after about 30 seconds the valves should 
have 'warmed up' and the amplifier 
should be ready to go. 

As a quick check, measure the volt
age at the cathode of ZDl to confirm 
it's around 66V. Then check the anode 
voltages of each valve. On the proto
type, the voltage at pin 1 was around 
25V, at pin 2 between 12V and 20V. 

This photo shows the track side of the 
PCB and the filament wiring. The ele
ments are in series, so pin 3 of V1 
goes to the 12V AC supply, pin 4 (V1) 
to pin 3 of V2, and pin 4 (V2) to the AC 
supply. Twist the wires together as 
shown to minimise hum. 

Apply a signal (lVp-p or so) to the 
inputs and confirm that adjusting RVl and 
RV3 causes the LED indicators to light. If 
the applied signal is less than lOOmV, 
these indicators won't light, regardless of 
the setting of RVl (RV3). Unless you 
want the distortion effect, adjust RVl 
(RV3) so the LED indicators are extin
guished. Monitor the signal at the output, 
and adjust the overall gain of each ampli
fier with RV2 (RV4). The maximum volt
age gain of the amplifier is around 36, but 
in many cases you'll want a gain of unity. 

Using the preamp 
How you connect the preamp to an 

existing system will depend largely on 
what you want to do with it. In an audio 
system, you could connect it in the tape 
loop of the main amplifier, or simply use it 
as a preamplifier for one piece of sound 
equipment, such as a CD player. In this 
case, connect the CD player to the valve 
preamp, and the output of the preamp to 
the CD input of the sound system. Adjust 
the gain of the valve unit to suit. 

For a guitar amplifier, try connecting 
the guitar directly to the valve preamp, 
with its output in tum connected to the 
usual input of the guitar amp. If the sig
nal level from the guitar is not enough to 
cause the LED indicators on the valve 
amp to light, you might need to integrate 
it into the guitar amplifier, assuming you 
want the distortion effect. 

That is, find a point in the guitar ampli
fier where one amplifying stage can be 
isolated from the next, with the valve pre
amp becoming the link between the two 
stages. This would normally be done at the 
front end of the guitar amp. You will obvi
ously need to know what you are doing to 
avoid damaging the guitar amplifier. 

You could also try removing resistors 
Rl (and R12 if you are using both chan
nels) to increase the input impedance of 
the preamp, to make it more compatible 
with high impedance guitar pickups. To 
increase the input impedance of the 
amplifier even more, make RVI (and 
RV3) a IMO trimpot(s). 

You could also integrate this unit into an 
amplifier of any type, perhaps one you've 
built yourself. The output impedance of 
the preamp is relatively high, so don't 
expect it to be able to drive an output stage 
directly. Instead buffer it with an emitter 
follower stage or similar. + 
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Construction project: 

'MLS' ADD-ON 
BOARD FOR IMP 
If you have an IMP audio testing system as presented in the July, August and September 1994 
issues of Electronics Australia, adding the 'MLS' option board described here will enhance both 
the accuracy and speed of your measurements through its special precision noise test signal. The 
option board itself is quite easy to construct and wire into the main IMP circuit board, and mounts 
neatly inside the existing case using minimal hardware. 

by ROB EVANS 

For those unfamiliar with the series of 
IMP articles published a couple of years 
ago in EA, the Impulse response 
Measurement and Processing (IMP) sys
tem is a quite sophisticated PC-based 
audio test instrument formed around a 
dedicated hardware interface module 
and matching IMP software. The unit 
has caused considerable interest 
amongst those involved in audio testing 
at both an amateur and professional 
level, and as you may have noticed from 
the curves included in many of our 
audio-related articles since that time, 
has been a valuable addition to our own 
array of lab instruments here at EA .. 

In short, IMP uses a simple impulse 
as a test signal (hence its name), and 
has the ability to digitally 'record' 
how an audio device reproduces that 
stimulus over time. The recorded data 
is then passed to the host PC (via its 
parallel printer port), where IMP' s 
software converts the information into 
the frequency domain using Fourier 
Transform techniques. The result is 
the frequency and phase response of 
the audio device under test. 

Like any other testing system 
though, there is a direct relationship 
between how much raw data is collect
ed and the breadth or accuracy of the 
final result. In IMP, this means that the 
response data must be collected over a 

reasonably long period - many times 
the duration of the test pulse - so that 
the Fourier Transform can provide suf
ficient low-frequency information. At 
IMP's lower sampling rate of l.92kHz 
for example, the test pulse has a dura
tion of 520us, while data is collected 
for around two seconds. 

This in turn means that the overall 
energy of the recorded test pulse (during 
the data collecting period) is really quite 
low, and modest levels of residual or 
transient noise will tend to influence the 
final measurement. But since the noise 
is irregular by nature, IMP largely 
solves this problem by performing a 
number of sequential tests, then averag
ing the results. 

All in all this averaging scheme 
works well, and the final results are 
quite clean when IMP's software is 
configured for a reasonable number of 
repetitive tests. In theory, each time 
the number of tests is doubled the sig
nal-to-noise figure improves by 3dB, 
so averaging two tests provides a 3dB 
improvement, four passes improves 
the figure by 6dB, and so on. 

The disadvantage of this type of 
averaging system, on the other hand, is 
the actual time it takes to complete a 
meaningful measurement and the envi
ronmental noise that can occur during 
that period. As you might typically 

Fig.1: A section of the pseudorandom noise used as a test signal by the MLS 
option board 
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configure IMP to average say 10 tests 
while using the l .92kHz sampling rate 
(for a low-frequency plot), the total 
test time will be at least 20 seconds -
a long time in which to maintain a 
quiet testing environment... 

The Maximum Length Sequence 
(MLS) add-on board described in this 
article addresses the above measure
ment-time and noise intrusion difficul
ties by using just one burst of pseudo
random (or MLS) noise as the test sig
nal. The recorded result from this single 
test is then converted to a conventional 
impulse response by the PC using a Fast 
Hadamard Transform, and that response 
in turn is resolved to a frequency and 
phase plot in the normal way. 

While this appears to be simply per
forming the same function in a different 
(and more convoluted) manner, the 
intense structure of the MLS signal 
means that its single measurement is 
equivalent to a large number of conven
tional, averaged pulse tests. As a result, 
an MLS test procedure is completed in a 
very short time, and is effectively aver
aged by the number of pulses that are in 
the complex MLS signal. A measure
ment that normally takes more than say 
20 seconds (as above) is completed in 
just a few seconds, with cleaner results. 

As the core of this rather neat signal 
conversion trick is the structure of the 
MLS signal itself and the software
based Hadamard Transform. A simpli
fied explanation of that process may be 
of value to those who are interested in 
the 'nuts and bolts' of the system. 

MLS 'precision' noise 
Despite the fact that IMP is designed 

to test the analog transfer function of the 
device under test (a loudspeaker, audio 
amplifier, and so on), the MLS test sig-



The MLS board mounts at the rear of 
the IMP case, and is supported by two 
threaded standoffs. 

of 4095. When the data is then con
verted to an equivalent pulse response 
as detailed above, the effect is evenly 
spread over the entire duration of the 
signal. In tum, this very small error 
occurring through the complete pulse 
response translates to a minor discrep
ancy in the final frequency and phase 
plot - in practice, it would appear as 
insignificant background noise. 

The MLS board 
As with the IMP system itself, the 

MLS option board was originally devel
oped by US-based engineer Bill Waslo 
of Liberty Instruments of Middletown, 
Ohio, and subsequently published as a 
project in Speaker Builder magazine -
again in the USA. And as before, we 
have been able to present our own ver
sion of the project furough the efforts of 
Peter Stein of ME Technologies, who 
negotiated the original arrangements 
with Liberty Instruments and as you 
might expect, can supply both kits and 
key components for the MLS option 
board and IMP itself. 

The IMP software is - and has been 
for some time - compatible with the 
MLS test signal, and appears to take the 
additional MLS-to-impulse conversion 
routine in its stride. With the MLS 
option selected, the program behaves in 
an almost identical manner to when the 
conventional impulse system is operat
ing, except of course that the test is com
pleted in a shorter time and the results 
appear very clean indeed ... 

The MLS board itself is a relatively 
small assembly and has been designed 
to 'piggyback' onto the main IMP cir
cuit board via threaded standoffs, while 
short lengths of hookup wire are used to 
pass signals between the two boards. 
Considering the relatively complex 
nature of the MLS signal and the amount 
of processing involved however, you 

may have noticed that both the board 
and its circuit are surprisingly simple. In 
short, this is mainly due to the fact that 
the circuit is based around a pre-pro
grammed 27256-type EPROM (U2), 
which is used to store and 'transmit' the 
special 4096-length MLS test signal. 

The MLS'Circuit 
As you can see from the associated 

schematic diagram, the MLS board uses 
just two 'support' chips (Ul and U3) 
along with the abovementioned EPROM 
(U2). HCMOS 4040 counter Ul is used 
as a simple address counter to clock the 
EPROM through its MLS data stream, 
while the 74HC374 octal D-type flip
flop U3 is used as an output data latch. 

In order to avoid getting bogged 
down in a detailed analysis of exactly 
when the various control lines (Al, 
CC, UM, etc) are activated by the main 
IMP circuit however, we will simply 
assume that they happen at the right 
time for the purpose of this discussion. 
If you wish to gain a complete picture 
of the timing sequence involved, we 
would suggest that you refer back to 
the original series of IMP articles for 
details on the activity of these lines. 

Getting back to the MLS circuit at 
hand, you can see that the binary
coded outputs from address counter Ul 
are tied directly to address lines Al to 
Al2 of the 27256-type EPROM (U2), 
while the lowest-order line (AO) is dri
ven straight from Ul 's clock signal at 
pin 10. In sympathy with the clock sig
nal applied at input line Al then, Ul 
will count the 32K EPROM through 
8K of its available address space when 
Ul itself is enabled by the CC control 
line (pin 11) and the EPROM is 
enabled by the GO* line (pin 20). 

Assuming both chips are active, the 
eight bits of data corresponding to each 
EPROM address are then coupled from 
its output pins (DO to D7) to the eight 
data latches in U3, which are updated by 
positive pulses from the HBEN line 
applied to the chip's CP (clock) input at 
pin 11. As a result, the 8K of EPROM 
data which is clocked out under the con
trol of the Al signal appears at the out
puts of U3 (00 to 07) when updated by 
HBEN, which acts in a synchronous 
manner with Al, as you would expect. 

Finally, seven of these eight data out
puts (00 to 06) drive a simple digital to 
analog (D/A) converter based on the 

Use this overlay diagram as a guide when assembling the MLS board- take care with orientation of any polarised components. 
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binary-weighted resistors RlOO to R106, 
which is used to generate the MLS test 
signal at Rl 10. Here, C107 acts as an 
output coupling capacitor while Cl08 is 
used to restrict the signal's harmonic 
content above the audio range. 

The end result is effectively a bipolar 
(AC-coupled) signal with a bandwidth 
of about 20kHz, and an output swing of 
around +1-lV. The remaining data bit at 
07 of U3 is passed back to the IMP 
board as control signal T, and is coded 
to indicate when the stored EPROM 
waveform is being clocked out. 

Other than that, the remaining parts 
of the circuit include decoupling resis
tor R109, supply bypass capacitors 
ClOl, Cl02, C105 and Cl06, the 220k 
terminating resistor networks RNl and 
RN2, plus filter components Rl07 and 
Cl03 which tame the action of the 
l/M* control line. 

EPROM contents 
It's worth noting at this point that 

since the EPROM's A14 address line 
(pin 27) is permanently held at a high 
level, the MLS option board is only 
using half of the possible address 
space of that 32K device - the upper 
16K, as it happens. This in turn is 
divided into two 8K blocks by the 
action of the l/M* line, which operates 
under software control to select the 
MLS or standard impulse waveform as 
a test signal, since the latter is also 
'recorded' into the EPROM. 

This overall arrangement may well 
ring alarm bells in some reader's heads, 
for a couple of distinct reasons. We 
appear to be wasting half of the EPROM 
space, and the circuit uses a DI A con
verter to reproduce both the MLS and 
impulse signals, which are essentially 
digital signals in their own right - that 
is, all highs and lows ... 

As it turns out, the reason for this 
apparently inefficient approach is hid
den in the EPROM itself, which also 
has two sinewave signals stored in the 
lower (unused) 16K of address space. 
With a 'low' tone in the first 8K block 
and a 'high' in the second, these sig
nals are intended for future expansion 
of the IMP system, and would be 
accessed by connecting the (currently 
held high) A 14 line to one of the IMP' s 
PC-driven control lines. 

So while the MLS board's simple 7-
bit DI A is not really being used to pro
duce analog signals during either the 
MLS and impulse tests, its full linear 
range would be called on when repro-

ducing the stored sinewave test tones, 
should that option be implemented. In 
the meantime, we can just consider that 
the EPROM is larger than is required, 
and the DIA resistor ladder is only per
forming a minimal function. 

That's about it for the circuit opera
tion of the MLS board, and the princi
ples involved. In spite of the complex 
nature of the MLS test signal and way 
it's resolved into an equivalent impulse 
response, the circuit board itself 
involves surprisingly few parts. As a 
result, putting it together should be quite 
a straightforward process. 

Construction 

All of the MLS option board's parts fit 
onto a relatively small single-sided 
PCB, which is coded 96mls8 and mea
sures 166 x 41mm. This mounts on two 
pillars at the rear of the case, while all 
connections between the MLS and IMP 
boards are made with common light
duty hookup wire. 

Commence the construction by check
ing for any shorts or broken tracks in the 
PCB pattern, then installing all of the 
lower profile components as shown in 
the MLS board component overlay dia
gram. Don't forget to fit the wire link 
which joins the +5V rail to pin 1 of U2, 
and check that the SIL resistor networks 
(RNl and RN2) are installed with the 
correct orientation - the 'common' end 
has a square pad on the PCB pattern, and 
the resistor pack's internal connections 
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can be confirmed with a multimeter. 
Another point of consideration is 

resistor RlOO, which is shown as 640k. 
If you wish to be truly accurate with the 
binary weighting of the DI A resistor net
work, the 640k value will need to be 
made up from the series combination of 
620k plus 20k, and this compound com
ponent then installed in the RlOO posi
tion. However, since neither the MLS 
nor impulse test signals are really effect
ed by the DI A ladder accuracy - as 
they are essentially digital waveshapes 
- RlOO's value is not overly critical. 

So if you don't have the patience to 
make up the exact value for RlOO, just 
install a 620k or 680k resistor in that 
position. If the EPROM's optional 
sinewaves are then used by some future 
IMP enhancement, you can install the 
theoretically correct value of 640k so 
the DI A will accurately reproduce the 
stored 'analog' waveshapes. 

The final, higher profile parts can then 
be installed as shown in the overlay dia
gram. Note that while we have used IC 
sockets in all three chip locations (Ul, 
U2 and U3), the only one that's really 
needed is that for the 28-pin EPROM. In 
all cases though, take particular care 
with the orientation of all polarised 
components, including the ICs and elec
trolytic capacitors C106 and C107. 

Once you are happy with the overall 
construction, fit the EPROM in its 
socket then attach moderate lengths of 
hookup wire to each of the IMP con
trol line points on the MLS board, as 
marked on the. overlay diagram. For 
neater final appearance, solder each of 
these to the correct PCB pad on the 
copper side of the MLS board - there 
should be a total of 10 wires. 

With the MLS option board prepared 
for installation, the next step is to com
plete the alterations to the IMP PCB 
itself. As you can see from the repro
duced IMP overlay diagram, there are 
10 connections to be made for the MLS 
option, plus a copper track and resistor 
leg that must be cut. 

Note that if your IMP unit has been 
constructed using a plated-through PCB 
from ME Technologies, these changes 
are much simpler. With the ME double
sided board, the track that must be cut 
has been replaced by a removable link 
and each MLS connection point has a 
matching PCB pin. 

For other versions of the IMP PCB 
that do not have these added features, 
you will need to remove the board from 
its case and cut the bottom (non-compo-



The IMP module as described in the 
July/August/September 1994 issues 
of EA. No external modifications are 
needed when upgrading to the MLS 
system, and the case has more than 
enough internal room to hold the 
additional circuit board. 

nal itself has the structure of a digital 
pulse train with a seemingly random 
variation in the actual pulse width. This 
can be seen from the MLS waveform 
depicted in Fig. l, which shows a small 
portion of the actual test signal produced 
by the MLS board - the first 128 steps 
out of a total of 8192, as it happens. 

The complete test signal is actually 
composed of two MLS noise bursts, 
where the first is used as a 'warm-up' 
run and each has a length of 4096 (4K) 

Fig.2 
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bits or steps. The key point here is that 
despite the apparent random nature of 
the digital 'code' contained in this 4096-
length MLS signal, it is in fact quite well 
defined and is effectively 'known' by 
the software-driven Hadamard Trans
form used to convert the recorded data 
into a conventional impulse format. 

This relationship can be demonstrat
ed by considering a maximum length 
sequence of seven bits, which would 
have a unique digital sequence of 111 
0 1 0 0 - see Fig.2. If this MLS test 
signal was used to test an ideal audio 
device, the reproduced signal would 
reflect the same sequence of highs and 
lows, which when recorded via an ana
log-to-digital (AID) converter - as is 
the case with IMP - might yield a 
data sequence of 5 5 5 -5 5 -5 -5. 
Note that the AID converter responds 
to bipolar signal levels, as is needed 
for AC-coupled audio signals. 

The transform to an equivalent (sin
gle) impulse response can then be per
formed using the known MLS data 
sequence, which in data terms can also 
be 5 5 5 -5 5 -5 -5. Note that the 

+ 

Fig.4 
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Shift Shifting MLS data Computed result Final impulse response 

0 5 5 5 -5 5 -5 -5 
1 -5 5 5 5 -5 5 -5 
2 -:i -5 5 5 5 -5 5 
3 5 -5 -5 5 5 5 -5 
4 -5 5 -5 -5 5 5 5 
5 5 -5 5 -5 -5 5 5 
6 5 5 -5 5 -5 -5 5 
7 5 5 5 -5 5 -5 -5 
8 -5 5 5 5 -5 5 -5 
9 

recorded data is the same, because the 
'ideal' device under test does not change 
the shape of the signal. 

Now comes the interesting bit. If the 
seven data readings for the recorded sig
nal are multiplied by the corresponding 
figures in the (known) MLS sequence, 
then the results summed, we arrive at a 
figure of 175: 25 + 25 + 25 + 25 + 25 + 
25 + 25 - as shown in the diagram. 
However, if the same computation is 
performed with the MLS data sequence 
shifted by one or more (but not seven) 
steps, the result is -25. 

When the reference MLS sequence is 

175 
-25 175 
-25 n -25 cJ -25 
-25 
-25 

175 -25 -25 -25 -25 -25 -25 

-25 

Fig.3 

shifted two steps to the right for exam
ple, its data becomes -5 -5 S S S -S S, 
and when multiplied and summed with 
the recorded readings the results are; 

-25 + -25 + 25 + -25 + 25 + 25 + -25 
= -25. And since a shift of seven would 
bring the MLS data back to its original 
sequence, the computed result returns 
to 175, as above. 

More than a full cycle of this process 
is shown by the data presented in Fig.3, 
where as you can see from the summed 
results, the data from a seven-step MLS 
test has been converted to the data for a 
seven step pulse response. Note that at 
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The circuit is based around a 32K EPROM (U2) which is preprogrammed with the MLS signal data. This informa
tion is clocked out by the counter U1, and converted to an analog equivalent by the binary-weighted resistor net
work driven by output latch U3. 

shifts of zero and seven (and so on) the 
result is 175, while all other shifts yield 
a figure of -25 - an overall amplitude 
of200. 

Not so perfect 
If the MLS test signal is passing 

though an audio device that. exhibits 
(say) a significant high frequency roll
off on the other hand, the recorded 
waveform might appear as shown in 
Fig.4, where as you would expect, the 
level transitions become somewhat 
rounded in shape. For our low-resolu
tion 7-step example, this yields a 
recorded data array (through our simi
larly low-res AID converter) of 3 5 5 
-3 3 -3 -5, where the +/-3 readings are 
caused by the 'slow' response of the 

treble-deficient signal. 
As you can also see from the dia

gram, when the same conversion calcu
lations are performed on our new data 
- again using the 'reference' MLS 
data - the resulting pulse response has 
changed accordingly. In fact, by draw
ing an estimated waveshape on the 
resolved pulse data, you can see that it 
matches the 'slow' response displayed 
by the recorded MLS signal. 

This latter observation can be con
firmed by taking the MLS data readings 
at positions 5, 6 and 7 (in effect, a 'sin
gle-pulse' section) and rescaling those 
figures to the range used by the final 
pulse response. As this involves a scal
ing of 20 and level shift of+ 75, the MLS 
readings of 3, -3, and -5 translate to (3 x 
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20) + 75 = 135, (-3 x 20) + 75 = 15, and 
(-5 x 20) + 75 = -25 respectively - the 
exact readings produced when all seven 
steps of MLS wave are processed by the 
shifting data technique described above. 

So as you can see, a test signal that is 
based on an MLS digital 'code' can be 
converted to an equivalent pulse 
response through the use of relatively 
simple calculations, which in the case of 
IMP are performed by its software using 
Fast Hadamard Transfer techniques. By 
using a 4096-step MLS signal rather 
than our simple 7-step example howev
er, IMP's MLS option effectively aver
ages the signal by a much higher degree 
and therefore offers a corresponding 
improvement in noise rejection. 

If the general way in which this 
process reduces noise content still 
seems a little unclear, try considering 
how a transient interference signal 
might effect both a conventional pulse 
test and the MLS equivalent. With the 
conventional arrangement, the tran
sient will simply add to the recorded 
pulse response in the normal way, and 
the following conversion to a frequen
cy and phase plot will directly suffer 
from the effects of that aberration -
though this would be normally reduced 
with averaged tests, of course. 

With the MLS test signal however, 
the introduced transient will only 
effect a few steps in its overall length 

IMP's circuit board showing the 
changes that must be made, plus the 
MLS connection points. Note that 
only the bottom (non-component 
side) tracks are shown, and you may 
need to drill PCB holes to gain access 
to the VM*, +5V and GND points. 



nent) layer track as shown. Also, wire 
stalks or PCB pins will need to be added 
to the MLS connection points, before 
the board is reinstalled. 

With both type of boards however, 
resistor R23 will need to be disconnect
ed from the circuit so that the new MLS 
signal can pass to the test output socket, 
in place of the original pulse signal from 
IC7 (via R23). While the simplest 
method here is to just cut one of R23' s 
legs, it could of course be completely 
removed. If you take the latter path 
though, note that if you don't have the 
appropriate equipment and expertise, 
you run the risk of damaging copper 
tracks while removing components from 
a double-sided PCB. 

The final connections between the 
IMP and MLS board can now be made 
as indicated on the supplied IMP over
lay diagram. Take particular care with 
the polarisation of pairs of connections 
such as those for the power supply 
(GND and +5V) and output signal 
(ANLG GND and TEST OUT). Once 
you are satisfied with these, fit threaded 
standoffs in place of the two rear IMP 
PCB mounting screws and screw the 
MLS board in place. 

Testing & operation 
You will need the more recent 'MLS

aware' version of the IMP software to 
use your new option board, as this 
offers the appropriate menu options 
and of course, the Fast Hadamard 
Transform capability. This can be 
checked by noting the actual name of 
the executable file, which should be 
impm.exe, rather than imp.exe -
which is the earlier version. 

If it turns out that you don't have the 
MLS-compatible program, the most 
recent version (2.0) of the IMP soft
ware is available from ME 
Technologies for $149, as detailed at 
the end of this article. 

With that settled, power up the IMP 
module and run the software as normal. 
Then toggle the MLS option to 'on' 
(this can be found in the Acquire menu), 
connect the IMP module's test out sock
et to the probe 1 input with a suitable 
lead, and select Acquire, then Repeat. 
IMP will then read and display the 'raw' 
MLS signal without performing the 
Hadamard Transform, which allows you 
to look at the MLS signal in all its 
(somewhat random) glory. 

If all looks well, you can start some 
serious MLS testing and begin to appre
ciate its benefits. Note that when you 
activate the more normal Acquire then 
Collect sequence of commands, the soft
ware will automatically perform the 

MLS-to-impulse conversion at the end 
of the collection period, so the return 
signal will only show as an impulse 
response. 

There's no doubt when the MLS test
ing method is operating during a speak
er test however, since the relatively sub
tle 'snap' of the conventional test is 
replaced by an aggressive-sounding 
burst of digital noise. In line with this, 
you will also find that the testing level 
can be reduced to some extent, since the 
average energy contained in the MLS 
signal is many times that of the equiva
lent impulse test. 

All in all, you should find that the 
MLS testing method offers considerable 
advantages over the impulse system, as 
we've found here at EA. While you real-

A copy of the PCB artwork for the 
MLS board, shown at actual size. 

ly needed to perform several averaged 
tests for a clean result in the past, the 
MLS option delivers a faithful response 
in one quick burst. 

At this stage, fully-built MLS option 
boards are available from ME 
Technologies for $237 .90, and kits of 
parts should be available for somewhat 
less lzyihe time you read this. We also 
believe that ME will be offering the 
programmed EPROM as a separate 
item, so you should be able to assem
ble your own MLS board from the 

. information and artwork included in 
this article. It may also be worth 
checking with PCB manufacturers 
such as RCS Radio for the availability 
of the MLS circuit board itself. 

Whichever path you choose to take, we 
would recommend that you contact ME 
Technologies for the current pricing and 
availability of all components of the IMP 
system. They can be contacted at PO Box 
50, Dyers Crossing, NSW 2429; phone 
(065) 50 220 or fax (065) 50 2341. ME 
can also be contacted by email at 
me@midcoast.com.au or on the internet at 
http://www.midcoast.com.au/bus/me. + 

EVATCO 
ELECTRONIC VALVE AND TUBE COMPANY 

I SOVTEK SVETLANA TESLA I 
Large range of Vintage 

& NOS tubes, Plus 
Valve SOCKETS & BOOKS 

Send SSAE for Catalogue 
ELECTRONIC VALVE 

& TUBE CO. 
PO Box 381 Chadstone 

Centre, Vic. 3148 
Tel/Fax: (03) 9571 1160 

Mob: 0411 856 171 
Email: evatco@werple.net.au 

Cll ... 
0 z 
~ 
2!; 
a: w 
Q 
w 

----------------------------- a: 
ELECTRONJCS Australia, September 1996 79 



NEW BOOKS 
Magnetic recording 
MAGNETIC RECORDING TECH
NOLOGY, by C. Denis Mee and Eric 
D. Daniel. Second edition, 1996, pub
lished by McGraw-Hill. Hard covers, 
236 x 156mm, 678 pages. ISBN 0-07-
041276-6. RRP $155. 

This is the revised second edition of 
Part 1 of McGraw-Hill's Magnetic 
Recording Handbook, first published in 
1990, which became widely used as a 
reference. The new edition is designed 
to provide an updated reference on vir
tually all aspects of magnetic recording 
technology - covering not just the 
developments that have taken place in 
conventional video and audio recording, 
but also those that have occurred in dig
ital data recording. 

There are 10 chapters in all, written by 
a total of 14 expert contributors including 
the two editors. An initial general intro
duction to magnetic recording leads to 
chapters covering the recording and 
reproducing processes, particulate media, 
film media, the micromagnetics of thin
film media, recording heads, the tribolo
gy of the head-medium interface, record
ing limitations, recording measurements 
and magneto-optical recording. 

The emphasis throughout is on a clear 
description and sound understanding of 
the technology at a high level. This is 
not a book for the casual reader with an 
interest in the subject, but a thorough 
and detailed reference for the design 
engineer, researcher and post-graduate 
student. In that context, though, it 
should be of great value. Each chapter 

ends with an extensive list of references 
for further reading. 

The review copy came from McGraw
Hill Australia, of PO Box 239, Roseville 
2069. (J.R.) 

Micropower ICs 
SIMPLIFIED DESIGN OF 
MICROPOWER AND BATTERY 
CIRCUITS, by John D. Lenk. 
Published by Butterworth
Heinemann, 1996. Soft cover, 153 x 
235mm, 255 pages. ISBN 0-7506 
95102. RRP $60. 

These days there are a vast number of 
special purpose power ICs for battery 
powered circuits, such as battery charg
ing ICs, regulators and voltage moni
tors. This book presents a cookbook of 
circuits that use these and other !Cs, and 
is aimed at virtually anyone in electron
ics. The author claims that no previous 
experience is needed to use the tech
niques explained, but in my opinion you 
will need at least a basic background in 
electronics design to be able to get your 
money's worth from the book. 

He gives over 250 design examples of 
circuits using the most popular forms of 
micropower ICs, along with a descrip
tion of basic battery-circuit design. 

There are five chapters, with the first 
devoted to the basic problems in the 
design of micropower/battery circuits. 
The second covers selecting the right 
battery for micropower circuits, and 
includes a summary of battery types. 

Following chapters describe charger 
circuits, solving problems involved with 
micropower circuits operating from a 
single cell battery, and then solving 
problems with circuits that operate from 
multicell batteries. 
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The ICs used in the application cir
cuits are from a range of manufacturers, 
such as Maxim, National, Texas 
Instruments and Philips. Many of the 
circuits are from manufacturer's appli
cation notes and include step-up con
verters, laser diode drivers, temperature 
compensated crystal oscillators and bat
tery charging circuits. 

The review copy came from 
Butterworth-Heinemann, PO Box 146, 
Port Melbourne 3207. (P.P.) 

SA's electronics industry 
ADELAIDE'S EARLY RADIOS 
AND TAPE RECORDERS, by 
Neville Ellison. Published by the 
author, 1996. Soft covers, 300 x 
210mm, 109 pages. ISBN 0-6462-
7547-X. Price $19 plus $3.50 P&P. 

A book intended particularly for the 
vintage radio enthusiast, but also for 
those with a general interest in 
Australia's early radio and tape record
ing industry and technology. Author 
Neville Ellison is a keen historian and 
member of the Historical Radio Society 
of Australia, who worked in the South 
Australian industry - including a peri
od with recording pioneer Jack Ferry. In 
the past Mr Ellison has contributed arti
cles to EA, and nowadays he runs a 
museum of magnetic recording and 
playback equipment in Malvern, SA. 

