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LETTERS TO
THE EDITOR

Who wins the prizes?

I would like to ask you a question about
the prizes which you can win when you
start a new subscription or extend your
subscription to Electronics Australia
magazine. I have seen a lot of good prizes
offered, but never a winner — at least not
printed in this magazine.

I hope that you clear this up for us so
we know who the winners are.

Herman Rozier,

Mareeba, QId.

Comment: We always publish the names of
the winners in the News Highlights section,
Herman. Often there's a picture of them, as
well. You must have missed them!

And one writes in...

As winner of the HP54600 oscillo-
scope, I would like to thank both HP and
EA for a great prize. I am still exploring
its many functions, but the function I am
taken with at present is that, at the press of
a button the waveform is analysed and the
results are digitally displayed at the bot-
tom of the screen — so there’s no
problems with interpreting the display.

Being involved in electronics in both
employment and as a hobby, I have often
wished for test equipment of this calibre
for use at home, but had to set my sights a
little lower. After winning this prize, my
enthusiasm to attempt more adventurous
projects has been rekindled, so I should
be able to put this prize to good use.

Again thanks to all concemed for
making this prize possible.

G.W. Beutel,

Mt Waverley, Vic.

A fan, though bemused

I always enjoy reading Moffat’s Mad-
house, as Tom’s stories are both interest-
ing and educational. His experience with
electronics and industry has provided him
with some great stories.

His column over the last few months
has allowed the reader more than an in-
sight into what Tom thinks about the
world. His article about ‘Windows’
showed us Tom’s disgust with the
manipulation of the user by big business.

His last article in the June edition
showed us Tom in the social scene. No
one could say that Tom is only interested
in electronics, because his description of a

female patron at the hotel was from a man
with an eye for detail.

Tom didn’t just tell us that an attractive
lady got up and danced. He said, “A
group of women arrived obviously
celebrating someone’s birthday or some-
thing. They took a table right at the front,
opposite ours. One of them had mag-
nificent legs, encased in sheer stockings
with black spiders embroidered onto
them. She wore a tiny leather mini-skirt
and a black leather vest, and she drove
certain male members of the audience
qQuite mad.”

I still haven’t figured out what this
paragraph is doing in an electronics
magazine, but it is definitely a pleasant
relief from ‘hardcore’ electronics. All I
can say is keep those stories coming Tom,
and don’t forget the pictures next time.

Dennis Clare,

North Melbourne, Vic.

Phodis record player

In the May 1992 issue, the Serviceman
commented on a Phodis record player. He
may not be aware that it was a locally
produced unit, manufactured in the north-
em Sydney suburb of Artarmon. He can
rest assured that it had nothing to do with
a chemist’s shop!

Phodis Pty Ltd was a small operation
that went into receivership in the early
1980’s. The Serviceman was right, how-
ever, in that it would probably be impos-
sible nowadays, to procure a circuit
diagram. The chances are that he’ll never
be faced with another one.

Keep up the good work.

Ian A Nye,

Ascot, QlId.

Comment: We gather that the Serviceman
guessed that it was locally made, but
didn't know where or when. Thanks for
the information.

Bouquet and brickbat

I enjoyed Peter Jensen’s article entitled
‘Atomic Radiation in your Home’ in EA,
April 1992, and I found the section on the
geiger counter so clear that we have made
a copy for training medical Radiation
Technologists (i.c., Radiographers in the
‘old’ nomenclature).

I think the article went astray however,
when it quoted a story which blamed a
number of electronic faults on someone






having had a ‘radioactive barium meal’
(sic). There is no such thing. The person
concemned may have had a barium meal,
in which the patient drinks some (non-
radioactive) radio-opaque barium salt,
which acts as a contrast. Hence when the
patient is X-rayed, the outline of the in-
side of the stomach is shown in silhouette.
As you would know X-ray studies such as
this do not cause any radioactivity, so the
patient could not have later exposed any-
thing to radioactivity.

Perhaps your patient had a study in
which the patient drinks some radioac-
tivity, usually to measure gastric empty-
ing time, It is possible that one of these
may have been described to the patient
loosely as ‘similar to a barium meal’. The
radionucleide most commonly used for
such studies is #™Technetium, emitting
140keV gamma photons. The patient is
slightly radioactive for a few hours after
one of these tests, as they are after other
nuclear medicine scans.

If the radiation from these patients were
of sufficient energy and/or amount to
cause problems with electronic devices, I
am sure that medical radiation tech-
nologists and others preparing doses, in-
jecting and positioning millions of
patients yearly around the world would
have noticed it.

We mostly wear digital watches, often
have sophisticated portable calculators in
our pockets, and also use ordinary PC’s
close to equipment used for counting
radioactive samples.

Therefore on theoretical grounds, I
doubt that radioactivity or exposure to X-
rays caused the electronic problems
reported. 1 agree that there is the theoreti-
cal risk that one high energy photon may
hit a critical junction in a RAM or ROM,
but for that patient to have had enough to
zap a number of devices, they should
have been dead before being able to tell
the story.

Next, what about the -electronic
symptoms? Digital watches do die prema-
turely at times — was it a flat battery, or
bad contacts? The computer network
symptoms sound too organised to be the
result of one or more bad bits in memory.
Faulty bits in memory usually reveal
themselves in much more subtle ways
than setting off to print a document over a
network. If gamma radiation (or other
form of radiation) was the cause of the
problem, there would then have been per-
manent damage to the RAM or ROM,
which would be detected by software
diagnostics. Was there in that case?

K.P. Smidt,

Director, Nuclear Medicine,

Palmerston North Hospital,

Palmerston North, NZ.

EDITORIAL
VIEWPOINT

A close shave, and
superb sound on a limited budget

I'm really glad that we're able to bring you this month’s cover story on
NASA'’s rescue and repair of the INTELSAT VI F-3 satellite. But I’m also very
relieved, because the article almost didn’t make it.

Space writer Kate Doolan was very keen to write another story on the mission,
to follow on from her ‘preview’ in the April issue. She had arranged with her
contacts at NASA to send over all of the necessary information, as soon as
possible after Endeavour had touched down. The moment the first parcel ar-
rived, she contacted me and asked if we could reserve space for the story
in this issue. Needless to say I was delighted to do so, because the mission
had turned out to be such a cliff-hanger, with a lot of technical interest.

This agreed, Kate sprang into action and began a marathon research session.
This involved phone calls, faxes and listening to hours and hours of cassettes
dubbed from the flight message logs, so she could piece the story together in the
correct order. Then she had to boil it all down, and use her existing background
knowledge to produce a story which would satisfy our readers.

Although time was pretty limited, Kate still managed to finish the article itself
comfortably ahead of deadline. But then the real panic began — because a
parcel of pictures, which NASA had despatched only four days after Endeavour
landed, still hadn’t arrived. We had an article, but still no pictures to illustrate it
or go on our cover!

Luckily, just as we had resigned ourselves to swinging in a replacement fea-
ture and a substitute cover, Kate rang jubilantly to say ‘“They’ve finally arrived
— and they’re great!”. I had them next moming, with one day to spare before
the issue was to go to the printers. Whew!

My thanks to Kate, our friends at NASA, and our own production editor Milli
Godden for putting so much effort into making the article happen. I'm sure
you’ll find it as fascinating as I did.

On a different topic, one of the other things in this issue that I'm really proud
to commend to you is our article on the new Seas-EA ‘Hobart’ speaker system
kit, presented by technical editor Rob Evans.

This is no ordinary kit for a hifi loudspeaker system; both Rob and I have been
lucky enough to spend many pleasant hours at our homes, listening at length to
sample Hobart systems during the development phase, and we’ve both been very
impressed. Despite their compact size they really are outstanding, with firm
extended bass, transparent highs and excellent stereo imaging — which stays
remarkably stable over a wide listening area. In short, they’re the equal of up-
glarket systems costing well over $2000, yet you can build them for less than

1000.

The main reason they are so good is that they’ve been designed by Ralph
Walters, designer of the famous Richter speaker systems. Ralph is highly ex-
perienced in hifi speaker system design, and he’s also an absolute perfectionist.
He even arranged in this case for world-acknowledged manufacturer Seas to
produce a very special ‘phase plug’ bass driver, especially and exclusively for
the new system.

So if you’re in the market for a compact system, but don’t want to compromise
on quality, I can really recommend this one.

Jim Rowe
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What’s New in

VIDEO and AUDI

0 ‘Q!

DCC launch
before Christmas

Philips has announced that the
Australian launch of its new Digital Com-
pact Cassette (DCC) system will be later
this year, and definitely before Christmas.
The local release will follow after the sys-
tem is launched in the USA, Japan and
Europe in September.

The first hardware product is to be the
DCC 900 playerfrecorder deck, which
connects to any home stereo system to
provide full digital recording and
playback, with music quality described as
‘comparable to compact disc’.

Apparently ‘several hundred’ pre-
recorded DCC tape titles are planned for
release at the same time as the DCC 900,
from PolyGram and other distributors.
The titles will cover a broad range of
musical tastes, described as ‘ranging from
Bryan Adams and U2 to Pavarotti’.

The DCC 900 machine has direct track
access, and can display track title and art-

—Tnurs

The machine will also play back conven-
tional analog compact cassettes. Pricing is
not fully finalised as yet, but the unit is
expected to retail for around $1300.
Philips claims that more than 60 audio
equipment manufacturers and music
recording companies throughout the
world have declared their intention to
market DCC products in 1993, This in-
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More on Sony’s Mini Disc

Meanwhile, Sony has also released fur-
ther information on its Mini Disc (MD)
system, seen by many as a competitor for
DCC. The first MD products are expected
to be released in Australia in early 1993.

Like DCC, MD is a digital audio
recording and replay system which takes

advantage of recently-developed digital.

compression technology, to achieve much
higher information packing density than
conventional CD’s or DAT. Sony’s sys-
tem uses the ATRAC (adaptive transform
acoustic coding) compression system,
which operates in a roughly similar way
to the PASC (precision adaptive sub-band
coding) system used by Philips. This al-
lows Sony to fit up to 74 minutes of
recording time (virtually the same as a
standard CD) on a disc only 64mm in
diameter — around half that of a conven-
tional CD.

MD uses actually uses two different,
but compatible recording technologies.
Pre-recorded music MD’s use conven-
tional CD technology, and are played by
the MD player in the usual way. However
the MD system also allows for discs to be

6 ELECTRONICS Australia, August 1992

recorded by the user, and these discs use a
magneto-optical recording system.

The recordable mini discs incorporate a
special magnetic layer, made from a sput-
tered amorphous mixture of terbium, lead
and cobalt. During recording, this layer is
subjected to both a high-powered,
focused laser beam, and also a vertical
magnetic field which is modulated with
the digital data to be recorded.

The laser beam causes brief localised
melting of the magnetic layer, which
rapidly solidifies again — but with a digi-
tal magnetic recording effectively ‘locked
in’. This varying magnetic recording in-
teracts with a modified reflective layer to
vary the latter’s reflectivity, when played
back with a standard replay laser beam. In
effect, the varying magnetic record
replaces the ‘pits’ of a conventional CD or
the pre-recorded MD'’s.

As with conventional CD’s, both kinds
of MD offer virtually instantaneous ran-
dom track access. While DCC also offers
programmable track accessing, like DAT,
it is inevitably somewhat slower due to
the serial nature of any tape format.

Sony has announced that the first MD

Japan. Apparently nine other cassette
manufacturers and recording companies,
apart from PolyGram, have announced
that they will be producing software on
the DCC format.

Philips apparently plans to follow the
DCC 900 with additional hifi decks, per-
sonal stereo portables, stereo radio/cas-
sette combinations and car players using
the DCC system.

products are planned for release in Japan
by early November, and by Christmas in
the USA. Target prices in Japan are
around 80,000 Yen (about $800) for a
portable recorder/player, and 60,000 Yen
(about $600) for a player.

To date, Sony claims that some 22
hardware manufacturers, eight software-
related firms and 10 blank-media makers
have signed licensing agreements for
MD technology. Hardware licensees in-
clude Aiwa, Alpine, Casio, Hitachi,
Kenwood, Mitsubishi, Pioneer, Sanyo,
Sharp, Teac, JVC — and Philips,
which is of course co-licensor of the con-
ventional CD system.

Pre-recorded MD software licensees in-
clude Toshiba/EMI, SKC, JVC, Nippon
Columbia and Philips/PolyGram — plus
of course Sony Music Entertainment.
Blank media licensees include Hitachi/
Maxell, Seiko Epson, SKC, TDK, JVC,
Philips and Hoechst.

Sony itself was to begin manufacturing
blank recordable MD’s in July, with an
initial monthly production of 300,000
discs at the company’s Sendai Technol-
ogy Centre.






Asian distributor
for ME amplifiers

Australian-made ME hifi amplifiers
have gained a world-wide reputation, and
not surprisingly there have been many re-
quests from firms in Asian countries
wishing to become dealers or distributors
for these products. However ME’s co-
owner and chief designer Peter Stein
made no decisions until he could visit the
various countries, and assess interested
firms for their suitability.

