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When tie Sun begins its wild ride
into retirement — about five million
\ vears from now — better get oui of
A Dodge and head for Titan.
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Hubble Space Telescope
offers new perspectives
on the death of stars.
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ICOM Leads the Way

with New PC Ready
Scanners and Receivers

The whole world in a little black box! ICOM’s newest
receiver is a PC-external peripheral (no internal PC
installation required). It's true plug and play
world band convenience! h 4

* 100% PC Controlled WEWE. o o
¢ Wide Band 100 kHz - 1.3 GHz** AEELEEEE AL

e All Mode AM, FM, WFM, SSB, CW IC-PC R1 000

¢ 3 Selectable User Screens
e Unlimited Number of External, PC-controlled

Memory Channels Wide Band Receiver
e Runs on Windows® 3.1 or 95

IC-R8500 it
The Expert’s Choice
is Also Easy to Use — . —

) 1Y

ICOM’s latest base station is a ; Il o T R 039
handsome rig that will look as e o
good in the home living room as — T

in the listening shack. Built ready b= T

for easy PC control, the IC-R8500 et Bk

AF GAIN soueLcH APF - IF SHIFT

is only a cable away from software
customized operation! [=5~

f\‘ w» |
~ Uses “AA™" | » Wide Band 100 kHz — 2 GHz** e 1000 Memory Channels
Alkalines o All Mode AM, FM, WFM, SSB, CW * |F Shift & Noise Blanker

or Ni-Cds! e Commercial Grade e Audio Peak Filter (APF)

e Built-in CI-V Command Control e Auto Frequency Control
BN One of the ¢ Built-In RS-232C Port * 7 Different Scan Types
features g the
SIG NAVI scan. " 3 "
While you listen - ¢ “Real-Time” Band Scope
to a paused IC R1 0 ¢ 7 Different Scan Types

frequency, the

SIG NAVI scan Catch More Listening e EASY MODE for Beginners

looks for the next

busy frequency Excitement on the Go! e Uses “AA” Ni-Cds (indUded)
i I00KE2 or Alkalines — your choice!
Whether you're new to scanning

or a longtime listener, this rugged Visit your ICOM dealer

little handheld delivers! or call 425-450-6088
. . for free brochures

Select ICOM ¢ Wide Band 100 kHz - 1.3 GHz

e All Mode, Including SSB

control or cloning e PC C|oneab|e

®
task desired
¢ 1000 Memory Channels C O M

RECEIVERS

**Cellular blocked: unblocked versions available only to FCC approved users
©1997 ICOM America, Inc. 2380 116th Ave NE, Bellevue WA 98004 » 425-450-6088. All specifications are subject to change without notice or obligation. The . +
ICOM logo is a registered trademark of ICOM, Inc. Microsoft, Windows and Windows 95 are registered trademarks of Microsoft Corporation. RFAMMT797Y htt pP: / / www. i comamerica.com
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Cover Story

Cover Photo: Our cover photo
this month is a photographic
montage of dying stars taken
by NASA’s Hubble Space
Telescope. (Photographs
courtesy of NASA and STSci).

Under Construction:

The KB2BD 9600 Baud Modem

those solderingironsand turn to page L~
20 for part one of this two part series. 435 MHz FM Receiver

Life on the Edge

Now is a good time to buy real
estate on Titan, the largest of
Saturn’s moons. Land there is dirt
cheap right now. Butwhen the sun
swellsand becomes a red giant, life
on Earth might be a little uncom-
fortable. Of course, you will have
to wait five billion years when the
sun begins its wild ride into retire-
ment before packing up the moy-
ing van. For more on this story see
page 10.

By John A. Magliacane, KD2BD

More and more amateur radio '
pacsats are moving to higher and -
higher speeds. ST staffer John X
Magliacane offers a low cost, high- m“a :&’
performance construction project to } ,-‘;;
help the ham communicate through
the newer amateur satellites. Dust off f

i

By Philip Chien, KC4YER

“Everybody talks about the weather but no one
does anything about it.” You might not be able to
change the weather, but you surely can observe it
from a view on high. $T'staffer Philip Chien, in the
story starting on page 14, tells you how to get
started and do it inexpensively.

1 145 MHz FM Transmitter
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Do vou like to hoinebrew vour

own equipment? Do vou like to
roll vour own antennas from
scratch? Then turn to page 76
and build your own 12-foot dish
in this inonth’s Radio Astronomy
column.
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SATELLITE “HQ"”

Grove is Your Headquarters for Satellite Gear and other unique
Radio Communications Equipment, Books and Accessories.

Order the Feature-Packed New Magellan GPS 4000!

For the outdoor enthusiast who wants more in a
GPS—more memory forlandmarks and routes, more
navigation screens, more features like lndmark mes-
saging, map projection, sunrise/sunset times, moon
phase and real-time plotterwith more functions—the
GPS 4000 delivers it all in a 10-ounce package!

While the GPS 3000 excels in marine conditions,
the 4000 is a winner for land-based functions.
Customizable navigation screens display your most
often-used readouts, while experienced map readers
will appreciate the map projection and triangulation
features which permit them to create new landmarks
by estimating distance and location.

All units shown enable you to establish your exact
location to within 100 yards in as little as 2-1/2
minutes from a cold start (35 seconds warm start),
even your altitude, and allow you to plot and track
your course as well, so you can find your way back if

necessary. Ideal for pinpointing campsites, fish-
ing holes, boating, travelers, trailheads, map loca-
tions, landmarks. Selectable graphic screens assist
you in tracking and plotting where you’ve been,
where you're going, and where you osught to be
going! Show distances, directions, times, speed,
course corrections, latitude/longitude coordi-
nates, all on a backlit LCD display.

These Magellan navigational satellite receivers
are ruggedly built and waterproof, and they pro-
vide up to 17 hours of continuous use on one set
of standard alkaline AA cells. Operate overa 14 to
140 degree Fahrenheit temperature range. Lan-
yard strap included. Accessories available (please

call). ORDER GPS 4000 (above)

or GPS 3000 (right)

$24995 ea.

Even the Earth’s electrical
disturbances which produce the
auroras (shown here in this

] NASA photo) can be monitored
by the WR-3E VLF receiver.

Now you can hear the ethereal sounds of the earth and its environ-
ment. Distant lightning discharges, the aurora borealis, and even solar
winds produce “whistlers,” “hisses,” “wavers,” “tweeks,” “swishers,” and
even a medley called the “"dawn chorus!” And with the solar cycle on the
increase, these radio phenomena are on the increase! Electrical
applicances produce a symphony of their own, and even swarms of
insects can be detected by this sensitive receiver!

Since its development in 1991, many of these tiny receivers have
been used by universities for atmospheric (“sferics”) and geological
research. As you walk through sand or over gravel, you will hear the
piezoelectric discharges of the granuals as they rub together. Strolling
through your home or office, you can audibly detect the panorama of
electromagnetic radiations from nearly anything with a power cord on
it!

You can even use this unique product as an electrical interference
probe, walking around your home or office looking for sources of
electrical discharge, pulse, or spark interference affecting radioand TV

reception. A 3-position filter selects best reception as you listen through the earphone, while an RCA phono
jack permits connection to your tape recorder.

You can’t hear all of these sounds on your shortwave receiver or scanner, but the very low frequency (VLF)
spectrum comes alive with special listening tools like the new WR-3E handheld receiver. Now you can monitor approaching
electrical storms, nearby electrical appliances, motors, powerlines, and other emitting devices in the 100-8,000 Hz range! Order
now and receive a free 90-minute demonstration tape and a listening guide at no extra cost!

ORDER RCV 23

$1 3995

plus $9.50 shipping.
NOTE: item is drop-
shipped from manufac-
turer. Plerase allow two
weeks for delivery.

Hear Nature’s Radio on the exciting WR-3E VLF Receiver!

WR-3E handheld VLF
receiver

GROVE ENTERPRISES, INC.

'/l‘ l\\‘
15..‘.5‘9

o\ 2

1-800-438-8155 US and Canada;
704-837-9200; FAX 704-837-2216
7540 Highway 64 West

Brasstown, NC 28902
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By Larry Van Homn
Managing Editor
steditor@grove.net

Letters to the Editor

Setting the Record Straight

To set the record straight (Nov/Dec 1997 ST cover
story) red sprites and blue jets are two different animals.
There are a number of animals in the zoo and we have seen
only afew. We have elves and startersalso. There have been
no observations made, as far as I know, in the ultra violet.
So we still have a lot to learn about these phenomena.

The red sprite appears above a thunderstorm and the
blue jet actually moves out from the top of the storm at
about 100 km per second. Sprites do not shoot upwards. I
first saw the sprites and jets from space in 1989 using the
shuttle low light level TV cameras; however, they were not
in color and did not create too much interest until Sentnan
got them in color. (Otha H.”Skeet” Vaughan, Jr., NASA)

Reader Vaughan is absolutely correct. Now that we have more space
in ST, thanks to our monthly format, it is my intention to publish
a proposed article by Otha on these phenomena in a future issue—

Larry.

The Death of C-band

The article entitled The Death of C Bandby Steve Handler
of the Satellite Times staff has just arrived in my mailbox and
is the most insightful article I have seen on the subject. It
gives solid reasons why C-band is dying.

As you know “The General” has just downsized. I am
sure that the people in charge of this project had more
definitive data than Handler’s trip through rural Wisconsin
and Minnesota to make their conclusions; however, they
should be the same. Handler concludes that old C-band
customers will opt for small dishes that are easy to operate
as they need to replace their systems.

Handler says that C Band systems are too hard to
operate and that DSS offers lots of programing without the
hassles of moving the dish, etc. Handler does make a false
assumption that a 4DTV system will cost $2K and that
putting that money in the bank and buying a DSS for $200
would result in $100 interest being drawn which would
offset higher programming costs. The 4DTV upgrade is
about $800 to $1K if you have to add Ku-band. Otherwise
his thinking holds true.

I do not think that 4DTV users should have bad feelings
about downsizing at The General. This action will keep the
company healthy. One can also speculate that, with the
downsizing processin operation during the last few months,
major projects such as 4DTV software upgrade may have
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slowed due to the process. Now everybody doing 4DTV
work can move the project forward instead of wondering if
they will be a part of the project tomorrow.