In this book he presents the results of 
careful research into the South 
Australian radio and tape recording 
industry. There are 15 chapters, which 
present the story of brands and firms 
such as Nomis (Lawrie Simon), Ferry, 
Operatic Radio (William Bland), 
Peerless and Claritons (A.W. Campbell 
Dobbie), RWC Vascoe and Standard 
(Reg George), Gladiola Radio (W. 
Black & Son), Savoy Radio (Steve Ray) 
and Scharnberg Strauss (Ernest & 
Oswald Smith). 

There's not a huge amount of text in 
places, but plenty of interesting illustra
tions - many taken from magazines of 
the period concerned. Overall, the cov
erage is quite satisfying, and it should 
make a very useful reference both for 
vintage radio enthusiasts and students 
researching Australia's radio industry 
and its development. 

It's available from the author at 67 
Cremorne Street, Malvern 5061.(J.R.) + 



by DARREN YATES, B.Sc. 

~ 
Experimenting 
with Electronics ~~~~~~~~~~~-~~ ~~-

Still more 555 timer circuits ... 
This month, we finish off our look at the 555 timer (for the time being, at least) with some more 
circuits that use this incredibly flexible 'building block' IC in uncommon situations. There's even a 
sinewave oscillator to try out· 

These days, you could argue that elec
tronics has become little more complicat
ed than playing with Lego. Everything 
comes in nicely pre-programmed pack
ages, and all you have to do is slot the 
pieces in together to complete your solu
tion. Some would even go as far as saying 
that you don't even need to know much 
about electronics any more, and that you 
only need to know the 'overall picture' to 
get a circuit going. 

A large number of the digital protago
nists would have you believe this, but in 

reality there is no substitute for a solid 
working knowledge of electronics down 
to at least the component level. 

There is actually a parallel to this in the 
computing industry, and it goes a little 
like this: when a large corporation decides 
to create a software application, they 
don't get just one person on the job. In 
fact, it's not just left to one group but 
often several groups, whose task is to 
design the program layout and then divvy 
up the tasks to individual programming 
teams. You could say that this is similar to 
electronics at the building-block level. 

Most program modules are charac
terised in similar ways to electronic cir
cuits, that is, data comes in via an input, 
the module mucks about with it, and then 
spits it out via the output. 

Few people these days care how it's 

done, so long as you get exactly what you 
want at the output. By making the code 
modular, any bug-fixes or changes can be 
quickly implemented without upsetting 
the rest of the program. 

And this is where we come in. Many 
engineers will look for the easiest and 
quickest way to produce the end result. 
However, since most of us don't have big 
budgets, we need to be a little more clever 
in our design to achieve the same result 
with cheaper components. 

Once you know circuits down to this 

Slneiilo.ve 
Output . 
= 11<Hz 
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level, it's not a big step to creating large 
projects using just these simple compo
nents. 

The 555 timer is a perfect combination 
of a very practical and low cost module, 
and it can be made to do quite a number 
of differing jobs, as we've already seen. 

So enough prelude, let's take a look at a 
few more 555 circuitS. 

Sinewaves from a 555? 
Well, with a little help, yes. This first 

circuit uses the 555 timer as an astable 
multivibrator at first, and then switches 
into a Schmitt trigger. 

Looking at the circuit in Fig.I, the 555 
timer is connected up as a very simple 
oscillator with the output at pin 3 coupled 
back to the trigger (pin 2) and threshold 
(pin 6) inputs. 

The only difference comes in the nega
tive side of the timing capacitor. Instead 
of going straight to ground, it's connected 
to the output of IC2, which is a TL071 
FET input op-amp. This op-amp is con
nected as a bandpass filter, and it's the 
bandpass filter rather than the 555 timer 
components which really determine the 
overall frequency. 

Let's take a run through the circuit's 
operation. 

When power is first applied, the 555 
starts up as an oscillator but the square 
wave signal from pin 3 is immediately fed 
straight into the bandpass filter. The band
pass filter in this circuit is set to lkHz, 
which means that only this frequency 
passes through unimpeded. All others are 
reduced by increasing amounts. 

This filtered output, which is now basi
cally a sinewave with about 2% distor
tion, is coupled back to the 555 timer via 
what used to be the IOnF timing capaci
tor. Now once the circuit starts cranking 
up, the capacitor simply now acts as a 
coupling device and the 555 switches 
over to its Schmitt-trigger role, driven by 
the output from the bandpass filter. 

As a result, you have two outputs: the 
square wave (almost) signal at pin 3 of the 
555 timer and the sinewave output of IC2, 
both of which are in sync. At this supply 
rail voltage, the sinewave output is around 
9V peak to peak, which is plenty of signal. 

Varying the signal frequency requires 
changes primarily to the filter stage, with 
capacitors Cl and C2. Reduce their value 
to increase the frequency and vice versa. 
There are mathematical formulae for cal
culating the filter components out exactly, 
but we'll leave that for the future when we 
look at active filter circuits. 

Voltage alchemy ... 
Ever need a quick way to create a neg

ative supply voltage from a 12V battery? 
Well, Fig.2 is a simple and practical way 
to do the job. Known as a DC-DC con
verter, this circuit is not much more than a 
low-component count 555 oscillator feed-
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ing a peak-to-peak detector. It relies on 
the fact that capacitors can't change their 
voltage in an instant. 

Capacitors are 'storers of energy', so if 
you charged a capacitor with a 5V supply 
and then quickly switched that supply to 
OV (via some suitable impedance), the 
capacitor can't all of a sudden drop its 
bundle and go to OV. Instead, what hap
pens is that it forces the negative side of 
the capacitor down by the same margin. 
So if it was OV, initially, then it drops 
down to -5V. Of course the capacitor dis
charges reasonably quickly and every
thing is soon back to square-one. 

But if you could continually switch the 
capacitor on and off so that you could 
maintain the energy level in the capacitor, 
then you have a negative supply. 

And that's what this circuit does. 
As with most really simple circuits, 

there are a few limitations but so long as 
you know about them they shouldn't 
cause too many problems. Firstly, 
because the 555 doesn't have a symmetri
cal output stage, the output doesn't swing 
to both supply rails - which means that 
you should run this circuit on 12V or 
more, but no more than 18V. 

Secondly, you should run the oscillator 
at as high a frequency as practical. This 
way you can keep the capacitor values 
and sizes small. The maximum practical 
current you can drag out of this negative 
supply is around 15-20mA- not enough 
for anything serious, but it will be enough 
for most op-amp circuits. 

Fig.2 

15V supply and with a lkQ load would 
give -12V or so. 

If you need this rail regulated, use one 
of the low-current voltage regulators such 
as a 79L09 or less. But remember that 
these devices need a couple of volts of 
'headroom'. There are other regulators 
with less demanding requirements, but 
they're a little more expensive. 

More voltage, please! 
If the circuit of Fig.2 doesn't give 

enough voltage, then you can boost it by 
slotting in a negative voltage doubler. 
This will give you more voltage, but at 
slightly lower current because of the 
increased impedance introduced by the 
extra diodes and capacitors. 

Looking at the circuit in Fig.3, it's real
ly just another peak-to-peak detector con
nected in series with the first You could 
extend this further with yet another peak
to-peak detector for even higher voltage, 
but the current output starts to get too low 
to be of much use. At the output of each 
stage, the voltage drops another step as if 

47k 
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you're going down a flight of stairs. 
With this circuit, you can expect an out

put of -24V with a+ 15V supply rail. But 
you won't get much more than lOmA out 
of it before it begins to drop its bundle ... 

This type of circuit tend to be cheaper 
than inductor based DC-DC converters, 
but they don't provide anywhere near 
the amount of current. You can also 
build them much smaller as well, if that 
is an important factor to whatever 
you're building. 

There's nothing magical about using 
the 555 timer here, except that it's ideal 
for the job because it provides the low
impedance switching output with enough 
drive to do the job with as few compo
nents as possible. 

Positive voltage 
Of course, you can also create a positive 

voltage output DC-DC converter as well. 
It's as simple as swapping a couple of 
components around. The circuit in Fig.4 
shows how it's done. 

The 555 timer is still connected up as an 
oscillator and we still have a peak-to-peak 
detector on the output. The only difference 
is the connection of the diodes. If you look 
back at Fig.2, diode D 1 was connected to 
ground; here it's connected to the positive 
supply rail. Also diode D2 is wired up in 
the opposite direction to Fig.2. 

With this particular circuit, and a supply 
voltage of 15V, you can expect an output 
of around 27V. Again, because of the 
555's 'totem pole' output stage (the main 
thing you need to remember is that the 
output doesn't quite swing to both supply 
rails), the higher supply voltage you start 
with the better. 

-i.!4V 

And finally, diodes with a low forward 
voltage drop like the germanium OA91 
are better than silicon. 1N914s will do the 
job, but because of the 0.6V drop, you 
lose output voltage. There are a number of 
low-drop high speed diodes which are 
designed with this job in mind, and most 
of the garden-variety electronics stores 
carry one type of another. 

......... ______ ..... __ ,__~ ...... ~--o~OPtA 
Ol.ltpu'I: 

Typically this circuit running from a 
Flg.3 
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You can expect to get between 10 and 
20mA out of this style of circuit fairly 
comfortably. It relies on the same princi
ple as before, that a capacitor cannot lose 
or change its charge rapidly. The only real 
difference here is that we're charging up 
the capacitor to a certain voltage, and then 
shifting the ground of that capacitor up by 
15V or so. The capacitor obliges by push
ing its voltage upwards of 27V. It has a 
charge inside and there's nowhere else for 
it to go but up! 

If the output at pin 3 is low, capacitor 
Cl charges up from the supply rail 
through Dl. But when the output switch
es high, the capacitor's negative pin rises 
from OV to 13V. The positive pin of that 
cap has to rise by that same amount, and 
so it rises to around 27V. Diode Dl pre
vents this charge dissipating back into the 
battery. At 27V, Dl is reverse biased and 
stops this from occurring. 

On the other hand diode D2 is forward 
biased and allows the capacitor to dump 
its charge into the reservoir capacitor C2. 
This capacitor provides the 'grunt' for 
whatever circuit you connect up to it. 

Once the output at pin 3 drops low 
again, the positive side of Cl drops back 
down to around 14V. If C2 is still 
charged up, diode D2 is reversed biased, 
and so stops any flow of current back 
into the circuit. 

Again, you can either use higher value 
capacitors and a low frequency or you can 
use a higher frequency and smaller caps. 
This is the better option, since you can 
squeeze the size of the circuit right down. 

Just as with the negative version, you 
can continue to build up the voltage by 
putting in more series rectifiers. You also 
get the reduction in current, of course, but 
if you only have modest current demands 
this may be the lowest-cost solution. 

In the future, we'll be looking at better 
alternatives to doing this, and looking at a 
low-cost IC which allows you to produce 
just about any voltage you want from 
+80V to -80V OC. 

555-based LC oscillator 
One of the more unusual circuits I've 

seen is this LC oscillator which uses the 
CMOS version of the 555 timer. When 
the original 555 timer arrived on the 
scene, it was designed with TTL, but as 
you'll discover, if you haven't already, 
the 555 isn't all that cheap to run, particu
larly from batteries. It's a bit thirsty, con
suming around 7-lOmA on its own. 

The CMOS version uses the same tech
nology as your common CMOS logic ICs 
like the 4000-series logic chips. Low 
power consumption, output that swings to 
both rails and very high-impedance 
inputs, make the 7555 or LMC555 IC a 

very attractive solution to problems that 
the original circuit couldn't solve. 

Fig.5 shows the circuit with a very 
common 'pi' LC network. The circuit 
takes the inverted output at pin .7 and 
feeds it back through the network to the 
combined trigger and threshold inputs. 

The frequency of this circuit is set sole
ly by the capacitors and inductor and can 
be worked out by using the following 
equation: 

F = l/(21t x ../(LC)) 
where 1t = 3.14159, Lis the value of the 

inductor in henries and C is the value of 
the capacitors in farads (both capacitors 
should ideally be the same value). 

This circuit has the benefit that its fre
quency is largely unaffected by heavy 
loads on the output - which isn't the 
case with most pi-network LC oscilla
tors. The values shown produce a fre
quency of lOkHz, although you should 
be able to hit at least 50kHz quite easily 
with the 7555. As all ICs are different, 
you maybe able to push some 7555s to 
well past lOOkHz; but don't rely on it 
across the board. 

CMOS ICs such as the 7555 aren't usu
ally noted for their speed, which is why 
you won't hit the high notes that other LC 
oscillators can handle. But it will produce 
more output current. 

The most important thing about this 

· circuit is that you need to keep the 
inductor value fairly high, otherwise the 
circuit falls back into the RC mode. If 
you look at it, if the inductor is shorted, 

· you have the standard RC time constant 
that we're all familiar with. So you need 
to keep that inductor value up, to ensure 
that the circuit works as an LC type 
rather than an RC one. 

Linear ramp circuit 
You can also get the 555 timer to pro

duce sonie quite linear ramp waveforms, 
which come with their own sync pulse. 
If you're playing around with any video 
signal circuits, this will be of some inter
est to you. 

Normally, the timing circuit for the 555 
as an oscillator simply consists of a resis
tor and a capacitor, which is fine for most 
things. But if you replace the resistor with 
a constant current source, then you can 
obtain quite a linear waveform by buffer
ing the output across the capacitor. 

The circuit for this is shown in Fig.6. 
As you can see, Ra, Q 1 and the lOnF 
capacitor Cl set up part of the time con
stant here. The other part is set by 'the 
voltage level on pin 5. This provides the 
base drive and control for the constant 
current source. 

Continued on page 101 
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UNDERSTANDING & 
USING PIEZO TWEETERS 
Piezo tweeters, in use for 20 years now, have been applauded and cursed to varying degrees 
across the audio industry. When used properly, they offer a quality cost-effective, high frequency 
sound source in a rugged, high efficiency package. However like many products they fail to meet 
their potential if used improperly. This article, adapted from a Motorola application note, explains 
how piezo tweeters work and how they can be used to best advantage. 

Piezoelectricity was discovered in the 
late 1880s by Jacque and Pierre Curie, 
who found that certain natural crystals 
generate an electric field under the influ
ence of a mechanical force. They named 
the phenomenon piezaelectricity, from 
the Greek meaning 'pressure' electricity. 

Shortly thereafter, it was discovered 
that this phenomenon is a reversible one. 
That is, when an electric field is 
impressed across such a crystal, it under
goes a physical deformation. Since the 
actual displacements are very small (mea
sured in millionths of an inch), the practi
cal applications for piezoelectricity were 
slow in coming. 

Various natural occurring materials 
were found to be· piezoelectric, among 
them quartz, tourmaline, Rochelle salt, 
and even wood. 

The advent of radio resulted in the need 
for a frequency-s~ble circuit component. 
Quartz crystals, vibrating at resonance, 
were found to operate consistently and are 
still the state of the art in frequency-stable 
components. This was the first high-vol
ume major application of piezoelectricity. 

Underwater warfare in WWII generat
ed a need for detection.equipment analo
gous to the radar used for planes. It was 
known that acoustical signals travel 
extremely well in water, and the first 
acoustical application for piezoelectricity 
emerged. A piezoelectric crystal was 
acoustically coupled to the water through 
a metal diaphragm. A short burst of ener
gy ('ping') caused the crystal to vibrate, 
setting up an acoustical wave in the 
ocean. When the wave encountered a hard 
object, a reflected signal was returned to 
the sender. Since the piezoelectric device 
also worked as a receiver, after the initial 
transmit 'ping', it was switched to receive 
mode and listened for the returning signal. 
The time lapse between transmit and 
receive was translated directly into dis
tance. Further, by adding multiple 
receivers aimed in different directions, a 
direction (bearing) could be determined. 

Rochelle salt was first used for this 

application because of its extremely high 
sensitivity. Unfortunately, it exhibited 
several temperature and moisture prob
lems that made its use impractical. 

A better material was needed. 
Independent research on both sides of the 
ocean resulted in a. family of synthetic 
materials that offer high electro-mechani-
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cal conversion efficiency with greatly 
improved temperature and humidity sta
bility characteristics. 

This synthetic material is actually a 
ceramic, and is processed using methods 
similar to conventional ceramic sinter
ing techniques. The material was called 
PZT, because it is a polycrystalline lat-



tice structure of the oxides of lead (P for 
Pb), zirconium (Z) and titanium (T). 
Since it can be formed using conven
tional ceramic processes, it offers more 
design latitude to the transducer engi
neer than do natural crystals. 

A major difference between PZT and 
piezo materials found in nature (crystals) 
is that PZT must be processed further to 

A selection of Motorola piezo tweeters 
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make it piezoelectric. The microscopic 
crystallites, known as domains, are in ran
dom orientation in the PZT and must be 
aligned if the material is to be useful. This 
is done in a process called 'poling'. A 
high potential DC electric field is momen
tarily imposed across the material, caus
ing the domains to align themselves with 
the field. Upon removal of the field, the 
domains remain aligned (see Fig.I). 

The poled PZT is now truly piezoelec
tric and will stay that way unless an 
excessively high voltage is imposed 
upon it, or unless it is heated to a very 
high temperature (Curie point). If either 
of these conditions is reached, the ener
gy input to the domains exceeds the 
internal binding force holding the 
domains in alignment, and the material 
once again becomes unpoled. This entire 
process is very much like the magnetiz
ing of a magnet except we deal with 
electric fields instead of magnetic fields. 

It should be noted that the ability of the 
PZT to retain its polarity is a function of 
the quality of the material. There are 
available low quality materials which will 

Fig.7 

de-pole under normal use, causing a 
speaker to gradually lose efficiency (sen
sitivity). Motorola manufactures only the 
highest grades of PZT. 

Theory of operation 
In operation, the domains within a 

poled PZT wafer (Fig.2) alter their posi
tion slightly when an external field is 
applied. This causes a slight deforma
tion in the physical geometry of the 
wafer. When the field is removed, the 
wafer returns to its original size. These 
displacements are very small (measured 
in millionths of an inch) but high in 
force, and when coupled directly to a 
liquid or a solid medium, are useful for 
generating discrete motions. When cou
pled to air, however, motions of these 
dimensions are useful only in the ultra
sonic region where the acoustic imped
ance of the air is higher, and provides a 
better match to the PZT. 

To provide useful motion in the audio 
region, a 'mechanical lever', or trans
former, is required to convert the high
force, low displacement motion to low
force, high displacement. This is done 
by coupling two wafers face-to-face 
(Fig.3). The wafers are connected such 
that as one expands, the other contracts. 
When coupled at their faces with a metal 
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member (centervane), the resulting 
stress causes the sandwich to dish in and 
out depending on the amplitude and 
polarity of the applied signal. This 
'sandwich' is called a bimorph, as it 
consists of two active piezo elements. 

By affixing a cone to the centre of 
the bimorph and anchoring the cone at 
its periphery, the bimorph vibrates in 
synchronism with an applied audio 
signal and pumps the cone fore and 
aft, while pushing against its own 
mass (Fig.4). This concept, called the 
'Momentum Drive Principle', was 
developed and patented by Motorola 
in 1970. It is the fundamental principle 
behind a broad family of speakers 
introduced in the ensuing 20 years, 
through many technical developments 
and dozens of patents. 

Piezo tweeters 
Let's consider, in detail, the con

struction of the Motorola Super Hom 
piezo tweeter (Fig.S). Although devel
oped and patented in the early 1970s, it 
is still a workhorse in commercial 
sound installations. 

The circular PZT bimorph in this case 
consists of two wafers, 22.6mm in diame
ter and 0.14mm thick. The ultra-thin 
wafer is required to achieve the desired 
acoustical performance. The bimorph is 
coupled at its centre to the apex of a spe
cially impregnated diaphragm which then 
works into a compression volume. Slots 
in the compression space direct the sound 
into the throat of a horn. The radial slots 
are transformed into a 7Smm circular 
mouth, through the special shape in the 
throat of the horn. 

The actual horn contour is a hybrid 
design between a pure exponential con
tour and a hyperbolic one. Again, this 
computer generated geometry is opti
mised for the best acoustical output. 

Finally, a foam dampener pad is 
placed in the back of the cone and a rub
ber dampener on the back of the 
bimorph, to damp out spurious reso
nances. The result is a frequency 
response (Fig.6) showing high sensitivi-

ty and smooth characteristics. 
Again, it should be noted that low qual

ity products are available on the market 
using poorly tooled parts . and imprecise 
manufacturing methods. The results are 
inferior performance and unpredictable 
results. Motorola is proud of its commit
ment to quality and the consistently high 
performance of its piezoelectric speakers. 

Tweeter performance 
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Because of the light dynamic mass of 
the piezo tweeter (no voice coil, spider, 
etc.), the response time is very fast. Tone 
burst measurements show the excellent 
transient response at all frequencies 
across the band. 

A further advantage of the piezo tweet
er is its high power efficiency. With no 
voice coil, there is no resistive heating and 
little lost acoustic power. In fact, the actu
al impedance of the tweeter (Fig. 7) is very 
high, from about son to 2son for the 
Super Hom in its operating range. At 
these values, the amplifier sees little addi
tional load from the tweeter, allowing use 
of arrays with little additional power load. 

Because a piezo tweeter generates little 
waste energy it is capable of being driven 
harder than a dynamic tweeter. 
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Application hints 
With all the aforementioned virtues of 

piezo tweeters, there are still some issues 
in their use with which the designer 
should be familiar. 

A piezo tweeter appears like a lossy 
capacitor to the amplifier (Fig.8). As 
shown in the impedance plot (Fig. 7), the 
impedance decreases with frequency. 
Many amplifiers today boast outputs that 
extend to lOOkHz. At those frequencies, 
ultrasonic resonances may occur between 
the amplifier and the tweeter, causing 
damage to one or the other or both. If such 
an amplifier is used, particularly with an 
array of tweeters, a small series resistor is 
suggested (Fig.9). 

For Motorola tweeters with a low-end 
cutoff of 3kHz to 6kHz, a son 2 watt 
resistor wired in series with each tweeter 
will prevent this resonance problem with
out noticeably affecting the response. 

It should be noted that this problem is 
uncommon in automotive installations, 
since these amplifiers usually roll off at 
20kHz. The 2kHz horn products do not 
require an external series resistor since 
one is built into each unit. The KSN1086 
mid-range driver and KSN1090 and 1103 
voice range products should be protected 
with a 2on 10 watt series resistor. 

Crossover networks 
The piezo tweeter does not require a 

crossover network. Since the tweeter is 
capacitive in nature, it rejects low-fre
quency power. However, if the mid-range 
or woofer is still operating at the tum-on 
of the tweeter ( 4kHz in the case of the 
Super Hom), a harshness may be heard in 
the total system. This disturbance in the 
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crossover region can be minimised by 
addition of an RC filter (Fig.10) tuned to 
attenuate the turn-on peak, or rolling off 
the mid-range a little earlier. 

If a conventional crossover network is 
to be used, the tweeter must be made to 
look 'resistive' in order to work with the 
crossover. This can be done by wiring 
an 80 resistor across the piezo tweeter. 
It should be noted, however, that the 
power efficiency benefits now are lost 
since the piezo tweeter will look more 
like an 80 dynamic unit electrically. 
This will, however, allow the use of 
conventional crossover technology. If a 
variable level attenuation is desired, an 
L-Pad can be used. 

If a straight level attenuation is desired, 
a simple (non-polar) capacitor (Fig.11) 
can be series wired. 

Multiple tweeters 
System sensitivity can be increased by 

adding piezo tweeters in parallel (Fig.12). 
The high electrical impedance of 
Motorola's piezo tweeters allows several 
units to be connected in parallel without 
overloading the amplifier. 

Each time the number of tweeters con
nected in parallel is doubled, the average 
sensitivity for the array increases by 3 -
6dB. The actual increase depends on sev
eral factors such as off-axis angle, fre
quency, tweeter model and the configura
tion of the array. 

For Motorola Super Homs, the on
axis response increases 6d.B for each 
doubling. Part. of this increase occurs 
because of the narrower beam produced 
by multiple horns. As the beam becomes 

f '-;\::.,':~,~, ,' ''16'· , ~, rt-· , ~·4:.:C-f:;Y' , ,,, ,c,, , 
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narrower, the off-axis response degrades 
as a result of destructive interference 
between tweeters. The angle at which 
the destructive interference is the great
est depends on frequency and on the 
spacing between tweeters. 

The destructive interference can be 
minimised in one plane by orienting a sin
gle row or column perpendicular to that 
plane. For example, if horizontal disper
sion is more important than vertical, the 
tweeters should be mounted in a single 
vertical column. This assures that the hor
izontal dispersion of the array is identical 
to that of a single tweeter. The vertical 
dispersion, however, can begin to degrade 
significantly beyond 5°. 

Mounting the tweeters at an angle 
( offaxis) with respect to one another can 
also improve the off-axis response. 

Connecting piezoelectric tweeters in 
series doesn't increase system sensitivi
ty, but it does produce higher sound 
pressure levels at maximum rated power 
(Fig.13). Maximum power handling 

capability of the array increases as 
tweeters are added in series. At maxi
mum rated drive level, doubling the 
number of tweeters in series reduces the 
voltage across each tweeter by half, with 
a resulting SPL decrease of 6d.B for each 
tweeter. The additional tweeters, how
ever, create a 6d.B increase for a net on
axis sensitivity change of Od.B. 

If the voltage applied to the array is 
now doubled, so that each tweeter sees its 
maximum rated voltage, the array's on
axis SPL increases 6d.B. 

Power handling 
The power rating of Motorola's piezo

electric speakers is determined using the 
EIA RS426 test method. This is a contin
uous eight-hour noise test with peak volt
age spikes twice (four times higher in 
terms of power) the average applied sig
nal. Thus, for a speaker to be rated at 75 
watts (25V), it must not degrade after 
eight hours of continuous operation at 75 
watts with 300W spikes. 

As a result of using the EIA test 
method, Motorola power ratings for its 
piezoelectric speakers tend to be conser
vative compared to conventional indus
try claims for speaker systems. In addi
tion, the extremely dense, high-quality 
ceramic manufactured by Motorola 
withstands cracking and other high 
power failure mechanisms much better 
than the piezoelectric ceramic used by 
many other manufacturers. 

Powerline Series 
Motorola's Powerline series of 2kHz 

horns use an internal protection circuit 
which allows the horn to continuously 
handle the full output of a 400 watt (80 
reference) amplifier. The protector is a 
parallel combination of a miniature light 
bulb and a positive temperature coeffi
cient resistor (PTC) (Fig.14). 

In a music system in which there is 
excessive clipping at high power, or high
amplitude high-frequency signal content, 
the piezo drive element sees very large 
currents and will heat up due to dissipa-
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tion losses. When the PTC senses the high temperature it 
increases its resistance dramatically. This has the immediate 
effect of significantly lowering the power into the driver, and the 
SPL produced. 

To avoid a sudden shift, and make the power control practi
cally imperceptible, the miniature lamp is wired in parallel with 
the PTC. The lamp is essentially a very fast-acting PTC and 
responds to music peaks rather than RMS heating as does the 
PTC. The audible effect is similar to that produced by a level 

compressor. In this way, the driver temperature is held below 
damaging levels. 

The resulting speaker performance then is as follows: under 
normal operating conditions, the powerline speaker performs in 
its normal mode, faithfully reproducing the signal applied in 
proportion to its volume. Under temporary, extremely high 
power surges (even in excess of 400W), the speaker will still 
perform in its normal expected mode. But now, if subjected to 
continuous high-frequency power, above lOOW or so, the PTC 
temporarily opens up, allowing the speaker to continue to play, 
drawing its power through the light bulb, at a somewhat com
pressed power level. 

The transition is smooth, and at the power levels being played 
at the time, barely perceptible to the human ear. When the speak
er cools off. the PTC automatically resets, and conditions return 
to normal. 

Conclusion 
High quality piezoelectric tweeters such as those made by 

Motorola are capable of exceptional performance if used cor
rectly and with a sound understanding of the way they operate. 
Small wonder that if you look behind the grille or fret of the 
speaker enclosures in many of today's professional sound sys
tems, you'll find one or more Motorola piezo drivers. 