Following this visit, Singapore firm
Auvi Private Ltd has been appointed as
ME distributor for both Singapore and
Malaysia. Auvi is also the regional distri-
butor for Australia’s Duntech Iloud-
speaker systems, and Peter believes this
combination to be a synergetic one. The
firm has already taken delivery of an ini-
tial $100,000 consignment of ME
amplifiers.

Auvi can be contacted at 24 New In-
dustrial Road #04-01, Pei-Fu Industrial
Building, Singapore 1953, or at its show-
room, located at 1 Coleman Street #04-
06/07, The Adelphi, Singapore 0617. In
Malaysia the firm is known as Auvi Sen-
diran Berhad, and is located at No.6 Jalan
16/36, 46300 Petaling Jaya, Selangor.

Eight-channel DAT recorder

Yamaha’s DRU8 Audio Recorder is a
rack-mounting, eight-channel machine
suited to professional applications in
studio and location recording, broadcast
and film/video post production.

The DRUS is a stationary head recorder
using a convenient cassette format, giving
22 minutes of continuous 20-bit recording

at 44.1kHz sampling frequency. The unit -

boasts a frequency response of 20Hz to
20kHz (at 44.1kHz and 48kHz sampling
frequencies), a dynamic range of over
120dB and immeasurable wow and flut-
ter. All common operating modes are ac-
cessible with a single keystroke on the
DRUS’s front panel or on the optional
RC8 and RC24 Remote Controllers.

In addition to the unit’s eight PCM
audio tracks, the DRUS8 features a
separate timecode track, a servo control
track and two analog tracks for sync
codes or click tracks — leaving all eight
channels free for audio program material,
unlike conventional analog systems
where one, or even two tracks must be
reserved for timecode. An inbuilt 8 x 2
digital mixer with panning is providing
for monitoring. Headphone monitoring
is provided for track pairs and the mix
output.

Digital inputs and outputs are provided
in AES/EBU, DAT/SPDIF and Yamaha
formats. The DRUS supports all the

Mini system has
surround sound

Inside Akai’s new MX-100 mini com-
ponent systems is a conservative 30-watt
(RMS) MX100A surround sound amp-
lifier with seven band LCD spectrum
analyser. Designed as Akai’s ‘flagship’
mini system, the unit also incorporates
such features as a motorised volume con-
trol. The MX-100 also incorporates many
karaoke features, including mic mixing
and a mic level control that enables
singers to accompany the music from
either CD, cassette or tuner.

Measuring only 265mm wide x 240mm
deep, the MX-100 is designed to be
stacked, with speakers being detach-
able to suitroom or individual listen-
ing requirements.

The CD section uses a 16-bit twice

oversampling digital filter and offers a
dynamic range of over 92dB. Up to 16
tracks can be programmed in any order,
while a musical calendar indicates
programming order.

The radio turer is a two band AM/FM
stereo synthesised unit that offers 19 pre-
set stations. A large LCD display indicates
station frequency, tuner mode and
memory location. The double cassette
deck offers ‘feather touch’ logic control
operation, Dolby B noise reduction and
an auto tape selector that adjusts for Nor-
mal and High position tapes. The
speakers use a bass reflect three way
design that offers a frequency response of
40Hz to 16kHz.

The MX-100 has an RRP of $899 and
is covered by a 12 months parts and
labour warranty. It is available at selected
Akai dealers and department stores.

standard digital sampling frequencies
(32kHz, 44.1kHz and 48kHz), all with +/-
10% varispeed, for digital transfers to and
from other professional equipment.
Yamaha offer a range of A/D and D/A
converters, a digital format converter and
an eight channel microphone preamplifier
for interface to the analog domain. Using
Yamaha’s DMCI1000 Digital Mixing
Console together with the DRUS provides
a complete digital audio mixing and re-
cording system.

For further information circle 181 on
the reader service card or contact Yamaha
Pro Digital Group; phone (03) 699 2388.

New 8mm video
tapes from TDK

TDK has released a new line-up of
video tapes in both the 8mm and Hi-8
formats. All new tapes produce higher
output and superior specifications than
any other previous formulations, accord-
ing to TDK.

The 8mm format offers two grades,
new HS (High Standard) and new E-HG
(Extra-High Grade). Both grades employ
TDK'’s proprietary ‘Super Finavinx’ pure
iron particles.

In Hi-8 TDK’s new Hi8MP formulation
is designed to faithfully reproduce over
400 lines of horizontal resolution. In addi-
tion to greater packing density and im-
proved dispersion of the magnetic part-
icles, the new Hi8MP uses newly deve-
loped high precision calendering technol-
ogy which is claimed to produce the
highest degree of smoothness of any par-
ticle coated tape.

The new Hi8ME formulation is the
flagship of the Hi§ line-up and uses a two
layer vacuum-evaporated metallox mag-
netic layer as the storage medium.

This process offers the highest mag-
netic properties of any of the Hi§ and
8mm formulations. This ultimately trans-
lates into Hi8ME being ideal for all
mastering and editing applications. <
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Another approach to
curing the video shakes

A few months ago we ran a story from Barrie Smith on the image stabilising system in Mitsubishi's
camcorders. Since then another manufacturer, Panasonic, has released a model which attacks the
‘shakes’ from another direction. We thought we'd set the record straight by giving details of this sys-

tem as well.

by BARRIE SMITH

The electronics industry predicts at
least 160,000 camcorders will be sold in
Australia by the end of this year. In spite
of the tight times, the figure may be
higher than last year’s.

Of this high number the fastest growing
sector is the ‘palmcorder’ — the compact
camera of the video world. Newcomers to
the video scene often home into these at-
tractively miniaturised marvels: they’re
lightweight, small enough to go into
many jackets, the controls are usually few
in number (or hived off into viewfinder
menus) and operationally simple.

But many people are misled (mostly by
their own ignorance) into thinking the lit-
tle videos can be used just like a ‘point
and shoot’ compact still camera.

The chilling truth only comes on the
first replay of the novice’s early shooting
forays. Aside from the frenetic panning
and waving that goes on in early amateur
videos, the biggest shock to be swallowed
is the problem of shake, jitter and wobble.

Inherent drawback

The Japanese industry has recognised
the attractive marketing territory that is
occupied by the small palmcorders,

and virtually all have at least one’

model in their lineups that conforms
to the design philosophy.

Fundamental to a small camcorder is
light weight and small size — most are
under 800g with battery and tape, and lit-
tle larger than an outstretched hand. But
with light weight comes camera shake,
and as manufacturers explore the gold

mine that is the palmcorder some are at- S :

tacking the shake problem with electronic
image stabilisers.

In a previous issue we described the
Mitsubishi approach to steadying the
video image, in their CX4 and CX7
models. Actually at the time it had
been 12 months since the concept of
electronic image stabilisation had first
surfaced, in the guise of Panasonic’s
S1 palmcorder. The latter machine’s
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Panasonic’s second image stabiliser camcorder, with an improved stabiilser
system — the NV-S5A.

The stabiliser circuitry in Panasonic’s new S5 palmcorder Involves a number of
digital IC’s.
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designers had perceived hand jitter as
being mostly a vertical phenomenon,
so introduced circuitry which dealt
with this area.

But late in 1991 the new model S5 ar-
rived, with a ‘Mark 2’ stabiliser that
worked very much in the same fashion as
the first — with one important difference:
shaking motion in the horizontal direction
was also sensed and corrected.

Different systems

Mitsubishi and Panasonic’s image
stabilising systems operate on quite dif-
ferent principles, but are intended to do
the same job.

Mitsubishi’s approach to stabilisation is
based more on hardware than software —
sensing actual movement of the camcor-
der, rather than perceived movement in
the image.

The Twin Gyro Image Stabiliser system
involves two gyroscopic devices which
detect vertical and horizontal movement
of the camcorder body. Compensation for
this shake is achieved by adjusting the
output timing of the CCD, theoretically
producing a system which responds only
to actual camcorder body movement —
not just movement in the image.

Panasonic’s solution is the Digital
Image Stabilisation system. During
processing of the image by the CCD, the
DIS circuitry divides the image into four
quadrants, each containing 30 repre-
sentative points; each point is a pixel in
dimension. The data from these points is
stored in a memory area.

When camera instability causes the

image on the CCD to move, the displace-
ment vector, which shows the movement
of each representative point, is quickly
determined and analysed by comparing
with the signal in the frame store.

Based on this assessment, the signals en
route to the record head to produce a
stable picture are recalled from the field
store. The ‘trimmed’ image (essentially
smaller in area than the total CCD) is
electronically enlarged to full screen size,
yielding a stable picture.

A pre-processor is used to remove un-
wanted noise from the signal, so the
necessary accuracy can be achieved with
only 30 points per quadrant. The DIS for
that noisy area is switched off until the
image disturbance comes back into line
with that of the other quadrants.

Comparing the two

So how do the two systems shape up?

Without wishing to find myself jammed
between the northbound daylight express
(Mitsubishi) and the southbound freight
train (Panasonic) I can at least give some
personal observations. This is because
I've had the chance to use both units since
the first article appeared.

Mitsubishi:

The company claims that there is vir-
tually no image degradation with the
stabilising mode switched in — which is
quite correct. It is very hard to see, on an
ordinary-sized set, any image quality
drop. However, the amount of correction
to a shaky image is also correspondingly
less. In use, while walking, there seems to
be little help from the gyro device.

The designers also opted to scan more
of the CCD area, relying on the fact that
most TV’s overscan.

The problem is that many sets — in-
cluding, in the writer’s tests, both a new
model and a 15 year old ‘veteran’, both
displayed a black border varying between
5 and 10mm around the steadied Mit-
subishi image.

Panasonic:

The main objection to this company’s
system is the quality loss when the cir-
cuit is switched into operation. Quan-
tified as 15% image degradation, it
certainly affects the resolution of fine
details. However, the stabiliser certainly
does stabilise. You can walk and hold
the camcorder unsteadily — and the
DIS does its stuff.

Many people think that the stabilising
systems discussed are the ultimate god-
send to poorly-shot amateur video, and
will transform a novice’s nervous wob-
bles into ‘Hollywood class’ material.
"Fraid not. Not yet, at least.

But if Mitsubishi decide to use a 1/2"
CCD instead of the current 1/3" they
could be on a winner, enjoying little
image degradation yet with the ability to
indulge in a higher degree of correction.

And if Panasonic do the same, they
could enjoy the same success.

But, at the end of the day, we are still
left with excessively lightweight
machines that are used by a majority of
people unused to holding a $20 telescope
steady — let alone a $2,000 camcorder!

The truth is that technology has not yet
replaced the tripod.
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Other CD Players spin the disc in mid-air.

Most CD players clamp an area of the disc not much
larger than a 20 cent piece.

Unfortunately, this leaves the rest of the disc free to

vibrate as it spins in mid-air, which is not a good idea.

Seeing as the laser in a CD player has to follow a path
ten times narrower than a human hair.
Which is why Pioneer invented the Stable Platter CD

mechanism. This supports the entire CD on a turntable,
totally eliminating the vibration that plagues conventional
CD players.

And because the stable platter mechanism has a
greater rotating mass than conventional CD players, speed
fluctuations and mechanical noise are virtually non-existent.

As is the problem of dust. It can’t build up on the laser







and lenses for the simple reason they now face downwards.

All of which results in more natural, lifelike sound, that

faithfully captures even the most subtle musical nuances.

In fact, the Pioneer Stable Platter CD will play exactly
what was recorded.

Unlike other CD players that seem content merely to
play Frisbee. READER INFO NO. 2

75 31 D 1miM

O PIONEER

The Art of Entertainment
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Video & Audio: The Challis Report

THE JAMO "ORIEL’
LOUDSPEAKER SYSTEM

What kind of domestic speaker system do you get for $17,0002 We thought readers would be interested
to find out, so we asked Louis Challis to run both his instruments and experienced ears over the new
top-of-the-line Jamo system. Here’s what he found...

The ‘Holy Grail' of virtually every
speaker designer has been to design the
‘best loudspeaker that money could buy’.
The catch has always been that even if
management had been willing to let them
have their way, it's just not that easy to
design loudspeakers that produce sound
that is bordering on the perfect.

My first introduction to the Jamo ‘Oriel’
speakers was at the Mirage Hotel in Las
Vegas, last January. As it happened | had
just finished a somewhat hurried visit to
the High End display room and was getting
ready to leave Las Vegas, when | was
waylaid by an unusually friendly sales
rep.He eyed me up and down, squinted at
my name badge, and then disarmingly
suggested | should come across the floor
so that | could admire a new Jamo product
which they had only just received by air
from Denmark that morning.

I was a trifle bemused as he nonchalant-
ly waved his hand towards the back of
what | had mistakenly thought were a pair
of decorative columns. By the time | had
re-interpreted his southern drawl, | came
to the conclusion that these shiny grey
columns weren’t what | had initially mis-
taken them for.