Will 4DTV revive C-band? I say a cautious “maybe”.
Dealers will have to work hard. 4DTV software will have to
get better. The General has a top notch team~they can do
the job. I hope that five years from now that we will see
Handler’s article quoting Mark Twain, the news of my
demise was premature ... However, denial is the first stage
of dealing with death. (Jerry Fisher, satman@top.net)

Likes ST

I just want you to know I really appreciate your Satellite
Times magazine. Reading just one issue convinced me to
subscribe, and each issue confirms my initial assessment of
your publication’s coverage, breadth and technical depth.
(MELISS25 via email)

And Finally ...

... from our spacey friend John Dilbeck and the internet
. The Top 10 Signs the New Mir Computer is Running
Windows 95, composed by Mike Popovic
carpediem@locnet.com.

#10 The computer keeps asking you to “Insert Setup Disk
#3 to continue.”

#9 Thereisnospaceleft on the hard drive to store mission
data.

#8 The computer refuses to interact with the Mir’s “Mr.
Java” coffee maker.

#7 Millions of dollars are traced to phone calls to a
Redmond, Washington, 900 number.

#6 Mir astronauts are caught stealing RAM from other
satellites’ computers to keep their system running.

#5 The space shuttle can no longer dock with Mir since
“the proper driver cannot be found.”

#4 The systemlocks up whenever the astronauts try to run
life support, the solar panels and thrusters at the same
time.

#3 The astronauts spend three days looking for cyrillic
version of the CTRL-ALT-DEL keys.

#2 Alien ships secretly observing Mir flee in terror.

And the number one sign the new Mir computer is
running Windows 95 ...

#1 You start receiving welcome e-mail from the Borg ST




NASA’s Rossi X~ray Timing Explorer
(RXTE) spacecraft.

Black Hole Distorts

Space and Time

Astronomers using NASA's Rossi X-
ray Timing Explorer (RXTE) spacecraft
report that they have observed a black
hole that is literally dragging space and
time around itself as it rotates. This bi-
zarre effect, called “frame dragging,” is
the first evidence to support a prediction
made in 1918 using Einstein’s theory of
relativity.

The phenomenon is distorting the
orhit of hot, X-ray emitting gas near the
black hole, causing the X-rays to peak at
periods that match the frame-dragging
predictions of general relativity.

The research team, led by Dr. Wei Cui
of the Massaehusetts Institute of Tech-
nology, announced its results in a press
conference during the American Astro-
nomical Society’s High Energy Astrophys-
ics Division (HEAD) meeting in Estes
Park, Colorado.

“If our interpretation is correct, it
could demonstrate the presence of frame
dragging near spinningblack holes,” said
Cui. “This observation is unique because
Einstein’s theory has never been tested in
this way before.”

The intense gravitational pull af black
holes shrouss the center in darkness. Its
presence can only be inferred from its
effects on nearby matter. Many of the

//ONITOR

By Wayne Mishler, KG5BI
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known or suspected black holes are orbit-
ing a close “companion” star. The black
hole’s gravity pulls matter from the com-
panion star, which tforms a disk around
the black hole as itis drawn inward by the
black hole’s gravity, much like soap suds
swirling around a bathtub drain. Gas in
this disk gets compressed and heated and
emits radiation of various kinds, espe-
cially X-rays.

The research team used these X-ray
emissions to determine if frame dragging
was present. The team found that the X-
ray emissions were varying in intensity. By
analyzing this variation, they found a pat-
tern, or repetition, that was best explained
by a perturbation in the matter’s orbit.
This perturbation, called a precession,
occurs when the orbit itself shifts around
the black hole. This is evidence for frame
dragging because as the matter orbits the
black hole, the space-time that is being
dragged around the black hole drags the
matter along with it. This shifts the
matter’s orbit with each revolution.

Einstein’s Theory of General Relativ-
itv has been highly successful at explain-
ing how matterandlight behavesin strong
gravitational fields, and has been success-
fully tested using a wide variety of astro-
physical observations.

Delta rocket launches the (RXTE)
spacecraft.

The frame-dragging effect was first
predicted using general relativity by Aus-
trian physicists Joseph Lense and Hans
Thirring in 1918. Known as the Lense-
Thirring effect, it has not been defini-
tively observed thus far, so scientists will
scrutinize the new reports very carefully.

The possible detection of frame drag-
ging around another type of very dense,
quickly spinning object, called a neutron
star, was accomplished very recently by
Italian astronomers, whose work led Dr.
Cui’s team to seek the effect near black
holes. Their observations also were made
using the RXTE, which isavailable for use
by astronomers throughout the world.

Solar Mystery Nears Solution

A likely solution to one of the major
mysteries of the Sun has emerged from
recent observations with the European
Space Agency/NASA Solar and
Heliospheric Observatory (SOHQO) mis-
sion.

The new findings seem to account for
a substantial part of the energy causing
the very high temperature of the corona,
the outermost layer of the Sun’s atmo-
sphere which becomes visible to the na-
ked eye only during a total solar eclipse.
Since the corona’s temperature was first
measured 55 years ago, scientists have
lacked a satisfactory explanation for why
that temperature is over one million de-
grees while the visible surface of the Sun
is only about 6,000 degrees Celsius.

According to the laws of physics, ther-
mal energy cannot flow from the cooler
surface to the much hotter corona, so the
energy transfer has to be in the form of
waves or magnetic energy, but no mea-
surement to date had found adequate
energy to account for the corona’s high
temperature.

“We now have direct evidence for the
upward transfer of magnetic energy from
the Sun’ssurface toward the corona above.
There is more than enough energy com-
ing up from the loops of the ‘magnetic
carpet’ to heat the corona to its known
temperature,” said Dr. Alan Title of the
Stanford-Lockheed Institute for Space
Research, Lockheed Martin Advanced
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Technologv Genter, Palo Alto, Califor-
nia, who led the rescarch. "Each one of
these loops carries as much energy as a
large hydroelectric plant, such as the
Hoover dam, generates in about a mil-
lion vears.”

Energy flows from the loops when
thev interact, producing eclectric and
magnetic “short circuits.” Strong electric
currents in these short circuits are what
heats the corona to a temperature of
several million degrees.

The obscrvations with SOHQO’s
Michelson Doppler Imager (MDI) pro-
vided long-duration, highly detailed, and
well calibrated time-lapse movies of the
magnetic fields on the visible surface or
“photosphere” of the Sun. These revealed
the rapidly changing properties of what
Title calls “the Sun’s Magnetic Carpet,” a
sprinkling of tens-of-thousands of mag-
netic concentrations. These concentra-
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tions have both north and south mag-

nctic poles, which are the “foot points” of

magnetic loops extending into the solar
corona.

Like field biologists who study the
populations and life cycles of animal
herds. the SOHO rescarchers analvzed

the appearance and disappearance of

large munbers of the small magnetic con-
centrations on thesolarsurface. *We find
that afier a typical small magnetic loop
emerges, it fragments and drifts around
and then disappears in only 40 hours,”
Title said. “It's very hard 1o understand
how such a short-lived effect could be
driven by the magnetic dvnamolaver that

is over 150.000 km benecath the surface of

the Sun. This may be evidence that un-
known processes are at work in or near
the solar surtace that continuously form
these loops all over the Sun.”

Magnetosphere Movies May
Debut on TV

Early next century, watching the
“weather” in Earth’s magnetosphere
could be as commonplace as watching
satellite imagerv of cloud fronis drifting
across Earth’s landscape on the evening
news.

L.os Alamos National lLaboratory sci-
entists are leading a national team in
developing a pair of unique instruments
that will provide three-dimensional imag-
erv ol changing conditions in the mag-
netosphere.

Scientists have discovered that various
solar eruptions and space disturbances
can inject particles and energy to the
magnetosphere. creating conditions for
storms that can knock out satellites and
clectrical power grids on the ground.

The USSI8 million “TWINS” imagers
funded by NASA will ride on two separate
satellites 1o create stereoscopic, three-
dimensional movies of the churning ac-
tvity in Earth magnetosphere.

“We believe the images obtained by
TWINS will1evolutionize the studv ofthe
magnetosphere,” said Dave McComas,
principal investigator for TWINS. “Scien-
tists have an immense amount of data
from the magnetosphere, butit’s all tied
to specilic locations; vou have to do statis-
tical analvses to build up an average pic-
uire of the magnetosphere.

“This will be the first time wc’ll be able
10 get a stereoscopic view of the overall
magnetospheric behavior. Once we get
that global view we expect to dctermine
unambiguously the conncctions and
causal relationships between activity in
different regions.” McComas said.

TWINS stands for Two Wide-Angle
Imaging Ncutral-atom Spcctrometers.
These instruments are scheduled for
launch aboard two U.S. government sat-
cllites sometime between 2002 and 2004.

Using neutral atoms to image the
magnctosphere was ai idea first realized
by researchers at Johns Hopkins
University's Applied Physics Laboratory
in the late 1980s.

A major advance came with the 1996
launch of NASA's Polar satellite. A Los




Alamos instrument, originally designed
in the ’80s and builtduring the early *90s,
rides on Polar and provides the first true
images of the magnetosphere.

Number of Lightning Strikes
Misreported

Just three months afterits launch, Los
Alamos National Laboratory’s FORTE
satelliteis detecting many thousands more
radio bursts from lightning strikes and
other phenomena than previously re-
ported.

FORTE, which stands for Fast On-
orbit Recording of Transient Events, is a
lightweight satellite designed to test tech-
nology to monitor compliance with arms
control treaties. Its instruments detect,
record and analyze bursts of radio energy
and light arising from near Earth’s sur-
face, and gather data on the physics of
lightning and the ionosphere.

In 1993, an experiment on board Los
Alamos’ ALEXIS satellite detected radio
impulses a hundred times stronger and a
thousand times shorter than radio emis-
sions generated bylightning. They called
trans-ionospheric pulse pairs (TIPPS),
and are believed to come from an alti-
tude of three to 10 miles above thunder-
storms.

“Where [that experiment] detected
about 1,000 TIPPs over the past four
years, FORTE can detect 1,000 a day,
including those buried in radio noise,”
Franz said.

FORTE is revolutionary because it in-
tegrates a wide-field optical imager that
can locate lighting flashes and a sensitive
radio frequency sensor system on the
same platform.

The opticalimagers allow researchers
on the ground to pinpoint a lightning
flash within six miles, roughly the size of
single thunderstorm cell.