In Australia, Motorola Piezo Tweeters are distributed by 
Freedman Electronics, of 283 Victoria Road (PO Box 3), 
Rydalmere 2116; phone (02) 638 6666 or fax (02) 638 7505. 
Many of the tweeter models are also stocked and readily avail
able from firms such as Dick Smith Electronics, Jaycar 
Electronics and Altronics Distributors. + 

HIGH FREQUENCIES 
LOW PRICES 

NIC>TC>RC>L 4 
THE REAL THINGI 

AVAILABLE@: DICK SMrrH, JAYCAR, AVICO, 
ALTRONICS & OTHER GOOD AUDIO SUPPUEllS 
IMPOllTEO ANO OISTR.IBUTEO BY Fl/UEOMAN EUCTRONICS PrY I.TO. 
283 VICforia -d. Rydai.n.re. NSW. 2 J 16. Phone: 02 9638 6't66 





CAT Des;tlplfon ................................................................... R.R.P 
111111185 SOLAR VOLTAGE REGULATOR .......•••................•..•. $13.95 
K10048 Ell 480 5a'N AMP •......•...•..•.........•......•..•........•.... $27.15 
K1004& ETI 480 1 OOW AMP •.........•.............................•...•.. $34.115 
K10050 ETI 480 POWER SIPPLY ...................•..............•.... $28.95 
1110080 EW.ANCED MICROPHON: AMPUAER .••.•.•.....•••..... $12.15 
1118085 GEN:RAL PIJIPOSE AMPUFIER .........•.•••..•....••...••• $14.116 
1110070 BALANCED INPUT DlFFEREN"TlAL PREAMP ..........•.• S1U5 
1110076 liLDAT NICAD CHARGER ...•...•........•...•............•...... $14.116 
11100IO TRMSISTOR TESTER ..•..•..........................•..•....... S22.15 
1110085 300N PLAYMASTERAMP .•............•..•...•............... $111.00 
1110095 2TONEALARM ..•...•.............••.••.........•.•........••.••.. $9.15 
1110100 1.5VT09VDCCONVERTER ............................•..... $11.15 
1110105 3 DIGIT COLMER ....................•........•..••..............• $22.95 
1110110 ELECTRIC FENCE •.....••.............•........•...•.....•...•..... $28.15 
1110120 1V PAffiRN GENERATOR .•....•...............•...•........... $94.95 
1110125 UNIVERSAL POWER Sll'PLY .....................•.•.••...... $12.96 
1110136 LED sc.w.ER .•.........•••..•...•...•..............•.•.•......... $17.95 
1110140 LOW Fl.EL ll'OCATOR FOR CAR •...........••............... $11.95 
1110145 SCREECHER CAR ALARM .........•...........•............... $36.95 
1110150 12/.!4V LIGHT CHASER .•.........•...••...•.....•.............. $21.95 
1110180 "THERMOSTATIC SWITQ-1 FOR RADIATOR FANS •....... $31.95 
1110115 VO ADAPTOR FOR PC's ......•.•....••.•........•.••...........• $58.15 
11101H 240VAC TRIAC TRIGGER (SHORTFORM) ................ $61.1111 
11101117 240VAC TRIAC TRIGGER (FULL FORM) .......•........... $1111.95 
1110170 INPUT BlFFER & RELAY DRIVER ...•....•.......•...•....... $34, 
1110176 LOW COST SIG. TRACER/AMP ..•........•.•.....•... ~ .•..... 
1110180 STEREO FM TRANSMITTER •...•.••.........•.••......•...•.•• $33.95 
11101511 LOWVOLTAGE CUTOUT FOR CAR ,ooAT .•.•.....•...•••. $22.15 
1110200 IN-ClRCUT TRANSISTOR TESTER ....•.....••....••.•...•. $14.116 
1110205 VHFPOWERIMTCH ..•.•...•........•.....•.•....••.....••...•..• $8U6 
1110215 TEMPERAllJRE PROBE FOR WJlMillRS ........••.. $11.95 
1110225 18V/1AMPBENCH TOP POWER SlPPLY ...•.........•. $71.95 
1110295 LOW OHMS METER ....•.............••.••..•.....•......•....... $211.95 
1110380 TEMPERAlUlE AIJ.6PTOR ....•.•.....•...•...•...........•...• $24.95 
1110306 VOICE OPERATED RELAY .•...•...•..•.•.•.•...•..............•. $18.95 
1110310 IGNTION KILLER ......••....•..................•.•................ S22.l5 
1110315 HEADPHONE AMPLIFIER ..•.......•..••.......••..........•.•.. $34.95 
1110325 SOW Al.DIO AMPLIFIER •......•.....•..•...•.................... $54.95 
E10325 PCB SOW AIJl!O Ml'LJFIER TDA1514A .................• $11.95 
1110330 RS232 FOR COMMODORE 64 •.....•...•..................... $24.95 
1110335 RGB TO PAL ENCODER MODlli .......•.•.................. $49.95 

11183441 CAMCORDER M>a:R ••....•....•.•...•••. , ••............•.•.•...•. $211.95 1110fll0 BWGET PRICED TEMPERAlUlE CONTROL .•...•..............• $311.95 
111Da45 KARAOKE BOX ....•.•••...............•.•.••......••.........•....... $28.15 1118615 NICAD ZAPPER .......•.•..•..••........•........•.••••..•...••.•.....•..•.•• $211.95 
1110350 'IMPROVED" REMOTE CONTROLLER EXTENDER •..•.• SllUli 1110808 GO/Nl-GO CRYSTAL CHECKER •.•......•..•...•...•..•..•.•...•...••. $18.96 
1110356 HIGH ENERGY IGNITION .•......•••••.•.....•..•.......•........• $49.95 1110IOli CHAMP PRE-AMP .......•••.••....••.••.......••..•.••.•...•.......••.•.••. $8.95 
11103lil BREAKERLESS IGNITION •.•.•....•..........••.•..•............. $4U5 1118110 MINIVOXVOICE OPERATED RELAY .••.•...•..••.•.....•....•••...••. $13.95 
11103IG LOWll'EAKER PROTECTOR •••••..........•..•....•.....•..••• $21.15 1110815 LDNl-WAVE AM RECEIVER FOR 
1110370 PORl: 12V LEAD ACID MffiRY CHARGER ••.•.....•.••• $27 .811 AIRCRAFT WEATHER INFORIMTION ...•..••.••••...•..••..•.••••••. $37.60 
1110375 15W 12-240V llWERTER ........................................ $49.95 1110820 AUTO DISCHAAGER FOR NICAD MmRY PACKS .....•.••..•• $27.95 
1111388 1GHzDIGITlfLFREQl.ENCYCOLMER ..•....•.......••..•. $147.95 K111130 TALKINGHEADUGHTSREMINlER .•..•......••••..•..•....•••..•... $82.91; 
1110382 Hl·RES MOOl..lATOR FOR 1110380 .•.•.•.•...•...•.•..•...•. $11.95 1110836 BEGl~R'S VARIABLE 000,.RAIL POWER SLPPl.Y ...•..•.• $311.95 
1118380 LOW COST QUZ GAME ADJlD!CATOR ..•...•...•.......... $34.95 1110840 CLIFFORD-A PESKY LITTLE ELECTRONIC CRICKET ...•..••.•. $15.46 
1110386 16-SECONl MESSAGE RECORDER ......................... $85.15 1110141i 3-SPOT LOW DISTORTION SINEWAVE OSCILLATOR •.•......• S4U5 
1118400 WOOFER STOPPER ............•.•.•........•...•.................. $55.95 1110850 A BUJGET PRICED 'SHOESTRING" STEREO AMP ..•.•......•.. $111.15 
1110405 COIDUR VIDEO FADER .......••..••.•..•..........•..•........... $32.95 K10fl85 A PHOTOGRAPHIC TIMER FOR DARKROOMS ...•...•...•......• $114.115 
1110416 PC-CONTROLLED EPROM PROGRAMMER ..•............ $81.15 1110870 ECONOMY SURROUNJ SOUND DECODER •..............•....•.. $1i11.95 
1110425 DELl.DCE CAR ALARM ..•.•..•........•.•.•.........••..••........ $61i.15 1110ll75 LOW COST TRANSISTOR TESTER/MOSFET ...•.•........•....... $211.15 
1110430 REMOTE CONTROL ELECl: COCKROACH ..•..••.......... $81.95 1110888 PC-DRIVEN ELECTROCARDIOGRAM ..•....•.•...•.....•.....•••... $21.95 
1110440 HIGH EFFICIENCY FWORO INVERTER KIT •........•.....•. $4U5 111111185 IMPROVED FlfXITlMER MK2 •...•.•.•....•......•...•••...•.......•... $22.15 
1110446 IMPROVED ll:CODER FOR ACS SIGNALS .•.......•..•... $11.95 1110890 LED MmRYVOLlAGE INO!rATOR ......••......•.•.•......•....... $8.15 
1110468 A SIMPLE IDW VOLTAGE SPEED CONTROLLER ....... $13.05 111111195 JACOB'S LAOOER DISPLAY = C:Oil) .•.••.••.••••••••••.•••. $211.95 
11104lili PRINTER STATUS IN!lCATOR FOR PRINTERS •......••.• $85.15 111llUI JACOB'S L.AOOER DISPl.AY c:oil) •..•••..•.•........•.•...•••• $1i11.95 
1118415 LOW COST 25W AMPLIFIER MODl.lE ...•..•.....•......•.. $18.95 1110700 FAST CHARGER FOR NICAD mRIES •........••..••..•..•...... $118.95 
1110460 VERSATILE I/JV /3A LAB POWER 51.PPLY •...•.•••.•••.• $1115.86 1110705 MODEL TRAIN CONTROL WITH SIMULATED INERTIA .....•..• $34.46 
1110470 CHMf> 0.5 WAIT AMPLIAER ..•••••.....•...•..••.••••••....• $8.95 1110710 A MIXTURE DISPl.AY FOR RJEL INJECTED CARS .....••.•••••• $15.95 
1110476 90 SECOND MESSAGE HOLDER ......•..•................•.•• $87.05 1110716 GEIGER COLJETR ...................•...•............•..•....•..•.•..••... S1•.15 
11104711 75 SECOND MESSAGE HOLDER .............................• $83.15 1110720 ENGINE IMMOBILISER .•.......•....•..•.........•...•..•..•............•• $33.95 
K10488 CONTROL STEPPER MOTORS WITH YOl..ll PC .......•.• $85.11 1110726 LDW COST FIVE MND EQLW.ISER •...••.•..•.....•...•.....•..••.•• $32.95 
1110485 EGO TESTER KIT .......•...•...•.•.••...•..•••••••.•.....•.•.•.•.••• $11.95 1110730 illlORTFORM Low Cost Micro-Based ESR & Low OHMS MelBr$44.95 
11104M LOW COST MIDI BREAK-OUT BOX .•.••••...•.....•...•.•.•.• $12.05 1110735 PC DRIVEN EGO SENSOR ANALYSER ......•....•..•.......•...•...• $31.45 
1110505 SIMPLE LED Q-IASER .....•..•..•.....•...•.....••.....•.......••• $11.15 1110740 SMART DUAL 12VMmRYCONTROLLER ..•..•.....•......•... $49.95 
1110510 LEVEL CROSSING DETECTOR FOR MOll:L RAILWAYS $211.95 1110765° LOW COST RF TEST OSCILLATOR •....•........•...•.•.•............ $81.85 
1110515 501.N)S & LIGHTS FOR LEVEL CROSSING ..•••..•.•••.• $34.95 1110780° STROBOSCOPIC TlHR .............•............•.•...••.•.........•... $47.115 
1110520 AN IMPROVED DSO ADAPTOR FOR PC'S .•..•..•...•...•.• $158.96 1110765° HIGH VOLTAGE INSULATION TESTER .•.•......•.......•........•... $81.15 
111115311 t.mOISE Lt.I. STEREO PREAMP ..•......••..............•...• $11.15 1110778° STEAM WHISTLE FOR MODEL BOATS & TRAINS .....••......•. $27.95 
111053li LIGHT & SOUNO TRIGGER ..•..............••.•................• $41.95 1110775° BUILD A LOW OHMS TESTER FOR YOUR DMM •.....•••........ $38.95 
1110540 5a'N AUDIO AMPLIFIER ...•..•...•.........•......•......•..•..•• $37.50 1110780* LOW COST POCKET SAMPLER .....••....•..•........•.••••........... $12.95 
1110550 FAST CHARGER FOR NrAD ..........................•........• $42.15 1118790° BUILD A VGA DIGITAL OSCILLOSCOPE ..........•.....•...•........ $2111.95 
111llilili DlW. ELECTRONIC DICE ...•....•....•..••.........••..•.•...•.• $24.95 1111705° Al.DIOMDEO TRANSMlffiR ...•....•...•...................••.•.•.... $11.46 
11105l0 DIGITAL VOLTMETER FOR CARS •...••.•..•...•............•.• $39.15 1110798° AUOIOMDEO RECEIVER ........•......•....................•..••........ $78.95 
1110585 DIGITAL TACHOMETER FOR CARS •....•....•.•.••..•.........•. $49.95 1110808° INFRA-RED STEREO AUDIO LINK ............•...........•............ $130.45 
1110570 COOLANT LEVEL ALARM ...•.•..........•........•.............. $211.95 
1110576 STEAM TRAIN WHISTI.E & DIESEL HORN SIMULATOR $22.45 "AVAILABLE SOON 
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A low cost RF oscillator design that is 
suitable for checking and aligning HF 
radios and other equipment operating 
between 350kHz and 30MHz. 
Features digital frequency readout, the 
ability to provide either CW or 
modulated output and also audio and 
1 MHz reference SilJlals from miary 
outputs at the rear. EA llay '91 

lbis auxiliary battery manager 
ful advantage of a dual battery set~·s 
capabilities, by controlling when and 
how the "alildllary' battery is comecled 
to the electrical system. It's fully 
automatic, will cost you far less than 
an equivalent commercial unit, and is 
particularly suited to Iha new breed of 
deep-cycle auxiliary batteries 
EAJAN'tl 

With car engine management systems 
becoming more and more 
sophisticated (and complex), it Is 
getting Increasingly difficult to find out 
what's happening 'Under the hood". 
This low cost analyser, combined with 
any IBM PC and some special software 
can provide a large amount of 
informallon.on yoor car's performance. 
EAJMIH 



System Overview 
The board incorporates system board, ISA VO, PCI IDE in one 
board that provides all the PC solutions. The mainboard is a 
Pentium"' micro processor based PC/AT system, supports 
256KB to 512KB cache with ISA Bus and PCI Local Bus to up11ade 
your system performance. It is ideal for multi-tasking and fully 
supports MS-DOS, Windows, Windows NT, Windows 95, Novell, 
0$/2, UNIX, sea UNIX etc. FOR FULL TECHNICAL DETAILS 
PLEASE SEE OUR PAGE FOR THIS PRODUCT ON OUR WORLD 
WIDE SITE: http://www.rie.eom.au/-rie 

PENTIUM CPUs PENTIUM PRO CPUs 
IOOMHz ••• $249 CPU ......... CPU ONLY • Wl1H M.I. 
120MHz .... $349 PRO ISOMHz •• NA-·· $1195 
IDMHz •••• $449 PRO llOMHz $1195 ...... $IMS 
ISOMHz ••• $569 PRO 200MHzS 1395 _ .. S2 I 9S 
166MHz $749 AVMUUl#iil)&,...,,.MITMn 

••• • lrllAll. -· 



INFORMATION CENTRE 
by PETER PHILLIPS 

Anti-gravity, battery connections and more 
We have a rather scientific start to this month's column, with letters arguing against a May corre
spondent's suggestion of a link between superconductance and anti-gravity. There's also letters 
about the impedance of twin coaxial cable, and connecting batteries to give a range of voltages 
- and I have a go at Austel. 

If you have an interest in electronics, it's 
likely you'll also be interested in a range 
of other scientific matters, such as cosmol
ogy, space research and so on. For this rea
son, we often include articles in the maga
zine about the latter, especially where 
electronics plays a part in the technology. 

As well, I like to present letters in this 
column that raise scientific issues which 
while not purely electronic, are likely to be 
of interest to you. The most recent exam
ple is a letter from Wayne Shirley (Raby 
NSW), presented in the May 1996 issue, 
under the heading 'Superconductance and 
anti-gravity'. 

As you might expect, a letter on such 
a topic is likely to draw a few responses, 
and I'm starting this month's column 
with some of these. Predictably, these 
letters disagree with the points made by 
Wayne, who argued there could be a 
relationship between superconductance 
and anti-gravity. 

According to Wayne, superconductance 
can be represented as a third dimension on 
the usual two dimensional R-X phasor dia
gram. (See Fig.1.) The interaction between 
the resulting three dimensions could there
fore give some interesting resl.ilts, includ
ing implications for anti-gravity. 

Whatever your views, one thing can be 
claimed: Wayne's letter has made readers 
think about the topic. And the more you 
think about such matters, the more you 
realise how little we really know. We still 
don't know for certain how the universe 
began, if anti-matter really exists, the com
position of dark matter (which is supposed 
to make up most of the universe), and so 
on. Some of our most distinguished scien
tists and cosmologists (including Einstein) 
have held very different views on many of 
these topics. 

The first two letters take Wayne to task 
in no uncertain terms, but I caution readers 
to consider the broader aspects. Firstly, the 

complete? Who understands gravity, and 
therefore anti-gravity? 

But most importantly, whether you 
agree or disagree with them, the following 
letters contribute to a discussion that 
makes us all think a bit more about the 
world around us. Here's our first letter: 

Phasor diagram 
and superconductance 

I assume that Wayne Shirley's fairy 
story about superconductance and anti
gravity was written on the first of April. Or 
is it an example of 'science' fiction? 

His attempt to develop a phasor dia
gram encompassing superconductance is 
indisputable as far as his first paragraph 
goes (to the coordinate origin). After that? 

The limited current carrying capacity 
of superconductors is a non-linearity 
which the phasor diagram does not 
countenance, and can provide no bear
ing for the rest of his fanciful supposi
tions. Particularly as there is mathemat
ical proof to show it's impossible to find 
another operator with properties analo
gous to i = V(- I) that allows any three 
dimensional analogue of the Argand 
diagram; the basis of the phasor plot. 

Except for stray capacitance/inductance 

letters give opinions based on the writer's Fig.1: A 'three dimensional' phasor 
understanding. But who's to say anyone's diagram, as proposed by Wayne 
understanding of such abstract topics is Shirley. 
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effects which can equally distort the plot of 
even a simple resistor, superconductance 
is basically insensitive to frequency. 
Therefore any such graph (with its hope
fully 'interesting results') would consist of 
only the origin, unless the resistance dur
ing overload is shown as another point on 
the +R axis. And the phasor diagram 
shows nothing about 'resultant fields and 
their interaction'. As for anti-gravity, it 
has about as much basis for inclusion as 
anti-smoking. 

Apart from the inference that all neg
ative resistance devices involve tun
nelling (which is indubitably wrong in 
many cases, like a transistor pair with 
suitable positive feedback), there seems 
to be a fundamental misconception in 
his writing about negative or zero resis
tance. We live in a real world, to which 
various models have been applied so we 
can understand it better. 

Except as a mental construct, there is no 
separate 'non-atomic (Newtonian) world', 
and any conclusions drawn from models 
(including a phasor diagram) are only 
valid to the extent to which their predic
tions can be verified. After all, that is the 
true purpose of any such model. That we 
may gain a better understanding of the 
way the real world operates is often a sat
isfying by-product, but its limitations have 
to be observed. 

Otherwise it is easy to fall into traps as 
simple as: let X = I; then X-1 = (X + 1 )(X
I). Dividing both sides by (X-1) gives I = 
X+l, hence I = 2. (Gordon Wormald, 
Florey, ACT) 

You quite clearly disagree with 
Wayne's propositions Gordon, and I have 
to say I also find Wayne's views difficult 
to support. However, I am currently read
ing a book by George Smoot and Keay 
Davidson called Wrinkles in Time, The 
Imprint of Creation, that is challenging 
many of my fondly held beliefs about the 
universe. As well, this book proves to me 
how little we know about so many things. 

Gravity is one of the least understood 



forces in our universe, and Smoot has 
shown that the entire Galaxy is in fact trav
elling through space at around 600km per 
second, as well as expanding and rotating. 
Why? A suggestion is gravitational forces 
from a structure romantically called 'The 
Great Attractor'. He also discusses anti
matter, which by definition includes anti
gravity. But relating this to superconduc
tance is perhaps stretching things ... 

But what does our second contributor 
think? 

Superconductance 
and anti-gravity 

Superconductance and anti-gravity? 
Bats in the belfry more likely! 

To begin with, a phasor diagram is 
not a definitive real-world description of 
impedance. Inductors are not in any 
sense at right-angles to resistors and the 
current does not travel in a different 
plane through a resistor than it does 
through an inductor. In short the phasor 
representation is a non-physical, conve
nient mathematical abstraction that is 
used simplybecause it works. 

Superconductors have zero resistance 
that can be described as O+ jO ohms. 
However it's not true that the current 
carrying capacity of a superconductor 
has any associated 'magnitude of super
conductance '. The fact is all supercon
ductors will stop superconducting when 
subjected to a magnetic field of the right 
intensity. The current generates a mag
netic field which ultimately switches off 
the superconducting properties. The level 
of this field is not connected to some 
'dimensional property', but simply to the 
material properties of the superconduct
ing material itself. 

In a quantum leap of credibility, your 
correspondent then goes on to draw some 
conclusions about anti-gravity. The specu
lated unification of gravity and the three 
other forces (electromagnetic, strong and 
weak), would occur only at the tempera
tures that might have existed in the first 
tiny fraction of a second cifter the big 
bang. How this could have anything to do 
with the properties of superconductors 
operating at near absolute zero tempera
tures is beyond me. 

Your quest for an 'understanding' of 
quantum mechanics is doomed. Newton 
did not understand gravity when he pro
posed his famous laws. In fact he was dis
tinctly uncomfortable with the concept of 
'action at a distance' (action in Newton's 
day was the word for force, hence 'action 
and re-action are equal and opposite'). 
Today we understand gravity a little bet
ter, thanks to Einstein's general relativity, 
but we are still far from having a good 

handle on it. Much less so on anti-gravity, 
whatever it may be. 

Most physicists studying quantum 
mechanics gave up long ago trying to 
understand it. Instead they have concen
trated on uncovering the underlying prin
ciples, to the extent that workable mathe
matical models of particle behaviour can 
be developed. Like phasor diagrams, 
there is no necessity for the quantum 
mechanical models to have a real-world 
interpretation, other than the ability to 
correctly predict certain aspects of parti
cle behaviour. 

Roger Penrose of Oxford University, a 
leading worker in the quantum mechani
cal field, is living proof that crazy theories 
derived by misusing quantum mechanics 
are not entirely the domain of people who 
don't know the basics. He has a theory 
about human consciousness that goes 
something like this: 

"Consciousness is weird and I, 
(Penrose) cannot see how it could have 
evolved from any ordinary biological 
means. Quantum mechanics is also weird 
and I do not understand it either, so there 
must be some connection between the 
two". He then rabbits on about the specu
lated habitat of the quantum mechanical 
engine in some obscure part of the brain 
that drives consciousness. He goes on to 
use the same argument to 'prove' that arti
ficial intelligence will never produce con
sciousness. It's all very weird, really. 

Although philosophical speculation on 
things quantum mechanical can be fun, I 
urge you to be careful with your sources, 
as disinformation and positively silly ideas 
abound. (Neil Boucher, Maleny, Qld) 

I agree that 'it's all very weird', Neil. 
Which is what makes this topic so inter
esting. Yes, certainly there are many silly 
ideas around, but if you follow De Bono's 
method of problem solving, silly ideas can 
be very useful. Of course, that's not to say 
Wayne's ideas are silly, or that in the inter
ests of discovery, we should devote the 
column to offbeat and silly ideas. But they 
do have a place. 

For this reason, I don't agree with the 
way you dismiss Roger Penrose. In fact, I 
suggest you've somehow misrepresented 
him, as I doubt anyone would draw a con
nection between two concepts on the basis 
that they are weird. Lewis Carroll long ago 
showed that logical thinking of this sort 
can bring about very strange correlations. 

Here's our final letter on this topic, 
which gives the title of a few reference 
books for us to examine for further 
information. 

Further dimensions 

is a trick that has been used by physicists 
for at least 100 years to unify magnetic, 
gravitational and other forces. There 
seems to be an agreement among theorists 
that 10 dimensions is required to ade
quately model all observed phenomena. 

'Hyperspace' by Michio Kaku (Oxford 
University Press, 1995) provides a good 
easy introduction to unified field theory. 
'The New Physics' (Cambridge UP) edit
ed by Paul Davies provides a much more 
meatier treatment. It appears that super
conductivity is no special problem for 
hyperspace modelling. (Rex Newsome, 
St Lucia, Qld) 

Thank you, Rex for these references. If 
nothing else has come from this discus
sion, I would like to think our imagination 
has been fired, and your references give 
scope for further reading. 

And now to more familiar territory ... 

Impedance of twin coax 
In June 1995 I included a letter from a 

reader, David Allen (Findon, SA) seeking 
information about the characteristic 
impedance of twin coaxial cables when 
used as a balanced transmission line. I 
replied by saying it was a difficult prob-

Fig.2: Shielded transmission lines 
made with coaxial cable have an 
impedance of twice the impedance of 
the cable. 

lem, and that direct measurement is prob
ably the only way to determine the imped
ance. However David has since sent me an 
answer to his question: 

I recently decided to update my 1974 
ARRL Antenna Book, to the 1994 edition. 
On reading through it I discovered sever
al paragraphs under the heading 
'Shielded Parallel Lines'. As I thought it 
might be of interest, I have included a pho
tocopy of the relevant section. It says: 

'Shielded balanced lines have several 
advantages over open-wire lines. Since 
there is no noise pickup on long runs, they 
can be buried, routed through metal build
ings or through metal piping. Shielded 
balanced lines having impedances of 

Wayne Shirley may be interested to 140Q or lOOQ can be constrllcted from 
know that adding orthogonal dimensions two equal lengths of 70Q or 50Q cable 
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(RG-59 or RG-58 is satisfactory for ama
teur power levels). 

Paralleled RG-63 ( 125D) cable would 
make a balanced transmission line more 
in accord with traditional 300D twin-lead 
feed line (ZJJ = 250D). 

The shields are connected together as in 
Fig.2(a), and the two inner conductors 
constitute the balanced line. At the input, 
the coaxial shields should be connected to 
chassis ground; at the output (the antenna 
side), they are joined, but left floating. 

A high power, low-loss, low impedance 
70Q (or 50D) balanced line can be con
structed from four coaxial cables, as in 
Fig.2(b ). Again the shields are all con
nected together. The centre conductors of 
the two sets of coaxial cables that are con
nected in parallel provide the balanced 
feed.' (David Allen, Findon, SA) 

Thank you David, for sending me this 
information. As I'm not an amateur radio 
or RF enthusiast, I don't keep up with the 
ARRL Antenna Handbooks, and therefore 
would not have found this entry. 

Motor speed control 
The next letter is about configuring bat

teries to give a range of voltages to control 
the speed of a DC motor, perhaps in an 
electric vehicle. The contributor suggests 
he has applied a degree of lateral thinking 
to his proposal. See what you think: 

I'm one of your New 7.ealand readers 
and enjoy your column in EA; it's a breath 
of fresh air. I have a particular interest in 
things that are 'not possible' and while 
I've earned a reputation as being 'intran
sigent', I still enjoy occasionally proving 
the cynics wrong. 

A recent article in EA described a very 
practical and serviceable chopper control 
for DC motors. While I acknowledge that 
resistive and chopper controls each have 
their merits, I like the idea of battery 
reconfiguration as a way of reducing loss
es and therefore heat in the control system. 

As well as reducing heat loss, reconfig
uring the batteries increases the availabil
ity of current for a series wound motor 
when starting and tends to protect the 
motor by not hitting it with full voltage 
before it has produced its back EMF. 

However, so far everyone I've spoken to 
or read about has said it's simply not pos
sible to reconfigure batteries to get any 
progression between half and full throttle. 
For instance, if you take four batteries, 
then in parallel you get one quarter volt
age, paired you have half voltage and with 
all in series you have full voltage. 

After trying this for different numbers of 
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Fig.3: 12 x 12V batteries configured to give 12V, 24V, 36V and 4BV, while 
keeping all batteries equally loaded. 

batteries, the conclusion is reached that 
no progression is possible between half 
and full voltage for any number of batter
ies, if you want to load all batteries equal
ly, and keep them all in circuit. However, 
it is possible to do this. Let's assume a 36V 
series wound DC motor, and a 48V bat
tery pack to allow for a voltage drop of 
12V atfull throttle. We'll use 12 batteries 
rated at 12V each. 

For one quarter throttle, the batteries 
are all connected in parallel, giving a 
voltage of 12V. For half throttle, the bat
teries can be connected into two groups 
with each group comprising six batteries 
connected in parallel. The two groups are 
then connected in series to give 24V. 

For three quarters throttle, the batteries 
are configured into three groups, with four 
parallel connected batteries per group. 
The three groups are then connected in 
series to give 36v. For full throttle, there 
are four groups in series, with each group 
comprising three batteries connected in 
parallel. This gives an output of 48V. 
Notice that for each throttle position, all 
the batteries remain in circuit, and are all 
equally loaded. 

The same process can be used for 
other numbers of batteries. For exam
ple, with six batteries (of whatever volt
age), we could reconfigure the batteries 
to get one third, two thirds and full volt-

age, or we might use 24 or more batter
ies, and so on. 

The lateral thinking component is not 
assuming that all the batteries need to 
be in series to obtain full throttle. It 
seems simple enough to me, and perhaps 
it is common knowledge, despite claims 
to the contrary. (Stephen Butcher, 
Masterton NZ) 

Thank you for your kind comments and 
for this interesting way of interconnecting 
batteries, Stephen. Changing the supply 
voltage to a regulator to keep heat loss to a 
minimum is commonly done in regulated 
power supplies, and I assume in other 
applications. 

Interconnecting batteries to give equal 
loading and a range of voltages is some
thing that on the surface appears quite 
simple. But when you think about it, 
most of us would start with the number 
of series connected batteries needed to 
give full voltage, and arrange them 
accordingly for other voltages. As 
Stephen points out, this doesn't give 
enough voltage values, if equal loading 
is to be preserved. The battery circuits 
Stephen describes are in Fig.3. 

Perhaps the only problem is the number 
of batteries needed, although the larger 
number would allow smaller batteries to 
be used. The switching needed might be 
rather complex, too. 
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TV as a 
computer monitor 

The next letter seeks advice on two top
ics, starting with whether it's possible to 
use a conventional TV set as a computer 
monitor. The writer also makes a few 
points about computer systems in general. 

I've never owned one, but I have always 
wanted to buy a computer system. I've 
been put off by the quick obsolescence, 
due to the constant improvements being 
made to computers, like faster Pentiums, 
MPEG video with surround sound capa
bilities, J 200dpi printers and so on. 

However it seems to me that about one 
third the cost of a computer system is tied 
up in the monitor. Many people (like me) 
must already have a flat screen analog 
PAL TV set, and I'm wondering if it's pos
sible to buy a device that will allow such a 
TV set to be driven from the AIV outputs of 
a computer. (John Barker, Warana, Qld) 

There certainly is John, although I 
can't give you details on costs and avail
ability. Their main use is to allow a large 
screen TV set to be used for presenta
tions. I'm sure a reasonably qualified 
computer salesperson could give you the 
details you seek. 

However let me make a few points 
against this. You mention obsolescence as 
a reason for staying away from buying a 
computer. While a computer is obsolete 
almost as soon as you take it out of the 
box, this is not the case for the monitor. I 
have updated my computer system three 
times over recent years, but I still have the 
same computer monitor. 

As well, a conventional TV set doesn't 
have the bandwidth of even the cheapest 
computer monitor, and I'm sure you'll 
find working with it frustrating and hard 
on the eyes. A typical price for a 14" mon
itor is around $300 and I recommend you 
spend your money on this, rather than on 
an interface to a TV set. 

Quite a few people use obsolescence 
as an excuse to stay away from comput
ers, but ask yourself why you need the 
latest and greatest system. I recently 
enquired about a 75MHz Pentium com
puter system with all the essential bells 
and whistles, costing around $1500 
(including monitor). Unless you do a lot 
of demanding graphics-based work, 
you'll find a '486 or low cost Pentium 
system perfectly suitable for most tasks. 
In other words, don't be fooled by the 
advertising that suggests you need to 
keep up with technology. 