Yes, you guessed it — they were
loudspeakers. But quite honestly, viewed *
from the rear and considering their posi-
tion on the floor, | think I could be forgiven
for making such a mistake.

“Could you play some music through
them, so that | can gauge their perfor-
mance?”, | asked brightly.

“Sorry, | can’t”, he gently responded.
“We are having a little difficulty in con-
necting them up, and as we have only just
received them this morning and don’t yet
have any information on them, | really
can’tdo it!”

As | was impatient to leave the hotel and
was within an hour of departing Las Vegas,
I didn’t push the point. | gave him my CES
data card and told him | really would like
to review these unusual speakers when
they finally reached Australia (which |
guessed would be in a year or so).
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Deja vu

Well of course | gave no further thought
to those speakers, until some three months
later when EA’s editor rang to ask me if I'd
like to review the new Jamo ‘Oriels’. | had
to think hard for a few seconds; then the
penny dropped, and of course | said ‘Yes!’.

After I'd hung up, | had visions of the tall
grey columns from the Mirage Hotel, and |
winced momentarily. So | rang back with
the request that all the moving and han-
dling of the speakers had to be arranged by
the Jamo agents — otherwise the deal was
off. | knew how tall the speakers were, and
guessed that they were equally heavy; and
as it happened | was right.

It's very lucky that | asked for that assis-
tance. For as it transpired, if | hadn't, | now
know how much trouble | would have
been inl

When | reviewed the Jamo Concert 5’s
two years ago, | was very impressed by
their wide range performance — and par-
ticularly by their bass response. The Con-
cert 5s main claim to fame was their
innovative use of a coaxial double vented
woofer, in what | considered to be an at-
tractive cabinet, to which few intending
purchasers could reasonably take offence.

When | briefly examined the Oriels in
Las Vegas, | guessed that what | was look-
ing at was a double stacked Concert 5
configuration, but with only a single mid-
range and a single tweeter stuck in be-
tween them at mid height. That design
concept is reasonably well conceived, and
has been adopted by the farger Duntech
speakers and a number of other notable
speaker designers over the last few years. it
offers the possibility of a rollicking bass
response with optimal stereo imaging —
particularly if the treble speakers set at a
height which nicely conforms to a seated
listener’s head height.

Tall and slim

The one obvious catch is, that by double
stacking two speaker cabinets so that one
is inverted on top of the other, the total
height becomes greater than your own.
The aspect ratio of the composite system is
unusually tall and slim, and also potential-
ly unstable.

The Oriel’s designers faced a number of
difficult problems. One was whether they
should choose a circular, rectangular or
oval plan configuration, as each has differ-
ing merits. As you will note from the pic-
tures, they chose an oval plan form as it
offers markedly superior stiffness, sig-
nificantly better sound dispersion for the
sound radiation, and almost completely
avoids the difficult problems of achieving
visually attractive junctions between inter-
secting sections of the cabinet covers.

Like other contemporary expensive
Japanese as well as  American
loudspeakers, they chose a soft grey lac-

quer finish, whose junctions were dressed
up with expensive cherry wood trimmed
black glass. Whilst the Jamo designers may
think this is smart and what the market will
really like, | am not convinced that the
were correct. :

A cut away view of an Orlel
enclosure. In the centre Is the sealed
mid range enclosure, which houses
the tweeter as well.

In the middle of the front panel the
designers have carefully contoured the
face to incorporate the upper and lower
bass speaker venting ports, between which
they set the mid range driver immediately
above the new wide range tweeter.

The tweeter is a 28mm soft dome driver
of advanced design. It incorporates a mas-
sive magnet assembly with a weight of
over 1kg, which provides the tweeter with
an extremely high energy to weight ratio
and the ability to handle peak pulse inputs
of up to 1kW. The design of this tweeter is
in my opinion outstanding, and it offers a
performance which is both objectively and
aurally superb.

The mid-range driver is a 180mm
dynamic driver with a roll surround,
whose diaphragm is a composite
honeycomb construction — one layer of
which apparently uses Kevlar cloth. Al-
though this driver is very well constructed,
| am not yet convinced that it achieves the
level of performance which the manufac-
turers concede may be Utopian, and
which dominates the most critical aspect
of the Oriel’s performance.

The mid-range driver is self-ventilated at
the rear of its very large magnet assembly,
and its performance is linear. The tweeter
and the mid-range driver are flexibly sup-
ported to decouple structural resonances,
and the implementation of this detail ap-
pears to be reasonably successful. The ex-
ternal face of the enclosure around each of
the two central drivers has been covered
by rubber to provide enhanced damping,
and to minimise spurious sound reflections
from that surface.

Bass enclosures

Each Oriel speaker cabinet incorporates
two woofers, which are respectively
mounted in the upper and lower sections
of the enclosure. The natural resonant fre-
quency of these drivers is way down the
frequency spectrum at 20Hz, whilst the
mounted resonances are at 40Hz and
75Hz, with a true bandpass response. This
can be clearly seen in the frequency
response measurements recorded at 50mm
from the venting ports.

Unlike the Concert 5%, the designers
have adopted a sealed rear cavity structure
whose resonant frequency is 75Hz, and a
tuned front ported cavity whose resonant
frequency is approximately 40Hz to
achieve a very smooth and sophisticated
bass response.

The cabinet is solidly made from seg-
mentally cut timber pieces, which are in-
dividually glued and then both internally
and externally braced by solid baffles and
by the external stressed laminated skin.
The internal sound absorption is a con-
tinuous layer of polyurethane foam,
with a profiled surface to increase its
effective absorption.

The crossover circuit is conventional
and it is mounted in the concrete-filled
base, so that access can only be gained
through the base. The circuit design and
the major components used appear to be
primarily five air-cored coils, two coils
with low loss iron powder cores, and a
number of high voltage foil capacitors and
resistors. There is no sign of a protective
circuit — which is unusual, particularly
with a speaker system costing this much,

Whilst it must be acknowledged that the
components have unusually high peak
power ratings, this does not automatically
guarantee protection against the unusual
nor the unexpected — both of which in
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The Challis Report

my experience happen with unusual
regularity. In point of fact, my own
amplifier misbehaved rather badly only a
week before the Oriels arrived, and while
so doing subjected one of my reference
speakers to a peak voltage transient
which must have been well in excess of
200 volts,

Although my reference speakers are
adequately protected against such tran-
sients (with an excellent self-powered
protection circuit), | would be hesitant in
applying or considering the application of
such a transient to the Oriels. The hand-
book makes no reference to installing
protective fuses, which would in such cir-
cumstances appear to be worthy of con-
sideration.

The gold-plated terminals at the base of
the unit allow you to biamp or triamp the
speakers if required, as well as to adjust
the level output between the mid range
and the tweeter.

One area where the speakers are more
than adequately protected is immediately
in front of the mid-range and tweeters. The
designers have chosen to install a gently
curved perforated metal facing with a fine
black cloth cover, which sits neatly over
the central section of each of the speakers’
curved fronts.

The position of the cover and shape of
the curve in relation to the tweeter is most
unusual, and although the manufacturer

Frequency Response
Crossover Frequencies
Sensitivity

(for 96dB average at 1m)

Harmonic Distortion
(for indicated level at 1m)

Input Impedance

Measured Performance of Jamo Oriel Loudspeaker System
Serial No. 219

34Hz to 20kHz =+/-4dB
80Hz & 2kHz

8.8VRMS = 12.9 Watts (nominal into six ohms)

Minimum at 8Hz 3.8 ohms

90dB 96dB 90dB
100Hz 1kHz 6.3kHz
2nd 38.9 63.6 41.5dB
3rd 44.4 51.7 58.2dB
4th 59.4 71.9 65.4dB
Sth 61.9 66.0 -
THD 1.3% 0.27% 0.85%

100Hz 4.8 ohms
1kHz 21.0 ohms
6.3kHz 13.8 ohms

advises on the desirability of removing this
cover for the ‘most critical listening’, | did
not appreciate the full significance of this
caution until 1 subsequently initiated my
objective testing.

The base of each speaker is a concrete
material which appears to be loaded with
higher mass material, and which feels like
lead even though it may not be. This ex-
tremely heavy base improves the stability
of what would otherwise prove to be a
relatively unstable configuration. Each

dB
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-20.0
-30.04

-40.0

b
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-
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Cumulative Spectral Decay

log Frequency - Hz

The cumulative spectral decay or ‘waterfall’ response plot for the Jamo Oriel. The
designers have been very successful in obviating most of the defects which are
characteristic of many lesser systems,
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base is drilled and tapped to accept four
rather massive spikes, which the designers
recommend you use when ‘the speakers
are standing on wooden floors.

| baulked at fitting these spikes, as the
speakers would only be at my home for a
few weeks and my domestic bliss would
most surely have been sorely tested had |
suggested to my wife that | was going to
‘nail the speakers to the floor’.

Fortunately, Jamo's local representative
neatly solved my problem, by providing
me with some special purpose adaptors
which Jamo provide when required, (in
situations like this).

Objective testing

With a product as new and as expensive
as the Jamo Oriels and in the absence of
comprehensive test data from the
manufacturer, the measured objective per-
formance of the speakers is obviously of
critical importance. To make those meas-
urements, we arranged for the importers to
deliver one of the speakers straight into our
anechoic room, and place it straight on top
of our Bruel & Kjaer turntable. it took three
men to carry the speakers into the
anechoic room, and although | don’t doubt
that two strong men could handle them,
these are amongst the heaviest speakers
we have tested to date.

It was in the anechoic room that | ex-
perienced my first hurdle — which was to
find the speaker terminals!

As it happens, the terminals are on the
bottom of the speaker base, in what |
believe to be a most unusual, and rather
impractical location; one where it cer-
tainly took longer to find them than |
care to admit.

in fact it was only after | found the ter-

minals that | recalled my conversation with
the sales rep in Las Vegas. His reluctance
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(or inability) to connect up the speakers
and demonstrate them came to mind. After
my own difficulty in finding where the
speaker terminals were, it is now ap-
parent that he must have been having
the same problem!

Having resolved that problem, we con-
nected up the speaker, and systematically
put it through its paces. The effort was
most certainly worth it, and the first on-
axis free field speaker response confirmed
that the designers had really achieved a
particularly flat frequency response (with

the speaker grille removed). As it happens
the flatness of the graph was the equal of
any speaker system | had ever measured.

For the heck of it, | decided to measure
the frequency response of the speaker with
its fancy perforated metal grille and cloth
cover re-attached. You can appreciate my
surprise as | watched the response record-
ing roll out with the most unsightly high
frequency perturbations | have ever seen
any protective grille produce!

It only required a few seconds of con-
templation to work out what was happen-

SEEHHEES Here are the maln response plots for the Jamo Orlel

B system. At top left Is the overall response at 1m on the
tweeter axls, with the grille removed; Below this Is
the same response with the grllle fitted, for com-
parison; then follow the response at 30 degrees off
axls and the Indlvidual responses of the various
drivers. At top right Is the one third octave band room
response, with the phase response and Input Im-
pedance plots underneath.

ing. The curved metal protective facing,
although perforated and almost acoustical-
ly transparent at low and medium frequen-
cies, is nonetheless unusually reflective at
higher frequencies. At certain frequencies
the curved focal length of the path from
the dome tweeter to the inner curved sur-
face of the perforated metal generates
destructive standing waves. These destruc-
tive notches result in a 6 - 8dB loss in sen-
sitivity, over a range of frequencies which
extends over almost 1kHz in bandwidth at
three points in the frequency range: at
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ly smooth, and generally superior to that
offered by most other speakers which |
have recently tested.

The distortion characteristics of the
speaker system are excellent over the fre-
quency range 40Hz to 80Hz, and general-
ly good over most of the mid-frequency
and high frequency range. Regrettably the
100Hz frequency at which we have
routinely recorded our lower frequency
distortion, conforms to the lower band
edge of the mid-frequency driver and is
beyond the upper edge of the double
ported woofers, so that the level of distor-
tion is significantly higher than that which
would be generated elsewhere in the fre-
quency range.

Taken over all, the objective testing of
the Jamo Oriels provides performance
parameters which are outstanding.

Listening tests

| was pleased that | had arranged for
technical assistance from the Jamo agent to
move the two speakers from the laboratory
to my home, because frankly | would have
baulked at doing it myself. | must
admit that the support that the agents
provided was excellent, and | soon had
the pair of Oriels installed in my living
room (sitting free on my parquetry floor
and without spikes).

Because the Oriels cost so much and
because | was able to keep them for some
weeks, | arranged for a number of
musicians as well as some critical
audiophiles to assist me in the review
process. The discs which we used for this
review process included the Chesky
Records ‘Jazz Sampler & Audiophile Test
Compact Disc Volume 1’ (Chesky )JD37).
This is a very suitable disc for initiating
such evaluations. It contains listening and
technical tests which revealed that the
Oriels display a superb breadth of acoustic
sound staging, and stereo imaging.