“We’ve already seen the trail of light-
ning locations as FORTE tracks a thun-
derstorm over just a few minutes of satel-
lite motion,” Franz said. This precision
and the integrated way that FORTE looks
at both natural and man-made
radiofrequency and optical signals may
help researchers determine whether
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TIPPs are associated with a correspond-
ing optical pulse, Franz said.

Los Alamos scientists are using an-
othermajor FORTE instrument, an event
classifier, todistinguish the inherentstruc-
tures of radio frequency signals in the 30-
300 megahertzrange, which includes com-
mercial television, FM radio, aircraft navi-
gation and communication bands. Weed-
ing these out from lightning and signals
from rogue nuclear weapons tests is a key
to future nonproliferation satellites.

FORTE receives radio frequency sig-
nals via a novel, 35-foot-long antenna that
has two arrays set at right angles to each
other. The antenna, which was coiled up
like a Slinky toy in a foot-high canister
aboard the satellite, was unfurled last
month.

Data from FORTE eventually will aid
scientists studying global climate effects,
where the lightning flash rate within a
thunderstorm can be related to the pre-
cipitation rate. The associated radio fre-
quency emission data can help explain
the atmospheric breakdown mechanisms
that lead to lightning discharges.

The improved detection technology
on FORTE is the first step toward an
autonomous radio frequency detection
system that performs reliably in the elec-
tromagnetically noisy environment of
near-Earth space. Known as the V-sensor,
for Verification, the sensor is to be placed
aboard a future mission of the Global
Positioning System, or GPS.

FORTE is the second satellite built by
Los Alamos. The first one, ALEXIS, was
launched in 1993 and is still in operation,
despite its one-year projected lifetime.

European Space Market Booming—
Literally

Arianespace has announced that it is
ordering 20 more launch vehicles from

/ONITOR

the European space industry to compete
in the booming satellite launch market.

The order is worth 12 billion francs
(about US$2 billion) and will enable
Arianespace to fulfill launch demand
during the first two years of the next
century, says a company spokesperson.

To date, European space suppliers
have booked orders for 160 Arianespace
launch vehicles, including an Ariane 5
order. The company plans to offer 12 to
14 launches per year. Most will carry pay-
loads of two satellites. Arianespace’s or-
ders now stand at 42 satellites to be
launched. The bottom line of those or-
ders is about 20 billion francs (US$3 bil-
lion).

The overall number of geostationary
commercial satellites is expected to in-
crease by 50 percent by the end of this
century.

The message from Arianespace these
daysis thatsatellite operators fromaround
the world can count on flexible, available
launch solutions from Ariane 4 and 5 to
get their satellites safely into orbit.

New Partnership Extends PCS
Communications to North America
and Africa

In a joint venture announced in De-
cember, the American Mobile Satellite
Corporation and TMI Communications
are moving their MSAT-2 satellite to pro-
vide mobile telecommunications service
in southern Africa. A twinsatellite, MSAT-
I, will be positioned to provide similar
services in North America.

American Mobile Satellite will buy half
interest in MSAT-I from TMI, and share
the cost of operating it. They are to lease
MSAT-2 to African Continental Telecom-
munications Limited (ACTEL) for ser-
vice in Africa.

Services will include telephone com-
munications, digital broadcast dispatch,
data transfer, mobile messaging, and po-
sition reporting.

“MSAT mobile satellite technology is
well suited to the needs of maritime, gov-
ernment, transportation, utility, and oil
and gas industries,” says Gary Parsons,
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president and CEO of American Mobile
Satellite.

The two companies have worked to-
gether in the past to develop MSAT mo-
bile satellite technology, and to place
twin MSAT satellites in service over
Canada and the United States.

MSAT technology uses geostationary
earth-orbit satellites with “spot beam’
capability to cover target areas with ser-
vices such as wide area dispatch for busi-
ness customers.
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And finally...

How small can you make a satellite?

About half an ounce is the startling
answer from a team of L.os Alamos Na-
tional Laboratory researchers who are
designing cheap microsatellites with con-
trol systems based on the simplest
“twitches” of animal neurons.

These insect-like space vehicles could
open up important new space missions,
said Kurt Moore and co-authors Janette

Frigo and Mark Tilden in a paper pre-
sented to the American Geophysical
Union. Their missions could include
measuring solar wind or capturing pre-
cise images of Earth’s features.

Satellites often fail because space ra-
diation wipes out delicate on-board mi-
croprocessors. “We’re working on satel-
lites that have no microprocessors or fixed
algorithmic behaviors,” Moore said.

“Our satellites are survivors—designed
from the bottom up and domesticated by
their sensors and control payloads into
performing high-reliability tasks.”

These robust microsatellites represent
a trend in space exploration toward clus-
ters of small, cheap satellites that can
achieve results even when some in the
clusters fail, Moore said.

The control systems are based on
simple “nervous nets,” an instinct-like
neural net in which a single electronic
neuron is sufficient to produce a control
pulse, or twitch, in a robotic creature
lacking an advanced processor or com-
puter commands.

A robotics engineer found that with
just two neurons he could create a walk-
ing, insect-like robot with remarkable
survival skills.

“We’ve never really been able to do
real-time monitoring of the position of
the magnetopause as the solar wind
pushes it around,” Moore explained.
“With hundreds of these microsatellites,
we should be able to do that.”

Another experiment might place on
each microsatellite a single imager suffi-
cient to gather just one high-resolution
piece of an image. By collecting all the
pieces, researchers on the ground could
obtain highly accurate pictures of Earth
features.

“These microsatellites can go where
expensive, big satellites can’t go and they
can perform a class of business and sci-
ence missions that no other platform can
do,” Moore said.

“Nobody knows how little you can go.
That’s what we aim to find out.” §f

Sources: American Mobile Satellite,
Arianespace, European Space Agency, Los
Alamos National Laboratory
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ow is a good time to buy real estate on Titan, the largest of
Saturn’s moons. Land there is dirt cheap. But just wait five billion
years when the sun begins its wild ride into retirement.

As the sun swells and becomes a red giant, life on Earth
might get a little uncomfortable: The average temperature on
our planet could catapult to asizzling several thousand degrees
Fahrenheit. Then it is time to reach for sunscreen with an SPF
of 2,000, or pack up your belongings and take the next space
shuttle to a place with a more hospitable climate.

That could be Titan,a moon larger than the planet Mercury
and about half the size of Earth. Titan is one of the safest bets
to colonize because it is far enough from the sun’s death rattles,
and it has an atmosphere to trap heat.

For those who find searing heat appealing, stick around.
Earth will be the place for you. The weather will be fairly
predictable. No snowstorms or ice storms. Just extremely hot
and dry.
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The only question is, how large will the sun get once it
consumes its thermonuclear fuel, hydrogen, and begins expand-
ing? Will the sun swell so much that it engulfs Earth? Orwill Earth
just barely escape the sun’s grasp, only to be scorched by the
dying star’s prodigious increase in energy output as it fights off
death?

The Glorious End of Stellar Life

The end of a sun-like star’s life was once thought to be simple:
the star gracefully casting off a shell of glowing gas and then
settling into a long retirement as a burned-out white dwarf.

Now,adazzling collection of Hubble telescope images reveals
surprisingly intricate glowing patterns spun into space by aging




stars: pinwheels, lawn sprinkler style jets,
elegantgobletshapes,and even some that
look like a rocket engine’s exhaust.

“These eerie fireworks offer a preview
of the final stage of our own Sun’s life,”
says Bruce Balick of the University of Wash-
ington in Seattle. More than simply a
stellar “light-show,”
these outbursts provide a way for heavier
elements—predominantly carbon—cooked
in the star’s core, to be ejected into inter-
stellar space as raw material for successive
generations of stars, planets and, poten-
tially, life.

Garden-variety stars like our Sun live
undistinguished lives in their galactic
neighborhoods, churning out heat and
light for billions of years. When these stars
reach retirement age, however, they be-
come unique and colorful works of art.

As ordinary, sun-like stars begin their
30,000-year journey into their twilight
years, they swell and glow, shrugging off
their gaseous layers until only their small,
hot cores remain. The ejected gaseous
layers are called planetary nebulae, so
named in the 18th century because,
through small telescopes, these gas clouds
had round shapes similar to distant plan-
ets such as Uranus or Neptune.

The gaseous debris glows like a fluo-
rescent design, producing objects with
striking shapes and names like The Cat’s
Eyeand The Hourglass. Astronomers have
recorded more than 1,000 of them in our
galaxy.

The astronomers say the incan-
descent sculptures are forcing a
rethinking of stellar evolution. In particu-
lar, the patterns may be woven byan aging
star’s interaction with unseen compan-
ions: planets, brown dwarfs, or smaller
stars.

Dying Stars Create New Life

Gas released by these dying stars helps
create new life. This gas contains new
chemical elements, including carbon,
which eventually are incorporated into
stars and planets. Scientists believe that
the carbon found on Earth came, in part,
from planetary nebulae billions of years
ago.The rest came from supernova explo-
sions.

Supernova explosions may be
more powerful, but the light show from
the death of ordinary stars is a more cap-
tivating. As bright as one billion suns,
supernovae explosions signal the demise
of massive stars (roughly eight solar-masses

or more). These poewerful blasts occur,
though, only once every 30 years in galax-
ies like ours. The demise of an ordinary
star, on the other hand, occurs every year.
By understanding how these garden-vari-
ety stars live and die, scientists are devel-
oping a cleaver picture of our Sun's fate.
The Sun will enter its twilight years in
another five billion years.

Sun-like stars, like humans, are born,
live their lives, and die. Asun-like star’s life
lasts about 10 billion years. Most of that
time is spent in adulthood or the “main
sequence” phase, living a blissful life in a
suburban galaxy neighborhwod. A star’s
peacefulappearance. however, belieswhat
is happening inside its core where its en-

ergy-producing “engine” resides. A highly
powerful, self-regulated, 30-million-degree
Fahrenheit engine powers the sun. The
engine is constantly busy converting hy-
drogen to helium (called nuclear fusion}),
which produces the energy necessary to
sustain life. The Sun’s engine produces
the heat that makes the Earth habitable.
Energy generated by the core also keeps
gravity at bay.

Stars Wage Battles Against
Gravity

All stars wage a continuous battle
against gravity, specifically, the crushing
weight of their outer layers. During most
of a star’s lifetime, pressure and gravity
hold an uneasy truce. It is analogous to
two people arm wrestling to a draw. The
weight of the outer stellar layers pushes
against a star’s inner layers. At the same
time, heat generated in a star’s high-me-
tabolism core-by the conversion of hydro-
gen to helium-produces pressure. This
pressure exerts an outward force, like the
pressure of gas in a hot air balloon, and
combats the inward force of gravity.