For instance, in 1984 I developed a 
computer system to interface with a repro
ducing piano (a type of vacuum powered 
player piano). This was based on an Apple 
II plus, the technology of the day. I sold a 

number of these systems, and all are still 
operating. Using today's technology 
would only bring about more convenience 
and a prettier screen display. For this rea
son I haven't bothered to update it. That is, 
you only update if you need to, not 
because it's the fashion. 

Now to the second part of John's letter, 
which is about Austel and the now forbid
den phone projects. 

Phone projects 
So,;,e years ago I built a speaker 

phone project published in an electron
ics magazine, and have used it ever 
since. I'm sure there are many similar 
projects still connected to the phone sys
tem, all working perfectly and quite 
safe. While it may be illegal to have such 
devices connected to the phone system, 
it is surely not illegal for EA to publish 
articles describing them. 

As well, in the past EA has presented 
articles ·about how phone equipment 
works, such as tone/pulse dialling and 
so on. From these articles, I'm sure 
many people could have built their own 
equipment, in which the constructor has 
the responsibility to get approval. Surely 
you can legally publish an educational 
type article describing how a particular 
device works. For instance, I would like 
you to describe a project to display the 
phone number of an incoming call. 

If the big brother trend keeps going, it's 
likely it will soon be illegal to connect hob
byist projects to the power mains! 

We've discussed the effect of Austel 
regulations before in the magazine, so I 
won't repeat the discussion except to 
say I tend to agree with you. But then, at 
the moment Austel is not my favourite 
organisation. 

I recently purchased a fairly expensive 
Toshiba laptop computer, to be told that 
I could not use the inbuilt 
fax/modem/answering machine, as 

ti on, it's just not worth it. Sorry! 

What?? 
This month's question is another from 

Peter Stuart. (Remember the timer ques
tion in June?) He asks: 

Three electronics technicians held a 
series of kit building races amongst 
themselves. They' decided to award a 
positive whole nµmber of points for fin
ishing first, second and third, where the 
number a/points for finishing first was 
greater than the number of points for 
second, which was more than the num
ber for finishing third. The same number 
of points was awarded for the same 
place in each race. There were no ties. 

Altogether Sam accumulated 20 points, 
Michael IO points and Colin 9 points. If 
Sam didn't win the preamp assembly race, 
who did? 

Answer to 
August's What 

A total of one trip up the stairs, and one 
trip back down again. 

In the basement, the electrician short
ed five pairs of wires, leaving one free 
wire. Then up to the fifth floor to identi
fy the ends of the shorted pairs with the 
continuity tester, labelling each wire in 
each pair as Al, A2, Bl, B2 and so on, 
with the last wire labelled F. These 
wires were then connected so A2 was 
shorted to Bl, B2 to Cl and so on, leav
ing Al unconnected. 

Austel has not yet got around to approv- Flg.4: Showing the solution to the 
ing it. As far as I know, Australia is the August What?? question. 
only country where this device cannot 
be used. And to make it impossible for Back in the basement, the electrician 
me to use it anyway, Austel has required removed all the short circuits, but left the 
Toshiba to leave out a vital part. wires twisted at insulated portions so the 

I presume Austel will eventually get pairs were still identifiable. He/she then 
around to approving it, when it suits checked for continuity between the free 
them. I doubt if the safety requirements wire (known to be the lower end of F), and 
of the Australian telecom network are some other wire, which when found, must 
really all that different to those of other be wire E2. Its mate El could then be 
countries, and I can be pretty sure found. 
Toshiba would be unlikely to produce a The next test was for continuity between 
device likely to endanger our network. El and another end which, when found, 
After all, the computer and its fax could be marked 02 and its mate Dl. 
modem work on three volts! Continuing in this fashion, the remaining 

Returning to your comments John, I'm ends were easily identified. This method 
sure there's no law against us describing obviously works for any odd number of 
phone projects, but in these days of litiga- wires. Fig.4 might help to explain. + 
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Two different centennials, one for Atwater Kent 
Be it a cricket score, an anniversary or a birthday, a century calls for special recognition. We have 
our own century this month, for this is the Vintage Radio column's one hundredth appearance. 
Our topic is also appropriate: the 1 OOth anniversary of the founding of Atwater Kent. 

In casting around for an appropriate 
topic for this, my 1 OOth column, I dis
covered that this year there has been a 
centenary which although little publi
cised, has considerable significance for 
radio historians. It was in 1896 that 
American college dropout Arthur Kent 
started working full time in a modest 
manufacturing business that he had start
ed between classes the previous year. 

When he retired 40 years later Arthur 
was a multimillionaire, and his radio 
receivers, made over a period of some 13 
years, many of them in what was at the 
time the world's largest radio factory, 
carried one of the best known and 
respected brand names. As my own vin
tage radio collection is centred around 
some two dozen of his receivers, I have a 
special interest and pleasure in devoting 
this column to the man and his products. 

Unfortunately, by 1931, Australian 
importation of Atwater Kent receivers 
had ceased. However some later models 
have found their way into Australian col
lections, often obtained from New 

Zealand - which did import a good 
range from 1926 to 1936. New Zealand 
vintage radio enthusiasts have indeed 
been fortunate in having access to a good 
representation of these fine receivers. 

Arthur Kent was born on December 
3rd 1873 in Burlington, Vermont to 
Prentice J. and Mary E. (nee Atwater) 
Kent Prentice's occupation was that of a 
machinist, and no doubt this was an 
important factor in young Arthur's for
mative years. Even today, Burlington has 
little industry. 

In 1881 the family moved to 
Worcester, Massachusetts for what we 
can assume were better prospects. 1895 
saw Arthur, then 22, enrolling in the 
Worcester Polytechnic Institute. Apart 
from excelling at mechanics and draw
ing, his academic achievements were 
somewhat abysmal - largely, it would 
seem, due to his preoccupation with the 
Kent Electric Manufacturing Company, 
maker of small motors and generators, a 
modest sideline that he had established 
the back of his father's shop. The follow-

Flg.1: The attractive little 1926 model 20C was a hit with the lad1"es, and Is the 
oldest A-K model commonly found In Australasia. Whereas contemporary loud
speakers commonly had aluminium or paper-mache flares, Atwater Kent made 
his of heavy gauge steel! 
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ing year Arthur abandoned all pretence at 
studies and concentrated on full time 
business activities. 

It was in 1902 in Philadelphia, 
Pennsylvania, that he founded his second 
company: the Atwater Kent 
Manufacturing Works, making batteries, 
testers and domestic telephones. It would 
seem that with his good marketing sense 
he reasoned that adding his mother's 
name gave distinction to the firm's title. 
Business must have been good, for in 
1905 he purchased his first motor car. 

Improved ignition 
Problems with Arthur Kent's car led 

him into his first major achievement, the 
single spark coil ignition system. Early 
petrol engine ignition was by either mag
neto or trembler coil. Arthur found that 
with increasing engine speeds, the trem
bler coil system was inefficient in that 
only the first of each train of sparks did 
any work and its timing was imprecise. 

The single spark of the magneto was 
much superior, so he designed a new coil 
system, which he called the Unisparker. 
This was in effect a stationary magneto 
with an internal electromagnet. The 
Unisparker kit incorporated contact 
breaker points and condenser, coil, a cen
trifugal advance mechanism and a dis
tributor. 

If this sounds familiar, it should, for it 
is the standard 'Kettering' automotive 
ignition system that only in recent years 
has been displaced by electronic ignition. 
Just how Boss Kettering of General 
Motors came to have his name attached 
the Kent invention has not been 
explained, and presumably there was 
some form of licensing agreement with 
Kent. For this achievement, in 1914 
Arthur Kent was awarded the John Scott 
Legacy Medal and Premium by the 
Franklin Institute. 

Unisparker components, along with 
Atwater Kent self starters and car light
ing systems, were sold through a nation
al network of dealers and agents. Atwater 



Kent Manufacturing grew into a thriving 
enterprise, and was granted World War I 
Government contracts for supplying pre
cision gun sights and fuse setters. 

Arthur Kent was one of those rare 
individuals who had more than his 
share of the gifts that make for a busi
ness genius. He was a friendly worka
holic, a good employer and a perfec
tionist with an uncanny instinct for 
marketing and finance. In addition, he 
had an artistic eye and was a first rate 
inventive engineer. (He eventually 
took out a total of 93 patents). Put these 
all together, and you have the ingredi
ents for an industrial giant. 

Phenolic moulding and deep drawing 
of steel pressings were in their infancy, 
and Kent became a master of these 
technologies. In 1928, he claimed to 
have the largest privately owned 
Bakelite moulding plant in the world. 
A comparison of an Atwater Kent 
moulding, such as a tuning knob, with 
one of its contemporaries reveals a 
clearly superior finish and finer detail. 

Similarly, his metal fittings and 
pressings were well finished and accu
rate in size. To him appearance was 
most important and later, standard cad
mium plating was not good enough for 
his radio chassis. His were heavily 
nickel plated, and the brass badges 
used on early receivers were gold plat
ed. Restorers please note - NEVER 
use Brasso on A-K badges! 

A new venture 
By 1921, the Atwater Kent war con

tracts were finished, business was 
depressed and automobiles were now 
being factory fitted with single spark 
coil ignition, electric lighting and self 
starters. It was time to look around for 
new products to make ... 

By good fortune, the right opportuni
ty presented itself and at the right time. 
A new craze, radio, was just taking off 
and Arthur Kent was on the spot to sat
isfy the demand for high quality com
ponents. The situation was ideal, for 
his plant was capable of turning out 
precision phenolic mouldings and 
metal parts, and had wire winding 
facilities. Furthermore, he already had 
a country wide distribution network. 

Fig.2: Atwater Kent convinced the 
public that radios should be In metal 
cabinets. This 1929 model 55 TRF 
with two RF stages used the new 224 
screen grid and type 245 output tri
odes. The pressed steel casing hous
es a 12" moving coil speaker, and 
with typical A-K precision, more than 
a single coat of lacquer will prevent 
the two halves fitting together ! 

A photo of Arthur Atwater Kent, from 
the frontispiece of the Company's 
1928 catalog. 

The Atwater Kent factory duly tooled 
up, and in mid 1922 was producing a 
series of well designed components 
including variometers, RF and audio 
transformers and two-stage audio ampli
fier modules. Not only did these work 
well, but they were superbly finished in 
attractive colour schemes. Experience 
gained in making reliable automotive 
electrical equipment must have paid off 
too, because I have never encountered an 
open circuited or green spotted Atwater 
Kent RF or IF coil winding. 

With the success of the component 
line assured, the move to complete 
receivers was inevitable. At the begin
ning of 1923, sets of components were 
being assembled on mahogany 'bread
boards'. These complete receivers too 
were a hit, and no wonder. With their 
polished wooden bases and gleaming 
components, the Atwater Kent receivers 
looked a picture. It is no surprise that 
today, Atwater Kent Breadboards are 
amongst the most sought-after collec
tables in the radio world, and can com-

mand astronomic prices. 
During 1923 and 1924, a series of 

increasingly more elaborate Breadboards 
was produced, culminating in several 
versions of the model 10 - a five valve, 
three knob TRF. 

Progressive design 
One of the great attractions that 

Atwater Kent receivers have for me is 
the steady progression of design and 
components from one model to the 
next. Many manufacturers have dis
covered to their cost that revolutionary 
model changes can be disastrous. 
However, each new Atwater Kent 
receiver had proven features and com
ponents from its predecessors, yet was 
still at the forefront of technology. 

Arthur Kent - by now calling him
self Arthur Atwater Kent - had no 
hesitation in employing the best staff 
available. One notable member of the 
team from 1925 onwards was John 
Miller, discoverer of the Miller Effect 
whereby the characteristic of the grid 
input impedance of a valve is depen
dent on the stage gain and anode load. 

Arthur did not think small. Even in 
1924 he was spending $1 million annu
ally on advertising, growing to some
thing like $4 million in 1927. In 1924 he 
built a new $2 million facility, covering 
five acres. Eventually this was to grow 
to two plants covering 15 acres, at the 
time the world's biggest radio factory! 

Attractive as the breadboards were to 
enthusiasts, Kent realised that they did 
not necessarily appeal to the ladies. In 
1925 he put the model 10 into a cabinet. 
The model 20, as the new set was called, 
was typically innovative. Whereas the 
standard 1925 radio still looked very 
technical, frequently with black engraved 
panels, the Atwater Kent approach was 
to use a much cheaper but visually attrac
tive grey/brown fine wrinkle finish on a 
steel panel, set off by a polished 
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mahogany cabinet. 
This proved to be a winning combi

nation, but Arthur Kent had yet another 
trick with the 20, again calculated to 
gain the approval of the ladies. The 
contents were shoehorned into a cabinet 
only half the height of the model 20. 
Again the Kent instinct proved correct, 
and the little model 20C (C for com
pact) was another best seller. 

The 20C has a special significance, for 
it introduced the Atwater Kent label to 
New Zealand - and it appears, 
Australia, where A.G. Healing were the 
distributors. The New Zealand distribu
tors were the C.& A. Odlin Company, 
building supplies and hardware mer
chants whose first shipment arrived at the 
beginning of 1926. Odlins continued as 
the agents until Atwater Kent's closure 
10 years later, and it is their active pro
motion that has left us today with the 
legacy of a good range of models. 

Radio competition was keen, and the 
next move was to gang the tuning capac
itors for single knob tuning. This was not 
easy, as with the tuning systems then in 
use, connection of an aerial upset the 
tracking of the input RF stage tuning. 

John Miller came to the rescue and 
with the 1926 model 30, single control 
tuning was achieved by adding an extra 
valve as an untuned aerial isolating stage. 
The existing pattern of tuning capacitor 
was retained, but the units were ganged 
by means of phosphor bronze belts. 

Several related models were produced 
during 1926. I have one, a model 32 with 
four belt coupled tuning capacitors, and a 
string of seven 'OlA valves! The cabinet 
is the same pattern as the model 20C, but 
nearly 60cm long! Metal framed tuning 
capacitors were adopted shortly after, but 
a more significant change came with the 
adoption of metal cabinets late in 1926. 

Metal cabinets 
Metal was a cheaper material to obtain 

and. fabricate than wood, and was pre
ferred by Arthur Kent The change was 
an innovation, and a bit of a gamble, but 
as usual, it paid off. One of these metal 
cased sets, a model 35, made on 
December 3 1926, was the one millionth 
Atwater Kent receiver. 

Not only did the public accept metal 
cabinets, but other manufacturers came 
into line and by 1929, quite a few 
receivers were being installed in 'tin 
trunks' as they are now known. Atwater 
Kent even turned out receivers in metal 
mini consoles, about table height! 

It was also common practice for 

Fig.5: The eight-valve 708 of 1933 is a 
remarkable set for its size. A very 
early all wave receiver, coverage is 
continuous from 550kHz to 20MHz, 
with the RF stage used on all bands, 
and there are two 472.5kHz IF stages. 

Fig.6: A very popular 1933 model, the 
555 'Jewel Box' - a compact little 
five valve set with a lift up lid, intend
ed for bedroom use. 

Atwater Kent to supply bare chassis for 
installation in custom made cabinets. 
One well known fine furniture manufac
turer was Pooley, who installed Atwater 
Kent receivers in various pieces includ
ing writing desks and tables! 

The late 1920' s were a period of rapid 
developments in radio technology, one of 
the most significant being in 1927 with 
the viable solution to the problem of 
mains powering of receivers. Our 
November 1995 column dealt in depth 
with these developments and you may 
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recall that with the release of the model 
36 in October 1927, Atwater Kent was 
only a month behind RCA in introducing 
their first AC set 

The 36 was actually a modified bat
tery powered model 33 with a separate 
power pack. But on Christmas Eve 
1927, Atwater Kent revealed their win
ner, the model 37. The 37 was a new 
design, although of course still all-triode 
and with a production rate of 3000 a 
day. By mid February 1928, 100,000 
had already been made. 

It is interesting to note that Atwater 
Kent never used neutralisation - not 
officially anyway. On paper, stabilisa
tion of his receivers was by means of 
stopper resistors in the grid leads of the 
RF valves. But the reality was that 
there was some crafty orientation of the 
unshielded tuning coils, to provide hid
den neutralisation. 

Given the production rate of their 
receivers, Atwater Kent would have had 
to pay out enormous neutralisation royal
ties to the Hazeltine Corporation, and 
Arthur was too good a businessman not 
to try avoiding that possibility. Even the 
mighty RCA had to compromise over the 
question of patent royalties from Atwater 
Kent, who was too important to run the 
risk of losing a case against, and Arthur 
had very good patent attorneys. 

However the Hazeltine Corporation 
finally did manage to obtain a judgement 
against Atwater Kent on February 19, 
1934 for $680,QOO. This was several 
years after Atwater Kent had ceased 
using triode RF amplifiers anyway, and 
was probably only a fraction of the real 
royalties due. 

Screen grid valves 
The next year, 1929, saw significant 

new developments in the 224 mains 
powered screen valve and the 245 
power output valve. Again Atwater 
Kent were to the forefront, and by late 
1929 had a range of screen grid TRF 
receivers including the metal cased 55 
and 60, with pushpull output stages and 
moving coil speakers. As usual, the bare 
chassis was available for the customer's 
own choice of cabinet. 

During 1930 development of the TRF 
continued, and receivers were now 
available in Atwater Kent's own wood
en cabinets. The best known here was 
the handsome model 70, available with 
a choice of fow; chassis for 60Hz, 25Hz 
and DC mains power, and also battery 
operation. There are pictures of this set 
and its chassis on page 12 of 



Fig.4: In production for only two yeas, the Atwater Kent cathedral receivers are velY popular with the public and collectors. 
from the left are a model 84 'Golden Voice', a model 80, a 567, an NZVRS 'badge' model 627 and finally a battelY powered 387. 

Discovering Vintage Radio, volume 1. 
At the end of 1930 came a most sig

nificant event in the history of radio 
production. RCA was obliged to give 
up its monopoly on the superhetero
dyne. Immediately the TRF was obso
lete and, the American radio industry, 
already in bad shape because of the 
Depression, had to restructure with 
many firms going under. 

Atwater Kent survived intact, but for 
much of 1931 there were no new models 
released. The L2 TRF chassis from the 
model 70 was modified as the model H 
superhet, but was at best a compromise 
and few were sold, although I do know of 
one in New Zealand. 

By the end of 1931, a major part of the 
output comprised inexpensive superhets 
known variously as 'miniature', 'com
pact', 'gothic' and later 'depression' 
radios, the first being the model 84 
Golden Voice. These sets, made for a 
period of only two to three years, are now 
much sought after not only by radio col
lectors but also the antique fraternity. 

Atwater Kent managed always to 
produce distinctive and attractive cabi-

nets, slightly ornate with some quite 
innovative designs such as the pair in 
Fig.5 and 6. As well, for the top rank
ing receivers, there were consoles with 
handsome cabinets, often with six legs. 
Unfortunately for Australasian collec
tors, Atwater Kent continued to export 
bare chassis for installation in locally 
made consoles which lacked the 'class' 
of the American product. 

There were now three broad ranges of 
Atwater Kent receivers, all in continuing 
development. There were the prestige 
sets just referred to, with up to a dozen 
valves, and some with two speakers. 
Next were the mantels, first in cathedral 
cabinets, and after 1933, increasingly in 
flat topped 'modem' cabinets. Finally, 
there were the miniature sets, one of 
which the 555 'Jewel Box' in Fig.6 is 
today a great favourite. 

Technical design of Atwater Kent 
equipment reached its zenith in 1934, 
and a good example of this is the model 
447 whose chassis is shown in Fig.7. 
The same front end subchassis as used 
in the 447 was used in several of the top 
line models for 1934. 

Fig.3: The interior of the model 55 with the valve cover removed. Of special 
interest are the belt coupled tuning capacitors, a transition between the earlier 
independent controls and the familiar common capacitor shaft. One of the belts 
is visible at top right. 

Metal valves 

The next year, 1935, saw the introduc
tion by RCA of metal valves. Atwater 
Kent was quick off the mark to use them, 
although in reality the conversion from 
the older valve series entailed little more 
than changing the valve sockets. 

Things were changing, though. In 
1936, Arthur Atwater Kent was now 
approaching his mid 60s and the radio 
market had changed. Technical design 
had matured and was now standard
ised. In fact, until the end of the valve 
era some 30 years later, there were to 
be few significant new developments. 
There weren't the challenges any more, 
and according to some accounts, labour 
unions were becoming stroppy. It was 
time to retire. 

In an unusual move, he refused to sell 
his business, although some of his senior 
staff pleaded to purchase it from him -
he didn't want there to be any chance that 
the good reputation of the Atwater Kent 
name would be compromised. Instead he 
paid off his staff, sold the plant and shut 
his factory doors. It is reported that some 

JPS 
C:OMMUNIC:ATIONS 

INC. 
THE LEADER IN NOISE & INTEFERENCE REDUCTION 

NEW PRODUCTS FROM JPS NOW IN STOCK 

ANC-4 ANTENNA NOISE CANCELLER 
{see review in QST for Feb 96) 

NIR0 12 DUAL DSP NOISE AND 
INTERFERENCE REDUCTION UNIT 

(see review in QST for July 96) 

For data sheets and pricing contact 

ZRV ELECTRONICS PTY LTD 
15 GRAND BOULEVARD 

MONTMORENCY VIC. 3094 
Tel: (03) 9439 3389 Fax: (03) 9439 2483 

KEVIN CAVANAGH VK4SP 
222 Brisbane Valley Highway, 

W ANOKA IPSWICH QLD 4306 
T.el/Fax (074) 643 954 
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Speakers 
Kits & Drivers 

NEW DC-X Kit 
Breakthrough 

95dB/W/M 
35Hz- 20KHz +/- 2dB 

+/- 5 Deg 120Hz-20KHz!!! 
-3dB at 31Hz 

VAF's proprietary physical engineering know-how 
has paid off. No kit loudspeakers other than 
VAF's can meet the above specifications. This is 
not marketing hype, the DC-X is a breakthrough 
product. Take it very seriously. 
Full Kit Without Cabinets: $1099pr 
Full Kit Including Cabinets: $1399pr 
Fully Assembled &.Tested: $1799pr 

Also 14 other models from $225pr to $5800pr 

New State of the Art Drivers 
Direct drive line source tweeters 
VAF 102dB/W/M16cm $199 
VAF 108 dB/W/M 52cm $386 
VAF 114 dB/W/M 2meter high $999 
These measure within +/-2db from 2.2KHz -
19KHz. Depending on cross overs are rated to 
100W, 400W & 1000W respectively!!! Perfect for 
low power Audiophile amplifiers or high power 
sound reinfarcement.. 
100 dB/W/M 190mm Midrange Driver 
+/-2db 500-9K $199 
97 dB/W/M 337mm 19Hz Fs Woofer 
+/-2db fo-1.BK $299 
98 dB/W/M 386mm 19Hz Fs Woofer 
+/-2db fo-1.2K $5 7 5 

All with 3 Year guarentee 
Most kits also 7 day money back 
• HOWTOORDER PhoneorFax 

order and use your Bankcard, Mastercard or 
Visa. 

• Post your order with money order, bank 
cheque or credit card details 

• Delivery on drivers: $18 per order ( fully 
insured ) in Australia 

• Delivery charge on Kits: Flat rates ( fully 
insured ) . Please call. 

Phone FREECALL 1800 818882 

! )tlAF 
VAF Research 

291 Churchill Rd 
Prospect SA 5082 
Phone: 08 269 4446 

Fax: 08 269 4460 
Q 
ct w 
a: 
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Fig.7: The 1934 model 447 chassis has some features found more often in a 
communication receiver, including continuous coverage from 550kHz to 23MHz 
in four bands. The RF stage is used on all bands and each band has an oscil
lator padder, ensuring accurate dial readings and tracking. 

time later, the Bendix Corporation bought 
one of the factories. 

After the closure Arthur Atwater Kent 
established a real estate business in 
Aorida and then moved to Bel Air, 
California. There he built a 32-room man
sion on top of the highest hill in Los 
Angeles, called appropriately Cappo de 
Monti. Here he lived in what he referred 
to as 'the simple life on a grand scale'. 

He was a vegetarian, but entertained 
lavishly. Ever the technician, he also 
loved tinkering with his large fleet of cars. 
It is said that he never liked to use the 
same vehicle two days in succession! He 
died worth $8.5 million in 1949. It can 
truly be said both of the man and his 
radios, that they don't make either of 
them like that any more! 

It's farewell, too ... 
This month's column will be my last. 

Nearly nine years ago, with my retire
ment pending, I accepted Jim Rowe's 
invitation to produce a monthly vintage 
radio series. I welcomed the opportuni
ty to present to a wide range of readers 
some of the heritage that radio has 
acquired in just 100 years. 

At one time, to show an interest in 
early radio equipment was regarded as 
being a little eccentric. Why worry 
about obsolete technology, when excit
ing new developments were appearing 
all the time? Attitudes have changed 
during the last decade and there is now 
a general appreciation of the signifi
cance of our industrial history. 

An indicator of the active growth of 

interest in our radio past is the increase 
in membership of our vintage radio 
societies during recent years. In 1988, 
the Historical Radio Society of 
Australia had a membership of 300. 
Now it has more than doubled to over 
700, and in the same period an encour
aging growth has been registered by the 
New Zealand Vintage Radio Society. 

I have mentioned previously that mem
bership of these societies has benefits, 
These include receiving their quarterly 
magazines and access to data and circuit 
copying services. Do remember though, 
that when making inquiries please 
include an SAE and that photocopying 
does cost someone time and money. Here 
once a~ain are the addresses: 
Histoncal Radio Society of Australia 
Inc., PO Box 2283, Mt Waverly, 3149 
Victoria. 
New Zealand Vintage Radio Society, c/-
20 Rimu Road, Mangere Bridge, Auckland 
1701. 

Well, that's about it. I have derived a 
lot of satisfaction in presenting this 
series. I have been very encouraged by 
all the many readers who have taken the 
trouble to correspond with me and to 
provide material, and offer my grateful 
thanks to all concerned. 

Next month Roger Johnson, a promi
nent member of the Adelaide Group of 
the HRSA, will take over the column 
with a new perspective. Roger is both 
knowledgeable and dedicated, and I am 
sure that readers will find his Vintage 
Radio columns both interesting and 
informative. •:• 
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THE SERVICEMAN 
(Continued from page47) 

But I was intrigued to know which 
component was the culprit. So a quick 
once over with a meter seemed to 
indicate that R610 was the villain. 
There is also a capacitor across this 
network and this could have been 

EXPERIMENTING ... 
(Continued from page83) 

Normally you shove a voltage in at this 
point to get the 555 to do something. But 
this time, we're using the 555 to control 
our circuitry, to control it again in a more 
roundabout way. 

Since the IC has a three-equal-value 
resistor string inside it, we know that at 
15V, each of those resistors will have 
5V across it. Since Q 1 has a 0.6V drop 
across its base-emitter junction, we 
know that there will be 4.4V across 
resistor Ra. Pick the resistor and you'll 
know the current level. 

The time constant of this circuit is 
approximately 1.1 x Ra x Cl. As with 

NOTES & ERRATA 

START~ TAP2(4T) 
(BOTTOM) 

"Mi"l ~ M 0»1 
(TOP) 

L3 

leaky but the meter seemed to say no. 
There was nothing to indicate why 

the resistor was faulty. It wasn't 
burnt or anything like that. And 
because it was in a series parallel cir
cuit, the meter reading wasn't all that 
accurate. I should have unsoldered 
the resistor, or disconnected the cir
cuit from the rest of the set, to make a 
detailed study but I just couldn't 

most 555 circuits, this one is supply inde
pendent so you can use any supply rail that 
the 555 timer will work comfortably from. 

The output uses an N-channel JFET to 
buffer the ramp or 'sawtooth' output sig
nal. This is so that you won't affect the fre
quency by putting a load on the output. 
The input impedance of the JFET is 
extremely high, so it doesn't affect the 
timing or frequency of the circuit. 

The output pulse waveform at pin 3 
corresponds to the falling edge of the 
waveform. 

With the 6.8.kQ resistor in place, there is 
somewhat of a sloping falling edge on the 
ramp; but this is needed if you require a 
sync pulse out of pin 3. If the sync pulse 
isn't necessary, you can short out the 
6.8.kQ resistor and you'll get a vertical 

Active Antenna for HF (December 95): Some 
readers had difficulty in winding the coils, from 
the text description given. The accompanying 
diagram should make things clearer. 
Pocket Sampler (August 96): Pins 2 and 3 
of SW1 a are shown transposed in the 
overlay diagram on page 59 - the right
hand pin labeled 3 in the overlay should 
connect to the centre pole of the switch. 
The circuit diagram is correct. 
Information Centre (August 96): A glitch in our 

L R 

R
2 
=UC 

afford the time. 
So that is where it will have to stand. 

Every indication is a low value resistor, 
something I have never encountered 
before. Has anybody else had a similar 
experience? 

Well, that's all for this month. We still 
have a few contributions for next month, 
but there's room for a lot more. See what 
you can do.+ 

Fig.6 r------<r----........ --....---01:>v 

Cl 

l'""· 

falling edge on the ramp output. 

Ro.l"lp 
Output 

That's where we leave the 555 timer for 
the time being. Next time, we'll start look
ing at digital logic and start looking 
through the maze of 4000-series CMOS 
ICs - and of course, some more circuits 
for you to try out. + 

DTP system caused the incorrect diagram to 
be printed for Fig.1. The correct diagram is 
shown here. Our apologies for the error. 
Steam Whistle for model boats and trains 
(June 96): The value of R4 and RS should 
be 47k, not 4.7k as shown in the schematic 
and parts list. 
Note that the whistle may still work with the 

incorrect values, but the oscillators may tend 
to cut out at lower frequencies. 
Low Cost Model Train Controller (November 
95): Excess current can flow through D5 if both 
VR1 and VR2 are set to minimum resistance 
and both the 'Stop' and 'Go' buttons are 
pressed simultaneously. In this unlikely situa
tion, D5 can bum out, causing the controller to 
lose its 'inertia'. A 1 k resister placed in series 
with the wiper of VR1 will protect this diode, 
while while not interfering with the normal oper
ation of the controller. + 

Don't wait until it's too late! Talk to us now about real virus protection. 
Choose one of these easy options or we'll tailor a system to suit you~ needs. 
I ----...h *Professional - security & complete protection. 
~- l..YJ' *Lite - (lightning fast) easy to use & value for money. 