This disc also provides some wonderful
music from Luiz Bonfa, David Chesky, Phil
Woods and Ana Caram, each of whom
features on one or more Chesky discs.
Their music is modern and exciting, and
the Oriels provided a clean and exciting
stereo image in which | and my group of
listeners were able to precise?;/ identify
the positions of the individual musicians
on the broad sound stage that the
speakers generated.

The percussion instruments, snare drum
and other complex high frequency
sounds within the music were delightful-
ly realistic, and by shutting one’s eyes
you were immediately enveloped by the
realism of the sound.

We proceeded to a fine new disc from
Sony Classical, with Emanuelax and YoYo
Ma playing Cello Sonatas from Rach-
maninov and Prokofiev (Sony Classical SK
46486). This is a superb disc, beautifully

The crossover networks are of the first-order type, but Incorporate various
Impedance linearising components. Expensive French Solen capacitors are used
In critical signal path, and ihe system also features gold plated terminals.

recorded with some wonderful music.
Neither the review committee nor | could
fault the speakers, which produced realis-
tic and cleanly defined sound — which
was as close to perfection as we could
reasonably ask or expect. The Rach-
maninov pieces in particular evoked a
strong commendation from each member
of the listening group.

We progressed to Eileen Farrell in This
Time It's Love, (Reference Recordings RR-
42CD), which contains some beautiful
old-time and contemporary songs, par-
ticularly well recorded and most suitable
for assessing the human voice reproduc-
tion capabilities of the speakers. Here for
the first time, the Oriels did not perform
as well as | would have expected, and
introduced vocal qualities into Eileen
Farrell’s voice which were clearly addi-
tive components.

Our assessment reinforced my prior ob-
servation, derived during the pink noise
room response testing, that there is a de-
gree of mid-range and upper frequency
colouration, which is predominantly in the
frequency range between 2kHz and 7kHz,
and which detracts from the otherwise ex-
cellent performance of these speakers.

The last formal assessment disc that we
used was a Sony Classical disc with
Fumiaki Miyamoto playing the Mozart
Oboe Concertos, with the English Cham-
ber Orchestra and Jose Luis Garcia (Sony
Classical SK48302).

This particular disc incorporates some
truly fine sonic recording characteristics
and is at the top of the league when it
comes to providing wood wind instrument
reference material. The oboe’s sound
spectrum basically covers the same fun-
damental frequency range as the human
voice, and consequently provides ap-

propriate reference material for evaluating
speakers. :

When Fumiaki Miyamoto played, both
my supporting listeners and | were able to
detect audible nuances and detect additive
colouration of the reproduced sound. It
was apparent to each of us that the mid-
range speakers, although undoubtedly
well designed, have some detectable
peaks in their frequency response as well
as generating some pronounced decay
resonances which are audible. This
phenomena may well be traceable to the
method of mounting the speakers, or to the
design of the sub-enclosure, which would
have the potential to give rise to spurious
decay resonances.

Whilst | would not normally comment
so critically with a speaker system which
costs a few hundred dollars or even a few
thousand dollars, when a speaker system
sells for $17,000 | must of necessity relate
the audible performance of the speakers to
their cost, as the quality of that perfor-
mance should directly relate to that cost.

| listened to dozens of other discs, and
excluding the Oriels’ reproduction of the
human voice and the oboe, ! could not
really fault these speakers. Whilst the
designers have undoubtedly achieved
meritorious results, | have nonetheless
formed the opinion that a little more work
is required before they can truly claim that
their ‘search for the Holy Grail’ has been
successful.

The Oriel enclosures are 400mm wide,
295mm deep and 1780mm high, and each
weigh 72kg. As noted earlier, the system is
priced at $17,000. Further information is
available from the Australian agents for
Jamo, Scan Audio Pty Ltd, of 52 Crown
Street, Richmond 3121; phone (03)
429 2199. <>
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In our April issue, you may recall, we ran a story on NASA’s planned rescue of the ailing INTELSAT
VI F-3 satellite — described as ‘one of the most daring space missions ever planned’. As you may
have seen from the TV coverage, the mission turned out to be even more daring and exciting than
NASA had planned. Here’s the inside story on what really happened — how fast re-planning, per-
sistence and bravery was able to turn repeated failures into a dramatic success.

by KATE DOOLAN

One of the major arguments against
having people in space is that their roles
can be carried out by robot spacecraft,
which are usually safer and cheaper.
This argument has been going on for the
previous 31 years, since people first flew
in space.

However, the debate may have lost
some of its sting with the recent debut
flight of NASA’s space shuttle En-
deavour. In a nine-day mission, the crew
of six men and one woman conducted
what was probably the most spectacular
human spaceflight ever.

Over the duration of the flight, four
Extra Vehicular Activities (EVA) or
‘spacewalks’ took place. Three of them
were to rescue the ailing INTELSAT
VI F-3 communications satellite, while
the fourth was to demonstrate con-
struction techniques for the upcoming
space station.

However, it was undoubtedly the third
spacewalk that captured the imagination
of the world. In a brillant display of im-
provisation and for the first time in
space history, three astronauts com-
pleted an unplanned spacewalk in record
time to capture and repair the satellite.

Initial delays

The shuttle Endeavour was originally
scheduled to launch in the first week of
April. Delays in the processing of the
orbiter caused the mission to be put for-
ward to May. On April 6, the main en-
gines of the shuttle underwent a test
firing. (A test firing is required before
each new space shuttle orbiter is
launched.) The firing was delayed by a
blown fuse in the launch platform, but
eventually the engines were fired for
22 seconds.

At first Kennedy Space Center offi-
cials announced that the test was suc-
cessful, but a closer examination of the
engines showed that several ir-
regularities had turned up in two of the
engines. It was decided to remove and
replace the three engines, as their in-
stallation would have no impact on
launch preparations.

After a Flight Readiness Review in
late April, it was decided to launch En-
deavour at 8:56pm (Florida time) on
May 5.

This was changed to a launch window
between 7:06pm and 7:55pm on May 7,
on the suggestion of former astronuat
John Young. Young suggested the
change because Endeavour was a new

\

orbiter, and a proper photographic
record should be made of the launch and
if the shuttle launched at night, this
would be difficult to do so. There was
also the possibility that if the new shuttle

At Launch Pad 39B, the newest Space Shuttle ‘Endeavour’, undergoes a
22-second firing of its three main engines. A successful firing is required before

launch on NASA'’s mission STS-49.
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“Houston, | Think We’ve got a Satellite

was in a Challenger-type accident, it
would be impossible to use photographs
taken at night to determine the cause of
the accident.

The day before the launch, the Ken-
nedy Space Centre was swept by
thunderstorms and it was doubtful that
the launch would proceed. Officials of
the National Aeronautics and Space Ad-
ministration (NASA) rated the chances
of launch at only 40%.

The following day saw the weather
clear and at 7:40pm on May 7, En-
deavour was successfully launched
from Launch Complex 39B at the
KSC. On board were the STS 49 crew
commanded by Dan Brandenstein and
pilot Kevin (‘Chilli’) Chilton, with
mission specialists Tom Akers, Rick
Hieb, Bruce Melnick, Kathy Thomton
and Pierre Thuot.

The first three days of the flight
were comparatively relaxed, as the
shuttle was basically ‘catching up’ to
the INTELSAT VI F-3 communica-
tions satellite. The crew particpated in
a series of onboard experiments, in-
cluding a protein crystal growing ex-
periment and the tracking of
Endeavour by a US Air Force electro-
optical facility in Hawaii.

The facility tracks the orbiter to record
signatures from thruster firings, water
dumpings and the phenomenon of ‘shut-
tle glow’ — which is a glowing effect
around the orbiter caused by the interac-
tion of atomic oxygen with the
spacecraft. Other activities included
Earth photography and the checkout of
spacesuits that would be needed for the
upcoming spacewalks.

Before the Endeavour could rendez-
vous with the INTELSAT satellite,
several complicated manoeuvres had’
to be made by ground controllers.
The satellite had to be in a ‘control
box’ mode by 46 hours into the shut-
tle flight.

The ‘control box’ was a volume ex-
tending over 6° of arc, in a 380 to 390-
kilometre orbit with an inclination of
28.5°. Six hours before the rendez-
vous, the satellite’s spin rate was
slowed down to less than 0.25 revolu-
tions per minute.

In the first four days of the flight,
astronauts Brandenstein and Chilton
precisely guided the shuttle and used
less propellant fuel than was allocated
for that period of the flight. This would
“turn out to have been crucial, in the latter
part of the mission.

Another significant feature of the
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The successful capture of the Intelsat VI satellite by astraunts (from left to right)

Richard Hieb, Thomas Akers and Pierre Thuot, is recorded in this picture.

upcoming satellite retrieval and repair
was the use of hand-held laser tracking
devices, as the orbiter’s radar system
was inoperable within 130 metres of the
satellite. The laser tracking system was
developed by the US Army, and was
used with great success in the
Panamanian invasion in 1989 and the
Gulf War of 1991. Inside the shuttle,

astronauts Akers and Thomton would
use the devices to show the distance
and separation of the satellite from
the orbiter.

First attempts

The first rendezvous between En-
deavour and the satellite began on flight
day four, when astronaut Brandenstein

Here we see astronauts Kathryn Thornton (lef) and Thomas Akers at work with
the components of the Assembly of Station by EVA Methods evaluation. he
Ulti-purpose Support Structure (MPESS) is held aloft by Endeavour’s remote
manipulator system. :



t oy o
E R



On the second day of the mission, astronaut Plerre Thuot made an unsuccessful
attempt to affix the grapple bar to the communications satelljte, as seen here,

from inside Endeavour’s cabin.

WU AREI SIS KSY UWIYAYYE 6P$1%

age
i
| weren ey
— & ST« %
S e Y !rnnn'rf
\
v gﬂﬁ +y
LS o o —
—3| e F R
gt 4 =
oy,
o s APT Barpead
« I
E3
-y o
N ‘
e ‘8 -—II:'
>
i
i i ¢ e
3 Tt by oen
iy ¢
e

g | cxam="x

This close up picture Is a detalled hand sketch on a crew member’s payload bay
'schematic showing the astronaut’s proposedplan for capturing the errant Intelsat

VIF-3 communications satelllte.

moved the shuttle to within 11 metres of
the satellite. Pierre Thuot and Rick Hieb
suited up and entered the payload bay,
where Thuot positioned himself on a
foot restraint, at the end of the Remote
Manipulator System (RMS) arm.

As the Endeavour flew in close forma-
tion with the satellite, Bruce Melnick
operated the arm and carefully moved
Thuot towards the satellite, Once Thuot
was in reaching distance of the satellite,
he attempted to catch it with the special-
ly designed capture bar.

On reaching the satellite, Thuot at-
tempted to push the capture bar into the
base of it. However on making contact,
the satellite became unstable and started
to spin out of control.

At the controls of Endeavour, Bran-
denstein maintained formation for
another orbit so Thuot could try to catch
the satellite again. But each time he
touched it, the INTELSAT moved into a
different tumble, yaw or spinning mo-
tion. There were concemns that the satel-
lite would hit the orbiter; at one stage on
viewing television footage, it appeared
that INTELSAT only just missed hitting
the Endeavour’s wings.

- After three and a half hours in the
payload bay, Thuot and Hieb retumed
inside the orbiter.

As the satellite moved away from the
space shuttle, ground controllers at the
INTELSAT control centre in
Washington DC attempted to gain con-
trol of the satellite. They succeeded two
hours after separation from the shuttle.

After talking to Endeavour’s crew,
Mission Control at the Johnson Space
Centre in Houston, Texas determined
that the satellite’s sensitivity to contact
by the capture bar, as well as Thuot’s
body position, had led to the failure of
the spacewalk.

Another problem mentioned frequent-
ly by Thuot was that NASA’s ground-
based simulators had not adequately
duplicated the conditions of working in
a zero-gravity vacuum.

The following day, Thuot and Hieb
went out into the payload bay again to
attempt another capture of the satellite.
Before starting the capture attempt,
Thuot practised a satellite capture by
bumping the capture bar against the
payload bay.

Again flying in close formation, Bran-
denstein manoeuvred the Endeavour to
within 11 metres of INTELSAT. Thuot
managed to make contact with the satel-
lite four times, and on one try actually
latched onto it for several moments —
but was still unable to capture it. After a
5-1/2 hour spacewalk, the two astronauts
returned into the orbiter once more.
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“Houston, I Think We’ve got a Satellite”

The repeated contacts with the satel-
lite had sent it into a flat spin, which was
more difficult to recover from compared
to the previous day’s spin. However IN-
TELSAT ground controllers were again
able to stabilise the satellite.

Emergency re-think

Following the failure of the second
spacewalk, desperate NASA and IN-
TELSAT officials began emergency
planning for a third and final
spacewalk — one last try, to catch the
recalcitrant satellite.