As a star ages, it begins to exhaust its
supply of hydrogen. When the hydrogen
runsout, there is not enough gas pressure
inside a star to fight off gravity. A star,
then, must make adjustments to keep on
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running. This signals the beginning of a
star’s twilight years.

As humans reach their golden years,
they retire, take trips, relax. Butasun-like
star’s senior years are full of drama. Itisas
if it has ditched its peaceful lifestyle for
one last adventure. Once the hydrogen
runs out and gravity begins to claim its
victory, the core begins to contract and
become denser and hotter. At this point
the star has completed 90 to 95 percent of
its lifetime. Then the metamorphosis be-
gins with the red giant stage (in which a
star swells, to 200 times its normal diam-
eter) and ends with a slowly fading white
dwarf (a hot, Earth-sized fossil). One hand-
ful of a white dwarf weighs as much as a
747 airplane. Asun-like star spends a frac-
tion of the intervening years (about
10,000) stripping off its outer layers until
it uncovers the white
dwarf within.

In desperation, thestar buyssome time
for itself by firing up its thermonuclear
furnace 1o convert the remains of hydro-
gen fusion (helium) into carbon. This
process is not particularly productive,
buying only about a few hundred million
years of life.

Meanwhile, the prolificwaste heatfrom
the core is being absorbed in the star’s
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outerlayers, causing them to become 3,000
times more luminous, then to expand
and, ironically, 10 cool. A red giant star is
formed. This phase lasts about | billion
years.

Once the helium is exhausted, the
core again becomes inactive. The red gi-
ant is dying, but the inactive carbon core
is still very hot. Surrounding the core are
two shells rich in unprocessed hydrogen
and helium.

Thestar’ssurface pulsatesand
shudders with seismic energy
from the activity of the shells
beneath it. With each pulse,
which lasts about a year, the sur-
face layers expand and cool. Each
time this happens some of the
stellar exterioris flung intospace
and is carried away in a “slow
wind,” traveling at 10 miles per
second. This process continues
for a few thousand years until
onlyabout two-thirds of the star’s
mass remains: its carbon-oxygen
core.

In a few thousand years, as
these last outerlayers aresstripped
off, much hotter inner layers of
the star become exposed. Soon
onlythe bare carbon-oxygen core

isleft. The core’stempera-
ture is rising rapidly. Over
about 20,000 years, the
core’s surface tempera-
ture leaps to approxi-
mately 250,000 degrees
Fahrenheit, compared
with about 11,000 degrees
Fahrenheitfor the surface
of a sun-like, main-se-
quence star. The dense
carbon-oxygen star is not
much larger than Earth.

Ultraviolet light from
this intensely hot surface
heads into the star’s
formerouterlayers, which
are still moving outward
in space at 10 miles per
second. Thislightisso en-
ergetic that it causes the
gastofluoresce-likeafluo-
rescent light bulb—form-
ing the bright planetary
nebulae
surrounding dying stars.

Anewwind, which car-
riesvery little mass but lots
of energy, is blown out
ward at 1,000 miles per
second (3.6 million mph). The low-den-
sity wind races outward and snowplows
into the older gas. This so-called “fast
wind” helps 1o sculpt planetary nebulae,
creating some strikingly remarkable
shapes.

The star’s radiation begins to heat the
planetary nebula, causing different gases
to glow. At firsi, the nebula appears red
because hydrogen gas hasbeen heated. As
the exposed stellar surface




becomes hotter, the colors shift to green
(oxygen) and blue (helium). From far
away, the former layers of the star appear
asaglowing planetarynebula, about 1,000
times the size of our solar system. The
fluorescentlight of planetary nebulae lasts
for only about 10,000 years.

Eventually, the core stops ejecting gas
into space. The gas expelled earlier ulti-
mately swirls away and merges into the
interstellarmedium, much assmoke from
a train dissipates in our atmosphere. The
gas carries traces of newly minted carbon
and nitrogen from the atmosphere of the
dying star. This material wanders through
space until it is drawn into a newly form-
ing star.

Hubble Overhauls Old Ideas

“The first time we looked at the
Hubble’s breathtaking pictures, we knew
that our older and simpler ideas of how
these objects are formed had to be over-
hauled,” says Howard Bond of the Space
Telescope Science Institute (STScl), Bal-
timore, Maryland. “The basic question is:
how do these nebulae shape themselves?”

“Hubble’s colorful views are a feast for
the eyes,” says Mario Livio, also of the
STScl. “Their beauty is matched only by
the mystery.”

Surprising new details revealed by the
Hubble pictures include:

¢ Unexplained disks and “donuts” of
dust girdling a star, which pinch
outflowing gas. These maybe linked to
the presence of invisible companions.

® Remarkably sharp, inner bubbles of
glowing gas-like a balloon inside a
balloon-blown out by the violently
outflowing gasses called a “fast wind”
(1,000 miles/sec) ejected during the
final stages of a star’s death.

* Strange, glowing “red blobs” placed
along the edge of some nebulae may
be chunks of older gas caught in the
stellar gale of hot flowing material from
the dying star.

* Jetsofhigh-speed particles which shoot
out in opposite directions from a stax,
and plow through surrounding gas,
like a garden hose stream hitting a
sand pile.

¢ Pinwheel patterns formed by symmet:i-
cal ejection of material so that intsi-

cate siructures are mirrored on the
opposite side of a star.

“We're still reveling in the quality of
the data and the wealth of new details. In
the longer term we're going to have to
confront these sirikingly symnetric struc-
tures with some fundamentally revised
ideasabout the final stages of a star’s life,”
says Balick. “The lovely patterns of gas
argue that some highly ordered and pow-
erful process orchestrates the ways stars
lose their mass, completely unlike an ex-
plosion.”

A long=sianding puzzle is how these
nebulaeacquire their complex shapesand
symmetries. The red giant stars which
preceded their formation should have
ejected simple, spherical shells of gas.
“Hubble’s ability to see very fine structural
details-usually blurred beyond recogni-
tion in ground-based images—enables us
tolook for clues to this puzzle,” says Balick.

More Observations with
Hubble Planned

Sewveral teanis of astronomers will be
observing planetary nebulae using new
infrared insouments installed on the
Huhble telescope in February 1997. This

way, astronomers can glimpse the ejec-
tion of material at a very early stage long
before the expelled nebula starts to be-
come visible optically. Given Hubble’s high
resolution, astronomers also hope to re-
visit the same nebula in a few years to
actually see how the shell has further ex-
panded into space. Their observations
will be compared to predictions and ei-
ther refine or dismiss current ideas on the
mass ejection mechanisms of dying stars.

Won't Happen During a
Fuman'’s Lifetime

Ifafew opportunistic people decide to
videotape our own sun'’s cataclysmic event,
they will be very disappointed. The sun’s
death will not be recorded during a
human’s lifetime. Its journey into retire-
ment will take more than a billion years.

But these nebulae observed by Hubble
gives us a preview of our own Sun’s fate.
Some five billion years from now, after the
Sun has become a red giant and burned
the Earth to a cinder, it will eject its own
beautiful nebula and then just fade away.

Sr

Story by the Satellite Times staff and the Space
Telescope Scrence Institute.
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The NOAA-12 polar orbiting, weather satellite [N While your receiver decodes the downlink sig-
passes over your northwest horizon while you’re = nal, which sounds like a fax machine or computer
still asleep. Your computer is programmed to modem, a tape recorder automatically turns on and

records the satellite audio from your receiver.

Audio is also fed into a decoder box
connected to your computer and a picture of
what the satellite camera sees is saved to your
computer’s hard drive.

track this pass and at the correct time, turn on
your personal home weather satellite inter-
cept station.

A directional antenna on the roof rotates
to follow NOAA-12 as it passes overhead.
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Finallv, NOAA-12 sets helow the
southeast horizonwhile vourreceiver,
tape recorder and computer auto-
maticallv shut off to await another
scheduled weather satellite pass.
Acouple of hours later, while hav-
ing breakfast, vou look at the sat-
ellite images which were saved
on vour computer. You are look-
ing at an automalic picture trans-
mission or APT image as com-
monly received by weather satel-
lite enthusiasts worldwice.

The APT standard was developed
based on existing facsimile standards.
APT was developed 10 make the signal
as simple as possible to receive and de-
code, and to permit low cost stations at
local meteorological offices.

The first APT equipped satellite was
TIROS-VIIIL launched in December 1963,
Withina couple of vears of'its launch. avid
satellite experimenters received APT im-
ages with their own homebrew receivers
built outof surplus militaryequipment. In
the carly days, receiving setups featured
oscilloscopes, chart recorders, modified
fax machines and other esoteric devices.

A typical setup consisted of an analog
receiverwhich would drive an oscilloscope
and generate blips of light. Since the for-
mnat wasn't real-time you had to take along
exposure photograph of thescope'sscreen
and develop the film before vou could sce
whether or not you had successfully cap-
tured an image.

Polar orbiting APT satellites use VHF
[requencies just above the civilian aircraft
band. APT signals are iransmitted at 120
lines per minute or hall'a second per line.
An inexpensive VHF radio can monitor
the NOAAsatelliteson 137.500 or 137.620
Mz, the Russian Meteor satellites on
137.300, 137.400 and 137.850 MHz; and
the Chinese Feng Yunsatelliteson 137.795
Mz, The geosynchronous United States
GOES satellites use the S-band around
1691 MHz.

Improvements in semiconductors and
low noise amplifiers have made VHF ra-
dios extremely inexpeusive. The powerin
today’s home computers also makes it
easy to decode weather satellite signals. If
you have a PC with a VGA monitor and a
VHF scanner vou already have the hard-
ware vou nced to receive and decode
weather satellite images.

A weather satellite receiving station
typically consists of four components: the
antenna, a VHF radio, a demodulator (to
decode aundio signal into pictures) and a

® =i -

WEFAX image from GOES 9. This is a full
disk image from our newest GOES
satellite. (Photo courtesy of Chuck
Vaughn, AA6G)

display unit. Optionalcomponentsinclude
a preamplifier to boost weak signals and a
motorized antenna to track the satellite as
it moves across the skv.

Most of the soltware and hardware
available 10 decode weather satellite sig-
nals are designed to work with PC com-

patibles, but therc issome software avail-
able for the Macintosh and other plat-
forms.