A.C.N. 010 989 670 *Corporate - efficient business solutions. __ 

75 Redland Bay Road Virus Buster for Windows 
Capalaba Q, 4157 
Telephone (07) 38231300 '95 now available 

Facsimile (07) 3823 1233 
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I PLACE 

A real bargain: Riston type copper 
clad laminate. Develop cold, no 
toxic fumes, easy to use. Excellent 
results. Single sided 610 x 304 
$35; 305 x 304 $17.50; 152 x 305 
$9.95; 152 x 152 $6.50. 2 litre 
developer mix, worth $2.50, free 
for this month. Add sales tax where 
applicable. Delivery $6.00. Money 
back guarantee. Ph (02) 743 9235. 
FAX: (02) 644 2862. 

Educational Electronic Kits: 
Best prices. Easy to build. Full 
details. Latest technology. 
LESSON PLANS FOR 
TEACHERS--See our web page. 
Send $2 stamp for catalogue and 
price list to: DIV Electronics, 22 
McGregor St, Numurkah, VIC, 
3636. Ph/FAX 058 621915: Or 
Email laurie c@cnl.com.au and let 
us send details. Go WWW: 
http://www.cnl.com.au/-laurie.c or 
BBS 058 623303. Down load 
details free anytime. 

Satellite Dishes: International 
reception of Intelsat, Panamsat, 
Gorizont, Rimsat. Warehouse sale 
-4.6m Dish & pole $1499, LNB 
$50, feed $75. All accessories 
available. Videosat, 2/28 Salisbury 
Rd. Hornsby. (02) 482 3100 8.30-
5.00 M-F. 

Amidon Ferromagnetic Cor.es: 
For all RF applications. Send busi
ness size SASE for data/price to 
RJ&US Imports, Box 431, Kiama 
NSW 2533. Agencies at Geoff 
Wood Electronics, Sydney; Webb 
Electronics, Albury; Assoc TV 
Service, Hobart; Truscotts 
Electronic World, Melbourne and 
Mildura; Alpha Tango Products, 
Perth; Haven Electronics, Nowra: 
WIA Equipment Supplies, 
Adelaide. 

PCB's made, one or many, low 
prices, hobbyists welcome. Also 
Touch Switch for lamps, 2A, 3 
steps, $7 ea.plus P+H $3 for 3 
units. Sesame Electronics 
(02) 554-9760, Fax (02) 718-4762. 

2SJ162 & 25K1058 FET's: also 
Toroid transformers to suit EA 
PRO-Series Amps. FETS $5 ea. 
(03) 9704 2960 

Video Camera Modules: From 
$135 tiny 32x32x15mm Low Light 
& lnfraRed Sensitive A.S. & S (09) 
349 9413 

Clearance Sale New & Used Elec. 
Equipment (09) 349 9413 

DIV $499 Video Camera Sets 
4Ch Plugln Observe Listen Speak 
Rec/Playback (09) 349 9413 
Fax (09) 344 5905 

Video 4 Camera Auto Switchers 
$169 ph (09) 349 9413 
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Digital Quad Screen Processors 
$499 Display images from 4/8 
cameras time/date/title 
(09) 349 9413 

Video Cameras 12 VDC with lens 
$159 ph (09) 349 9413 

0.05 Lux Video Cameras 
C Mount $229 ph (09) 349 9413 

Hi Output Infra-Red Leds 
50mW $20/50 ph (09) 349 9413 

Colour Video Camera Modules 
330 TVL 4mm lens 12 VDC Auto 
Shutter Compact Light $449 ph 
(09) 349 9413 

Hi-Resolution Quads 1024 x 512 
Full Screen Zoom P/B 
Freeze/Time/Date/Title Alarm 1/0 
$749 ph (09) 349 9413 

Fully Approved 12V DC 1 Amp 
"plugpacks": Buy direct from 
importer. $1 O +sales tax. Many 
other models available. Call AV
COMM Pty Ltd (02) 9949 7417/ 
99482667 or fax (02) 99497095. 

EASY PIC'n Beginners Book to 
using MicroChip PIC Chips $50, 
Basic Compiler to clone Basic 
Stamps into cheap PIC16C84's 
$135, CCS C Compiler $145, 
heaps of other PIC stuff, 
Programmers from $20, Real Time 
Clock, A-D. Ring of Fax for Free 
Promo Disk. WEB Search on 
DonTronics P.O. Box 595 
Tullamarine 3043 Ph (03) 9338-
6286 Fax (03) 9338-2935 

Zif-Sockets 100 lever locking, will 
accept 0.3-0.6 row spacing, 32 pin 
at $8 ea. PH (03) 9803 0376 or 
019 424 294. 

Homemade Generator-plans 
(www.entrepreneurs.net/mem
bers/todd-forbes. htm). 

Rain Brain 8 Station Sprinkler 
Kit:Z8 smart temp sensor, LED 
display, RS232 to PC. Uses 1to8 
Dallas DS1820. Call Mantis Micro 
Products, 38 Garnet St. Niddrie, 
3042 P/F/A (03) 9337 1917 
mantismp @c031.aone.net.au 



68HC705 Development System: 
Oztechnics, PO Box 38, lllawong 
NSW 2234, Phone (02) 9541 
0310, Fax (02) 9541 0734, 
http://www.oztechnics.eom.au/ 

TORTECH PTY LTD 
TOROIDAL TRANSFORMERS 

Design and Manufacture 
Approved to AS3108 - 1990 & U.L. Standards 
Tel: (02) 642 8003 Fax: (02) 642 6127 

Printed Circuit Board Manufacture 
48~Hour service •High quality •Low prices 

I offs to any quantity 
Artwork designed if required 

Call/or obligation free quote ... 

INSTANT PCB'S PO BOX 448 AVALON 2107 

Ph: (02) 99741189 Fax: (02) 9974 5491 

KIT REPAIRS - R & D, prototyping, repairs 
to electronic equipment, all kits repaired ...................................................................... 
CAMPAD ELECTRONICS 

26 KEITH STREET CAPALABA, Q. 4157 
Phone (07) 3245 2008 

PCB Prototype Service 
Tooling from Disk. $30 + Tax. 

• Double sided • Through hole plate 
• Solder resist • 8 thou. min. clearance 
• 8 thou. min. track • Unlimited hole siz.es 
• Component legend • Odd shapes possible 

Forget Bread Boarding! 
CADS/Wand Info. Kits Available. 

I 07 A Burbridge Rd 
~Hilton SA S033Australia 
Do~~ .. ~ Ltd Ph. (08) 433957 Fax. (08) 2345339 

Wanted: Geloso A.M.H.F. 
Transmitter Amateur Bands any 
condition. Also WW II Command 
Series Transmitters and 
R~ceivers, FS6, 101, No11 Sets 
with or without power supplies. 
AVO Valve Tester prepared to pay 
Top Money, P.O. Box 275 Ferny 
Hills Brisbane 4054 
Ray (07) 3299 3819 

Needed New Heads for a National 
RS 7555S. Offer.R.Jollin 131 Hall 
Road Springwood 4127 

L . E . C ll A 1:. M A N 
BUSINESS FOR SALE - SEND STAMP FOR STOCK LIST. 
Speclal Electros 20 11F 450V $3 
D IVU == ,. ..... . M~~er = _ 47µF160V2 for .......... $1 
Meters $5 pp $2 22 µF 63V2 for ........... $1 

SpeakersSpecial 
6x4/16/0hm ......... $5 a pair 
27/0hm ............ $5 a pair 
6x4/4/0hm .......... $5 each 
8 inch 15/0hm ........... $7 
6x4 33/0hm .............. $5 
4/inch with trans ......... $12 
6/inch .................. $7 
5x3/47/0hm ............. $5 
5x7/47/0hm ............. $5 
6x9/47/0hm ............ $10 
6x9/35/0hm ............ $10 
5x3/80/0hm ............. $5 
8x4/15/0hm ............. $5 
5/inch 33/0hm ........... $7 
5/inch 16/0hm ........... $5 
5x7/16/0hm .............. $7 
4/inch 16/0hm ........... $5 

Super Special 
Multicellular 
Horn Tweeter 
8/0HM ............ $10 a pair 

IF Transformers 
455 Kc .................. $5 
Oscillator Coils ........... $5 
Valve Sockets Octal ........ $2 
9 Pin Printed Circuit Mount .. $2 
Mini Tuning Capacitors 
Cover all Aust bands ... $1 each 

100 mixed Resistors 
All Handy Value ........... $2 
100 mixed Capacitors ...... $5 
Bolts, Nuts, Screws, Self Tapers 
etc 200 mixed ............ $4 
Fuse Holders in Line 
Plastic ............... $0.50 
Knobs, Chrome, 1/4 Shaft Push 
On 10 for ................ $2 
Slide Pot knobs ..... 10 for $1 
Speaker Transformers 
5000 to 3.5/5W .......... $10 
5000 to 3.5/10W ......... $15 
7000 to 3.5/1 OW ......... $15 
7000 to 15/ 5W .......... $10 
Car Radio Suppressors .. $0.50 

Special 
Gramo Motor and Pick Up 4 
Speed complete with Ceramic 
Cartridge 
Yes, Plays old 78s 
and Stereo .............. $25 
Tag Strips Old Style 
Mixed 10 for ............. $2 
Sheilded Leads 7FT 
3.5 to 3.5 ............... $1 
3.5 to 7.5 ............... $1 
Pickup Cartridges BSR 
Old Type Clip In 
Turn Over includes 2 Stylus $10 
Special 10 mixed switches .. $5 
Mixed Oak Rotary Switches 
5 for ................... $5 
Kriesler Colour TV Front 
Control Panels 
Complete with IC's ....... $50 
Kriesler Colour TV 
Power Supplies .......... $50 

22µF160V 2 for .......... $1 
470 µF 25V4 for .......... $1 
68µF 25V4 for ............ $1 
470 µF 63V2 for .......... $1 
22 µF 16V4 for ........... $1 
10 µF 40V2 for ........... $1 
2000 µF 25V ............. $1 
Triple 50 µF 350V 
30 µF 350V 
24 µF 40V ................ $3 

Transistors AD 161/162 $4 a pair 
AD 149 ............. 5$ a pair 
12 Mixed Types ........... $5 
Diodes 12 Mixed Types .... $5 
Fuses 1/2 Amp, 11/2 Amp, 300 
MA, 500 MA, 10 for ....... $1 
Power Leads and Sockets ... $1 
Knob Felt Washers 
Brown or Black 
12for .................. $1 

Spacial 
Trimpots 12 mixed ........ 2$ 

Power Transformers 
240V 120-160-6.3/100 mil .$20 
240V 260-117-20 ........ $10 
240V 2/50V Taps 6.3 ..... $10 
240V 28V 12V ........... $10 
240V 225V 6.3 100V 7.2V 
120 Mil ................ $20 
Chokes Heavy Duty ....... $10 
Microphones Ceramic Teisko Hi 
Mike ................... $2 
4 Pin Speaker Sockets . 50 cents 
2 Pin Plugs and Sockets 50 cents 

Jack Plug Sockets 
2.5mm 4 for ............. $1 
3.5mm 4 for ............. $1 
6.5mm 3 for ............. $1 
DIN Plug Sockets 2 for ..... $1 
DIN Plugs 2 for ........... $1 
Stereo Gram Chassis Kreisler 
Solid State Tapedeck 
Inputs etc .............. $35 
Pilot Lights 12V 
Screw In 4 for ............ $1 
Transistor Ear Pieces Plugs 
and Leads 4 for ........... $1 

"SEND POSTAGE 
STAMP FOR A LIST 
OF HUNDREDS OF 
RADIO VALVES" 

I:!:! PITT HO \D. \OHTll C .I HL c I HI. :!O<>'> 
Phone: (02) 9905 1848 
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50 and 25 years ago ... 
'Electronics Australia' is one of the longest running technical publications in 
the world. We started as 'Wireless Weekly' in August 1922 and became 'Radio 
and Hobbies in Australia' in April 1939. The title was changed to 'Radio, 
Television and Hobbies' in February 1955 and finally, to 'Electronics 
Australia' in April 1965. Here we feature some items from past issues. 

September 1946 
Citizens' Radio: The bad weather which 
recently isolated the Mount Buffalo chalet 
from the rest of the world illustrates the 
value of radio communications to the 
average citizen, when frequencies are 
made available for private enterprises. 

The time is fast approaching when the 
requirements of such citizens must be 
given serious consideration by the 
authorities who control the allocation of 
frequencies. The use of the ether is some
thing which should be allowed to pro
vide, where appropriate, the same facili
ties as are now available by means of the 
ordinary telephone when it is impractical 
to use these facilities. 

practicable with inexpensive apparatus. 
Midget Trimmers: Philips Electronic 
Industries are now carrying good stocks 
of their air dielectric trimmers. 
Assembled on a central ceramic rod, the 
trimmers incorporate no less than seven 
concentric cylinders, which interleave as 
the moveable element is rotated. The 
capacitance range is from 3 to 30mmfd. 

The trimmers are already in demand 
for test equipment and should be ideal for 
use in shortwave receivers. 

September 1971 

In the case of the Mt Buffalo chalet, 
because of its elevated situation, UHF 
transmissions would probably be quite 

IC Slide Rule: Texas Instruments is 
planning to introduce into the UK later 
this year a new IC that could replace the 
slide rule, according to the company's 
marketing manager. When coupled with 
a suitable display, the company considers 

EA CROSSWORD 
ACROSS 
1 Control at a distance. (6) 
4 Section of an amplifier. (5,3) 
10 Temporary signal. (9) 
11 System of code. (5) 
12 Satisfying criteria 

for accuracy. (4) 
13 Compact form of data 

storage. (1, 1-3) 
14 Interaction of waves. (4) 
17 Unit of attenuation. (5) 
18 Circuit configuration. (6) 
20 Satellite based global 

navigation system. (1, 1, 1) 

SOLUTION TO 
AUGUST 1996: 

MO Bl L ET EL EP HO NE 
E• •• I •O -- A• X• L 
Ml SA L IG NS •S LI DE 
o• M• 0 •G •T • s •D •C 
RO UT -AL BU M• FI ST 
Y• T• G• E •D •R •S •R 
Is HA R P• FI VE ZE R~ 
A• -- I •B •o •E --•N 
lilo BE L IU M• CL AM Pl 

21 EA's Newsletter is from 
Silicon ... (6) 

22 Type of noise. (5) 
26 Free from contamination. (4) 
27 Visible manifestation of 

current. (5) 
28 Small office, home office. (4) 
31 Some switches are sensitive 

to this. (5) 
32 Engaged in productive 

activity. (9) 
33 Bifurcating component. (8) 
34 The physical universe. (6) 

DOWN 
1 Turn about an axis. (6) 
2 Determine physical 

characteristics. (7) 
3 Check operation. (4) 
5 Valves. (8) 
6 Computer-based pastime. (4) 
7 Aiming points. (7) 
8 Component of complex 

sound. (8) 
9 Flexible parts of certain 

switches. (5) 
19 Calculates. (8) 

that it should be within the reach of busi
nessmen, students and engineers alike. 
The IC is 0.21" square and contains all 
the logic circuits necessary for a full add, 
subtract, multiply and divide facility. It 
can have fixed or floating decimal points, 
and can provide output coded for an eight 
digit, seven-bar display. The chip is in a 
low cost, 28-pin package. 
Vertical deflection IC: An entire vertical 
deflection system for monochrome or 
large screen colour TV receivers has been 
integrated on a single semiconductor chip 
by Motorola Semiconductor Products 
Inc., USA. Known as the XC1390, it 
includes the oscillator, output stage and 
flyback sections in a single plastic 
'winged' package. In addition, the design 
eliminates the need for the usual output 
transformer and linearity control. It uses a 
current drive to give a scan current which 
is independent of deflection yoke imped
ance variations. 

Other features of the XC1390 include 
built-in fault protection, a squared retrace 
pulse for effective blanking and indepen
dent external vertical hold and vertical 
size controls. Within the IC package, the 
chip 'ground' is electrically connected to 
the 'wings' of the case, allowing both 
thermal and electrical bonding to be 
accomplished simultaneously. •:• 

•• R• L 
ME ET • A• A•U 

•N •F •S •A •T 
AS DI C• AG FA 

E• N• D• N• U 

15 Divisions in mobile 
telephone network. (5) 

16 IR image intensifiers 
enhance vision. (5) 

20 Instrument for detecting 
rock vibrations. (8) 

24 Central colour of sunlight 
spectrum. (5) 

25 Extended phenomena 
in Space. (6) TA KEIS N 

E• U•E •• SU PER ON 

NL IN 
E• s• 
DU CT 

EAR 
T• U 
ORS 

18 Designation of intelligence 
satellite. (3) 
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21 Said of an unreal image. (7) 
23 Radioactive metal, atomic 

number 90. (7) 
29 Launch of a satellite, etc. (4) 
30 Defence organisation. (4) +:• 
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NEWS HIGHLIGHTS 
FIRMS UNVEIL NEW 
IMAGE ARCHITECTURE 

Kodak, Hewlett-Packard, Live 
Picture and Microsoft have unveiled a 
new architecture they have jointly 
developed for using and sharing elec
tronic images on computers, dubbed 
'FlashPix'. The new technology is 
expected to change the way people will 
work with pictures, and has been award
ed the Byte magazine 'best technology' 
award at COMDEX in Chicago. 

The FlashPix architecture enables the 
use of high-quality images which can be 
manipulated as easily as the low-resolu
tion image files typically on the World 
Wide Web today. Pictures can burst on
screen, transform rapidly when edited, 
move quickly over on-line services and 
look impressive corning off the printer. 
At the same time the technology to 
achieve this can be hidden from end
users, freeing them from having to select 
image resolutions, colour options and 
other technical details. 

Flashpix is compatible with standard 
multimedia PCs - a 486 computer with 
8MB or (preferably) 16MB of RAM, or 
an equivalent Macintosh platform. 

IREE AWARD TO NEVILLE THIELE 

FlashPix images won't require addition
al RAM or hard disk space. 

FlashPix will support images of any 
size, captured at any resolution. Images in 
FlashPix files are stored at multiple inde
pendent resolutions, and each resolution is 
sub-divided into square tiles. These fea
tures allow applications to select the 
appropriate resolution a user needs for a 
selected procedure, and to access directly 
the specific areas of an image needed for 
the operation being performed. An edit, 
layout choice or other use of an image, 
called an 'image view', is stored as a small 
script separate from the image data itself. 
The script and image data are wrapped 
inside an OLE structured 'storage contain
er'. Structured storage enables software to 
easily store a variety of information types 
such as scripts, image data, ownership 
information, colour management data, etc 
all in one convenient single file. 

Kodak owns the FlashPix specifica
tion and reference implementation, and 
will take the lead in promoting the use of 
FlashPix technology. FlashPix will pro
vide an open industry standard for digi
tal imaging. 

"This new architecture serves as an 
excellent complement to the Photo CD 

At a reception and presentation on July 23 at the Australian Film, Television and 
Radio School, the Council of The Institution of Radio and Electronics Engineers 
Australia and the IREE Society Sydney Audio Group presented Mr AN. (Neville) 
Thiele, FIREE, IEAust, FAES with their highest award, the IREE Award of Honour. 

The IREE Award of Honour is pre
sented only very occasionally, to those 
who have given 'long-standing and 
meritorious service to the promotion of 
The Institution's aims ·and objectives 
beyond the call of duty'. 
Mr Thiele's personal achievements in 
the field of audio engineering are well 
known in Australia and around the 
world, of course. His work with Dr 
Richard Small on the design of loud
speaker enclosures has become one of 
the foundations of modern audio engi
neering. This plus his contribution to 
the affairs of The Institution of Radio 
and Electronics Engineers Australia 
over many years (both on the Council 
and as President) undoubtedly makes 
him a worthy recipient of this Award. 
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industry standard. The Photo CD system 
remains an ideal solution for storing and 
archiving photographic images, while 
the FlashPix architecture is designed for 
using and sharing digital images of all 
types on computers and across net
works", said Brendan Lovelock, busi
ness unit manager, Digital and Applied 
Imaging division, for Kodak Australia, 
New Zealand, South East Asia. 

In addition to the developers, other lead
ing companies - including AccuSoft, 
Apple, Broderbund Software, Canon, 
Corel, Fuji, IBM, Intel, Macromedia, 
MetaTools, Object Design, PictureWorks 
and Storm Primax - have announced 
their intent to support FlashPix technolo
gy, and some are expected to introduce 
products that support the new architecture 
by the end of the year. 

A complete Software Developer's Kit, 
consisting of a reference implementa
tion, implementation guide, a sample 
application and interoperability test 
suite will be available towards the end of 
the year. Interested developers can 
access a white paper with technical 
details on the format by visiting 
Kodak's home page at 
http://www.kodak.com:/drgHome. 

1 M AUSSIES IN THE 
Nn, SAYS TELSTRA 

A survey of Internet activity conduct
ed for Telstra has unveiled for the first 
time that more than one million 
Australians regularly use the Internet. 

Telstra's research, undertaken by 
DBM Consultants in April, reveals the 
real level of Internet use in Australia 
based' on research from more than 
1000 households in Melbourne, 
Sydney, Brisbane and Canberra. "The 
survey shows that the Internet has 
become a mass market almost before it 
was noticed", said Mr Bob James, 
Telstra's Group General Manager, 
Strategic Development. "And the 
remarkable news is that Australia is 
likely to be one of the top four coun
tries in the world for Internet penetra
tion. The gap between the leaders is 
just a few percentage points, and this 
could be made up in a matter of a few 
months." 

Telstra' s key Internet survey results 



include the following: 
• 7% of households have access to the 

Internet; 
• 11 % of all people over 15 years of age 

had accessed the Internet for one 
hour in the week prior to the survey; 

• 16% of all people have accessed the 
Internet at some time; and 

• 47% of households have a PC. 

ABC SELECTS S-A 
VIDEO COMPRESSION 

The Australian Broadcasting 
Corporation has selected Scientific
Atlanta' s PowerVu digital video com
pression system to distribute its TV pro
gramming across Australia. The 
Scientific-Atlanta MPEG-2/DVB sys
tem will allow the ABC to increase its 
domestic satellite transmission capacity 
without leasing additional transponder 
space. 

The ABC currently uses a half 
transponder on the Optus B 1 satellite, to 
transmit one analog video signal at a 
time. Once PowerVu is installed, it will 
be able to transmit three high-quality 
digital video signals simultaneously 
using the same transponder space. All 
three digital video channels will be used 
for the ABC's interchange network. 

The entire PowerVu ·digital compres
sion network is scheduled for comple
tion by mid November 1996. The sys
tem will include 19 encoders and 48 dig
ital satellite receivers. To manage the 
system, the ABC ordered the PowerVu 
Command Centre 2000, S-A's UNIX
based network management, security 
and subscriber control system. 

The ABC's senior broadcast engi
neers rated PowerVu the digital com
pression- system with the best overall 
quality, after a series of blind tests 

DSE/APPLE NIGHmES 
CONTEST WINNER 

We had an overwhelming response to 
the Electronics Australia/Dick Smith 
Electronics 'Win an Apple Nighteyes 
Night Viewer' competition, conducted in 
our June 1996 issue. Well over 500 entries 
were received, making the competition a 
big success. We'd like to thank everyone 
for their interest and effort. 

There could be only one winner, though, and the judges chose the entry from Mr 
Gary Sinkovits, ofNormanhurst in NSW. Mr Sinkovits (shown accepting his Apple 
Nighteyes from EA editor Jim Rowe) is a field service officer for Telstra, who also 
bushwalks and studies native wildlife in his spare time. H~ said he was delighted 
to win the night viewer, which will be used for observing animals at night. 

with rival products. 

VET TOPS LIST OF 
ANTI-VIRUS SOF1WARE 

VET, the well-known antiviral soft
ware package developed by Melbourne 
firm Cybec, has topped the latest list 
published by respected industry maga
zine Virus Bulletin, scoring more points 
on the magazine's multi-factor rating 
system than products from its major 
competitors from the USA - including 
Symantec and McAfee. VET scored an 
overall average of 94.2, whereas prod
ucts like McAfee's scored 89.0 and 
Central Point's scored 76.8. Australian 
product Virus Buster scored 67.1. 

"This result is a clear indication that if 
you work smart, you get the results", 
said Nicholas Engelman, Cybec's 
Technical Manager. "The world is often 
surprised when Australian companies 
perform well. This result is no surprise 
to us. It is the end product of six years of 
good design and plain hard work." 

Cybec's resident virus expert, Jakub 
Kaminski, has been recognised for his 
work by being invited to be technical 

editor for Virus Bulletin. 
Cybec has recently opened an office 

in Sheffield, UK, to provide improved 
support for British users of VET. The 
office is being managed by Ms Jill 
Memmott, formerly support manager at 
Sheffield Hallam University. 

TECHNICAL 
SKILLS NEEDED 

TAD VIC (Technical Aid to the 
Disabled) is currently in desperate 
need of volunteers to design and make 
equipment for people with disabilities. 
According to publicity officer Mary 
Jurus, the organisation is looking for 
people with practical engineering 
skills, and believes that EA readers 
may fit that category. 

TADVIC is a non-profit organisation 
which operates throughout Australia, 
providing equipment to disabled people 
of all ages where there is no commercial 
option available. The work is done by 
volunteers and clients only pay for mate
rials, thereby minimising their costs. 

Recent projects completed by TAD
VIC volunteer workers include design
ing and building a head support system 
for a young client with cerebral palsy, to 
allow her to use a computer and com
municate conveniently; designing and 
building a lifting device for a client with 
muscle weakness; and modification of a 
CB transceiver to allow operation by 
mouth, by a quadriplegic client. 

Readers interested in offering their 
skills l!Ild time to TADVIC as volun
teers can contact them at 79 Buckhurst 

The traditional 'Buttinski' telephone 
set used to test lines and circuits can 
either corrupt today's data transmis
sions, or not even make them appar
ent. These new DigiAlert sets from UK 
firm Chesilvale Electronics detect dig
ital signals and prevent technicians 
interrupting live circuits. (For Informa
tion phone +44 (0) 1633 223552) 
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NEWS HIGHLIGHTS 

Street, South Melbourne 3205; phone 
(03) 9254 5625 or fax (03) 9696 5190. 

NATIONAL RESUR1tEm 
FAIRCHILD SUBSIDIARY 

National Semiconductor Corporation 
has formed a new subsidiary organiza
tion consisting of its family logic, mem
ory and discrete businesses, to be called 
Fairchild Semiconductor. It also named 
Kirk Pond, a National executive vice 
president, as president and chief execu
tive officer of Fairchild. 

"This new structure will unlock the 
value inherent in all the product lines of 
both companies, by allowing each to be 
managed for optimum success", said 
Brian Halla, National's chairman, presi
dent and chief executive officer. 

"National Semiconductor's strate
gy", Halla added, "is to focus on appli
cations and products for moving and 
shaping information. The core of the 
strategy is excellence in designing, 
manufacturing and marketing analog 
and mixed signal products. Because of 
this, we feel it makes sense to separate 
out our family logic, memory and dis
crete businesses into this new sub
sidiary. In doing so, we will allow each 
entity to pursue a total business strate
gy tailored to its unique needs." 

National sites that will become part of 
Fairchild Semiconductor includt the 4", 
5" and 6" wafer fabrication plant in 
South Portland, Maine; the wafer fabri
cation plant in West Jordan, Utah; and 
the test and assembly plants in Cebu, the 
Philippines, and Penang, Malaysia. 

SIMOCO ACQUIRES 
PHILIPS MOBILE 

A new company called SIMOCO 
International Ltd has acquired the busi
ness of Philips Telecom - Private 
Mobile Radio from Philips Electronics. 
SIMOCO International is backed by 
venture capital group CINVen. 

The transfer includes the business of 
Philips Mobile Communication Systems 
in Australia, which now becomes 
SIMOCO Pacific Pty Ltd, with the addi
tional responsibility for the Asia Pacific 
Region. SIMOCO Pacific's head office 
will remain in Melbourne and Peter 
Bentley, formerly General Manager of 

fident about the acquisition and the 
continuation of our commitment to our 
customers. Our strong business posi
tion and substantial recent orders indi
cate further growth potential. While 
we will maintain our support to analog 
and trunking technologies - which 
have a good service to offer for many 
years to come - we are planning for 
exciting developments with the intro
duction of new digital standards." 

SIMOCO International is led by Ian 
McKenzie, an Australian and former 
Managing Director of the Philips 
Mobile Radio international business. A 
recognised authority on mobile com
munications, Mr McKenzie will be 
based in Cambridge as SIMOCO's 
Executive Chairman. Philips 
Electronics NV retains a minority equi
ty in the new company. 

US, JAPANESE ENTRIES 
FOR SOLAR CYCLE RACE 

Teams from Japan, Australia and the 
USA have lodged the first official entries 
in the Sensational Adelaide 1996 W odd 
Solar Cycle Challenge. The event, to run 
in conjunction with the fourth World 
Solar Vehicle Challenge in October this 
year, will demonstrate solar-assisted 
human powered vehicles with immediate 
marketing potential. 

Dr Paul McCready, the engineer 
responsible for the General Motors 
Sunraycer' s victory in the inaugural 
1987 World Solar Challenge, has lodged 

the first official entry for Aerovironment 
Inc. from the USA. Dr McCready's 
design was used as the basis for over 
half the vehicles entered in the next 
event held in 1990. Also hailed as the 
world pioneer in man powered and solar 
powered flight, his many achievements 
have been integral in the short history of 
solar mobility. 

The success of the Sunraycer in 1987 
led GM to develop the Impact, the 
world's first production electric vehicle 
soon to be available in the ·USA. 
Aerovironment' s entry in the Solar 
Cycle Challenge may well form the 
basis of a production electric cycle with 
commercial viability. 

Tennen Denryoku from Japan will 
race a standard production bicycle with 
electric power assist. The batteries car
ried by entries in the Standard 
Production Bicycle class may be 
charged by both a solar panel carried on 
board and by a solar panel mounted on 
the roof of a support vehicle. When 
teams change riders, they will be per
mitted to replace the batteries. This is 
the 'Solar Service Station', a concept 
which could be further developed to ser
vice the needs of future electric vehicle 
developments. 

The first entry in the aerodynamic 
class, and Australia's first representa
tive, is a three wheel design from 
SUN strike based in the ACT. 