In conversations with the ground, Dan
Brandenstein suggested an unprece-
dented move: sending out three
astronauts to catch the satellite by
hand. At the time, his request was over-
ruled until further study of the plan
could take place.

An enormous effort involving person-
nel from NASA, INTELSAT and the
Hughes Aircraft Company (manufac-
turers of the satellite) began to deter-
mine whether three astronauts could
make a spacewalk.

At the Johnson Space Centre,
astronauts Story Musgrave, Jim Voss
and Rich Clifford suited up to determine
whether the three astronauts could fit
and suit up in the shuttle airlock. The
astronauts also used the Weightless En-
vironmental Training Facility (WET-F),
which is a large swimming pool used for
spacewalk simulations.

Another two astronauts, Joe Engle
and John Casper, flew approaches in
the shuttle simulator to determine how
to approach the shuttle. At Hughes’
headquarters in Los Angeles, engineers
calculated where the astronauts could
grapple the satellite using their hands,
and whether they would catch their
gloves on any sharp edges.

Newly-appointed NASA Ad-
ministrator Dr Dan Goldin appointed a
team of engineers and former astronauts
with spacewalking experience to over-
see the operation and provide advice. In
aradio broadcast the night before the
spacewalk, Goldin wished the astronauts
luck and reminded them that ‘crew
safety is the first objective’.

It should be pointed out that
INTELSAT’s satellite was not originally
designed for servicing by astronauts, and
as such did not have any handrails for
the astronauts to use.

Chosen to assist Thuot and Hieb in the
spacewalk was Tom Akers, who had
originally trained to backup Thuot.
Another reason for choosing Akers in-
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The seven crew members of Misslon STS-49 getting thelr feet on terra firma after
nine days In Earth orblit. Left to right are astronauts Richard Hleb, Kevin Chiiton
(pliot), Danlel Brandenstein (mission commander), Thomas Akers, Plerre Thuot,

Kathryn Thornton and Bruce Melnick.

stead of Kathy Thomton was that Akers
was taller, which would make it easier
for him to help the other two astronauts.

The plan for the capture was to posi-
tion each astronaut at 120° intervals
around the Endeavour’s payload bay.
Brandenstein and Chilton would then
manoeuvre the shuttle under the satel-
lite, where the three astronauts would at-
tempt to grab it.

One of the items essential for the suc-
cess of the spacewalk was the amount of
propellant used by the Endeavour during
the flight. By their careful flying, Bran-
denstein and Chilton had used less fuel,
and therefore there was plenty left for
the critical rendezvous phase of the up-
coming rescue.

The fateful day

On flight day seven, Mission Control
ordered Akers to enter the airlock before
Thuot and Hieb, so he could cool his
spacesuit with one of the two service
umbilical units. Thuot and Hieb then
cooled their suits also, and suited up.

The start of the spacewalk was
delayed by 90 minutes, as there were
problems with the rendezvous software

which had failed to operate properly. An
improper software configuration was the
culprit, and the rendezvous phase was
completed using data generated from the
ground rather than the spacecraft.

After the astronauts entered the
payload bay, Tom Akers used
hardware scheduled for the later ‘space
station demonstration techniques’ exer-
cise to construct a bridge-like truss
across the payload bay, to provide some-
where for him to stand during the the
capture attempt.

With the Endeavour passing over
Australia, Brandenstein and Chilton
again approached the INTELSAT. Out-
side, Pierre Thuot was stationed on the
shuttle’s manipulator arm, Rick Hieb on
the sill of the payload bay and Tom
Akers on the truss.

Brandenstein then moved the shuttle
up under the satellite, and the two were
flying in formation only two metres
apart. The three astronauts then ob-
served the satellite for 15 minutes, to .
determine what course of action they
should take to snare it.

After a false start, the astronauts final-
ly reached up and with their. gloved






hands grabbed the satellite. Thunderous
applause rocked Mission Control, as
Brandenstein radioed “Houston, I think
we've got a satellite”.

But on hearing the applause, he
reminded them that “It ain’t over
yet, guys!”. The astronauts then held
onto the satellite for 45 minutes, so
Hieb could place the capture bar on
the satellite.

With the capture bar attached, Bruce
Melnick inside Endeavour grabbed the
satellite with the manipulator arm and
placed it on its new Perigee Kick
Motor (PKM).

Thuot and Hieb then clamped and
latched the INTELSAT, to secure it to
the PKM. The capture bar was then
released from the satellite and attached
to the kick motor, where it would be jet-
tisoned once the satellite reached the
proper altitude.

Once the connections were com-
pleted, Thuot and Hieb activated four
springs that would be used to eject the
satellite from the payload bay.

The astronauts also activated two
timing devices for the deployment. Fol-
lowing that, all three astronauts retured
inside. Their spacewalk of eight hours
and 29 minutes had set a new record, for
the longest spacewalk in space history.

The previous record of seven hours
and 37 minutes was held by Gene Cer-
nan and Jack Schmitt, who walked on
the Moon in December 1972,

Final snag

But problems with the INTELSAT
VI F-3 continued right up to the very
end. When Kathy Thornton flipped
the switches to deploy the satellite, noth-
ing happened.

Switching to the backup systems
achieved the same result, so ground
controllers reconfigured the electronics
systems of the satellite. Fifteen
minutes later, the satellite was finally on
its way to the correct geosynchronous
orbit, 36,000 kilometres above the At-
lantic Ocean.

The following day, another spacewalk
took place. Tom Akers and Kathy
Thornton spent seven hours, demonstrat-
ing construction techniques for the up-
coming space station Freedom. As well
as building several trusses, the
astronauts tested several self-rescue
devices. It is essential that these devices
are tested, because when the space sta-
tion is under construction or operational,
it will be impossible to sent the shuttle
after a stranded astronaut who has lost
his or her ‘tether’ — the line that con-
nects them to the space station.

‘a‘kam . .
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The malin chute Is fully deployed on Space Shuttle Endeavour’s first landing,
following a successful nine-day mission in Earth orbit. The landing was the first

use of the Shuttle’s drag chute system.

Another record

After the spacewalk was completed,
Kathy Thornton was informed that she
had broken the record for the longest
spacewalk by a woman. This had pre-
viously been held by Soviet cosmonaut
Svetlana Savitskaya.

The following day was given over to
the crew, for a well-earned rest day. The
traditional in-flight press conference
was held, and in it, the spacewalking
astronauts expressed the opinions that
the training they had received on Earth
did not prepare them for the rigours of
spacewalking — pointing out that there
was no way to train for zero gravity on
Earth. The astronauts also suggested that
NASA needs to hold spacewalks on a
more frequent basis, to train for the
space station and also for satellite ser-
vicing of spacecraft such as the Hubble
Space Telescope.

In response to media queries and out-
side criticism, NASA Administrator Dan
Goldin decided to establish a committee
headed by aerospace engineer Eugene
Covert and former astronaut Tom Staf-
ford, to determine when NASA should
undertake satellite rescues and what they
should charge.

There were some eyebrows raised
when it was revealed that the INTEL-
SAT retrieval and rescue had cost NASA
some US$350 million, yet INTELSAT
had only been charged US$93 million.
But eventually a profit of US$1 billion

will be made, from the operation of the
rescued satellite. The report was due to
reach Dr Goldin by August 1.

Successful touchdown

The Endeavour successfully landed at
the Edwards Air Force in California at
3:40pm (Houston time) on May 16, after
a flight duration of eight days, 21 hours
and 17 minutes. A new feature of the
landing was the deployment of a drag
chute, immediately after the nose gear
touched down on the runway.

Shortly after the landing, the crew
climbed out of the orbiter and prepara-
tions were made to fly the Endeavour
back to the Kennedy Space Centre for its
next mission — scheduled for launch in
early September.

The first flight of the Endeavour does
indeed prove that there is a role to be
played by humans in space. The flight
also showed that the best-laid plans
often go wrong, and in the end, it is the
human mind rather than a robot which
has the ability to develop quickly plans
that can tumn a failure into a resounding
success.

The author would like to thank
Kay Grinter, of the Kennedy Space
Center; and Steve Nesbitt, Dianne
Ormsbee and Lisa Vazquez of the
Johnson Space Center, for their assis-
tance in the completion of this article.
All photographs used in the article
are courtesy of NASA and the
Johnson Space Center. <

ELECTRONICS Australia, August-1992 23






Construction guide

ELECTRONICS ASSEMBLY POCK-
ET BOOK, edited by Keith Brindley.
Published by Butterworth-
Heinemann, 1991. Hard covers, 200 x
95mm, 298 pages. ISBN 0-7506-0222-
8. Recommended retail price $38.95.

This is one of a series of Newnes Pock-
etbooks which are intended as concise
guides to designated subject areas. The
present volume covers electronic equip-
ment assembly. Without being too sim-
plistic, topics are covered to a sufficient
depth to give readers a basic, but quite
thorough grounding.

Glancing at the index reveals the large
number of topics covered — there are 92
entries. Starting with safety and first aid,
it proceeds to cover areas like specifica-
tions, electronic symbols, component
types, logic principles and circuits, types
of cables, printed circuit boards, etc.

The book serves two very useful pur-
poses. It is a mine of theoretical elec-
tronic information, which can be used
either to introduce new knowledge, or to
revise once-familiar but now half forgot-
ten information. And in addition, it also
present many hints for practical im-
plementation: e.g., how to solder, wire-
wrapping, etching PCBs and using an
oscilloscope.

I feel that the book achieves its aim: it
covers a huge field, with enough infor-
mation on each topic to make it a very
useful reference.

The review copy came from
Butterworths, 271-273 Lane Cove Road,
North Ryde 2113, It is available from
technical bookshops. (P.M.)

TV antenna manual

HILLS ANTENNA INSTALLATION
MANUAL 1991, compiled by R.F.W.
Castle. Published by Hills Industries
Ltd. Soft covers, 280 x 215mm, 96
pages. Price $25.00 plus sales tax
($5.00) and postage ($2.50) where ap-
plicable.

Some months ago, our Serviceman
commented in his column about the scar-
city of sound practical information on
the correct installation of TV and FM
antennas, and recalled a very useful pub-
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Home Remote Control
& Automation rogects

lication that had been produced back in
the 1950’s by one of the TV antenna
manufacturers. Wouldn’t it be great, he
mused, if there was an up-to-date version
of the same kind of manual, which also
covered things like UHF, masthead
amps, splitters and diplexers?

As it happens, there is. Hills Industries
produced this new manual only last year,
and their Victorian sales manager sent us
a copy for review, on reading the
Serviceman’s comments.

Basically it provides just what the Ser-
viceman asked for: virtually all of the
basic theory and practical information
necessary in order to install a variety of
TV antenna and distribution systems.
There’s everything from how to design a

- home-unit distribution setup, with ampli-

fier and splitter configurations, down to
details like fitting the various common
types of co-ax connector, and running
cable around skirting boards.

For those in difficult signal areas,
there’s even a guide to working out the
delayed path length corresponding to a
ghost on the screen, and ways to improve
directivity in order to improve the di-
rect/reflected signal ratio.

In short, it’s both comprehensive and
practical. And everything is presented in
concise, down to earth language, so that
it should be of value not only to would-
be professional installers, but home
handypersons and well.

My only gripe is that it uses a non-SI
contraction for megahertz: ‘Mhz’, rather
than the correct ‘MHz’.

Copies of the book are available for
the price shown, from Hills Industries
Lid., PO Box 78, Edwardstown 5039.
(GR)

Practical projects

HOME REMOTE-CONTROL & AU-
TOMATION PROJECTS, by Delton
T. Horn. Published by TAB Books (a
division of McGraw-Hill), 1991. Soft
covers, 235 x 185mm, 301 pages. ISBN
0-8306-2197-0. Recommended retail
price $31.95.

This book assumes that electronic ex-
perimenters enjoy building projects for
various remote’ control and automation
applications, and that they find such pro-
jects fascinating, educational, practical
and economical. To spur them on, the
author offers 77 such projects. Of course
with so many projects, only the basic
circuit is given, without detailed expla-
nations of how they work. Each project
takes up, on average, about one page.

Though the main emphasis of the book
is practical, the first two chapters give
some general information on remote
control and automation theory. Chapter
11 also outlines the operation of timing
chips like the 555. Some of the other
chapters contain explanations and rele-
vant theory, as well,

The groups of projects are dealt with in
chapters 3-10 and 12. For most of the
projects it is assumed that the ‘remote
control’ connects to the central unit via
wires, but there are also circuits for a
fibre-optic transmitter and receiver, as
well as an AM radio transmitter.

Ch.3 deals with light switching; Ch4
with controlling doors and windows;
Chs.5-8 cover temperature, liquid, ste-
reo/TV and telephone circuits. Ch.9
deals with motor control, Ch.10 with
electronic switching and Ch.12 with
wireless control.