Antennas for Weather
Satellite Reception

For various technical reasons
most low and medium altitude
satellite downlinks use circular po-
larized antennas. This “evens out”
transmission levels caused by polar-
ization shifts in the Earth’s atmo-
sphere. Weather satellites are no ex-
ception; U.S. NOAA spaccecralt use right
hand circular antennas and some of the
Russian satellites use left hand polariza-
tion. Ifvou use a linear polarized antenna,
suchasasimple dipole, the signal will fade
in and out. A right hand circular is the
most desirable choice.

Fairly simple omnidirectional anten-
nas can be used with reasonable results.
‘This is because the VHF transmitter isverv
powerful. permitting lower gain antenna.
Start your experimentation with simple
ground plane antennas. but remember
that a higher gain antenna will give you
better signal-to-noisc in vour images.

Avery popular weathersatellite receiv-
ing antenna is the wrnstile. It is basically

[File Screen Pan/Zoon Cantrast/Bright Color Process 0aa
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Previous page: GOES 8 infrared image of Hurricane Danny in the Gulf of Mexico taken
July 18, 1997. Above: The killer 1995 heatwave in the U.S. midwest is shown in this
false color nighttime IR image taken by NOAA 9 on July 14 at about 9:30 p.m. local time.
Temperatures as high as 80°F are widespread across lllinois, lowa and Wisconsin.
(Photo courtesy of Chuck Vaughn, AA6G).
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NOAA polar orbiting satellite in orbit.

two crisscrossed two-element Yagi anten-
nas wired together to create a circular
polarized pattern. Turnstile antennas can
be purchased forabout $50 to $100. oryou
can build one out of $20 worth of PVC and
TV antenna wire. You can obtain a reprint
of Ray Smith’s portable turnstile article
that appear in the July/August 1995 issue
of Satellite Times, page 18, by contacting
Grove Enterprises.

Another highly recommmended Satel-
lite Timesantennaarticle reprintyoushould
have is Clem Small’'s Antenna Primer for
Satellite Reception that appeared in the pre-
mier issue of Satellite Times (September/
October 1994, page 80).

Other popular choices include
eggbeaters and quadrifilars. The highest
quality signal is obtained from a highly
directional antenna like a multi-element
Yagi with a motorized controller which
will track the satellite as it goes across the
sky. This is normally very expensive. but
will give the best results of any of the
previously discussed methods.

Remember that the antenna doesn’t
have to be perfect-you’re only receiving~
and it’s much easier to receive than to
transmit. If you already have 2-meter ama-
teur radio antennas tuned to 145 MHz
thenyouare in pretty good shape to moni-
tor weather satellite signals around 137
MHz.

Equipment

An optional piece of equipment is a
preamplifier. If your antenna isn’t quite
perfect or if your receiver isn’t that sensi-
tive, a preamp can make the difference
between a barely discernible iinage and a
high quality photo which rivals what vou
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see on the evening news or in newspapers.
A 137 MHz preamp should cost no more
than US$70 assembled or US$35 for a kit.

You can put the preamp in a waterproof

weather-tight case at the antenna, or in-
doors by your radio. If you choose the
latter you must use a good quality, low loss
coax cable from the antenna to the
preamp. If you mount the preamp at the
antenna then your coax doesn’t have to
be as good.

The VHF receiver is one of the most
important paris of your system, and the
most difficult component to obtain. Most
inexpensive (under US$100) VHF scan-
ners and many extended range 2-meter
amateur radios will receive the 137 MHz
band. However, most of
these VHF radios are de-
signed with 15 kHz wide
bandwidth. The APT sig-
nal standard uses a 40
kHz wide signal. An un-
modified VHF radio will
“chop out” portions of
the signal you're trving
to receive.

The obvious solution
is to modify the radio for
awider bandwidth. Most
VHF radios have a 10.7
MHz first iniermediate
frequency (IF) and a sec-
ond IF at 455 kHz. If vou
replace these filters with
40 kHz wide filters you’ll
receive great APT pic-
tures.

The big problem is
findingwide filters. Many
APT enthusiasts have re-

ported good success by nyoaa-14.

replacing 455 kHz filtersin some scanners
with a 0.01 mF capacitor. Check table two
for some excellent Internet websites for
radio modifications.

Itcannot be overstressed that the band-
width is critical. You can easily hear the
distinctive clicks and carrier of the APT
downlink on mostradios, but you will end
up with an unusable image unless you
increase the radio’s bandwidth. Several
users have reported surprisingly good
images with an unmodified Radio Shack
Pro-43.

There are commercial radios specifi-
cally designed for weather satellite recep-
tion. They've been designed specifically
for the weather satellite frequencies and
bandwidth. Typically they’re crystal con-
trolled radios which can scan between the
various weather satellite frequencies; you
will need to purchase a different crystal
for each frequency. The receiver is one
place where a commercial radio designed
specificallyfor APT reception makessense.

The Weather Satellite Image
Decoder

Commercial decoderunits for weather
satellite reception run about $200 to $500.
These units are basically analog to digital
converters which take the incoming au-
dio signals and convert them into ones
and zeros for your computer. Some units
attach to your computer’s parallel or se-
rial port; others are cards which plugin to

. bt » t
NOAA-14 10/17/97 1800 UTC r=ch3,g=chd,b=ch5
Typﬁoon Ivan_ap-proaches The Philippines

Colorized Typhon Ivan approaching Phillipines, shot from



your computer’s bus.

A $30 computer sound card will also
do a good job of decoding weather satel-
lite signals with the appropriate software.
Ad Lib’s Soundblaster is the defacto au-
dio standard for PC compatible comput-
ers, and there are a wide variety of other
sound cards available from different
manufacturers. You don’t need anything
fancy, just a plain, ordinary sound card
with a microphone input.

I have not seen any commercial soft-
ware for Soundblaster weather satellite
reception. However, there are several
shareware choices. FTV is an excellent
DOS program written by Brian E. Cauchi,
9HIJS, and WXSAT is a Windows pro-
gram from Christian Bock. The only
Macintosh software available is the
RadFAX 0.9 by Juri Munkki, but it’s a
generic FAX reception software and
doesn’t automatically configure itself for
weather satellite reception.

There are a variety of inexpensive sat-
ellite tracking programs which will pre-
dict when the polar satellites are visible
from your location. Some tracking pro-
grams can operate actuators which move
to follow the satellite as it goes across your
local horizon. Regrettably there isn’t any
combined satellite tracking/sound card
fax reception program yet.

The careful reader will note that
there’s nothing terribly complicated in
this setup.

In fact you can set up a completely
portable APT station for use on camping
trips or other situations where you're
traveling to remote locations: Manylaptop
computers include audio input
ports, a VHF scanner is a reasonably por-
table piece of equipment, and a turnstile
antenna can easily break down into com-
ponents which would fit in a small carry-
ing bag (especially if you build our ST
version mentioned earlierin this article).

Polar weather satellites are in rela-
tively low altitude orbits. The relatively
close distance reduces the size of your
antenna, but the satellites can only be
viewed for a short period of time, a maxi-
mum of 15 minutes per pass. Geostation-
aryweather satellites can be continuously
viewed, buta higher gain antenna, which
is less portable antenna, is required. Me-
teorologists consider the polar satellites
more suitable for long term predictions
and GOES satellites more suitable for
day-to-dayforecasts. They’re complemen-
tary and both are important tools for
weather forecasters.

Getting GOES is a Bit Harder

Receiving GOES WEFAX images is
more difficult than the NOAA APT im-
ages for two reasons: the signal’s coming
from a much further distance and it’s ata
higher frequency.

The geostationary weather satellite
downlink equivalent of APT is WEFAX. It
was designed so existing APT users could
easily upgrade to WEFAX reception.
WEFAX is transmitted at 240 lines per
minute, twice the APT rate. And while
APT is primarily used for real-time trans-
missions of the satellite’s signal, WEFAX is
used for many purposes, such as retrans-
mitting non-weather satellite images (e.g.
radar information or weather charts).
NOAA publishes a regular schedule of
transmissionsvia the various WEFAX com-
munications transponders. These sched-
ules are run in Satellite Times magazine
from time to time.

The most popular GOES antenna is a

parabolicdish. An old junk C-band TVRO
satellite dish is usually the least expensive
solution-often available for the asking.
Dishes as small as 2-3 feet have also been
used successfully. It’s also possible to pig-
gyback a GOES receiver on an existing in-
use C-band system. Just add a GOES
feedhorn next to your C-band feedhorn.

The GOES feedhorn is small enough
so it won’t hurt your C-Band signal
strength, and even though it’s off axis it
will still collect enough signal for good
image recption. Program the two GOES
satellites as additional positions on your
satellite receiver. GOES-East is located at
75°E near Galaxy 6 and GOES-West is
located at 135°W which is the same loca-
tion as Satcom C4.

The definitive home-brew GOES
feedhorn is an empty two pound coffee
can. A hole is drilled into the can, then a
small brass tube is soldered to an N con-
nector and mounted on thecan. T h e
Weather Satellite Handbook (sold by Grove)

APT Video Line Time
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APT picture transmission format
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includes the formulas for calculat-
ing where to drill the hole and how
long to cut the tube. In most setups
aweatherproof preamp-downverter
unit is used to amplify the incoming
signaland convertitfrom 1691 MHz
to 137 MHz. Commercial GOES
downverters are available for about
$300. At the lower frequency inex-
pensive coax cable can be used to
transmit the signal from the antenna
to your receiving setup. It should be
noted that the 137 MHz used by
these downconverters was specifi-
cally chosen for compatibility with
existing APT setups. From there the
hardware and software are identical
to a polar orbiting APT reception
station.

If you choose to use a radio which can
alreadyreceive 1691 MHzyou will need an
extremely low loss coax from your dish to
your radio. Cheap coax such as RG-58,
which is somewhat forgiving at 137 MHz,
will absorb much of the WEFAX signal at
1691 MHz. Don’tscrimp on coax athigher
frequencies. Get the best you can afford.

Getting More Advanced

The APT/WEFAX downlinks are a
small subset of the actual data generated
by the polar orbiting and geostationary
satellites. APT has a ground resolution of
four kilometers and only has one or two
channels generated by the satellite’s ad-
vanced very high resolution radiometer
(AVHRR) instrument. The AVHRR has a
resolution of one kilometer and gener-
ates images in several visible and infrared
frequencies. The different channels can
be combined to create false-color images.
Table one lists the frequencies for the
AVHRR channels.