The race organisers expect to receive 
further entries from the USA, Australia 
and Japan, and if current interest is 

Philips Mobile Communication The Panthers Stadium in Penrith, west of Sydney, has installed this Bose Panaray 
Systems, becomes the SIMOCO Pacific LT single point source array loudspeaker system to provide high SPL coverage of 
Managing Director for the Region. the stadium during Rugby League matches. It's located 10m above ground level, 

Mr Bentley said "Our staff are con- and was installed by The P.A. People. 
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maintained, Europe will also be well 
represented. The race will start in 
Darwin on 27 October 1996 and will fin
ish in Adelaide on November 4. 

DOLBY TO SPUK 
AT AES CONVENTION 

Dr Ray Dolby, founder and chair
man of Dolby Laboratories Inc and a 
household name in audio, will be 
Special Guest and Keynote Speaker at 
the forthcoming 6th Australian 
Regional Audio Engineering Society 
Convention to be held September 10-
12 at the World Congress C~ntre in 
Melbourne. Dr Dolby will be available 
to meet and talk with participants 
throughout the convention. 

Ray Dolby was born in Portland, 
Oregon, USA in 1933. From 1949-52 
he worked on various audio and 
instrumentation projects at Ampex 
Corporation, where from 1952-57 he 
was mainly responsible for the devel
opment of the electronic aspects of the 
Ampex video tape recording system. 
In 1957 he received a BS degree from 
Stanford University, and upon being 
awarded a Marshall Scholarship and a 
National Science Foundation graduate 
fellowship, he left Ampex for further 
study at Cambridge University in 
England. He received a PhD Degree in 
Physics from Cambridge in 1961, and 
was elected a Fellow of Pembroke 
College (Honorary Fellow, 1983). 

Energy Australia has launched the 'Power On' solar/diesel power system, designed 
to provide clean and reliable power to homes remote from the electricity grid. 
Typically it can provide up to 5.4kW with the diesel generator assisting. At an 
Installed cost of around $30,000, it can often be cheaper than a grid connection. 

In 1963, Dolby took up a two-year 
appointment as a United Nations advi
sor in India, then returned to England 
in 1965 to establish Dolby 
Laboratories in London. Since 1976 he 
has lived in San Francisco, where his 
company has established further 
offices, laboratories, and manufactur
ing facilities. He holds more than 50 
US patents, and has written papers on 
video tape recording, long wavelength 
X-ray analysis, and noise reduction. 

Dolby is a Fellow and past president 
of the Audio Engineering Society, and 
a recipient of its Silver and Gold 

NEWS BRIEFS 

Medal Awards. He is also a fellow of 
the British Kinematograph, Sound & 
Television Society and of the Society 
of Motion Picture & Television 
Engineers, which has awarded him its 
Samuel L. Warner Memorial Award, 
Alexander M. Pontiatoff Gold Medal, 
Progress Medal, and Honorary 
Membership. The Academy of Motion 
Picture Arts and Sciences voted him a 
Scientific and Engineering Award in 
1979 and an Oscar in 1989, when he 
was also presented with an Emmy by 
the National Academy of Television 
Arts and Sciences. 

Further information is available from 
convention organisers ICMS, of 84 
Queensbridge Street, Southbank 3006; 
phone (03) 9682 0244 or fax (03) 
9682 0288. 

NEXT 'ELEaRONICS AT 
WORK' FOR MELBOURNE 

The success and industry acceptance 
of Australia's first national 'Electronics 

• A training course Manufacturing and Design for Surface Mount Technology will be 
held on August 27-29 1996 at The Australian Electronics Development Centre, 
Broadmeadows Vic. Phone (03) 9302 1422 for details. 

•A seminar titled Telecommunications, Beyond 1997will be held at the Hyatt Regency, 
Sydney on September 17-20, 1996. For details phone (02) 9954 5844. 

• Ray Dolby, founder of Dolby Laboratories, is the keynote speaker at the 6th Australian 
Regional AES Convention to be held on September 10-12, 1996 at the World 
Congress Centre Melbourne. For details phone (03) 9682 0244. 

• PC 96 Melbourne will be held at the Melbourne Exhibition Centre, September 6-8, 
1996. For details phone (03) 9867 4500. 

• Analogic has appointed Obiat P/L as distributor for its range of data conversion prod
ucts, power supplies and DAO boards. 

• CED/A Australia has a new phone number: (02) 369 2717. The CEDIA Aisa Pacific 
Expo will be held at the Hyatt Regency, Kings Cross Sydney, February 7-9, 1997. •:• 

At Work' exhibition and seminars has 
ensured continuation of the event, which 
will now be held annually, alternating 
between Sydney and Melbourne. 

The success of the inaugural event, 
staged at Sydney's State Sports Centre 
at Homebush Bay in June, demonstrated 
that "there was indeed a very real need 
for an event dedicated to the specific 
needs of electronics engineers and man
agement", according to exhibition man
ager Debbie Cadet. 

"Like the USA' s W escon and 
Germany's Electronika, Australia and 
the Pacific region have a requirement for 
their own major show which focuses 
entirely on electrdnics and is not clut
tered with other peripheral products and 
issues," she said. 

Cadet said planning for the 1997 
event, to be held in Melbourne at the 
World Congress Centre on June 18 and 
19, was well under way and already she 
had received 'a significant number' of 
exhibitor re-bookings for next year, as 
well as approaches for booth space from 
new prospects. 

In conjunction with the exhibition, 
the event will again incorporate a con
ference and workshop program pre
sented by the Australian Electronics 
Development Centre (AEDC). 
Executive director of AEDC Deborah 
Davis said the conference and work
shops are currently being planned, and 
sessions are being designed to attract 
visitors with 'need to know' interest in 
current and new industry standards 
and will cover a variety of subjects 
including EMC.+ 
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Solid State Update 
0 

KEEPING YOU INFORMED ON THE LATEST DEVELOPMENTS IN SEMICONDUCTOR TECHNOLOGY 

16-bit DAC 
has bus interface 

The new DAC715 from Burr-Brown is a monolithic 16-
bit DIA converter with a high-speed 16-bit parallel, double
buffered bus interface. The IC also has an output amplifier 
and a precision +lOV temperature compensated voltage ref
erence, and suits applications such as analytical instrumen
tation, industrial process control, robotics, motion con
trollers, and test and measurement equipment. 

The device features a fast digital interface (60ns mini
mum write pulse width) with a 'clear' function that resets 
the analog output to half scale. Gain and offset adjustment 
inputs can be trimmed by external DI A converters or by 
potentiometers. 

Key specifications include: 0 to + lOV voltage output, 
600mW max power dissipation, fast settling time (lOus to 0.5 
LSB), +l-12V to +l-15V extended supply range. It is available 
in 28-pin DIP and 28-lead SOIC packages, and is specified 
over the -40°C to +85°C operating temperature range. 

For further information circle 271 on the reader service 
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Switched-integrator transimpedance amp 

Burr-Brown's new IVC102 is a precision FET input inte
grating amplifier with on-chip integration capacitors, and low 
leakage analog switches. The device integrates the input cur
rent for a user determined period, and holds the resulting volt
age on the integrating capacitor. 

The IVC102 is suited to amplifying low-level sensor currents 
from photodiodes, ionisation chambers, and other current/charge 
output sensors, as well as leakage current measurement. 
Applications include medical diagnostic instruments, industrial 
measurement, analytical and scientific equipment. 

The amplifier can integrate a positive or negative input 
current, allowing a variety of sensor types and biasing tech
niques. Separate lOpF, 30pF and 60pF integration capacitors 
can be connected in combinations up to lOOpF. External 
integration capacitors can also be used. TTL/CMOS com-
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coupon or contact Kenelec, 2 Apollo Court, Blackburn 
3130; phone (03) 9878 2700, free call 1800 335 245. 

TinyPak temp sensor 

National Semiconductor has announced the newest member of 
its family of analog output temperature sensors. The device, type 
number LM60, comes in an SOT-23 TinyPak and operates from 
2.7V. It has an output voltage scale of 6.25mVl°C, and is claimed 
to have an excellent linearity over a temperature range of -40° to 
+ 125°C. Because of its small size, the device is suitable for use 
in portable equipment or where space is at a premium. 

Applications include temperature compensation for oscil
lator drift, and monitoring temperature change during bat
tery charging. The sensor doesn't need any external signal 
conditioning, calibration, or correction look-up tables. 
National has an evaluation kit for the device. 

For further information circle 279 on the reader service 
coupon or contact National Semiconductor (Aust), Business 
Park Drive, Monash Business Park, Notting Hill 3168; 
phone (03) 9558 9999. 

patible timing inputs control the integration period, hold and 
reset functions that determine the effective transimpedance 
gain, and reset (discharge) the integration capacitor. 



The input bias current is typically 
1 OOfA, allowing measurement of 
extremely low input signal currents 
with a typical nonlinearity of 0.005%. 
The device is available in 14-pin plastic 
DIP and S0-14 surface mount pack
ages, and is specified over the -40°C to 
+85°C industrial temperature range. 

For further information circle 278 on 
the reader service coupon or contact 
Kenelec, 2 Apollo Court, Blackbum 
3130; phone (03) 9878 2700, free call 
1800 335 245. 

Audio attenuator 
has only 0.001 % THO 

A new Overture audio attenuator 
from National Semiconductor, type 
number LM 1971, is claimed to offer 
the industry's highest level of fidelity 
for single-channel attenuation. It has a 
total harmonic distortion (THD) level 
of 0.001 % (typ), a dynamic range of 
llOdB and is claimed to produce a 
'pop-and-click-free' performance. 

The device is suited for use in 
portable communications devices, 
conference phones, hearing aid 
devices or wherever board space 
requirements are tight. 

"Traditionally, single-channel audio 
attenuation could only be achieved 
with digitally controlled pots and resis
tors designed for industrial control 
applications," explained Edwin Leong, 
Business Centre Manager, Analog 
Division. "These devices, however, 
cannot match the high levels of fideli
ty found in a true audio attenuator." 

The IC operates from a supply volt
age range of 4.5V to 12V to meet the 
needs of low-voltage, portable com
munications equipment, and devices 
such as digital audio mixers and other 
professional equipment which require 
a higher dynamic range. The attenua
tor is offered in standard 8-pin surface 
mount and DIP packages. 

For further information circle 273 on 
the reader service coupon or contact 
National Semiconductor (Aust), 
Business Park Drive, Monash Business 
Park, Notting Hill 3168; phone (03) 
9558 9999. 

FETKY for 
power converters 

International Rectifier has developed 
a new power component that combines 
a HEXFET power MOSFET and a 
Schottky diode in a single S0-8 small 
outline package. Called FETKY, the 
new technology is claimed to save 
board space and reduce assembly costs 
in power converters and other power 
subsystems. 

The new technology takes advantage 
of the reductions in MOSFET die size 
and on-resistance achieved by IR's 
recently introduced Generation-5 MOS
FET process, as well as advances in 
packaging capabilities that reduce ther
mal resistance. 

Initially, the FETKY family is tar
geted at power converter applications 
and will include two components -
the IRF7422D2 containing a -20V, 
90mQ P-channel HEXFET power 
MOSFET and a 30V, 3A Schottky 
diode; and the IRF7421Dl containing 
a 30V, 35mQ N-channel HEXFET 
with a 30V, lA Schottky diode. 

The use of FETKY components in 
DC-DC converters is claimed to reduce 
power drain, power dissipation and heat 
generation in converters. Use in a stan
dard buck converter is also claimed to 
save up to 60% of board space. 

For further information circle 272 
on' the reader service coupon or con
tact Hartec Ltd, PO Box 264, Box Hill 
3128; phone (03) 9268 9000, free call 
1800 335 623. 

Damper diode for 
high end TV sets 

Claimed as a world first, Philips has 
introduced a 1700V damper diode for 
TV and monitor deflection circuits in 
high performance TV sets and multi
sync monitors. The BY479X-1700 
high voltage fast recovery diode can 
replace the two or more diodes cur
rently required. 

The diode is claimed to offer an 
improved performance due to a higher 

peak flyback voltage, plus savings in 
component and assembly costs. Key 
specifications of the diode are a repet
itive peak reverse voltage of 1700V, a 
forward recovery voltage of 12V, and 
a forward recovery time of 200ns to a 
forward voltage of 5V. Switching 
losses are low enough to allow a single 
diode to handle the required power 
dissipation for line scan frequencies 
up to 64kHz. 

The diode is recommended for use 
with Philips 1700V transistors type 
BU2722AF for 15" colour monitors, and 
BU2727 AF for 17'' monitors. It is pack
aged in a standard SOTl 86A plastic 
power package with an isolated mount
ing tab. Electrical isolation between the 
mounting tab and the diode lead-outs is 
an industry-standard 2.5kV. 

For further information circle 27 4 on the 
reader service coupon or contact Philips 
Components, 34 Waterloo Road, North 
Ryde 2113; phone (02) 805 4479. 

1.8-2GHz 3V 
low noise amplifier 

US based Alpha Industries has intro
duced a low noise amplifier, type 
AL102-12 that operates in the 1.8-
2.0GHz band. The amplifier has a gain 
of 14.5dB, 1.8dB noise figure and a 
wide dynamic range. When operating 
from a single 3V power supply it draws 
around 3mA, making it suitable for bat
tery powered systems. The amplifier 
comes in a small SOIC 8 package. 

For further information circle 275 
on the reader service coupon or con
tact Electronic Development Sales, 
Unit 2A, 11-13 Orion Road, Lane 
Cove 2066; phone (02) 418 6999. + 

QUICK EASY 
DATA AGUISITION & CONTROL 

The DAS005 Data Acquisition Module simply 
fits to an IBM PC printer port. Measuring 60 x 55 
x 20mm it features a 12 bit ADC. 4 Digital Inputs 
and 4 Digital Outputs. The ADC has 8 SE/ 4 Diff 
inputs each with a range of 0-4V and able to 
tolerate faults to +/-20V. 
In addition is the Windows program I-SEE to 
monitor the inputs. display graphs. control 
outputs and Jog readings to disk. C. QuickBasic 
& Visual Basic functions are included for those 
who wish to write their own programs. 
Price is •120 (sales tax excluded). 

PC WATCHDOG AND l/D CARD 

Featured in EA Nov 95 this card plugs into your 
PC & monitors the operation of a program. If it 
stops operating correctly the card either resets 
the'PC or notifies the operator of the malfunction. 
On the card is B digital inputs. 7 digital outputs 
(OC) & 2 16bit counter/timers for your use. 
Software examples in C & Visual Basic included. 
Price is $250 (sales tax excluded). 

$8 deli very and handling on all items. 

OCEAN CONTROLS 
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USING THE 
LM3914·& LM3915 
The LM3914 and the LM3915 are two dot/bar display driver ICs produced by' National 
Semiconductor. You've probably seen them employed in many electronic circuits and commer
cial equipment, but may not know how they work or be aware of their many features. This article 
presents a few simple circuits that demonstrate the ability of these two versatile and perhaps 
under-used ICs. · 

by SAMMY ISREB 

When it comes to representing a 
changing analog quantity such as power 
output or volume, the obvious choice 
would be to use a panel meter - but 
meters do have their drawbacks. If the 
piece of equipment is going to be sub
jected to mechanical shocks or other 
rough treatment, a meter movement can 
be easily knocked out of alignment or 
even permanently damaged. Another 
problem is that they are usually quite 
expensive - sometimes the cost of the 
meter movement alone can exceed the 
cost of the rest of the circuit! 

A digital readout is one answer, but it's 
hard to detect trends or changes in the 
signal level as you have to read and inter
pret the readout for each new reading. 

Quite often, the best compromise is 
the LED 'bar graph' display, particular
ly when you only want an indication of 
signal amplitude rather than a precise 
measurement. The LM3914 and 
LM3915 were designed to make the job 
of adding a bar or dot readout to your 
design a simple one, with some circuits 
needing only a capacitor, two resistors 
and the IC itself to drive a row of LEDs. 

Versatile ICs 
Both the LM3914 and the LM3915 

are 18-pin devices, and they have identi
cal pinouts (see Fig.l). They are also 
almost identical in their operation. 

Both the '14 and '15 sense incoming 
analog voltage levels and drive 10 LEDs 
or other low current output devices 
accordingly. The input is passed through 
a 10-step comparator with an externally 
adjustable reference, to drive 10 
buffered outputs each capable of supply
ing 1 to 30mA into the load. The 
LM3914's outputs change in a linear 
sequence, whilst the LM3915 drives 
each of its 10 outputs using a 3dB/step 
logarithmic system. This makes it more 
suitable for displaying volume levels, as 
it more closely matches the ear's loga-

rithrnic response. 
The following is is a list of features of 

the two ICs: 
• They can drive LEDs, LCDs or other 

low current display devices. 
• The current from each output is 

adjustable from lmA to 30mA using 
just one program resistor. 

• Multiple ICs can be linked together to 
provide displays of up to 100 steps. 

• Alternative dot or bar mode display 
can be selected by connecting pin 9 to 
V + or ground. 

• The supply voltage can range over 3 
to 24 volts while the IC maintains a 
linearity of less than 0.5%. 

• The voltage reference of the internal 
10 step comparator is adjustable from 
1.2 volts up to 12 volts. 

• The voltage inputs can withstand a 
voltage swing from -30 volts to +30 
volts without damage to the IC. 

• And being a linear device, the chips 
are very easy to interface with both 
TTL and CMOS logic ICs. 

The LM3914 
The LM3914 IC is best used when a 

visual display is needed in which the 
incoming signals are expected to be 
within a comparatively narrow range 
that can be covered in 10 linear steps. 
The amount of current that flows 
through each of the 10 LEDs can be 
adjusted by changing the value of Rl 

.. . 1i 11 Ill t!i 14 13 . ta 
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(see computer sound level meter circuit, 
Fig.3), with the current determined by 
the formula ILED = 12.5/Rl. 

One useful feature of the LM3914 is 
that its on-board precision voltage 
source is designed to be adjustable, 
allowing you to define the input volt
age at which the chip will light the 
tenth LED. The chip's reference volt
age is a nominal l .25V between pins 7 

· and 8, and this voltage is developed 
across the program resistor Rl in the 
following circuit. As we now have a 
constant voltage developed across a 
fixed resistor, we thus have a constant 
current flowing through the output set 
resistor R2, giving an output voltage of 
Vref = 1.25 x (l+R2/Rl). 

This means that the voltage change on 
the input needed to light the next LED is 
dependent upon the value of R2. 

Another feature is that multiple 
LM3914s (as well as the LM3915s) can 
be linked together in dot mode to form 
displays of up to 100 steps. A basic cir
cuit showing this is Fig.2. This circuit 
senses that the first LED of the second 
chip is on and switches off the last LED 
of the first chip. Note that Fig.2 does not 
include reference circuitry, which is left 
to the user to design. 

Sound level meter 
On the computer I am using at the 

moment to type this article, there is a 
sound card connected to a CD-ROM 
drive which I use to play audio CD's. 
The line output of the CD-ROM drive 
drives an amplifier and speakers, which 
leaves all outputs of the sound card free . 
When my craving for a sound level 
meter would not go away, this circuit 
was developed (Fig.3). It was built for 
practically nothing, takes its power from 
the computer, and is calibrated using the 
mixer software on the computer. 

Whilst a LM3915 is normally used for 
an audio power meter because of its log-
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arithmic response and thus wide dynam
ic range, the LM3914 is used in this case 
because the low power levels present 
from the computer output can easily be 
shown on a linear scale. 

The circuit draws its power from the 
games port, running off the +5V sup
plied by pin 15. As we have a maximum 
of five volts to work with, the reference 
voltage of the IC must be set to slightly 
below this. In this case the reference was 
chosen to be 4V. As well, the output 
current to each LED was set to around 
20mA for a nice bright display. 

To determine the values for Rl and 
R2, two formulas were used. These cal
culations can be used as a guide when 
designing circuits using the LM3914 or 
LM3915 ICs. 

Firstly the current supplied to the 
LEDs is chosen: 

ILED = 12.5/Rl. 
So 20mA = 12.5/Rl, thus Rl = 625!1 or 

LE01 
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+5V from pin 15 
of games port 

GNO from pin 5 
of games port 
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620!1, the closest value resistor available. 
Next the voltage reference is set to 4.0 

volts. Note that Rl is already selected to 
be 620!1: 

Vref = 1.25 x (1 + R2/Rl). 
So 4 = 1.25 (1 + R2/620Q). Thus R2 

= 1364!1, or l.3k as the closest resistor 
value available. 

The circuit can be built on a PCB or 
piece of Veroboard (two should be built 
for stereo display) and looks good 
housed in a zippy box. 

Once this is done, it can be calibrated 
by playing a CD and using the mixer 
program on the computer to adjust the 
volume level until the display looks like 
it is giving a proper reading of the sound 
level. The volume of the music won't be 
altered, as the CD line out is indepen
dent from the mixer. 

The circuit can be switched from bar 
mode to dot mode by the mode control 
switch connected to pin 9. The LEDs 
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can be of any type, but having LEDs 1-
5 green, LEDs 6-8 yellow, and LEDs 9-
10 red looks much more professional. 

The LM3915 
The LM3915 should be used when a 

visual indication is needed for an input 
signal with a wide dynamic range, as it 
uses a logarithmic scale (3dB/step). It 
also features the same adjustable refer
ence voltage and LED current as the 
LM3914 shown above. This makes it 
ideal for applications such as audio 
power meters, sound meters, light 
meters, and RF signal meters, just to 
name a few. 

Two typical applications of the 
LM3915 which are featured here are an 
Audio Power Meter, an application in 
which the LM3915 has been used for in 
countless situations, and a Vibration 
Meter - a rather novel circuit. 

Audio power meter 
Whilst the sound level meter shown 

above might work well, there is no substi
tute for an audio power meter on a hifi 
system. This circuit measures the power 
output of your amplifier in ten 3dB steps, 
from 0.2 watts right up to a healthy(?) 100 
watts. Like all other circuits using the 
LM3915 and LM3914, it is switchable 
from dot to bar mode using the mode 
switch. The value of R4 is dependent 
upon the impedance of the loudspeaker 
connected to your amplifier, and its value 
can be determined from the table. 

SIGNAL 
FROM SOUND 

BLASTER OUTPUT Flg.3 

A rather neat way of building this cir
cuit is to build it into your amplifier. The 
power for circuit is easily derived from 
the DC power rails of the amplifier by 
using a 12 volt regulator, as nearly all 
amplifiers I have come across use a sup
ply voltage of over 12 volts. Just 
remember to mount the regulator onto 
the heatsink of the amplifier. Also 
remember that you will probably need to 
build two of these circuits, as the circuit 
shown is for only one channel. 
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MS 
Multiple Sclerosis. 
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Vibration meter 
As I write this article, the Albert Park 

Grand Prix is being run. This circuit is 
dedicated to all those Albert Park resi
dents who are worried about the vibra
tions around their houses. While I can't 
guarantee that it will detect racing car 
vibrations, it is fun to play with during 
the advertisements between the races. 
(You can even use it as a stethoscope -
beat that for an application!) 

This circuit senses vibrations through 
a piezoelectric transducer and uses them 
to drive a LM3915 IC. The IC is driven 
directly by the transducer, without the 
use of any op-amps or other means of 
amplification - illustrating the sensi
tivity of the IC. 

This circuit is pretty much like the 

Audio Power Meter in its operation, apart 
from the different reference voltage setup. 
It measures from about 50m V to around 1 
volt in 3dB steps. Like the other circuits it 
can be switched from dot to bar mode by 
using the mode switch. 

Many uses 
As you can see, the LM3914 and 

LM3915 lend themselves to many appli
cations, and as these circuits demon
strate, it's a simple matter to design a 
circuit using four or five components 
(plus LEDs) which gives a practical, 
useful and impressive result. 

I would like to thank John Glancy of 
Dick Smith Electronics for his invalu
able assistance in supplying me with /Cs 
for this article. ~· 
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Exclusive hands-on preview: 

HP's new 546450 . 
'mixed-signal' DSO 
Hewlett-Packard has just expanded its 54600 line of lower priced digital scopes with two new mod
els: the 54645A dual channel 1 OOMHz bandwidth 200MS/s OSO, and the 546450 'mixed-signal' 
OSO - virtually the same instrument with a built-in 16 channel logic analyser. Both instruments 
feature HP's new 'MegaZoom' technology, which combines deep sample memory with revamped 
acquisition and waveform display processors. Here we look at the very flexible 546450. 

by JIM ROWE 

Ever since they launched their 54600 series of attractively 
priced DSOs in early 1991, Hewlett-Packard have been steadi
ly adding further models. Last year they even added a 16-
channel Logic Analyser, the 54620A (reviewed in our June 
1995 issue), and its brother the 54620C with full colour dis
play. Earlier this year they also announced the impressive 
'high end' 54615B and 54616B, offering respectively 
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500MHz bandwidth with 1 GS/s sampling, and 1 GHz band
width with 2GS/s sampling. 

Now they've added a further two models, a little different 
from one another but sharing the same basic model number. 
The new 54645A is described as the highest-performance 
DSO in the 54600-series 1 OOMHz line, offering a maximum 
real-time sampling rate of 200MS/s and a memory depth of 



lMB for each of its two channels. Its 
sibling the 54645D offers the same two 
lOOMHz analog channels with 200MS/s 
sampling and lMB memory depth, but 
goes further by adding 16 digital 'logic' 
channels, which are sampled at a maxi
mum rate of 400MS/s and among them 
share a further 2MB of memory. 

In a sense, the 54645D is almost as if 
HP had decided to combine the 54645A 
with the 54620A Logic Analyser, and 
squeezed them into the same case so 
they share a common timebase system. 

HP has dubbed the 54645D a 'Mixed 
Signal' scope, and it's clearly intended 
to become an enhanced measuring tool 
for anyone who needs to develop or 
troubleshoot equipment with a mixture 
of analog and digital circuitry. 

Logical idea 
The idea of giving a scope a set of 

additional logic signal channels and 
enhancing its triggering facilities to 
include digital pattern recognition really 

both of them. But that was enough; 
because it soon became clear that quite 
apart from the logic analyser functions 
built into the 54645D, both new mod
els represent a significant step forward 
in terms of basic analog performance 
compared with the earlier 1 OOMHz 
models in the 54600 family. 

Probably the most obvious feature is 
that whereas the earlier models had a 
maximum real-time sampling rate of 
20MS/s, the new instruments have 
increased this by a factor of 10, to 
200MS/s. Apart from anything else, 
this means that the nominal bandwidth 
in single-shot mode (where real-time 
sampling is the only option) now 
jumps from 2MHz to a much more 
useful 20MHz. 

Like the earlier models, the 54645A/D 
still use random equivalent time sam
pling in repetitive waveform mode. This 
means that the effective sampling rate 
for repetitive waveforms is considerably 
higher than 200MS/s, giving both high-

span a longer sweep time. The only way 
they can cope with slower sweep rates is 
by sacrificing sampling resolution, by 
dropping down to a lower effective sam
pling rate. The nett result is that lower
frequency signals and events are not 
captured with the same resolution, and 
you can easily either 'lose' important 
glitches altogether, or get serious distor
tion of any high-frequency components 
present (due to aliasing). 

Of course all digital scopes have to 
drop to a lower sampling rate eventual
ly, on the lowest sweep speeds. But with 
larger memory depth, like the lMB in 
the new HP 54645's, this can be 
deferred until you get to much lower 
sweep speeds. For example the 54645's 
apparently sample at the 200MS/s rate 
right down to the sweep speed of 
500us/div, and are still sampling at 
20MS/s at a sweep speed of 50ms/div. 

To allow the new scopes to handle the 
much deeper sample memory and the 
new 'pan and zoom' functions, H-P's 

makes a lot of sense nowa
days. We're now well into an 
era where almost everything is 
either going 'all digital' or at 
least microcomputer con
trolled, and as a result equip-

" ... almost as if HP had decided to combine 
the 54645A with the 54620A logic analyser, 
and squeezed them into the same case ... " 

engineers have developed 
what they call 'MegaZoom' 
technology. They haven't as 
yet released much detail on 
exactly how this works, but as 
far as I can see it has involved 

, ment that doesn't have a mixture of ana
log and digital circuitry is starting to 
become hard to find. Anyone who's 
tried to troubleshoot in a lot of modern 
equipment can tell you that there are 
often situations where neither a conven
tional scope/DSO or logic analyser 
alone is all that much help. You tend to 
need both, and frequently operating in 
tandem ... 

To my mind this suggests that HP 
may well have hit on a winner with the 
54645D. It could well turn out to be 
the first of a new breed of such instru
ments, which could easily become the 
successors to both conventional 
scopes/DSOs and low-end logic analy
sers for many people. 

Hands-on trial 
H-P very kindly made an advance 

sample of the 54645D available to us, 
and for the last couple of weeks I've 
been able to try it out. It came without 
any manuals (they hadn't been finished 
at that stage), but this wasn't a problem. 
In fact it gave me a good opportunity to 
see just how 'user friendly' the instru
ment really was - with no manuals to 
help out. More about this shortly. 

All I had to guide me, apart from the 
instrument itself, was a copy of the 
press release announcing both new 
models, and some background material 
on the new technology incorporated in 

er waveform resolution and faster wave
form capture. 

In addition, the new models feature 
much deeper sample memory than the 
earlier models: lMB for each analog 
channel (the earlier models only have 
2KB/4KB). Until now this kind of sam
ple memory depth has only been avail
able on much more expensive DSOs, 
and the added depth brings some impor
tant benefits. One is that the scopes can 
store more high-resolution signal data, 
in single-shot mode. 

For example even at the top real-time 
sampling rate of 200MS/s (i.e., one sam
ple every 5ns), each channel memory 
can store a full 5ms of signal. This 
means that after capturing a single-shot 
event, you can 'pan' anywhere along .the 
lMB of samples, and 'zoom' in to 
inspect any particular part of the wave
form - with an ultimate resolution of 
5ns. Very nice indeed! 

Another important benefit of the 
increased memory depth is that in repet
itive waveform mode, the scopes don't 
have to 'change down' to a lower effec
tive sampling rate, as soon as you drop 
to a lower timebase setting. 

This is a problem with many DSOs, 
where they can only actually sample at 
their top sampling rate on the fastest 
timebase settings - because they sim
ply don't have enough memory to store 
the larger number of samples needed to :' 

revamping both the signal acquisition 
processor (between the ADCs and the 
sample memory banks), and also the 
display processor (after the memory). 
The 54600 series scopes already had a 
total of three internal processors, with 
the third being a 68000 which looks 
after the front panel and external data 
communications. 