The variety of circuits and applications
should stimulate any experimenter to try
out, modify and adapt many of these pro-
jects. In short, the book is a great source
of ideas.

The review copy came from McGraw-
Hill, 4 Barcoo Street, Roseville East
2069. It is available from technical book-

shops (P.M.) &






SIEMENS

Get the little things right
and the big things
take care of themselves.

“Think big"” is what we are all exhorted.

But strangely that isn't the way
Siemens works.

In fact, quite the opposite.

For instead, we concentrate on the
details.

Such as responding to our clients’
every need (no matter how small).

Being on time.

And building every single littie
semi-conductor, passive and
electro-mechanical component with
meticulous precision.

In other words, as if it were the only
one we made.

Be it a simple relay or a mega chip.

Which is precisely how we became
one of the world’s largest designers,
manufacturers and distributors of
electronic components.

Proving that whether you're building
a car, a communications network

(or even a company) ... look after the
little things and the big things surely
look after themselves.

Phone: (03) 420 7111.
Fax: (03) 420 7275.
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SEVEN UNINTERRUPTIBLE PO

Have you ever worked away at your personal computer for a
couple of hours — only to lose the whole session's work,
because there was a sudden power failure before you could
save it? : :

When you power your PC using the Upsonic '‘PC MIGHT 55
Uninterruptible Power Supply (UPS), this kind of problem is
a thing of the past. As soon as the mains power drops, the
UPS switches your computer over to backup power, from its
inbuilt battery. Switchover is almost instantaneous - typical-
ly only 4 milliseconds, which is so fast that your computer
never misses a beat. And the UPS can keep your computer
running from its battery for anywhere between 6 and 20
minutes — more than enough time to save your precious
work away on disk, and often long enough to keep you
going until the mains power is restored.

The PC MIGHT 55 is so compact that you can usually tuck it
out of sight, under your workstation. It measures only 365 x
170 x 115 mm, and weighs 13.5kg. Yet it can deliver a full-
load power of 330 watts (550VA), which is plenty to cope
with almost any modern personal computer and video
monitor combination. It's also very quiet, generating only
55dB of noise in standby mode and 60dB in backup power
mode (measured at 1m). It has two internal 12V/7Ah lead-
acid 'gel' batteries (supplied), which fully recharge in only
10-12 hours after mains power is restored - even if you run
them 'flat' during a blackout.

And the good news is that SEVEN lucky ELECTRONICS

ustralia with ET! readers now have the opportunity to WIN
one of these great PC MIGHT 55 UPS's — simply by taking
out a 12-month subscription, or renewing/extending their
existing subscription, before September 23, 1992! A 1 year
subscription is only $47, including postage. So subscribe
now and have Australia's best electronics magazine deliv-
ered to your door !

We know that many readers will find this offer attractive
because nearly 75% of our readers use a PC, either at work
or at home or both. So here's a chance to subscribe to your
favourite electronics magazine, and also be in'the running -
to win a UPS — and never worry again about losing your.
computer's data...

But hurry — this offer closes on September 23, 1992.

HOW TO ENTER: Simply phone our toll free number 008
800 933 and have your credit card details ready. If you do
not have a credit card then fill out the coupon attached anc
post. If the coupon is. missing, send your name, address,
phone number and cheque to: Federal Publishing Company
Reply Paid No. 3, P.O. Box 199, Alexandria, NSW 2015. Any
enquiries can be made by phoning (02) 693 6666.
Unsigned orders can.not be accepted.




T L S



FREE GIFT!

As an added bonus, everyone
who subscribes, renews or
extends their £/~

Australi £ subscription
between now and September
23, 1992 will receive one of
these high quality solid alu-
minium, focussing mini torch-
es - normally valued at

$9.95, but YOURS FREE!

CONDITIONS OFf ENTRY: 1. The competi-
tion is only open to Australian residents
authorising a new subscription or renewal
to Electronics Australia before last mail on
23.09.92. Entries received after closing
date will not be included. Employees of
the Federal Publishing Company Pty. Ltd.,
Upsonic, their subsidiaries and families are
not eligible to enter. 2. South Australian
residents need not purchase a subscrip-
tion to enter, but may enter once by sub-
mitting their name, address and a hand
drawn facsimile of any coupons to the
Federal Publishing Company Pty. Ltd. P.O
Box 199 Alexandria, NS\V 201S. 3. Prizes
are not transferable or exchangeable and
may not be converted to cash. 4. The
judge’s decision is final and no correspon-
dence will be entered into. 5. Description
of the competition and instructions on
how to enter form a part of the competi-
tion. 6. The competition commences
24.06.92 and closes last mail on
23.09.92. 7. The draw will take place in
Sydney on 25.09.92 and the winners wvill
be announced in a later edition of
Electronics Australia. 8. The prizes are 7 x
$958 Upsonic Uninterruptible Power
Supplies. Total Prize valued at $6,706. 9.
The promoter is the Federal Publishing
Company Pty, Ltd, 180 Bourke Rd,
Alexandria NS\V 201S. Permit No.

TC92 0000 issued under the lotteries and
Art Union Act 1901; Raifles and Bingo
Permit Board No. 92 0000 issued on
00,00 92; ACT permit no. TP92/0000
issued under the Lotteries Act 1964; NT
permit No. 92/000.
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Inside the PLL
FM demodulator

Continuing from our last episode on the Phase Locked Loop or PLL, here we look inside the PLL
itself to find out just how it operates as a demodulator of FM signals.

You may recall from the last episode on
the phase locked loop (PLL) FM
demodulator that the phase comparator
has two inputs, f(in) and f(vco), as in
Fig.1(a). The signal f(in) is the receiver
intermediate frequency (IF), commonly
10.7MHz.

This signal rises above and falls below
the nominal IF centre frequency slightly,
with the frequency modulation. The
second signal, f(vco) is the square wave
output from the PLL’s voltage controlled
oscillator or VCO.

How these two signals mix within the
phase comparator is the crux of the FM
demodulating action, and the secret of the
circuit’s ability to reject AM, noise and
interference.

Switched ampilifier

The phase comparator (or phase detec-
tor as it is sometimes called) could be
likened to a switched amplifier. In this
analogy, shown in Fig.1(b), the signal
f(in) is amplified by a linear amplifier
A whose operation is simply switched on
and off at T by the square wave signal
f(vco).

In Fig.2, only those parts of the input
sinewave f(in) which occur while f(vco)
is switched on will appear in the output
signal D. That is, point D in Fig.1(b) only
sees the sinewave f(in) between times a
and b; ¢ and d; e and f; etc.

Now let us observe in Fig2 that when
f(vco) lags exactly 90° behind f(in), as
shown, the switched signal at D has ex-
actly equal areas above and below the
zero line. Therefore its average DC level
is nil,

Remembering that the signal at D is a
high frequency, (commonly 10.7MHz)
when we pass it through the low pass fil-
ter LPF, only its DC level remains at K.
But as the signal at D in Fig.2 averages to
zero, there is accordingly zero output at K
when f(vco) lags 90° behind f(in). En-

28 ELECTRONICS Australia, August 1992

PHASE

= LPF

in )—ﬂ COMPARATOR

vCo

f (vco)

Output

Low Pass Filter

Voltage Controlied Oscillator

Flg.1(a): The basic phase-locked loop (PLL) FM demodulator. The FM IF signal
f(in) is compared in the comparator with f(vco), the output of the voltage

controlled osclllator.

thusiastic readers who love scribbling
waveforms all over the place are invited
to show for themselves that when f(vco)
leads f(in) by exactly 90°, the output at K
will also be zero.

That’s not very difficult. But someone
is sure to object that there are many other
phase angles between +90° and -90°.
How true!

Other phase angles

Look at what happens in Fig.3(a), when
f(vco) is not 90° out of phase with f(in),
but lagging by some small angle.

Now the output at D has much more
signal above the zero line than below.
Therefore signal D has a positive average
value.

,—Phase Comparator ——

fl in)*.bL_T_o‘ﬁ;; D = LPF K=
f{ vco) K
w e Feedback

Flg.1(b): A functional representation of the PLL system. The signal f(vco)
switches the output of amplifier A on and off. The feedback from the low pass
filter (LPF) at K controls the frequency of f(vco).






That is, after passing through the low
pass filter only that positive DC level
remains at K.

Conversely when f(vco) is lagging be-
hind f(in) by more than 90°, as in
Fig.3(b), we sce that the signal at D has
much more signal below the zero line
than above. Therefore D has a negative
average level. In this condition the output
from the low pass filter is a negative DC
voltage. Thus the polarity of the DC sig-
nal at point K depends on the phase rela-
tion between f(in) and f(vco).

The abbreviated internal circuit of the
phase comparator is shown in Fig.4,
where the ‘long tail pair’ amplifier
Q1A/Q1B is switched on and off by
switch transistors Q3A/Q3B and
Q4A/Q4B, depending on whether the
square wave f(vco) rises or falls.

The circuit is akin to a dual cascode
amplifier with a switching function added
to the upper pair.

Controlling the VCO

The output DC level at K is connected
via the feedback loop to the input of the
voltage controlled oscillator (VCO).
Over a restricted range, the frequency
of the switching signal f(vco) so
generated is directly proportional to the
DC level output from the low pass filter
LPFatK.

The essence of the VCO whick per-
forms this function is shown in Fig.5. Q1
is an operational amplifier with capacitor
C in the feedback path, thus forming
an inverting linear integrator. (The input
current of Q1 must be very small).

Q5 is an inverting linear amplifier, used
simply to add a constant bias voltage to
signal K.

The sum of K and some positive bias
appears at M, which feeds the inverting
terminal of the integrator via R2. This
positive composite signal is integrated
by Q1 to form a falling straight line
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Fig.2: The condition ‘In lock’, when f(vco) is 90 degrees displaced from f(in).
The sinewave signal f(in) is switched on by f(vco) at time a, then switched off
at time b. Similarly for ¢ and d, e and f, etc. So only those parts of the sinewave
(a-b), (c-d), (e-f) and so on are present at D. Since this waveform has equal
areas above and below the baseline, the average output at K after filtering Is
zero. The feedback holds this condition untll modulation next changes the

frequency of f(in).

rampsignal atJ, which feedstheinverting
terminal of Schmitt trigger Q2.

Negative bias -Vb is applied to the non-
inverting input terminal of Q2 via Rb and
the divider R4, RS. This holds the output
P of Q2 down near the -6V level untl the
falling ramp signal at J falls lower than
-Vb. This occurs at time t2. Once that
happens the dominant negative potential
on the inverting input of Q2 sends its out-
put P up to the positive rail potential.

This voltage change, through voltage
follower Q4 and R6, switches transistor
Q3 into full conduction (saturation),
quickly discharging the integration
capacitor C. As a result the output of
Q1 returns to near ground potential at
time t3. Immediately Q2 switches back to
negative output at P, Q3 switches off and
the integration cycle starts again.

Integrating down from time t3 to time
t4, the cycle repeats indefinitely. The
output of the Schmitt trigger Q2 at P, as
shown in Fig.5, is a pulse waveform
which is at -6 volts most of the time (t1
to t2), and up at +6 volts for the very
short time from t2 to t3. This short time
t2-t3 is made just long enough for Q3 to
fully discharge capacitor C.

VCO linearity

We all like distortionless hi-fi music to
emanate from our FM radios, do we not?
That ardently desired result is dependent
on the frequency f(vco) of the VCO being
directly proportional to the feedback volt-
ageK.

At first glance that would seem easy to
satisfy, because Q1 is a linear integrator
— i.e., its output waveform is a straight
line slope. This is because a constant volt-
age at M causes a constant current
through R2 to charge capacitor C. Thus
the voltage on C increases by equal
amounts in equal times. (If you like equa-
tions, dV(c)/dt = i/C, so the rate of change
of V(c) =dV(c)/dt = a ¢constant.)

Naturally we all remember that the vir-
tual earth at the inputs of an operational
amplifier means there is almost zero volts
at point X (even though the voltage on C
builds up), so the charging current is al-
ways V(M)/R2.

So a constant voltage V(M) causes a
constant current, which can charge
capacitor C at a constant rate. Thus the
output at J is a linear ramp.

If you are hazy on the vital nature of the
virtual earth in operational amplifiers,
you could try reading the relevant pages
(p6 and pp43/44) of the author’s book Op
Amps Explained (the 2nd Edition of
which is still available from EA — sorry
for the commercial).

Thus if we doubled the voltage at M,
the ramp signal at J would run down
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Fig.3(a): The capture state, approaching lock. When f(vco) Fig.3(b): When f(vco) lags f(In) by some angie more than 90
lags f(in) by some angle less than 90 degrees, the signal at degrees, the signal at D from the phase comparator has a
D from the phase comparator has a positive average value. negative average value.

twice as fast — i.e., time (t1-t2) would be
halved.
You would think that would ensure

frequency; but alas not quite! For there is
also the uncontrolled time (t2-t3), the

time which must be allowed for capacitor
——— OUTPUT D C to discharge.