Some amateurs have developed the
sophisticated tracking hardware to collect
the high resolution picture transmission
(HRPT) signals from the polar orbiting
NOAA spacecraft. These setups require
high bandwidth S-band dishes which can
track the satellites as they orbit across the
sky.

Besides the imaging instruments the

AVHRR Frequencies
Channel 1: 0.58 - 0.68 microns / Visible
Channel 2: 0.725-1.10
Channel 3: 3.55-3.93
Channel 4: 10.3 - 11.3 microns / Longwave
Infrared
Channel 5: 11.5-125

035 Swconds

o x‘A;tsaccmu:H——' 035 Seconds ——

|
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APT video line format

NOAA weather satellites also feature at-
mospheric sounders, instruments which
measure the ozone layer, and instruments
which measure “space weather.” These
instruments measure the particles and
fields created by the Sun’s interaction
with the Earth’s magnetic fields. In addi-
tion the satellites also have receivers which
are used to collect data from small weather
instruments in the field and animal track-
ing devices.

Operational Birds

The current U.S. polar orbiting
weather constellation consists of NOAA-
12 (morning passes) and NOAA-14 (after-
noon passes). This next spacecraft to be
launched in thisseries is NOAA-Kwhich is
tentatively scheduled forlaunch in May. It
will be named NOAA-15 after it reaches
orbit and it will become the morning
satellite to replace the aging NOAA-12.

Telvmetry Dase ——

The Global Atmospheric Re-
search Program (GARP) is an inter-
national project to provide continu-
ous meteorological coverage of the
entire Earth. The United States, Eu-
ropean Space Agency, Russia and
Japan have agreed to launch their
own geostationary weather satellites
and share the data for scientific pur-
poses as well as weather forecasting.

Eumetsat operates Meteosat at
0% the Russian Geostationary Op-
erational Meteorological Satellite
(GOMS) is located at 77° East; and
the Japanese GMS satellite is at 1402
East. Russia was the last GARP part-
ner to put up a geostationary satel-
lite. GOMS was launched in Octo-

ber 1994 and it completed the five satel-
lite constellation.

Until the Russian GOMS was in place
some data was given to GARP by India’s
INSAT payloads. However, India was very
specific that the data could only be used
for scientific purposes and could not be
used to provide day-to-day weather fore-
casts, especially to rival neighbor Paki-
stan.

The Department of Defense and
NOAA are now in the process of merging
the DoD Defense Meteorological Satel-
lite Program (DMSP) and NOAA polar
programsinto one for budgetaryreasons.
They've always had overlapping capabili-
ties and it’s felt that a combined system
will be able to serve all of the users at a
much lower cost to the taxpayer. In addi-
tion Europe is joining the low altitude
weather satellite club with its METOP-1
satellite scheduled for launch in 2002.
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sanintegral partofits mission, the National Weather

Senvice (NWS) provides the emergency manage-

ment community with access to basic NWS warn-
ings, watches, forecasts and other products at no cost.

EMWIN, the Emergency Managers Weather Informa-
tion Network, is now evolving into a fuily operational and
supported NWS seivice in partnership with the Federal
Emergency Management Agency (FEMA) and other pub-
lic and private organizations.

EMWIN makes available a live datastream of basic
weather data. and provides access to stored sets of basic
unenhanced data, using a variety of techniques and tech-
nologies. Each method has advantages and disadvantages
over the others; hence this muliilavered approach to
enable multiple methods of availability.

EMWIN’s present methods in use or under develop-
ment for disseminating the basic datastream include:

* Radio—formerly called the Wireless Weather Informa-
tion Network (WWIN) technical information

* Intemet-the Interactive Weather Information Net-
work (IWIN) technical information online Graphics
version  at http://iwin.nws.noaa.gov/iwin/
graphicsversion/main.html (for Netscape viewers, etc.,
that support tables and in-line graphics) and online
text-only version at http://iwin.nws.noaa.gov/iwin/
textversion/main.html (for slow links or non-enhanced
viewers).

* Satellite-currently on GOES 3, GOES 9 and Galaxy 4

The EMWIN broadcasts on GOES 8 and GOES 9
satel'ites are courtesy of NESDIS (NOAA’s National Envi-

Satellite,
Radar.and
Hot Links

Weather
Videos

ronment Satellite, Dataand Information Service). GOES
Bis at 75 degrees West, elevation 45 degrees (from the
latiiuide of Wushington, D.C.). GOES 9 is at 135 degrees
West.

Theinitial test for interference with WEFAX was done
in March 1996, and an extended test of EMWIN recep-
tion was done in April/May 1996. The GOES broadcasts
wili continue on a permanent basis. Higher speed broad-
casts are being tested.

The NWS GOES downlink frequency used for the
1200 band EMWIN datastream is 1690.6 MHz, 400 kH/
lawer than the standard WEFAX 1691.0 MHzsignal. The
signal is 5 dB weaker than the GOES WEFAX downlink.,
but can be received with various sized dishes or even a
single-array vagi system. The signal is passed through a
downconverier, received as if a radio signalat 137.1 M.
for example. and then demodulated to 1200 baud. The
hardware costisnownotmuch more than the cost of VHF
radio recepton.

The EMWIN data is also currently uplinked to the
Galaxv 4 satellite by Spacecom Svstems of Tulsa, Okla-
homa. asa public service. Galaxy 4 is at 99 degrees W: Ku-
band, I'ransponder 4, FM-FM, DFSK, 5425 MHz
subcarrier.

Satellite Times will have more on EMWIN in a future
issue. In the meantime if you have questions or com-
nientssend e-mail to Kenneth.Bashford@noaa.gov. Snail
mail requests should be sent to: Kenneth Bashford, NWS
EMWIN Project Coordinator, National Weather Senice,
W, 0SO13, 1325 East-West Highwayv, SSMC2, #16353.
Silver Spring, Maryland 20910. You will also find exten-
sive information on the worldwide web at: http://
Www.nws.noaa.gov/0so/o0sol/0so0l12/document/
emwin.htm Sr
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By John A. Magliacane, KD2BD
magliaco@email.njin.net

he KD2BD 9600 baud modem is a

low-cost, high-performance 9600

bit persecond FSK (Frequency Shift
Keying) modem designed to interface be-
tween a standard packet radio terminal
node controller (TNC) and an FM voice
transmitterand receiver. The modem uses
commonly available components, allows
full-duplex access to the 9600 baud digital
communication satellites,
and is suitable not only for digital satellite
communications, butfor terrestrial packet
radio communications as well.

The KD2BD 9600 Baud Modem went
from conception to reality in just seven
days. It uses some of the time-proven sig-
nal processing techniques used in the
1200 Baud KD2BD Pacsat Modem devel-
oped several years ago, and should be of
interest to amateurs wishing to add 9600
baud digital communication capabilities
to theirsatellite or terrestrial packet radio
stations.

Design Goals

The KD2BD 9600 baud Pacsat modem
was designed with several important de-
sign goals in mind. First, it was designed to
use commonly available components and
not rely on special EPROMS for transmit
waveform synthesis or bit clock detection
to allow easy, inexpensive, and uncompli-
cated duplication.

Secondly, since it has been shown that
even randomized 9600 baud baseband
data contains a DC component that is
ignored in other 9600 baud modem de-
signs, DC couplingis used throughout the
modulator and demodulator sections of
the KD2BD 9600 baud modem for opti-
mum performance. And lastly, the design
is essentially uncomplicated, allowing an
understanding and appreciation of its
operation by both veteran OSCAR users
and beginners alike.
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CONSTRUCTION:

The KD28D 2600 Baud Modem

435 MHz

FIGURE 1
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R Computer

435 MHz FM Receiver

Block diagram of a typical Pacsat groundstation. Digital uplinks are carried out on the 2-
meter VHF band, while downlink transmissions are received on the 70-cm UHF band,
producing a full-duplex virtual connection with the satellite.

9600 Baud Communications

Before getting into the details of this
particular modem design, it is helpful to
look back to the beginning of amateur
packet radio communications to have an
understanding of the events and logic
that led to the protocol standards used
today in 9600 baud digital communica-
tions.

When AX.25 protocol amateur packet
radio communications first began in the
early 1980s, early experimenters used Bell-
202 type audio frequency shift keying
(AFSK) telephone modems to pass packet
binary data over the air using voice-grade
VHF narrowband FM transceivers. Bell-
202 modems were selected not for techni-
cal or performance reasons, but because
of their wide availability at the time on the
surplus market. A data rate of 1200 bits
per second was used, which was four times
faster than what telephone modems were
capable of at the time, and was many times
faster than the fastest amateur radio
radioteletype (RTTY) communications.

Although Bell-202 modems were origi-
nally designed for 300 bit per second data
communications over telephone lines,
they were found to function satisfactorily
for half-duplex radio work at four times
their design speed.

When terminal node controllers made
theirappearance on the commercial mar-
ket, they included internal Bell-202 AFSK
modems for communications at 1200 bit
per second as standard equipment. This
was done for compatibility with the early
standards set by the packet experiment-
ers, and because the Bell-202 AFSK mo-
dem protocol was proven to work satisfac-
torily for packet communications. Unfor-
tunately, the trend caught on, and while
the transmission rate of telephone mo-
dems soared from 300 bits per second to
56 kilobits per second, packet radio com-
munications stagnated at just 1200 bits
per second, causing many hams to turn
away from wireless digital communica-
tionsin favor of landline-based (Internet)
communications.

While some vendors offered packet
radio TNCs with 2400 bit persecond capa-
bilities, few people purchased them for
fear of being incompatible with the rest of
the packet community. Before 9600 bps
digital satellites came into play, the only
people who gotinvolved with higher data
rates were those enterprising individuals
who developed high speed packet radio
“backbone” networks on UHF frequen-
cies. Unfortunately, few end users got the
chance to experience high-speed packet
radio communications first hand, and di-



rectly witness the significantimprovement
that could be made overa “standard” TNC
with an internal Bell-202 modem.

The Bell-202 AFSK modem standard
that is still widely used for the majority of
1200 bit per second VHF-FM packet radio
communications uses audio tones of 1200
Hz and 2200 Hz to represent the binary
‘l’s and ‘0’s of packet radio’s HDLC
baseband serial data. The use of an audio
frequency shift keying protocol allows bi-
nary data to pass over an AC-coupled voice
grade communications link. The method
works, but it’s not without its problems. It
occupies a lot of bandwidth-so much so
that it is possible to pass data at 9600 bits
per second in slightly less bandwidth if a
different modem and RF Frequency Shift
Keying (FSK) modulation are used.