In the case of the 54645D there's also 
a fourth processor - a second signal 
acquisition processor which is dedicated 
to the logic analyser inputs. These inputs 
also have a second 2MB of sample mem
ory, which can be allocated according to 
the number of logic channels in use. If 
only eight channels are used, they can 
use the full 2MB - allowing records of 
2 million samples. However if the full 16 
channels are enabled, the 2MB is shared 
among them and the record length drops 
to IM samples. 

The new display processor handles the 
waveform and display processing from 
all of the acquisition memory, and also 
provides the new post-acquisition 'pan 
and zoom' functions. It not only man
ages to do all this, but at the same time 
doubles the waveform display speed: the 
54645D refreshes the screen display at 
up to 3M sample points per second, 
compared with the I.SM points of the 
earlier models. 

Oh - and it also provides an option
al vector plotting facility, which hasn't 

ELECTRONICS Australia, September 1996 117 



HP's new 546450 
been available on the other 54600 
models either. This is particularly 
worthwhile when you are working at 
the top sample/sweep speeds in single
shot mode. With the earlier models, 
you could end up with a waveform dis
played as separated dots, one for each 
sample; now you can 'join the dots' to 
make the estimated waveform more 
visible. The display update rate drops 
to 60 screens a second with the vectors 
being calculated and displayed, but 
that's still more than acceptable. 

As mentioned earlier, the 'analog' and 
'logic' sections of the 54645D share a 
common timebase and triggering sys
tem. And the nice thing about this is that 
the integration has resulted in an instru
ment that's surprisingly intuitive to 
operate. In fact it's driven very much 
like a conventional delayed-timebase 
scope; even when you're using the post
acquisition 'pan and zoom' facilities to 
examine a single-shot recording, you do 
this simply using the same 'Delay' and 
'Time/Div' controls that are used for 
achieving similar results in repetitive 
mode. And that's because this is the way 
those functions are actually achieved in 
repetitive mode, too - in order to get 
the highest performance from the acqui
sition system. The 'Main' and 'Delayed' 
timebases are in fact both implemented 
by the post-acquisition processor, and 
simply display the same captured data at 
a different rate and with an adjustable 
delay between their starting points. 

Done Transparently 
But the important nett result, as far as 

the user is concerned, is that it's all done 
transparently and without any increase 
in operating complexity ... 

Of course the most obvious differ
ence, as far as the 54645D is con
cerned, is that the signal capturing and 
triggering facilities are a lot more 
flexible. For example you have full 
control over how many of the instru
ment's 18 inputs are displayed; you 
can use it as a single- or dual-channel 
analog scope, as an 8- or 16-channel 
logic analyser, or as a mixed signal 
instrument with virtually any combi
nation of the analog and digital inputs. 

Needless to say when all 18 channels 
are in use and being displayed the 
screen does get a little crowded. But I 
suppose that can't be helped - there's 
a limit to just how much you can pack 
into a 255 x 500 pixel display on a 
165mm-diagonal screen. 

The triggering facilities are particular-

DODOO 

000 
DODOO 

FRONTPANH 

CPU 

RMI 

ROM 

RS-23VIHE-488 

DISPIAYPROCESSING 

• DISPLAY 

A simplified block diagram of the HP 546450 Mixed Signal Scope. There are a 
total of four internal processors, with separate acquisition processors for the 
two analog and 16 digital input channels. 

ly impressive. Standard edge triggering 
can be from the rising or falling edge of 
any of the 18 channels, and there's a 
choice of Auto, Autolevel or Normal 
modes. Triggering holdoff can be 
adjusted anywhere between 200ns and 
25 seconds, and there's a choice of DC 
or AC coupling with optional HF, LF or 
noise reject filtering. 

In addition, you now have the ability 
to trigger on any pattern of 
high/low/' don't care' logic levels, or 
rising or falling edges - across any or 
all of the instrument's 18 inputs. And 
if that's still not flexible enough, you 
also have the ability to set up two pat
tern triggering terms (Pl and P2) and 
two edge triggering terms (El and E2), 
and combine these using a logical 
AND or OR function, or other func
tions including Then, Entered, Exited 
or Duration. Here's where the 54645D 
will really prove its value in mixed
signal circuitry! 

But that isn't all - there's more. 
Glitch triggering, for example, where 
you can set the 54645D up to trigger on 
events shorter than, longer than or with
in a specified duration (minimum 8ns), 
with either rising or falling polarities, 
and again across any of the 18 inputs. 

Finally, there's also TV-mode trigger
ing from either of the two analog chan
nels, with the ability to trigger on either 
field of an interlaced NTSC or PAL sig
nal, or from the line sync. A handy fea
ture for anyone working with video 

gear, and from memory not available on 
any of the other 54600 series models. 

Of course the 54645D also provides 
pretty well all of the features of the 
existing 54600-series scopes. There's 
a good range of both automatic and 
cursor-based measurements, covering 
both voltage and time related parame
ters, plus that great 'Autoscale' button 
which lets you quickly get a handle on 
signals about which you initially know 
very little ... 

Needless to say the 54645D is also 
fully compatible with the range of add
on communications and enhancement 
modules developed for the earlier mod
els in the 54600 series. Hence it can be 
fitted with the 54650A HP-IB 
Interface, the 54652A RS-
232C/Parallel Printer Interface, the 
54655A HP-IB Test Automation 
Module, the 54656A RS-232C Test 
Automation Module, or the 54657 A or 
54659A Measurement/Storage 
Modules, featuring FFT analysis as 
well as 1/0 interfacing and test automa
tion. It's also compatible with the HP 
34810A BenchLink software. 

Our reactions 
After using the sample HP 54645D 

Mixed-Signal Scope for a couple of 
weeks, I confess I'm impressed. And 
probably the two aspects of the instrument 
which impressed me most are (a) the way 
it combines so many features of a DSO 
and a logic analyser, and (b) the advan-
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tages that have accrued from the new deep memory and 
MegaZoom technology. 

In practice you tend to take the additional 'logic analyser' 
facilities of the 54645D for granted, probably because they've 
been integrated so intuitively with the standard DSO facilities. 
They're simply there, as the ability to capture data from a fur
ther 16 digital channels when needed, and also the ability to 
trigger from virtually any single or complex event involving 
the 18 total channels. So easy to take for granted, yet so big a 
leap forward from the modest capture and triggering facilities 
of many conventional scopes! 

Actually I suspect that another reason why it is so easy to 
take these enhanced facilities for granted is that they're such a 
timely and worthwhile addition to a normal scope. Like all 
good ideas, you find yourself asking why it hasn't been done 
before ... 

It's much the same with the 54645D's deeper memory, and 
the 'pan and zoom' facility provided by HP's MegaZoom tech
nology. You very quickly tend to take this for granted, too -
and here because it's been provided in such a transparent fash
ion. You drive the scope in virtually the same way as with pre
vious models (and also traditional analog scopes), so there are 
no new driving techniques to learn. 

There are times, though, where you suddenly become 
aware of the advantages of that combination of 200MS/s real
time sampling, lMB of memory depth, and the MegaZoom 
'pan and zoom' facility. For example I was using the TV trig
gering mode to examine a video signal, and tried a single
shot capture triggering on Field 1. After capturing the signal 
I could then pan forward through the captured field by up to 
56 lines (up to 3.56ms after the trigger), or back into the pre
vious field by up to 1.41ms, and then zoom in anywhere to 
examine the captured waveform in any detail, up to the max
imum resolution of 5ns/div! 

This made it exceptionally easy to examine the VITS test 
signals in lines 17 and 18 of the vertical blanking interval, for 
example. 

On the whole, then, I have to congratulate Hewlett
Packard' s T&M designers yet again. The idea of effectively 
combining a DSO with a logic analyser to produce a 'mixed 
signal' scope has great serendipity, and in the HP 54645D they 
seem to have realised this goal in a very intuitive manner. I'll 
be very surprised if it doesn't become very popular, and simi
lar instruments don't start appearing from H-P's competitors. 

Did I miss not having the manuals? No, not really. They 
might have been useful reference material while I was writing 
this review, but in terms of actually driving the HP 54645D 
they weren't really necessary. Pretty well every aspect of the 
instrument's operation was either so similar to previous scopes, 
or so easy to work out that the absence of manuals was barely 
noticeable. Which is a good 'acid test' of the instrument's ease 
of use, wouldn't you say? 

I guess the only thing about the HP 54645D that I'm less 
than enthusiastic about is the price. It's quoted at $7200, 
compared with $4904 for its sibling the 54645A. So for the 
present at least, only those in fairly affluent organisations 
will have the pleasure of using one. The rest of us will have 
to wait a while, I guess, until demand grows so H-P can ramp 
up production volumes and hopefully lower the cost... 

My grateful thanks to Cate Rejman and Steve Grandis of H
p Australia, for providing us with the opportunity to try out the 
HP 54645D, and also for providing the information I needed in 
preparing the review. 

Further information on the 54645D, 54645A or indeed any 
other scopes in the popular 54600 range is available from H
P's Test & Measurement Organisation, on 1800 629 485. •> 

Black* tar give you 
4 inexpensive, high 
performance ways 
to service or test 
Video Monitors ... 
Black*Star PVG 1000/PVG1135 
Programmable Video Generators 

• 110 Miiz (PVG11BJ}l135 MHz (PVG1135} Dot Claclc 
• Fast pattsm drawing and system SBllJt:tion 
• 256 colours displayed at 111M1z 
e Colour palette of Oret' 16 ml/I/an colatn 
• All thn/ng parameters,..,,,,..,,,,,.,"""' front /BIBI 
e Automatically SBqUBRCfl SBIBcled patlBms aid systBms 
e 1Mbyte Frame MBmaty 
e 2 UllB LCD Display of system lnfamlBt/an 
e RS232 lntedace ta PC at Tsnninal 

100 
/18ltems 

Pl.US 
100 

ll!Jer.detinetJJ 

Black*Star 1410 Monitor Tester 

e Checks most COl1f1l/fl1f aid TV tamm 
• Micrapt'OC8SSOI control with inte/l/gBnt alpha-nuna'ic display 
• Analog RGB, m-IRIJB, Secanday RGB, Har1z.N111t./Conflasit8 syncs 
e Colour Bats, Test t:anl, Crosshatch, Dots, llanfl, Focus, llarlz. and 

Vertical Unes, Rastet and Checkeflloanl 
e Full control avsr output signals • 1V aid O.lV Video 
e 15 ta 64ldlz UllB and 49.9 ta 87llz Frame FrequsnciBs 
•inverse Video • Ssp;nte Analog and m Outputs 
e Connection Ilia 9-way and 15-way '0' and BNC Connectats 

Black*Star Testcard Software 
e Easy ta USB far IBM-PC and COllflatJb/tlS 
e Checks MDA, C6A, MCGA, A IT40, EGA, Hsn:u/Bs, VGA, IBMB514 and 

any text made monitor · 
• 16 fatetpJund colours, d backfl'Ollllds 
• Focus, dots, mica/ aid hOlizlJnlal lines, grating, shading, rasfllt, 

chtlckeflloanl, cola111 bars, testca'd, citcle, multlburst plus rastBt 
and fP1Y scale far analog monitors 
We stock a full range of multimeters, test equipment, accessories, 
probes, test leads, holsters etc. - call us with your requirements. 

Ask for our 1996 Catalogue. Available FREE! 

@J]m£~ ~ Ib'fW) 
129 Queen Streer, Beaconsfield. 
P.0.Box 37 Beaconsfield NSW 2014 
Tel: (02) 698 4111 Fax: (02) 699 9170 
Call for the name of your local stockist 
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NEW PRODUCTS 
New Tektronix DSC has 1 GHz bandwidth 

Tektronix has announced two addi
tions to its Insta Vu acquisition family 
of digital storage oscilloscopes - the 
TDS782A and TDS754A. The 

Handheld meters 
measure light, colour 

The TekLumaColor family from 
Tektronix comprises two photome
ters and their eight interchangeable 
heads. Each head transforms the 
handheld meter into a precision pho
tometer, radiometer or colourimeter. 

The meters are made with a rugged 
exterior to protect against shock and 
vibration. They are microprocessor 
controlled and can operate for 30 
hours on a 9V battery, or from an 
optional AC power supply. Benchtop 
features such as RS-232 ports allow 
automatic testing and data recording. 

The J18 TekLumaColor II has a 
11810 chromaticity head and is main
ly for testing, calibrating and adjust
ing colour displays. The unit stores 
10 reference settings and is calibrated 

TDS782A features a bandwidth of 
lGHz and a sample rate up to 2GS/s on 
two channels. The TDS754A features 
a 500MHz bandwidth, four channels, 

at D6500 for accurate white light 
readings. It offers full RS232 control, 
analog output capabilities and RGB 
bar graphs for calibration. 

Where real-time colour isn't criti
cal, the J17 can be used. Its features 
included auto-range, auto-zero, hold, 
colour coordinate conversions and 
US to metric conversions. 

The heads provide measurements 
for luminance, illuminance, chro
maticity, irradiance, luminous inten
sity and radiant intensity. 
Measurement applications include 
CRT displays, flat panel and projec
tion displays, photographic equip
ment, infrared LEDs and lasers. 

For further information circle 252 
on the reader service coupon or con
tact Emona Instruments, PO Box 15, 
Camperdown 2050; phone (02) 
519 3933. 
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and sample rates up to 2GS/s (1 GS/s 
all four channels). Both oscilloscopes 
include Tektronix's proprietary 
NuColour display. 

Combining a high-speed acquisition 
memory with a high-speed display ras
teriser, Insta Vu acquisition technology 
is claimed to deliver fast isolation and 
capture of unpredictable and rapidly 
changing signals containing infrequent 
glitches, metastable behaviours and 
time jitter. 

The new scopes feature an intuitive 
user interface. A range of advanced 
triggering modes, including a new 
time-out mode, let the user select vari
ous conditional parameters which 
define the triggering event. Channel 
deskew increases the accuracy of tim
ing measurements by compensating 
for external timing errors. 

The Dual-Window zoom capability 
permits a simultaneous view of the 
acquired waveform in one window and 
zooming in on a specific area of interest 
in the other. Over 20 different printer dri
vers are available to print waveforms and 
screen images for later analysis. A com
plete range of compatible probes and 
accessory products are also available. 

For further information circle 245 on 
the reader service coupon or contact 
Tektronix, 80 Waterloo Road, North 
Ryde 2113; phone (02) 888 7066. 



Two-sided wire markers 

The new two-sided printable 
Permasleeve wire markers from Brady 
Australia are claimed to provide a signif
icant reading advantage in wire panel 
and wire sleeve marking applications. 
Building on the original line of 
Permasleeve full circle wire markers, the 
new product has a print setup sheet and 
perforation options for different marker 
widths. Each marker is peeled from the 
carrier after printing and inserted on the 
wire for heat shrinking. 

Surface mount 
PGAsockets 

An Augat GSM series (glass epoxy 
surface mounted) PGA socket, as 
opposed to a soldertail socket, allows 
additional surface-mount components 
to be mounted on the soldertail side of 
the PCB, thus maximising board 
space. It is also claimed to eliminate a 
wave soldering process by using the 
same vapour phase or IR soldering 
process used to solder all other sur
face mounted components. 

The GSM series is an original Augat 
design (patented), introduced in 1987. 
It incorporates 'butt style' terminals 

The supplied set-up sheet is attached to 
the wire marker carrier for printer text 
alignment, to avoid wasting several 
markers before the first one is printed. 
The markers are compatible with the lat
est revision of Labelmark, a computer 
program for two-sided printing. 

The markers can also be perforated 
prior to shipment to allow printing of 
two to four smaller markers on one, full 
length marker. Legends printed on the 
markers are permanent. They are made 
of irradiated polyolefin, anq meet a range 
of MIL specifications. 

with the company's exclusive floating 
feature, for compliancy to the printed 
circuit board surface. The sockets have 
an insertion force of around 36g, and 
contacts are rated at 3A, with a contact 

For further information circle 249 on 
the reader service coupon or contact 
Brady Australia, Industrial Products 
Division, PO Box 4064, Milperra 1891; 
phone freecall 1800 620 816. 

resistance of lOmQ. 
The contact to contact capacitance is 

l.OpF as per MIL-STD-202, method 
305. The sockets can operate over a tem
perature range of-55°C and +125°C and 
will withstand humidity, vibration and 
-shock to the relevant MIL-STD-1344 
specification. The GSM series can be 
ordered to suit a wide a range of popular 
pin grid array footprints, and Augat can 
also supply a wide variety of application 
specific PGA and IPGA sockets .. 

For further information circle 244 on 
the reader service coupon or contact 
Augat P/L, 3/1 Yuko Place, 
Warriewood 2102; phone (02) 
9913 7100. 

Magnetically Compensated Chokes 

-
Over the next six months we expect 

I 05,000 people will turn to 

Used for RFI suppression in equipment with 
relatively high asymmetric interference. Due to it's 
current compensation characteristic, this type of 
choke presents an active broad-band series 
impedance. The Smith Family for help. 

Please donate to 
The Smith Family Winter Warmth Appeal. 

Phone our Cash Donation Line on 

tiir 1800 024 069. 

THE SMITH FAMILY 

DFKF DLF 

L -..,--------.--.,-------1 xQ x 
Switchi 

N --'---------+--+-----I Power 

y y 
Supply 

E------~-~-~---< 

~ 
i 
f 

QUALITY 
SYSTEM 

CERTIFIED 
ASl'NZ ISOllll02 ~i 

«iC 
'fl'(03) 9794 5566 Ii (03) 9794 6670 JiiL fastron@ozemall.com.au 
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19" RACK STRIP 

• -SOCKETS & PLUGS CONTROL KNOBS 

RCA PLUGS SLIDER KNOBS 

A wide range of Electronic and 
Flight case hardware including 

aluminium extrusions, 
hinges.castors and 19" rack 

accessories. 

NEW PRODUCTS 

Calibration kit for 
Metrix ASYC II DMMs 

The new Metrix SX-ASYC UC cali
bration kit permits calibration of 
ASYC II series DMMs without the 
need to open the instrument. An inter
changeable faceplate, which is part of 
the kit, is clipped in place of the 
DMM' s faceplate. and calibration is via 
an infra-red path between the calibra
tion faceplate and a receiver, which is 
an integral part of the ASYC II DMM. 
The faceplate has a 25/9-pin adaptor to 
suit the RS232 port of a PC, and soft
ware includes a LabWindows driver 
and complete calibration software. 

li1I A true Lock Delect output capcble of ctMng a 
Lock l'brn LED cl!ec1ly. 

611 fil or HCMC6 compatible. . • 

611 44 pin Ree paci«lge. 
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The ASYC II series DMMs are high
resolution, 50,000 count true RMS 
instruments with a bandwidth of 
lOOkHz. They are suitable for AC, DC 
and AC+ DC measurements and mea
sure voltage, current, capacitance and 
frequency (to 500kHz), as well as pulse 
counts and percentage duty cycle. 
Positive and negative pulse width mea
surement are also provided. Other fea
tures include storage of last reading, 
peak capture and relative reading modes. 

For further information circle 243 on 
the reader service coupon or contact 
Nilsen Technologies, 150 Oxford 
Street, Collingwood 3066; phone 
freecall 1800 623 350. +!• 
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V 4 +RLRC 
INDUSTRIES 

SURPLUS 
COMPONENT 
RESELLERS 

DISCO UNI' 
PRICING 

5AR4 $3.50 6AV6 $2.20 
6GW8 $2.80 

I 
6BW7 $3.50 

18046 $2.20 6BW6 $5.50 
QE03;10 $5.00 16A8 $4.80 
6C4 $2.50 6AK6 $2.20 
6J5G $7.50 EC92 $2.50 
AV44 $3.20 6AQ5 $3.50 

SVDC SPDTFUJITSUFBR211 SERIES RELAY 

•Contact Rating: 28V lA (DC Load) 
120V O.SA (AC Load) 

•Max. Carrying Current: 2A 

d.50 each 

KUAN HSI SOLID STATE RELAY 

• Load: 3A~!0o VAC •. 
$2 .50 each : . 

•rnput:3-24VDC 
•Type: OAC3N24CC 

LED ARRAY &UGHTBARDISPLAYS 

!111111111~ ,. 
•10wayDisplay •4wayDisplay~ 
•size:15xl0x8mm •size:17x15x10mm 
•tum. : 2.0 Med@ lOmA •tum. : 4.0 Med @ lOmA 

•ORANGE 
'GREEN •YELLOW 

•ORANGE •RED 
•GREEN •YELLOW 

$1.20 each $].00 each 

HEA1SHRINK 
F----~-

Smm CLEAR $1.00 (permetre) 
20mm BLUE $2.20 (per metre) 

9V1ADCPLUGPACK 

•Input: 240V 50Hz 
• 2.lmm DC Plug 
•APP. No. V /75002/P5728 

$6.00 each 

PANELMOUNI'FUSEHOLDER 

3 

•To suit M205 Fuse 
•With satety release cap 'Wliil 

$0.50 each 

TANTALUMCAPACTIORS 

*0.33uf35V 
•1Suf25V 
•33uf16V 

TP3020A (960 MHz) 
•rower: 2.2W 
•Vee: 26Vdc 
•Gain: 9dB (Class A) 
• hFE: 15-120 

SD1135 (SlOMHz) 
*Power: 15W 

• Package: STX-8 

$3.50 each 

•vcc: 16Vdc 
•Package: STX-8 
$2.80 each 

~ 
TP3022A(960)MHz 
*Power: 15W 
•Vee: 26Vdc 

$5.00 each 

•GAIN: 8.SdB (Class AB) 
'hFE: 15-100 
•Package:SOT-171 

BFR96RFSMALLSIGNAL TRANSISTOR 

•fT: 4.SGHz 
*V(BR)CEO: lSV 
*Gain: 18dB(SOOMHz) 
•PT:180mW $0.90 each 

7405 Hex Inverter with o/c 

7416 Hex Inv. Buffer/Driver o/c 

7438 QUAD 2-fnput NANO Buff. o/c 

74HC123 DUAL Retrig. Mono. M/vib. 

74HC133 13-lnput NANO Gate 

74LS85 4-Bit Magnitude Comparator 

74LS174 Hex D Flip-Flop with Clear 

74LS240 Octal Bus/Line Driv., Inv., 

74LS259 8-Bit Addressable Latch 

INTERGRA1EDORCUITS 

74ACTQ245 Octal bus trans non-inv 3 st 

74HCOO Quad-2-input nand gate 

7 4HC4538 Dual mono multivibrator 

7 4LS14 Hex invert. schmitt trigger 

LM324M Low power quad op. amp 

MC12018DR2 SMD (Prescaler) 

$0.20 
$0.20 
$0.15 
$0.15 
$0.15 
$0.15 
$0.20 
$0.20 
$0.20 

$0.08 
$0.10 
$0.12 
$0.10 
$0.25 

* Low power Two - Modulus -:128/-l129, 520MHz 

$0.80 each 

SMDLEDS 

•RED 
*GREEN 
*YEILOW 

SMDDIODES 

~ 
$OIJ5 each +"~-

BAS16 75V 250mA 6mS (high speed) 

BAS20 150V 200mA SOmS (high speed) 

BAT17 

VORLAC INDUSTRmS 
261 HUNTINGDALE RD 
HUNTINGDALE VIC ~-· WANTED EXCESS STOCK •STOCK IS SUBJECT TO PRIOR SALE• 

SHOP OPEN AT: 
~7A FENTON ST 
HVNTINCDALE YIC 
PH: O~ 9:i62 8896 

20TURNTRIMPOT 
•JK *lOOK 

~ •sK • 20ok 
•10K 

25TURNTRIMPOT 

' 
"1K •20K 
•2K 

•soK 
•10K 

DPDTECONOMYMINI 
SOLDERSWITOI 

*Function:ON-ON $0.60 each 
•Rating: 6A 125V AC 

$0.40 each 

$0,30 each 

MATSUSHITASIMULATEDROLLER LEVER 
MICRO SWITCH <AH324) 

•Lever Actuator ~ 
: Bo.dy size: 12 x 19.8mm ~ 

Rating: 3A 250AC $0,30 each 

4WAYDWSWITCH • $0,30 each 

lOWAYPIANOTYPEDIPSWIT~ 

$0,50 each ~ 

PLCCSOCKET 
'84WAY $0.!J(J 
*lOOWAY $1.20 • MACHINEDPINI.CSOCKETS ~ 

•16WAY $0.15 ~ 
•24WAY $0.20 
*28WAY $0.25 *40WAY $0.50 

DUAL WIPEl.CSOCKETS ~ 
*16WAY $0.05 ~ 
*18WAY $0.06 *28WAY $0.07 

• 20 WAY $0.06 • 24 WAY $0.05 (.3' .,pric.> 

12 WAYTERMINALBLOCK 
• Black plactic 
• Rated to 380V @2.SA 

• MAX. wire diameter 3mm 

$0,50 each 



Silicon Valley 
NEWSLETTER 

Digital photography 
stars at the PC Show 

If the product announcements at this 
year's massive PC Expo show in New 
York (835 booths, 130,000 visitors) are 
any indication, the next big growth area 
may well be digital photography. 

Until now, digital photography has 
been limited to a relative small group of 
photo professionals and hobbyists able 
to afford the $1000+ cameras, and with 
enough time on hand to understand how 
to wire their PCs to develop a digital 
home photo studio. But that's all chang
ing rapidly, with costs coming down and 
ease of use accelerating. Industry 
experts expect the market for home dig
ital photography to take off in a big way 
starting in 1997. 

Digital camera prices have fallen to 
the US$400 level and colour scanners 
and printers can be purchased for under 
$300. Software to edit photos is down to 
under $100, and new technology just 
around the comer will lead to dramatic 
improvements in tools and results, 
industry watchers say. Digital photogra
phy could reach the level of today's 
35mm film cameras before 1999. 

"Our engineers tell us we're in the 
beginning of the upslope of what we'll 
see from them", said Dan Crane, vice 
president of marketing for Epson 
America. Crane's firm showed its first 
photo scanner, selling for US$199, and a 
digital camera for $499. 

Eastman Kodak, an early supporter of 
digital photography, despite its interest 
in the film-based photography market, 
introduced a digital camera for US$350, 
and is selling special inkjet-printer paper 
with photographic-print quality. The 
company also announced a technical 
standard called 'Flash Pix', with support 

Milwaukee-based W.H. Brady has 
produced this handheld ID Pro Wire 
Marker Printer, designed to provide 
electrical contractors and Installers 
with a handy way to print wire and 
cable marking labels at remote sites. 
It prints on a wide variety of materi
als, and is available in Australia from 
the firm's Australian office at 2 Pat 
Devlin Close, Chipping Norton 2170; 
phone (02) 821 1100 or fax 601 6048. 

from Hewlett-Packard and Microsoft, 
which will make it easy to transmit pho
tographs as a form of electronic mail. 

Microprocessor 
inventors honoured 

Less than two weeks after the US 
Patent Office reinstated them as the co
inventors of the microprocessor, the 
three Intel engineers who built the 4004 
chip in 1971 were inducted to the US 
National Inventors Hall of Fame in 
Akron, Ohio. The three, Federico 
Faggin, Ted Hoff, and Stan Mazor are 
among seven inventors chosen for this 
year's induction. 

The Hall of Fame honours the creative 
genius of invention. Those it honours 
are. chosen by a committee of represen
tatives from 40 different US scientific 
and technical organisations. 

As just one measure of the importance 
of microprocessors in today's society, in 
1995 some 212 million microprocessors 
and 3.1 billion closely related microcon
trollers were sold worldwide, according 
to the US Semiconductor Industry 
Association. 

"I thought that the 4004 was a major 
innovation, a major step forward. 
However, I didn't think that in 25 years 
it would have the importance it actually 
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has had", said Faggin, now chief execu
tive of Synaptics in San Jose. 

Work at Intel on the first microproces
sor began in mid-1969 when Busicom, a 
Japanese calculator manufacturer (now 
defunct) asked Intel to design a set of 
chips for a family of calculators. Instead 
of a set of the five chips which would 
have created a computing system, Hoff 
thought that was too many chips to be 
cost effective and along with the others, 
set out to incorporate all of the functions 
onto a single chip. 

Ironically, Busicom almost didn't 
agree to the proposal to reduce the set to 
just one chip. But eventually the compa
ny gave Intel a US$60,000 contract to 
develop the 4004 chip and eventually 
sold about 100,000 calculators. 

In one of history's worst business 
decisions (in hindsight), Busicom, 
which owned the rights to the micro
processor, agree to sell the rights back to 
Intel for $60,000. That included the 
right to sell the 4004 in non-calculator 
applications ... 

GaAs chip set 
for portable phones 

Portable telephones offering eight 
hours of continuous talk and up to 1000 
hours of stand-by mode operation before 



recharging are expected to become 
available in 1997, thanks to a new chip 
set featuring a high-speed gallium 
arsenide circuit, one of the first such 
chips to become available to the con
sumer market. 

The chip set was developed jointly by 
TriQuint Semiconductor, which spe
cialises in GaAs semiconductors for 
communications applications, and 
Pacific Communications Sciences Inc, a 
subsidiary of Cirrus Logic. 

The chip set will enable portable tele
phone manufacturers to offer consumers 
telephones that either offer longer con
tinuous talk or more compact designs 
when smaller batteries are used. 

In order to design the GaAs chip set in 
a way that would not make its price pro
hibitive in the consumer market, the two 
companies modified the architecture of 
the semiconductors and designed a sys
tem with only one GaAs device. 

Hitachi supercomputer 
is the fastest 

Hitachi's SR2201 massively parallel 
supercomputer is currently the fastest 
supercomputer on the planet. So says the 
Oak Ridge National Laboratory in the 
United States. 

The machine, which is built around 
1024 RISC processors, achieves 220 bil
lion mathematical operations per second 
(BOPS). That compares to the previous 
record of 170 BOPS by Fujitsu's top-of
the-line supercomputer. 

The SR2201 is currently installed at 
the University of Tokyo. 

The Top 20 in supercomputers is com
piled and published twice yearly by Jack 
Dongarra, a computer scientist at the 
University of Tennessee and a res
earcher at the Oak Ridge research centre 
- part of the US Energy Department. 