é linearity, by making f(vco) twice as high a

CONTROL

Charge/discharge ratio

Therefore we discharge C as fast as
possible! This means we use a good tran-
sistor like the 2N2222A, a nice fast (fT =

300MHz) semiconductor capable of peak
‘ currents as high as 500mA. Also the
”'”’—éom Qe MB'AS leakage of a 2N2222A is very small
(IcB0<10nA) during the capacitor charge

Q2

CONST CURRENT TAIL

time, so that it doesn’t disturb the charg-
ing.

Then as long as the charge time is long
compared to the discharge time, (2-t3 in-

-6V

significant compared to t1-2), we will
have reasonable linearity. That statement
forms the limit to the frequency of opera-
tion of the VCO.

Fig.4: An abbreviated circuit for the phase comparator. The transistors Q1A, Q1B vCO OUtPUt waveform
carrying the signal f(in) are dwitched on and off by the signal f(vco) in the upper Fig.5 shows the waveform at P to be a

transistors Q3 and Q4. The output is at D.
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pulse wave of very short mark/space






ratio. But Fig.2 implies that a 1:1
mark/space would be more suitable for
f(vco), to achieve best PLL operation.

That little hiccup is easily fixed, by run-
ning the basic VCO circuit of Fig.5 at
about 21.4MHz and feeding the output P
of Q2 through a divide-by-2 flipflop, tog-
gling on each rising edge of waveform P.
The divider output at W is thus a true
square wave of equal mark/space ratio
(ie., 50% duty cycle), in the desired
10.7MHz frequency range.

Three PLL states

Recall from the last episode of this saga
that the PLL exists in one of three pos-
sible states:

1. Free running (i.e., no FM signal
present);

2. Capture (i.e., the VCO is changing
frequency, attempting to align f(vco)
to the same frequency as f(in); or

3. Locked or tracking (i.e., f(vco) at the
same frequency as f(in) and 90°
different in phase).

Once locked, if the receiver’s local os-
cillator or the transmitter’s carrier oscil-
lator (or both) should drift, the PLL will
simply follow in frequency and remain in
lock. In this aspect the PLL is by far the
best FM demodulator, especially for
hand-held battery driven transmit-
ter/receivers of imperfect frequency
stability. The feedback action will just not
‘let go’ of the received signal! Unless the
frequency drift goes outside the range of
the circuit, of course.

PLL operation

To observe that the PLL has indeed
locked onto the received carrier, we can
display f(in) (the IF signal) and f(vco)
simultaneously on a dual-trace oscillo-
scope. The 90° or quarter-cycle phase dif-
ference of these signals tells us that lock
has been achieved.

So far we. have called signal K a con-
stant voltage, which it is when the
received carrier signal is unmodulated.
But as the carrier is modulated, its fre-
quency and phase shifts back and forth.
For an instant f(in) and f(vco) are not at
90°, so some voltage appears at K. This is
fed via the feedback loop to the VCO, so
changing the frequency f(vco) — which
quickly re-establishes the 90° locked
relationship. As modulation continues to
shift the frequency and phase of the
received signal f(in), the voltage at K
therefore swings positive and negative,
‘chasing’ it.

Now you see why the signal at K is a
copy of the modulation, and is of course
the desired audio output signal of our FM
radio receiver. From K follow the usual

R3:= R2 =
R? - R9

RI0:= R7/R8/IRY
Rf, Rb >> RL,RS

-6V

2N2222A
Q3

R6 Qs

Schmitt

f{vco)

| @
|
I _— | J:L
"i *W:f(vco): L:‘__J_T—-L;—

’ (b)

Fig.5: Abbrieviated circuit for a voltage-controlled oscillator (VCO). Q1 is the
switched Integrator, turned on and off by Schemitt trigger Q2 driving the switch
Q3 through Q4. As a result of the linear integration and switching action, the
output frequency Is proportional to control voltage.

audio amplifier stages, volume and tone
controls and loudspeaker.

We have described the PLL in detail, as
if it were constructed of discrete com-

-ponents. Indeed you could do that if you

really wanted to. But the easiest way is to
buy an LM565 or NES65 or 4046, etc.,
over the counter for a few dollars.

The 565 is a complex integrated circuit
containing on one chip the phase com-
parator, low pass filter, amplifier and volt-
age controlled oscillator. This complete
PLL on a chip has revolu-tionised the
communications world.

More terms

To close this discussion of the use of a
PLL for FM demodulation, let us define
two more terms:

Threshold sensitivity: The feedback
loop action of a PLL requires some min-
imum amplitude of signal f(in) for the
loop action to succeed. This amplitude is
called the threshold sensitivity. For the

LMS565 this sensitivity is expressed as
typically 60mV peak to peak, for a 1.5
normalised lock range. For maximum
phase error less than 1 radian, lock can
occur (1 radian = 57.3°).

De-emphasis function: As high audio
frequencies are ‘pre-emphasized’ at the
radio station before FM transmission, to
return to normal frequency response we
must de-emphasize the audio output
from the PLL. This is accomplished by
using the standard 75-microsecond time
constant low pass filter (LPF).

Other PLL uses

For phase emors less than one
radian, the PLL is substantially a linear
control system. So next time we will look
at the other fascinating PLL applications
— frequency synthesizers, and clever
FMFB and frequency feedback systems
which made space communications pos-
sible.

Bye for now. <
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Receiving weather satellite images with your PC:

LISTENING POST
WESAT STATION - 3

So far in this series we've discussed weather satellite lore and described the equipment needed to
transform an audio signal into a nice ‘space’ picture on the screen of a computer. This month we will
look at ways to capture the signal from space in the first place.

by TOM MOFFAT, VK7TM

The thrust of this entire project is to
allow reception of satellite photographs
— normally a process requiring
hundreds or thousands of dollars worth
of equipment — using an existing com-
puter, a $99 interface kit, and an existing
receiver. The receiver can be a simple
scanner, or even perhaps a modified FM
broadcast set. But it must be able to
produce a noise-free signal from a five-
watt transmitter hurtling through space,
3000km away.

Since we have backed away on the
performance requirement on the
receiver, we must pick it up again
in the antenna or preamplifier, or both.
Antennas for space reception come in
two general flavors: in NASA par-
lance, high-gain and omni. High-gain
antennas must be pointed in the direc-
tion the signal is coming from. Fine for
something like a TV station, but if the
signal source is moving, as does a polar-
orbiting satellite, the antenna must be
‘tracked’ to follow the satellite. This can
be a messy and complicated business.

Polar-orbiting satellites are specifical-
ly designed to allow the use of omni an-
tennas, and several omni antennas have
been designed for use with polar-orbit-
ing satellites. An omni antenna for space
use must be omnidirectional in three
dimensions — up and down as well as
round and round.

‘If such an antenna can receive equal-
ly well from anywhere, then it doesn’t
need to be tracked. You can just set it up
in one position and forget it.

The first omni antenna that comes to
mind is the familiar ‘ground plane’. This
antenna works all right in all directions
out toward the horizon, but it’s hopeless
at higher angles. As a satellite flies over
a ground plane, the signal will get
stronger and stronger as the satellite
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comes closer. But at some point the sig-
nal will begin to drop away again, and
when the satellite is directly overhead its
signal will be zero — since the signal is
coming in from the end of the antenna’s
only element.

Some experimenters have tried to get
rid of this ‘hole’ in the top of the ground
plane’s reception pattern by tilting the
antenna away from the vertical.

But all this does is point the hole
somewhere else. The satellite will still
fade out going past it. A simple ground
plane antenna will get you started in
satellite reception, but you will soon
want to graduate to something better.

Around the twist

Satellite transmitting antennas use
what’s called ‘circular polarization’ to
reduce fading to a minimum as the
spacecraft makes its way across the
sky. To explain, imagine a jail with a
round window which is filled in with
vertical bars. Imagine you are standing

-on one side of the window, and a friend

is on the other. Each of you is holding
the end of a rope.

If you and your friend shake the rope
up and down between the bars it will
move easily, as if the bars weren’t there.
The wave motion of the rope is said to
be ‘vertically polarised’. If, however,
you try to shake the rope sideways, you
can’t do it because the rope hits the bars.
The wave motion of the rope is now
‘horizontally polarised’, but the window
is still arranged to allow only vertical
wave motion. The performance of
horizontal rope-shaking is very poor.

Now remove the bars from the win-
dow altogether. It is now possible to
shake the rope up and down or
sideways, with no impediment from
the window. In fact you can spin the

rope round and round, jump-rope style,
with no problem. If the window were an
antenna it would now be said to be ‘cir-
cular polarised’. It can accept waves
going up and down, sideways, or round
and round.

If satellites used vertically polarised
antennas you would be expected to use a
vertically polarised antenna to receive
them. But when the satellite twists and
turns in space, it could end up with its
antenna horizontal with respect to your
vertical antenna, and the result would be
an almost total loss of signal. Weather
satellites transmit through circularly
polarised antennas so much of the fading
problem is removed. But if you are also
receiving with a circular antenna, perfor-
mance will be at its optimum.

If you are trying to spin the rope to
the right and your friend is trying to
spin the rope to the left, the rope won’t
spin at all. There is a disagreement in
the SENSE of the circular polarisation.
Same goes with satellites — if the
spacecraft is spinning the signals to the
right and your antenna expects them to
be spinning to the left, reception will
be terrible.

All weather satellites we’re interested
in use right-hand circular polarisation,
S0 any antennas we consider from now
on must match: right-hand circular.

Common antennas

There are two major ways of produc-
ing circular polarised antennas. One
method involves a main antenna element
wound as a helix, or coil. A coil of a few
turns, with a reflector at one end, be-
comes a circularly polarised antenna
with its major reception ‘lobe’ along the
axis of the coil. The more turns in the
helix, the more directional the antenna.

You see helical antennas in use a lot






Photo 1: Tom's daughter Flona Is seen here holding the prototype of his Lindenblad
antenna for the 137.4MHz weather satellite band. Note that each of the four elements
slopes upwards to the right at 30 degrees, as viewed from the outside.

on missile tracking ranges, usually with
an operator to manually point them at
the missile being tracked. It seems un-
likely one could make an omni-direc-
tional or even wide-angle helix,
although it would be interesting to ex-
periment with a one-turn coil to see
what happens. Helix antennas are hard
to construct, and hard to match cor-
rectly to a feedline.

An easier way to achieve circular

polarisation is to usec two normal half-
wave dipoles and cross them at their
centres. An extra length of coaxial cable
is inserted between the two dipoles, so
that the signal feeding the second one is
90° out of phase with the first dipole. If
there are the two dipoles and nothing
else, the arrangement is called a
‘turnstile’ antenna. It is substantially
omni-directional.

A dipole antenna with a reflector, or

Photo 2: A picture from a meteor satellite passing over Western Australia,
received in Tasmania using Tom'’s Lindenblad antenna.

perhaps a reflector and some directors, is
known as a Yagi antenna. If you cross
two Yagis, like in the turnstile above,
you have (would you believe) crossed
yagis — a nice high-gain circularly
polarised antenna. This is a favorite
among radio amateurs using amateur
communications satellites. But crossed
Yagis must be tracked, and there are
some pretty snazzy motor-drive schemes
and computer programs to do this auto-
matically. But it’s too complicated for
simple weather-satellite applications.

If you mount a turnstile antenna near
a reflector, it will be come a half-om-
nidirectional antenna, with its sen-
sitivity forced toward one direction. If
you then lay the structure down so it’s
resting on the screen with the turnstile
above it, you then have the most
popular weather satellite antenna, called
a ‘TR’ or turnstile/ reflector antenna.
Photo 3 shows an example of 2 TR an-
tenna, installed on a science building at
Hobart College.

This antenna is a good performer,
but it’s difficult to build and mount.
The screen is quite heavy, the structure
presents a lot of surface to the wind,
and keeping it in the air is a dicey busi-
ness. However the TR would be well
worth looking at if you have a house
with a flat roof you could lay it on.
With a metal roof you might be able to
forget about the reflector and use the
roof as the reflector. The turnstile is
usually spaced 5/8 of a wavelength away
from the reflector.

Another idea is to replace the screen
with crossed reflector elements, so that
the result is two crossed Yagi antennas
spaced 5/8 wavelength between driven
elements and reflectors, and pointed
straight up. I am told by those who’ve
tried it that weather satellite results with
this arrangement are excellent.

The Lindenblad

A truly great antenna, as compared
to a good antenna, usually has two dis-
tinctive characteristics: (a) it has LOTS
of wire in it, and (b) it’s ugly. Here we
will present construction details for a
satellite receiving antenna that meets
both of these criteria.

The Lindenblad designed for the
137MHz satellite band has something
like eight metres of television twin-lead
in it, or 16m of wire. As for its looks,
don’t be surprised when you hear those
immortal words “You’re not going to
put THAT thing above my house are
you?”” Well, be brave, do it. You’ll find
the antenna’s performance startling, at
an all-up cost of around $12.