At 9600 bits per second, it is not pos-
sible to convert the ‘1’s and ‘0’s of a serial
binary data stream into audio tones for
application to an FM voice transmitter
and remain within legal RF bandwidth
limitations. The use of AFSK at 9600 bits
per second would also exceed the band-
width limitations of voice-grade commu-
nications equipment. Instead, 9600 bit per
second baseband data is used to directly
frequency modulate the RF carrier of the
transmitter.

Early Experiments

When early high-speed packet radio
communications experiments were con-
ducted on VHF frequencies over adecade
ago, Steve Goode, KOING, found that di-
rectly modulating an FM transmitter with
transmit data generated by a packet radio
terminal node controller was not

FIGURE 2
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Block diagram illustrating the scrambler circuitry used in 9600 baud amateur
communications. This particular design is based on the use of shift registers and

exclusive-OR gates.

receivers without excessive phase distor-
tion.

Stevealsorealized that the unsymmetri-
cal waveshape of AX.25 baseband data
carried a significant DC component that
needed to pass without distortion through
the RF communications link between
transmitter and receiver.

In theory, thisis not difficult. In reality,
however, the frequency stability of com-
monlyavailable narrowband VHF-FM com-
munications equipment was found to be
rarely high enough to pass a DCrefer-
enced digital signal without significant
bias distortion. Something needed to be
done to reduce the DC component level
of the signal in such a way that would not
increase its bandwidth.

Steve tackled this problem by passing
all transmitted data through a scrambling
or randomization circuit prior to trans-
mission and unscrambling received data
to restore the signal back to normal. The
scrambler randomized the data transmit-
ted data pattern, thereby minimizing the
chances of transmitting long runs of ‘1’s
or ‘0’s or repetitious patterns containing
significant low frequency energy.

Randomizing techniques are typically
identified by the scrambling polynomial
they synthesize. Steve’s circuit was based
on a 17-bit maximal length linear feed-
back shift register (LFSR). A total of eight
different maximal length randomizing
techniques can be employed usingasingle
tap 17-bit shift register.

The technique Steve chose has be-
come the standard for 9600 bit persecond
digital communications, and isauthorized
by the Federal Communications Commis-
sion for amateur use. The technique pro-
duces a pseudo-random data sequence of
bits thatrepeatsafter 131,071 clock pulses,
or every 13.65 seconds at 9600 bits per
second. A maximum of 17 ones or 16
zeros can occur in a row with this method
of scrambling.

Figure 2 illustrates the design of the
type of data randomizer used in amateur
communications.

Circuit Overview

Figure 3 shows a block diagram of the
KD2BD 9600 baud Pacsat modem. The
modem consists of a data modulator and

avery effective way of transmitting (+) Peak Digttal AFC
high-speed data. Detector | >

gh-speed dai FIGURE 3 AFC out

Tobegin with, the square wave- I
shape of the TTL-level data gener- 3
ated by the TNCisrichin harmon- i (<) Peak [ & - " Data
ics and would occupy a very wide *! Detector | — Unscrambler——
2 " . etecton Comparator Detector PLL
bandwidth if used to directly L Out
modulate an RF carrier. Steve From Low - ' T
. . O +
found that passing the transmit »  Pass ! ~ i Low |
data stream through a multi-sec- Receiver| Fiier Pass
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the transmitted signal to the mini- x16 | Divide & o~
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Block diagram of the KD2BD 9600 baud modem. Both receive and transmit sections function
independently of one another allowing full-duplex communications with Pacsat satellites.

February 1998 SATELLITE TIMES 21




]
AC Scope Monte Carlo

]
File Windous Print Options

Vs

]
gd{v{vo)/v(vi))

GIRUH-RX.CTR Temperature= 27

Simulated performance of the receive filter used in the G3RUH 9600 Baud Modem. In
this figure, voltage gain and group delay characteristics are both plotted as a function of
frequency. This filter exhibits uneven frequency response and excessive group delay

distortion below 400 Hz.

demodulator that act independently of
one another. This mutual exclusion al-
lows the modem to be used for full-duplex
satellite communications as well as half-
duplex (simplex) terrestrial communica-
tions.

The modulator portion of the modem
isverysimple. Ittakes transmitdata (TXD)
and clock signals (TXCLK) from the host
TNC, applies them to a 17-bit linear feed-
back shift register scrambler, and filters
the resultant through a 6th order low-pass
filter. This technique produces an excep-
tionally clean raised cosine waveshape that
is suitable for direct connection to the
modulator of an FM voice transmitter.

The demodulator portion of the mo-
dem is a bit more complicated. The de-
modulator connects to the detector of a
narrowband FMvoicereceiver,and gently
filters the received signal through a sec-
ond low-pass filter. The purpose of the
filter is remove any residual 455 kHz IF
(Intermediate Frequency) noise that may
be present on the demodulated signal.
The filtered signal is then fed to a pair of
precision peak voltage detectors that are
used to measure the maximum positive
and negative voltage excursions of the
input waveform. The average of the peak
excursions represents the voltage mid-
point of the received waveshape regard-
less of any DC offset present on the re-
ceived signal, and is used as a reference in
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a data slicer and a digital automatic fre-
quency control (AFC) circuit. The data
sliceris used to convert the received signal
to asquare waveshape for later processing
in digital logic circuits. The digital AFCis
used to slowly tune the receiver lower in
frequency in compensation for Doppler
shift when receiving signals from satellites
in low earth orbit.

The processed signal is then diverted
into two different directions. The first
direction takes it through a bit clock re-
generator,and the second takesit through
an unscrambler and then out to the host
TNC for packet disassembly.

Bit clock regeneration is performed ina
very uncomplicated manner. The filtered
and processed received signal is applied to
an edge detector designed around an ex-
clusive-OR (XOR) gate and an RC delay
network. The edge detector produces a
short output pulse each time the waveform
of the received signal passes through its
voltage midpoint. The waveform produced
by the edge detector is known as a
protoclock, and isin phase with the clock of
thereceivedsignal. Unfortunately, the wave-
form produced is non continuous, so it is
processed through a phase locked loop
(PLL) circuit. The phase locked loop oper-
ates at the bit rate of the incoming signal
(9600 Hz), and rapidly locksiits oscillator to
the average phase of the protoclock, thereby
generating a continuous, noise-free clock

suitable for further processing of the re-
ceived signal.

The received signal is also passed
through a fifth-order low-pass filter. The
filter serves two purposes. First, it attenu-
ates any remaining noise present on the
received signal, and secondly, it delays the
incoming signal long enough so that the
center of each received bit is concurrent
with the rising edge of the regenerated
clock waveform. This delay is necessary
because the unscrambler is triggered on
the rising edge of the regenerated clock
signal rather than the center of each clock
pulse. The filtered signal is then applied
along with the regenerated clock to the
unscrambler, the output of which is con-
verted to TTL levels and made available to
the host TNC for final processing.

Filter Design

The low-pass filters used to remove
noise from the received signal and prop-
erly shape the waveform of the transmit-
ted signal play a critical role in the overall
performance of the KD2BD 9600 Baud
Modem. Considerable time and effortwas
spent in testing and optimizing these fil-
ters to adequately process the received
and transmitted waveforms without intro-
ducing undesirable products, such as
phase distortion. The filters need to have
a flat frequency response up to their cut-
off frequency, and must also exhibit a flat
group delay characteristic.

Uneven frequency response causes an
unfair bias either toward or away certain
bit pattern sequences, while uneven group
delay causes the filtered waveform to un-
dergo uneven propagation time depend-
ing on the frequency of the signal being
passed through the filter. In terms of data
communications, uneven group delay
produces phases jitter which causes bit
zero crossing point instability, making
receiver bit clock detection and extrac-
tion difficult and less reliable.

Figure 4shows the frequencyresponse
and group delay characteristics of the re-
ceive filter used in the G3RUH 9600 Baud
Modem (Issue 3) as simulated using
MicroCAP IV circuit analysis software.
Notice the uneven lowfrequencyresponse
and the excessive group delay distortion
below 400 Hz. While the purpose of the
receive filter is to gently remove IF noise
from the received signal, the analysis sug-
gests that the G3RUH receive filter may
actually do more harm than good to the
incomingsignal. On the transmitside, the




G3RUH Modem uses a Transversal or
Finite Impulse Response (FIR) filter to
tailor the transmit waveshape to compen-

sate for distortions presentin the IF filters
typically used in commonly available FM
receivers.
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Simulated performance of the receive filter used in the KO9NG/TAPR 9600 baud modem.
In this figure, voltage gain and group delay characteristics are both plotted as a function
of frequency. While better than the G3RUH filter, the KING/TAPR filter simulation shows
low frequency roll-off and group delay distortion.
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Simulated performance of the transmit waveform shaping filter used in the KD2BD 9600
Baud Modem. This graph plots voltage gain and group delay as a function of frequency.
Notice that both plots show exceptionally flat response across the entire frequency
range of operation, providing superb modulator performance.
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Figure 5 shows the simulated frequency
response and group delay characteristics
of the receive filters used in the TAPR/
KING 9600 Baud Modem designed in
August 1985. The TAPR/KING filters of-
feramuch flatter frequency response, but
the receive filter is still a bit narrow, and
suffers from some low frequency roll-off
and group delay distortion.

Figure 6shows the simulated frequency
response and group delay characteristics
of the transmit filters used in the KD2BD
9600 Baud Modem. The extremely flat
frequency response and constant group
delay characteristics of these filters pro-
duce an exceptionally clean raised-cosine
transmit waveform and introduce virtu-
ally no distortion to the received signal.
These filters were actually designed by
empirically selecting component values
that produced the cleanest waveform pat-
terns as viewed on an oscilloscope. It was
only after the filters were designed and
the modem constructed that the com-
puter simulations were run, effectively
confirming their performance and char-
acteristics.