Faster memory 
chips on the way 

A consortium of Japanese, US and 
South Korean semiconductor and com
puter makers have announced plans to 
develop new high-speed semiconductor 
memory technology that will vastly 
improve the speed at which PCs and 
other computing devices will be able.to 
process data. The group said it seeks to 
develop and implement a new standard 
that will enable memory chips to send 
and receive data to and from the micro
processor two to five times faster than 
current memory circuits. 

Companies that are part of the agree
ment include Fujitsu, Mitsubishi, Texas 
Instruments, Micron Technology, Apple 
Computer, Samsung Electronics and 
Hyundai Electronics. 

National resurrects Fairchild Semiconductor 
In a move that pleasantly surprised nostalgia buffs in the high-tech industry, 

Fairchild Semiconductor, the granddaddy of Silicon Valley's semiconductor indus
try, was brought back to life after nearly nine years of being absorbed into the oper
ations of National Semiconductor. 

National, which acquired Fairchild from Schlumberger in 1987 for US$122 mil
lion, said it is spinning a large section of its operations off under the name Fairchild 
Semiconductor. National said it believes that separately the two operations will do 
better than if combined under one roof. · 

Kirk Pond, who will become Fairchild Semiconductor's new chief executive offi
cer, will take some 6600 of National's 20,300 employees with him to run the oper
ation. National is also taking a $280-to-$320 million write-off against earnings in the 
current second quarter in order to finance the move and send off Fairchild with suf
ficient operating capital. 

Although its has been sitting empty since Fairchild was acquired by National, the 
new Fairchild Semiconductor will not return to its former headquarters in Mountain 
View, a facility that became known in the Valley as the 'rust bucket' for Its rust-like 
exterior colours. Instead, the new company will take up headquarters in South 
Portland in Maine, the same town where the original Fairchild Camera & 
Instruments built one of its first chip plants. 

The Fairchild operations that are being spun off represent some $650 million in 
annual revenues, about a quarter of National's total annual sales of US$2.6 billion. 
Halla said the operations that now comprise Fairchild were operating profitably. 

The Fairchild division will make many consumer electronics ICs, as well as for 
portable phones and computers. They include logic, discrete and memory chips 
that are less profitable than the chips that are the heart of National's business. Chip 
factories in West Jordan, Utah, and in South Portland will become part of Fairchild, 
along with test and assembly plants in Cebu, the Philippines, and Penang .. 
Malaysia National, meanwhile, will focus on analog and mixed signal chips, as well 
as National's microcontroller business. 

Fairchild was founded in 1957 with $3500 in seed money from the camera com
pany. The company's founders, historically known as the 'traitorous eight', were 
eight key researchers and executives who unexpectedly resigned from Shockley 
Laboratories, the company founded by the brilliant but tyrannical co-inventor of the 
transistor, William Shockley. 

The Fairchild name holds a huge amount of esteem in Silicon Valley because so 
many of the company's 'Fairchildren' became founders and co-founders of dozens 
of semiconductor and other electronics companies - including Intel, National 
Semiconductor, Advanced Micro Devices, and LSI Logic. 

A spokesman for the group said the 
new data transmission technology, 
which will allow for data speeds of 
between SOOMB and 1 GB per second. 
The first prototypes of the new chips are 
expected to be available by the end of 
this year, with commercial availability 
as early as 1997. 

Tl names new 
CEO and chairman 

As expected, Texas Instruments acted 
swiftly to replace Jerry Junkins, who 
died unexpectedly during a business trip 
to Germany. TI said it had chosen two of 
its senior executives to head the US$14 
billion company. In a surprise move, 
however, TI' s board passed over the 
firm's two highest ranking officers, 
including acting president Pat Weber. 

Thomas Engibous, previously execu
tive vice president and president of the 
semiconductor group, was named TI' s 
new president and chief executive offi
cer. James Adams, who has been a 
member of TI' s board of directors for 
more than seven years, was named as 
the new chairman. 

Weber was named as the new vice 
chairman. He had been acting as presi
dent and CEO after the death of Junkins. 

Samsung buys more 
of AST Research 

Struggling PC maker AST Research is 
now just a fraction of a percentage point 
away from being majority owned by 
Samsung Electronics of Korea, following 
Samsung's purchase of US$60 million 
worth of newly-issued AST shares. That 
raises the firm's stake in the US PC maker 
to 49.9%. AST will also receive an addi
tional $15 million from Samsung in return 
for the right to three families of semicon
ductor-related patents, with an option on 
other patents AST has applied for. 

As part of the deal, AST named 
Samsung vice chairman and president 
Kwang-Ho Kim as its new chairman. 

AST said it will use the Samsung 
money to help pay off a US$90 million 
debt to Tandy, which is related to AST' s 
1993 acquisition of Tandy's PC opera
tions. The remaining US$30 million are 
expected to be paid off in cash and 
newly-issued stock. +:• 
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Computer News 
and New Products 

Colour laser printer 

Fuji Xerox has released the Acolor 
620 colour laser copier/printer. The new 
printer prints at six pages per minute in 
full colour mode and 24 pages per 
minute in black-only mode, at 400dpi 
and in 256 gradations. 

The company claims the printer's 
image analysis control technology 
ensures clear reproduction of text on a 
coloured background. Light colours 
and different shades of a colour can be 
accurately reproduced, and image 
quality is improved by removing 
jagged text lines and enhancing fine 
lines. Because of its accuracy, the 
printer has an inbuilt counterfeit pre
vention feature which gives normally 
invisible imaging marks across every 
page as a way of detecting forgeries. 

The printer can handle a wide range of 
paper types and sizes such as card stock, 
art film, coated paper and transparen
cies, on sizes from A6 to oversize A3. It 
comes with three front loading trays 
while a fourth optional paper tray, 
together with the bypass tray, enables a 

total paper feeding capacity of 1050 
sheets. A multi-bin sorter and automatic 
document feeder are also available. 

For further information circle 160 on 
the reader service coupon or contact Fuji 
Xerox Australia, 970-980 Pacific 
Highway, Pymble 2073; phone (02) 
391 5300. 

Software for 
barcode labels 

W.H. Brady P/L has just released its 
latest version of Codesoft, claimed by 
the company as the most complete, 
user friendly barcode labelling soft
ware in Australia. 

Codesoft Version 4.0 runs under 
Windows, and being DDE compatible, 
can import most database formats. 
Codesoft now comes with drivers for 
most thermal transfer printers, and can 
use all laser, inkjet and dot matrix 
printer drivers supported by Windows. 
The program supports all major bar
code formats and industry standards. 
Also launched with the new version is 
free technical support. Free evaluation 
copies are available. 

For further information circle 166 
on the reader service coupon or call 
Brady Customer Service on freephone 
1800 620 816 or freefax on 1800 
805 076. 
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PCMCIA card has 
IEEE 488.2 control 

IOtech has announced the 
Personal488/Card, a low-power type II 
PCMCIA instrument controller card that 
supports IEEE 488.2 compliant data 
transfer rates up to lMB/s. The card can 
interface with up to 14 IEEE 488 instru
ments and features hot swapping - i.e., 
it can be plugged in or removed without 
rebooting the PC. The card is supported 
by IOtech's line of software drivers for 
Windows 3.x and DOS. 

The card includes a 2KB FIFO 
between the PCMCIA bus and the 
IEEE-488 interface, so it can efficiently 
transfer data in large blocks. It offers 
complete talker, listener and controller 
functions, including the ability to moni
tor bus handshake lines and to detect 
changes on the SRQ line. The card is 
based on IOtech' s new IOT7210T 
ASIC, an enhanced thin quad flat pack. 

For further information circle 163 on 
the reader service coupon or contact 
Scientific Devices Australia, PO Box 
163, Oakleigh Vic. 3166; phone (03) 
9579 3622. 



..... 
N 

0 z 
0 
IL 

a!!: 
a: w 
c 
~ 
w 
a: 

TPM749 microcontroller 
has Trackpoint software 

cameras and surgical equipment. 

Philips has announced a new licensing 
agreement with IBM that makes the 
IBM TrackPoint microcode widely 
available. The IBM/Philips agreement 
enables Philips to market TrackPoint 
software embedded within the TPM749 
microcontroller. 

For further information circle 165 on 
the reader service coupon or contact 
Philips Components, 34 Waterloo Road, 
North Ryde 2113; phone (02) 
805 4479. 

"TrackPoint microcode provides a 
precision, easy-to-use pointing solu
tion", commented Duncan Tai, 
Australian manager for Philips 
Semiconductors. "The IBM TrackPoint 
pointing device, which is used in IBM 
ThinkPad notebook computers, elimi
nates the need for mechanical pointing 
devices such as mice and trackballs." 

The TPM749, a low cost ROM-coded 
80C5 l microcontroller, comes with the 
IBM TrackPoint pointing algorithm and 
control code on-board. To implement 
TrackPoint, all that's needed is the 
Philips TPM749, an appropriate point
ing stick (available from several manu
facturers), and a few discrete compo
nents. 

The TrackPoint device can be used in 
a variety of other applications such as 
PDAs, wheelchair controllers, game 
joysticks, industrial machinery, security 

. 

. 

\
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THEPOWEQ-100 

Universal Programmer & Tester 

• Printer port connection for easy • Full range of Adaptors covering 
portability a wide range of packages 

• 48-PIN TEXTOOL as standard • Expandable to be standalone 
• Up to 8 gang programming • User definable devices 
• Supports over 1500 devices • ISO 9000 

From the Design Professionals YOU get: 
FREE Software Upgrade Offer 
Extended Technical Support 

/l'/l'/l' 
&ALTE.C 
SYS TE.MS 

Special Adaptors 
New Device Upgrades 26 Mayneview St 

Milton Old 4064 
Ph: (07) 3369 5900 

Fax: (07) 3369 5257 
Freecall: 1800 818 097 

Surf the Mid North oast 
http:/ /www.midcoast.eom.au/bus/me 

Post Office Box 50, Dyers Crossing NSW 2429 
Phone: (065)502200 Fax: (065)502341 

Email: me@midooast.eom.au 

Complete IMP kit ... 
Fully built mic ... 
Microphone calibration 

$311.90 
$84.85 
$75.60 

ersion 2 IMP software ... . $150.20 
Upgrade from V.1 software .. $49.40 

The IMP Users $21 60 ~ 
Guide by Bill Waslo . • z 
i:::;::~;;:=::;;:;:;;::::::;::::~:::;:;:;:::::;;::::::::::::::;:::;:::::::::I~ 
SPEAKER BUILDERS a!!: 

a: 

We now stockLonghair Wool, l!:l 
Iron-On Veneer& Speaker Cloth ~ 

l'll;;;;iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii~a: 

KVB30D 
UV EXPOSURE BOX 
Double sided simultaneous exposure 
Exposure area 380 x 230mm 
Digital timer & display 

CH-3 PCB DRILL STAND 
High speed to 8500 RPM 

Drill press ensures vertical drilling 

$250:x'! 

~-----~ 

ET10 ETCH TANK 
Suitable for ammonium persulphate 
Includes heater & air agitator 
Etch area 200 x 250mm 
Larger size available 

~-__.$99!! 

Ca•pJ!\fJ!~'l.lcs 
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COMPUTER NEWS AND NEW PRODUCTS 

Fibre optic modem 
for video and audio 

Microconsultants' new universal 
industrial controller module, the SPl0-
8, is optimised for control of small 
machines and for automation applica
tions requiring timing, counting and a 
number of sequential steps. Its DIN rail 
mounting simplifies installation in one
off applications. 

The controller is supported with 
Windows software, called SPLat/PC 
that incorporates on-line tutorial top-

Speaker enclosure 
design software · 

Bodzio Software has recently released 
a new loudspeaker enclosure modelling 
program called BoxCad Vl.O. The pro
gram is aimed at advanced audio hobby
ists and audio engineers, familiar with 
acoustic impedance and electrical 
impedance modelling of loudspeaker 
drivers and enclosures. 

Optical Systems Design has announced its OSD325 fibre optic 
modem. The unit is suited for applications requiring audio, data 
and video distribution as it offers full duplex video, high quality 
program audio, data and 2-wire or 4-wire intercom. It also pro
vides on-hook/off-hook signalling for the intercom. 

It normally operates over two singlemode or multimode 
fibres (one for each direction), but can be optionally supplied 
with a built-in wavelength division multiplexer for single fibre 
operation. 

It is currently being used for campus distribution (and sourc
ing) of lecture material, CCTV systems using the reverse video 
channel for camera synchronization, deployable video/audio sur
veillance and command systems, and video conferencing. The 
modem is available as a standalone AC or DC powered module 
or as a card which plugs into a 19" rack mounting chassis. 

For further information circle 168 on the reader service 
coupon or contact Optical Systems Design, Unit 7, 1 Yuko 
Place, Warriewood 2102; phone (02) 9913 8540. 

The software can design and analyse 
any type of enclosure-driver(s) combi
nation, including boxes with more than 
two chambers. It comes with 14 exam
ple models and seven calculators to 
facilitate conversion from Thiele/Small 
parameters to electromechanical para
meters, and finally to acoustic/electrical 
impedance elements. 

The program lets the user combine 
passive and active system frequency 

ics covering control basics and pro
gramming of the SPl0-8, and general 
hardware applications information. 
The software features on-screen repre
sentation of inputs and outputs, single 
stepping and unlimited breakpoints. 
Programs are developed within the 
PC, then downloaded to the module 
for stand-alone operation. 

For further information circle 162 on 
the reader service coupon or contact 
Microconsultants (Aust), 2/12 Peninsula 
Boulevard, Seaford 3198; phone (03) 
9773 5082. 

responses for exact modelling of pow
ered subwoofers. All systems can be 
modelled in the frequency and time 
domains using built-in FFT/IFFT pair 
and modified nodal methods. BoxCad 
is a companion program and comes 
free with SoundEasy Vl. l. 

For further information circle 161 on the 
reader service coupon or contact Bodzio 
Software. PO Box 7136, Wheelers Hill 
3150; phone (03) 9562 1224.•:• 

Australian Computers & Peripherals from JED ... Call for data sheets. 
Australia's own 

PC/104 computers. 
The photo to the left shows the 
JED PC540 single board 
computer for embedded scientific 
and industrial applications. 
This 3.6" by 3.8" board uses 

$125 PROM 
Eraser, complete 

with timer 

Intel's 80C188EB processor. $300 PC PROM 
A second board, the PC541 has 

a V51 processor for full XT PC compatibility, with F/Disk, IDE & LPT. Program mer. (Sales tax exempt prices) 
Each board has two serial ports (one RS485), a Xilinx gate array with 
lots of digital 1/0, ATC, EEPROM. Program them with the $179 Pacific c. Need to programme PROMS from your PC? 
Both support ROMDOS in FLASH. They cost $350 to $450 each. This little box simply plugs into your PC or Laptop's parallel printer port and reads, 

JED Ml· crop oce Pt Ltd writes and edits PROMS from 64Kb to 8Mb. r SSOrS Y• It does it quickly without needing any plug in cards. 

Office 7, 517 Chandler Road, Boronia, Vic., 3155. Phone: (03)9 762 3588 Fax: (03)9 762 5499 
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EA DIRECTORY OF SUPPLIERS 
Which of our many advertisers are most likely to be able to sell you that special component, instru
ment, 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 pub
lished as a special service to EA readers, as a guide to the main products sold by our retail adver
tisers. For address information see the advertisements in this or other recent issues. 

Supplier 
Altronics 
Dick Smith Electronics 

Emona Instruments 

Geoff Wood Electronics 

Jaycar Electronics 

Kai ex 
RCS Radio 
Rod Irving Electronics 

Scientific Devices 

TECS 

State 
WA 
ALL 

NSW 

NSW 

Eastern 

VIC 
NSW 

Eastern 
VIC 

VIC 

A B c D 

• 

KEY TO CODING D Components 

E F 

A Kits and modules E IC chips and semiconductors 
B Tools F Test and measuring Instruments 
C PC boards and supplles G Reference books 

G 

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 
SUBSCRIPllONS: All subscription enquiries should be directed to: Subscriptions Department, Federal 
Publishing Company, P.O. Box 199, Alexandria 2015; phone (02) 9353 9992. 
BACK ISSUES: Available only until stocks are exhausted. Price A$7 .50 which includes postage within 
Australia only. OVERSEAS READERS SHOULD ADD A FURl'HER A$2.50 FOR EVERY BACK ISSUE 
REQUIRED. 
PHOTOCOPIES: When back issues are exhausted, photocopies of articles can be supplied. Price $7.50 
per project or $15 where a project spreads over several issues. 
PCB PATTERNS: High contrast, actual size transparencies for PCBs and front panels are available. Price 
is $5 for boards up to 100sq.cm, $10 for larger boards. Please specify negatives or positives. 
PROJECT QUERIES: Advice on projects is limited to postal correspondence only and to projects less 
than five years old. Price $7 .50. Please note that we cannot undertake special research or advise on 
project modifications. Members of our technlcal staff are not avallable to discuss technlcal 
problems by telephone. 
OTHER QUERIES: Technical queries outside the scope of 'Replies by Post', or submitted without fee, may 
be answered in the 1nformation Centre' pages at the discretion of the Editor. 
READER SERVICES BULLETIN BOARD: (02) 9353 0627; ANSI, 24 hour access; any rate to 28.Skb/s. 
PAYMENT: Must be negotiable in Australia and payable to Electronics Australia. Send cheque, money 
order or credit card number (American Express, Bankcard, Mastercard or Visa card), name and address 
(see form). 
ADDRESS: Send all correspondence to: The Secretary, Electronics Australia, P.O. Box 199, Alexandria 
NSW 2015; phone (02) 9353 0620. 
PLEASE NOTE THAT WE ARE UMABLE TO SUPPLY BACK ISSUES, PHOTOCOPIES OR PCB ARTWORK 
OVER THE COUNTER. 

-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-·-
Name: .................................................................................................................................... . 
Address: ................................................................................................................................. . 

... .. ... ........ .. . . ........... .•.. ....... .. . .. .... State: ............................................ Postcode: ...................... .. 

Back issues: ......................................................................................................................... .. 

Photocopies: ..................•.................•..... · •.....••....•..•........•........................................................ 

Amount: A$ ...................................... . 
Signature: ........................................................................ (Unsigned orders cannot be accepted.) 

Method of Payment: (Please circle correct method.) Credit card / Cheque / Money order. 
Credit cards accepted: 
Mastercard, American Express, Visa Bankcard (please circle applicable card). 

Expiry date: ............................................................................. .. 
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LASER POINTERS 
Two new 5mW at 660nm (very bright!) 
laser pointers. One type in a very 
small flat plastic case, the other in a 
small metal cylindrical case fitted with 
a keychain. Both powered by 3 LR44 
batteries and APC driver circuitry. 
Greatly reduced prices: $55 ea. 

STOP SIGN KIT 
A large PCB 

·- oo:o· i 1n (165 x 58 .::::: f l• - mm) plus 54 
'--------~ high intensity 
red LEDs and 10 current limiting 
resistors that are surface mounted on 
the rear of the PCB. LEDs arranged to 
spell STOP. VISIBLE IN SUNLIGHT. 
Simple to add to a car's brakelight 
system, only two connections are 
needed: $25 We also have a PCB and 
all onboard components for a 
direction arrow of similar dimensions 
to the stop sign. Has 28 high intensity 
amber LEDs. $28 for two kits. 

E-MAIL 
Ask us to Include you on our 
regular 'emailer' for updates 
of our latest specials and 
products: oatley@world.net 

UV MONEY DETECTOR 
Portable UV source. Commercial 
product for checking paper money. 
Has two AA batteries and an inverter 
to step up the voltage to power a 
50mm long, cold cathode UV tube. 
Simple circuit. Inverter can dimly light 
a 4W fluoro tube. Takes about 
250mA. Case 82 x 46 x 21mm: $5 
ea or 5 for $19 

GEIGER COUNTER KIT 
PRICE BREAKTHROUGH! Based on a 
Russian Geiger tube, has traditional 
'click' to indicate each count. Kit 
includes PCB, all onboard 
components, a Money Detector {see 
above). speaker and YES, the Geiger 
tube is included. $30 

12V - 2.SW SOLAR PANEL KIT 
US amorphous glass solar panels only 
need terminating and weather 
proofing. Includes clips and backing 
glass. Very easy to complete. Size: 
305 x 228mm, Voe 18-20V, lsc 
250mA. $22 ea, 4 for $70 
Efficient switching regulator kit also 
available: suits 12-24V batteries, 
0.1-16A panels, $27. Also available, 
simple shunt regulator kit $5 

PIR MOVEMENT DETECTOR 
Commercial quality 10-15M range PIR 
movement detectors. Second hand, 
tested and guaranteed, have relay 
contact outputs, a tamper switch and 
operate from 12V DC. Compatible 
with standard alarm systems. 
Includes circuit $10 ea. or 4 for $32 

DISCO LASER LIGHT SHOW 
Our 12V universal inverter kit plus a 
used 5mW+ helium-neon laser tube 
head, a used Wang power supplyand 
an automatic laser light show kit with 
dichroic mirrors: $200 

STOP THAT DOG BARK 
WOOFER STOPPER MK2, as in SC Feb 
'96. High power ultrasonic sweep 
generator which can be triggered by a 
barking dog. Includes solder-masked 
silk-screened PCB, all on-board 
components, transformer, electret 
microphone and transformer! $39 
Single Motorola piezo horn speakers 
to suit (one is good, but up to four 
can be used): $14. approved 12V 
DC-IA plugpack to suit: $14 

SOLID STATE PELTIER DEVICES 
12V 4.4A, can be used to make a 
thermoelectric cooler - heater. Basic 
info included. $25 12V DC fan $8 

IR REPEATER KIT 
Extend the range of existing remote 
controls up to 15m and/or control 
equipment in other rooms: $18 

PLASMA EFFECTS SPECIAL 
Ref: EA Jan '94. Produces a 
fascinating colourful high voltage 
discharge in a domestic light bulb, or 
light up an old fluoro tube or any gas 
filled bulb. The EHT circuit is powered 
from a 12V to 15V supply and draws 
a low 0. 7 A. Output is about 10kV AC 
peak. PCB and all on-board 
components {flyback transformer 
included), and instructions: $28 {cat 
K16) Hint: connect the AC output to 
one of the pins of a non-functional but 
gassed laser tube, amazing results! 
The special? We supply a low power 
functional laser tube for an additional 
$14, but only if purchased with the 
plasma kit. Total price: $42 {Includes 
instructions on getting the laser tube 
to produce a laser beam!) 

MORE ITEMS & KITS 
Poll our (02) 579 3955 
fax to find out how to get 
our item and kit lists. 
MANY MORE ITEMS AND 
KITS THAN THOSE LISTED 
HERE! Ask for a list to be 
sent with your next order. 

FOG MACHINE 
Mains operated fog machine: 700W, 
3000 cubic meter per minute 
capacity, remote operation with lead 
supplied. Great for light shows and 
lasers! Low introductory price: $300 

LED FLASHER KIT 
3V operated 3-pin IC that flashes 1 or 
2 high intensity LEDs. Very bright and 
efficient. IC, two high intensity LEDs 
and small PCB: $1.50 ea, 10 for $12 

SIMPLE MUSIC KIT 
3V, 3-pin IC plays a single tune. Two 
!Cs that play different tunes, speaker 
and small PCB: $3 or 10 for $25 

MAGNIFIERS - LOUPES 
Four types {see review S.C. May 96). 
Small jewellers eyepiece with plastic 
lens: $3. Others in the range have two 
glass lenses, used where the loupe is 
placed close to the object being 
magnified. Focal point just below base 
of the loupe. Loupe with 50mm dia 
viewing area, 10 x mag: $8, 75mm: 
$12, 110mm $15. 

VISIBLE LASER DIODE KIT 
We have redesigned our 5mW 660nm 
visible laser diode kit so the PCB fits 
neatly into a new hand held case 
(supplied). Complete pointer kit (with 
case) at a REDUCED PRICE of $35. A 
similar kit with a 5mW 635nm laser 
diode: less than $100 

MINIATURE FM TRANSMITTER 
Very small ready-made FM transmitter 
in a small black metal case. Powered 
by a 1.5V watch battery (included), 
has an in-built electret microphone. 
Tuning range: 88 to 108MHz 
(adjustable). Range approx 50m: $32 

RARE EARTH MAGNETS 
Very strong!!! Zinc coated. Cylindrical: 
7 x 3mm, $2 {G37) 10 x 3mm: $4 
(G38), toroidal 50mm outer, 35mm 
inner, 5mm thick: $9.50 ( G39) 

VISIBLE LASER DIODE MODULE 
Industrial quality 5mW /670nm laser 
diode module. Dimensions: 12mm dia 
x 43mm long. Includes visible laser 
diode, diode housing, APC driver 
circuit and collimation lens all factory 
assembled in one small module. Has 
superior collimating optic, divergence 
angle less than 1 milliradian: $65 

STEPPER MOTOR PACK 
Pack of seven stepper motors. Save 
50%! Includes 3 x M17, 2 x M18, 2 x 
M35, all new: $36 

COMPUTER CONTROLLED 
STEPPER MOTOR DRIVER KIT 
Kit will drive two 4, 5, 6 or 8-wire 
stepper motors from an IBM computer 
parallel port. Motors require a 
separate power supply {not included). 
Includes detailed manual and 
software {on 3.5" disk). NEW 
SOFTWARE will drive up to 4 motors 
{needs two kits), with linear 
interpolation across foui axes. PCB 
153 x 45mm, all on-board 
components, manual, software and 
two M18 stepper motors: $44 This kit 
with the stepper motor pack above: 
$65 Kit, no motors: $32 

IR REMOTE CONTROL TESTER 
Kit includes a blemished fibre optic 
coupled IR converter tube with either 
25 or 40mm diameter window, and 
our night vision HT power supply kit. 
The tube responds to IR and visible 
light, and can 'see' the output of an 
IR remote control. $30 

ARGON-ION HEADS 
Used Argon-Ion heads with 30-100mW 
output in the blue - green spectrum. 
Head only supplied. Needs 3V /15A 
AC (for filament) and approx 
100V/10A DC for the inbuilt driver 
circuitry. We provide a circuit for a 
suitable power supply. Dimensions: 
35x16x16cm, weight 6.0kg. 1 year 
guarantee on head. Needs a 1kW 
transformer, available elsewhere for 
about $170. Argon head only: $300 

STROBE KIT 
Based on a flash unit from a 
disposable camera. We supply an 
additional. PCB and components (plus 
instructions) to convert the flash unit 
into a low power consumption, highly 
visible strobe light {works off a 1.5V 
battery). Use it as a bicycle warning 
light, or as a strobe light {use several 
in a darkened room for best effect). 
$6 ea or 5 for $25 

HIGH VOLTAGE AC DRIVER 
Produces a high ~ 
frequency, high ~fft. ~ 
voltage AC for l';"b 
ionising most 
gas-filled tubes 
up to 1.2m long. It can partially light a 
standard 36W fluoro tube with two 
connections, taking less than 200mA 
from a 12V battery. Heat the tube 
filaments to get about 6W of light 
output. Includes PCB, small fluoro 
tube and components. $18 

2 CHANNEL UHF KIT BARGAIN 
304MHz with 1/2 million codes. 
Compact transmitter with keychain 
case, PCB, 12V battery and all 
components. Receiver kit includes 
PCB, all components {with 2 decoder 
ICs and 2 relays with 2A contacts). 
Range up to 50m. One 2 button Tx kit 
and one 2 ch Rx kit. Bargain at $30 

SECURE IR SWITCH 
Toggles a relay from an IR transmitter. 
Coded transmitter and receiver so a 
number can be used in the same 
area. Includes commercial one button 
transmitter, receiver PCB and parts to 
operate a relay {not supplied): $22 

MASTHEAD AMPLIREREJim 
High performance low-noise masthead 
amplifier covers VHF-FM-UHF and is 
based on a MAR-6 IC. Includes two 
PCBs, all on-board components and a 
balun formeL REDUCED PRICE: $15 
for basic kit. Suitable plugpack $10 

ALCOHOL BREATH TESTER KIT 
Has high quality Japanese thick-film 
alcohol sensor. Kit includes PCB, all 
components, meter movement: $30 

CCD CAMERA BONUS SPECIAL 
Tiny (38 x 38 
x 27mm) PCB 
CCD camera, 
0.1 lux, IR 
responsive 
(works in total 

dark with IR illumination). Connects to 
any standard video input or via a 
modulator to aerial input. SPECIAL 
pack 1: standard or pinhole camera 
with bonus VHF modulator OR 
regulated 10.4V plugpack. $150 
SPECIAL pack 2: pack 1 PLUS video 
transmitter (see below): $165 

VIDEO TRANSMITTER 
Low power UHF TV transmitter with 
adjustable level audio and video 
inputs, power switch and power in 
socket. Needs 10 to 14V DC at 
10mA. Set to Ch 31, can be altered. 
Video input accepts standard 
composite video {eg CCD camera), 
comes in small metal box and built-in 
telescopic antenna. Range typically 7 
to 10m for internal TV antenna: $25 

CCD CAMERA - TIME LAPSE 
VCR RECORDING SYSTEM 
Includes PIR movement detector and 
control kit, plus learning remote 
control. Combination can trigger any 
domestic IR remote controlled VCR to 
start recording when movement is 
detected, and stop recording a few 
minutes after movement stops: $90. 

LOW COST IR ILLUMINATOR KIT 
Allows a CCD camera or a night 
viewer to see in the dark. Adjustable 
power, 10 to 15V operation at 600mA 
{max). Has 42 IR 880nm LEDs: $40 

3-STAGE TUBE CLEARANCE 
SC Nov. 95. 25mm 3-stage fibre optic 
night vision tube, works in starlight 
EHT supply kit and eyepiece. $200 

OATLEY ELECTRONICS 
PO Box 89, Oatley NSW 2223 

Phone (02) 579 4985 
Fax (02) 570 7910 or 579 3955 

orders by e-mail: oatley@world.net 
major cards accepted with phone and fax orders 

P&P most orders Aust $6. 
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YOU CAN'T STOP EVOLUTION 

Announcing the creation of our $1,395* digital scope. 

Allosaurus 
133 million B.C. 

Pteranodon 
65 million B. C. 

Triceratops 
64 million B.C. 

Diplodocus 
132 million B.C. 

Deinonychus 
95 million B.C. 

Analog Oscilloscope 
1996 A.D. 