Most people have never heard of this
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Wesat Station

antenna, even though the original design
came out in the late 1930’s. It seems Mr
Lindenblad was in charge of antenna
design for New York’s earliest ex-
perimental TV station, which trans-
mitted from the top of the Empire State
Building. So when you see that classic
film scene of King Kong gripping the
girl in one hand and the top of the Em-
pire State Building with the other and
shaking his fist at the attacking
airplanes, remember that it was a Lin-
denblad antenna he was hanging onto...

My own involvement with Lin-
denblads was on a missile test range in
Nevada in the 1960’s. Several of these
fine antennas werc mounted atop the
telemetry building, to receive signals
from shooting rockets and falling bombs
as they twisted and turned every which
way — at any angle and any elevation
from the antenna. The incoming
telemetry signals never faltered, until the
object being studied either crashed into
the ground or exploded.

Like the turnstile antenna, the Lin-
denblad is circularly polarised and it
can ‘see’ equally well in all directions.
But unlike the tumnstile, the Lindenblad
has its best sensitivity (gain) toward
the horizon, with the gain decreasing as
the satellite moves to higher elevations.
This is a convenient arrangement, be-
cause the satellite becomes closer as it
moves higher in the sky, and its signal
becomes stronger.

So the Lindenblad is most sensitive
when the satellite is furthest away, and
less sensitive when it is closer. This
tends to even out variations in signal
strength during a satellite pass, with the
receiving system working hardest where
it’s most needed, at great distances.

Figs.1 and 2 are graphs of signal
strength at the input of an Icom R7100
receiver, plotted over a period of 20
minutes. The graphs were made with
the Icom/Yaesu computer control in-
terface from February 1992°s EA, and
a computer program written in the C
language. The microvolt readings
shown are artificially large because of
the influence of a preamplifier.

Fig.l1 was made during a pass of a
Russian Meteor satellite, which reached
an elevation of 55°. The recording was
started as the signal rose out of the noise,
which was at around the 10uV level be-
cause of the preamp. The signal rose
steadily, but not dramatically, because
as the elevation was increasing and the
distance decreasing, the antenna gain
was dropping off. Averaging out the
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Photo 3: The lower wooden cross
plece of the Lindenblad Is fitted with a
‘U’ bolt as shown, for mast mounting.

small bumps and fades, the signal
remained pretty steady until it sloped
downward again — to fade into the
noise at about 18-1/2 minutes. There
was a substantial fade at 12 minutes, for
reasons which remain unexplained. You
get these sometimes.

Fig.2 is a graph from a NOAA satellite
pass, with a maximum elevation of 64°.
The recording was started as the satellite
made its first appearance. The signal
strength started to rise properly about 30
seconds into the chart, and then con-
tinued to rise to peak at seven minutes. It
then fell away again, to disappear com-
pletely at 14 minutes.

In general Meteor satellite passes last
longer than NOAA passes, because
Meteors fly at a higher altitude —
900km instead of 600km. But the ul-
timate signal strength from NOAA’s is
greater than from Meteors, because they
come closer to the antenna (both use

five-watt transmitters). NOAA’s also
show a greater signal strength peak,
somewhat overcompensating for the
gain variations of the Lindenblad.

In theory the Lindenblad would have a
reception null straight up. In practice
this is true, but the null is not very deep.
The signal strength does fall away con-
siderably if the satellite goes straight
over the top, but by then it is quite near
so its signal is fairly strong. In noisy
areas you may get a fade during 90° pas-
ses, but passes that rise to around 75° or
less show almost no signal decrease.

It is worth accepting a small null at
highest elevations; in return you get the
ability to receive good pictures from a
five watt transmitter over 3000km away.
From Tasmania we can receive pictures
from well east of New Zealand, over
Western Australia, over Antarctica, and
north to Cape York Peninsula.

Photo 2 is a picture from a Meteor
satellite as it cruised northward from the
Southern Ocean and directly over Kal-
goorlie in Western Australia..Its closest
approach to the Lindenblad receiving
antenna in Tasmania was 2698km.

Building one

Our version of the Lindenblad is made
of sticks of wood and bits of twin-lead
wire. This method of construction is
cheap, but not nasty. If the wooden parts
are painted with marine vamish, they
should last for years. The main antenna
crossarms are made of 25 x 50mm (1" x
2") stock, and the element supports are
of very light 5 x 20mm D-molding. The
thing looks like it could blow apart with
the first puff of wind, but the prototype

Photo 4: A turnstile/reflector or TR antenna for weather satellite reception,
Installed on a sclence bullding at Hobart college.
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Fig.1: A plot of the signal strength of a Russian Meteor Fig.2: A similar plot from an NOAA satellite. As can be seen,

satellite, as received at the input of an lcom R7100 receiver

— using the Lindenblad antenna.

has survived a measured 84-knot storm
with barely a quiver.

Electrically the Lindenblad consists
of four half-wave folded dipoles
mounted every 90° around a circle. So
when it’s up in the air, one dipole is
facing north (more or less), one is
facing east, one is facing south, and
one is facing west. The actual direc-
tions are not important.

To achieve circular polarisation, each
dipole is tilted exactly 30° from the
horizontal. Which way the dipoles tilt,
up or down, determines whether the
antenna will be right-hand or left-hand
circular.

For weather satellite work the antenna
must be right-hand circular, so the ele-
ments must be higher on the RIGHT-
hand end when viewed from OUTSIDE
the antenna. Photo 1 illustrates this.
Fiona’s right hand is holding the Lin-

denblad at its centre, at the place where -

it will attach to the mast.

unexplained dips.

The element closest to the camera is
low on its left end and high on its right
end. If Fiona rotated the antenna by 90°,
so that the element near her other hand
now faced the camera, it would also be
low on the left and high on the right.
And so it goes, right around the four
elements.

This is the way you must put your own
Lindenblad antenna together. If you
somehow get the elements tilted the
wrong way, the antenna will be left-hand
circularly polarised and it will carefully
discriminate against weather satellites.
Its performance will be lousy.

Perhaps the best place to start is to
make up the four half-wave folded
dipoles in the traditional manner. Begin
by cutting eight lengths of 300 ohm
twin-lead exactly 910mm long — a
touch longer than an electrical half-
wave-length.

To make one dipole, strip enough in-
sulation from each end of one piece of

the signal strength is relatively constant apart from a few

twin-lead so that the wires at each end
can be soldered together.

We now have a length of twin-lead,
one-half wavelength long, shorted at
each end.

Next cut ONE of the wires at the
exact centre of the dipole, and strip
enough insulation away so that each ex-
posed piece of wire can have another
wire attached to it. Now strip some in-
sulation from a second length of twin-
lead, but from only one end for now.

Finally solder the two wires from the
second piece of twin-lead to the exposed
wires in the center of the first piece, so
the whole structure takes on a T-con-
figuration. You now have a half- wave
folded dipole, complete with a half-
wavelength long feedline. Repeat this
process for the other three dipoles.

Before beginning the woodwork
you’ll need a 30-60-90° set square, the
bigger the better, available from any of-
fice supply store. For the cross pieces

Photo 5: The 300 ohm ribbon used to make up the Photo 6: The feeder ribbons are attached to the centre
Lindenblad elements is attached to the wooden supports supports using small tacks. Take care not to smash into the
ribbon with your hammer!

using the ‘office’ stapler, as shown here.
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cut two lengths of 1 x 2, 610mm long.
Before joining them you should prepare
one piece to take a U-bolt which will
hold the antenna to the top of a mast.
Photo 4 gives the idea. Then fasten the
two cross pieces together with wood
glue and screws, getting them centred in
relation to each other and with an angle
of as close to 90° as possible. Use the
90° angle of the set square to set this.

Now cut four lengths of D-molding
920mm long — just a whisker longer
than the element lengths of the folded
dipoles. These pieces must now be at-
tached to the ends of the cross pieces,
with screws and glue so that they slope
upward to the right at a 30° angle. First
drill and insert one screw, and then
carefully set the 30° angle before in-
stalling the second screw. We used a
set square to measure the angle.

When the framework is complete you
should give it a couple of coats of
marine varnish. The wood will look
quite nice once this is done, and it
should survive the lashings of the ele-
ments with ease.

Now it’s time to attach the twin-lead
dipoles to the framework. You’ll find the
easiest way to fasten the dipole sections
to the D-molding is with a common of-
fice stapler. The molding is soft, and it’s
thin enough so the stapler will fit around
it. See Photo 5.

Next the feeders from the dipoles can
be fastened to the cross pieces with
some larger wire staples or tacks, ham-
mered in. Leave small loops of twin-lead
where the feeders attach to the dipoles,
and DON’T smash the feeders with the
hammer! See Photo 6.

All four feeders must now be con-
nected in parallel, and in phase. This
means all four ‘left-hand ends’ must be

connected together, as must all four ‘right-

hand ends’. Trace the wires carefully; if
you get any of them reversed the anten-
na will be worthless.

Finally you can ‘gloop’ all the ex-
posed antenna connections with Silastic
to water- proof them. You can also use
the stuff as a glue to hold down any bits
of twin lead that may flop about on their
supports.

The four 300-ohm dipoles connected
in parallel result in a 75-ohm feed im-
pedance (300/4 = 75). This is a good
match for 75-ohm coaxial cable, but it is
still ‘balanced’.

For best performance and noise rejec-
tion you should now construct a
balanced-to-unbalanced transformer
(balun) having a 1 to 1 impedance ratio.
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Photo 7: One of the VK5 preamps, shown here a little larger than actual size. It
uses a low noise GaAsFET device, and provides very stable amplification for the
weak weather satellite signals. The text explains where the kits can be obtained.

Such a device is shown in Fig.3, wound
on a common ‘VHF balun core’.

Even though the signals are coming
from space, the Lindenblad should be
mounted as high as possible. Its perfor-
mance will be hindered by objects such
as other antennas that may get in its field
of view. Also keep in mind that since the
Lindenblad’s highest gain is toward the
horizon, it can see down as well as up.

This is somewhat troublesome if the
Lindenblad is to be used above a flat
metal roof, because signals will bounce
up into it from the roof, as well as arriv-
ing from above. This causes phase can-
cellation and severe signal fading, The
higher the antenna is mounted above the
roof, the less severe the effect.

Possibly the better choice on a flat
metal roof would be a Turnstile/Reflec-
tor-type antenna. But if the metal
roof is pitched, signals should be
reflected away from, instead of into,

the antenna, so there should be no
problem with a Lindenblad.

Preamplifier

If you are going to use an ‘off-the-
shelf” VHF receiver or scanner, it will
most likely need a preamplifier to enable
it to receive the weak satellite signals. A
preamp officially designed for the two-
metre amateur band (144 - 148MHz)
can be easily twned down to 137MHz.
These can be bought ready-made, or
built.

In my early experiments I used a ready
made GaASFET two-metre preamp from
Dick Smith Electronics. This preamp
works pretty well, although it’s hard to
keep it stable when you begin to fiddle
with the tuning. A more recent discovery
is a kit put out by the South Australian
Division of the Wireless Institute of
Australia. The full version of this kit in-
cludes a couple of relays and some other

10
LINDENBLAD

THREE WIRES WOUND THROUGH
TOGETHER, WITH TWO COMPLETE
TURNS THROUGH BALUN HOLES

CO-AX TO
RECEIVER

Fig.3: How to make a 75 ohm 1:1 balun to match the Lindenblad antenna to
standard 75 ohm coax. It uses a ‘TV’ ferrite core (F29 material), with 3 windings
that are wound together in trifilar fashion.
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Fig.4: The measured response of one of the VK5 preamps, when it’s tuned to
137.4MHz. As well as providing around 20dB of gain, it also helps filter out
interfering signals from nearby FM and radlo transmitters.

components so that the preamp can be
switched out of the antenna line while
using a transmitter.

For non-members of the WIA, the kit
costs $35.00 posted. Another version

shown in the first of these articles.

can be purchased without the
relays, for receiving only, for $23.00
posted.

I'had hoped to design a nice preamp as
part of the Listening Post Wesat project,

Fig.5: A VGA printout of the ‘blast from Antarctica’ satellite image which was

but when I saw what the WIA had on
offer I decided there was no sense in re-
inventing the wheel.

Their kit contains excellent quality
parts, it is fairly easy to build, and when
properly tuned it is very stable. Gain is
20dB, and this can be adjusted down-
ward if necessary. The preamp can be
mounted right at the antenna for best
performance, and the 12 volt power for
it can be fed up the co-ax.

No matter where you mount it, the
preamp must be housed in a proper
metal enclosure to prevent RF from
things such as TV transmitters leaking
into the receiver via the preamp output
circuitry.

You must also be sure to use a shield
between the input and output sections, as
shown in the kit’s instructions, to
prevent instability. The shield should be
big enough to fill the whole cross-sec-
tion of the box.

The standard kit can be built as<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>