To Be Continued

In the second part of this article, cir-
cuit details of the KD2BD 9600 Baud
Modem will be discussed, schematics will
be provided, and interface issues will be
tackled. In the meantime, additional in-
formation regarding the digital modula-
tion formats used for amateur satellite
communications can be found in the
Amateur Satellites column of the January/
February 1997 issue of Satellite Timesmaga-

zine. St

L. L. Grace Communications

Kansas City Tracker

Automated
Satellite Tracking

Visit our web site at:
http://www.lIgrace.com

Phone: 609-751-1018
FAX: 609-751-9705
PO Box 1345
4 Voorhees, NJ 08043 a
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By Lawrence Harris
lawrenceh@ndirect.co.uk

Meteor APT Edge Codes

s Satellite Times’ newest columnist,
I welcome the move by Grove En-
terprises to take ST monthly. |
have found that when writing about events
taking place in the weather satellite world,
such as the ever-changing seasonal effects
(perhaps seen for the first time by new
readers), and with the changing face of the

technology, there is usually a wide choice of

topics that can be covered on a monthly
basis.

In this month’s column we will discuss
the edge code that appears on Meteor APT
pictures, the fire-fighters of Australia, and
pictures from Fengyun-2B-the Chinese
weather satellite.

If you have an internet connection and
want to contact me, note my new email
address: lawrenceh@peverell.demon.co.uk.
My web pages are moving to URL: http://
www.peverell.demon.co.uk. I welcome any
correspondence and can handle images
attached to e-mails. In fact, three such im-
ages from Australia are included in the
column this month.

NOAA and Meteor Solstice
Views

Atthe time of the Decembersolstice, the
sun reaches its most southerly point, giving
minimalillumination to the northern hemi-
sphere during the hours of daylight. The
orbital planes of the NOAA weather satel-
lites maintain a (nominally) fixed angle to
the sun-they are sun-synchronous.

The effect of this is that they always pass
over any particular location (for example
Plymouth, UK, where I live), at about the
same time each day. Figure 1 shows the APT
image from NOAA-14 passing over Britain
justafewdays before the solstice-and there-
fore experiencing thedarkest (visible-light)
images of the year. For this image I used my
backup crossed-dipole antenna, which is
mounted on a low-level clothes line (with
permission from my wife).

My mainantennaisroof-mountedat the
high level of a three-floor house. Our
weather comes straight off the Atlantic and
the effect of salt water on the cable and

24  SATELLITE TIMES  February 1998

FIGURE 1 )
Fig. 1: 14 December

16 at 1439UTC from
Plymouth, UK

Fig. 2: Meteor 3-5 on
December 8 at 1554UTC

Fig. 3: Meteor 3-
5 on December
| 11 at1501UTC

Fig. 4: Meteor 3-5 on
December 15 at 1348UTC
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At the time of the December solstice, the sun reaches its most southerly point,
giving minimal illumination to the northern hemisphere during the hours of
daylight. The orbital planes of the NOAA weather satellites maintain a (nominally)
fixed angle to the sun-they are sun-synchronous.

2 R b S
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connectors is considerable—despite their
high level of protection. The signal from
this antenna has degraded considerably
during the last year and I haven’t arranged
for it to be swapped with the other antenna.
Being at a low height, the second antenna
can only moniter satellites which are well
above the horizon. Consequently figure 1
does not show the switch-over of the visible-
light channel to infra-red, which occurs
before the satellite has set below the north-
ern horizon.

With both NOAA-12 and 14 providing
routinely high quality APT images, I have
found it particularlyinteresting towatch the
emergence of Meteor 3-5 into daytime sun-
shine in the northern hemisphere. The
orbital planes of the Meteors slowly rotate
around the earth such that the solar illumi-
nation varies each time they pass. This is
illustrated by figures 2, 3 and 4, wansmitted
by Meteor 3-5 while passing northwards
over the UK and experiencing differing
levels of solar illumination.

In figure 2, Meteor 3-5 rises above the
United Kingdom horizon (hence the initial
noise level), and quickly shows extensive
darkness (the upper right area) as the satel-
lite approaches the polar region late in the
UKafternoon atan angle to the terminator.
Figure 3 demonstrates that just three days
later, the satellite’s orbit has drifted forward
and is passing the UK a little earlier in the
day, and therefore approaching the termi-
nator less obliquely. Bv December 15 the
orbit now reaches the dark polar regions
more directly, as seen in figure 4.

up of Meteor edge code (from fig 2 left)

FIGURE 5

Meteor Edge Code

Many years ago the content of Meteor
weather satellite APT was carefully studied
by members of the Kettering group.
Kettering is a town in the UK, where Sir
Geoffrey Perry, a member of the staff of a
local school, was taking a close interest in
the transmissions from a number of Soviet
satellites, including the Meteors ‘He estab-
lished the significance of what came to be

Disp io, S

known as the Meteor “edge code”-the se-
quence of black-and-white bars shown in
figure 5.

There are six bars and each can be
considered to represent binary “1” when
black and “0” when white. Just before the
satellite enters darkness, the aperture is
wide open as indicated by the binary num-
ber 111111. Within a few seconds of this
indication the transmission from the satel-
lite ceases.

At the other extreme of illumination
over bright desert sands, the aperture may
be reduced to the minimum level, indi-
cated by a solid white bar (all six bars set to
zero). The effect of reducing sunlight on
the landscape below the weather satellite
can be observed prior to the cessation of
APT as asequential change (increment) in
the binary numbers. In figure 5, the se-
quence ends as follows:

111111 (followed by transmission cut-off)
011111

101111

001111

110111

and earlier numbers (not shown).

These numbers correlate with the im-
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Fig. 6: NOAA-14 channel 1 image from December 3 from Arthur Andrews.
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Many years ago the content of Meteor weather satellite APT was carefully studied by
members of the Kettering group. Kettering is a town in the UK, where Sir Geoffrey Perry,
a member of the staff of a local school, was taking a close interest in the transmissions
from a number of Soviet satellites, including the Meteors.
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age edge code, as read from the bottom
upwards towards transmission cut-off.

Further details of this and other origi-
nalwork done by members of the Kettering
group have been published in earlier edi-
tions of the UK’s Remote Imaging Group’s
quarterly magazine (and other publica-
tions).

The group went on to make investiga-
tionsof other aspects of the Soviet satellite
program -but that is perhaps for a future
column!

Australian fire-fighters use
NOAA images

Satellite imagery has never been more
important than for those whose lives or
property may depend on timely informa-
tion. The recent Australian bush fireswere
vast and their progress was monitored by
thase Australians with access to imaging
equipment.

One of those who took a keen interest
was Arthur Andrews, who has a high reso-
lution picture telemetry (HRPT) system
built by Timestep (a UK companywhich is
represented in America by Spectrum In-
ternational).
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Fig 7: NOAA 14 channel 4 image from December 2 from Arthur Andrews

The pictures in figures 6 and 7 show the
effect of a change of frequency band. Fig-
ure 6 is a channel 1 image. NOAA-14’s
channel 1 sensor includes that portion of
the spectrum between 0.58 to 0.68 microns
(micro-meters)-the visible-light portion.

Figure 7 is a channel 4 image of the
Coonabarabran and Merriwa fires. The
channel 4 sensor covers 10.50 to 11.50
microns—thermal infrared.

Arthur writes that using either channel
3 or 4, fires can be spotted which are some-
times not apparent in the visible light spec-
trum. The fullextent of the Coonabarabran
fire can be seen with infrared and the area
accurately measured. Note thatasmall fire,
top left of the Coona fire, is burning in an
isolated area and cannot be seen in visible
light. Latitude, longitude, bearing and dis-
tance of the fires can be calculated using
the Timestep NRPT software.

The white mouse arrow (near lower
centerleft) indicatesthe position of Arthur’s
farm. Due to the extremely hot weather,
(over 40°C for five days running,) Arthur’s
low-noise amplifier became unstable just
when it was needed for fire watching, so he
contacted Timestep and received a new
one which arrived within a few days. Mean-
while, the continuation of the three-year
drought means that the possibility of ex-
treme fire danger will extend through
March.

FENGYUN-2B operations

The first Chinese geostationaryweather
satellite-Fengyun-2B-waslaunched on June

Fig 8: Fenyun-2B
footprint
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NOAA weather satellites transmit different types of data on 137.50, 137.62, 1698.0
and 1707.0 MHz, and they also transmit beacon telemetry on 136.77 MHz (NOAA-12)
and 137.77 MHz (NOAA-14). NOAA-11 is currently not transmitting APT data, but it
does periodically use its beacon (137.77 MHz) under command.

10, 1997, and is located at longitude
105%East. Figure 8 shows the satellite trans-
mission footprintand, as can be seen, trans-
missions cannot be received from the
United States or Britain.

To find out how commissioning has
been progressing I have been monitoring
the following web pages:

htip://www.cma.gov.cn/
http://www.cma.gov.cn/fy2/fy2.htm
http://edcwww.cr.usgs.gov/china/china.htm

It appears that none of these pages has
been updated with FY-2B information since
the first official image was displayed some
monthsago. Fortunately, usingthe Internet,
I'was able to contact two people who live in
Australia, both of whom have been moni-
toring many of FY-2B’stransmissions. Arthur
Andrews mentioned previously and Mike
Kenny, who works in Satellite Engineering
Division at the Bureau of Meteorology in
Melbourne.

Mike has sent an image transmitted by
FY-2B.Itisalow-resolution, infrared WEFAX
polar stereographic projection of China
taken on December 3, 1997, at 1502 UTC
and transmitted at 1532 UTC. It shows the
sector E format.

Low resolution WEFAX (LR-FAX) is
transmitted from FY-2B on 1691.0 MHz
(the standard frequency for geostationary
WEFAX transmissions). Mike reports that
LR-FAX transmissions occur every half-
hour, except during ranging (geostation-
ary distance monitoring and adjustment)
and some other operations. Mike men-
tioned that the dots in the whites are an
artifact of the GIF encoding process at his
end, and he reports that sector E formats
are transmitted nearly every hour.

NOAA Beacons

NOAA weather satellites transmit dif-
ferenttypes ofdataon 137.50, 137.62,1698.0
and 1707.0 MHz, and they also transmit
beacon telemetry on 136.77 MHz (NOAA-
12) and 137.77 MHz (NOAA-14). NOAA-
11 is currently not transmitting APT data,
but it does periodically use its beacon
(137.77 MHz) under command. I noticed
that because the beacon stops my general

Fy-2 IR
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purpose scanner from scanning. But the
NOAA-14 beacons do not give me similiar
results.

[ originally speculated whether the bea-
cons had different power output levels, so I
enquired about this observation on the
Internet weather satellite forum. Wayne
Winston (NOAA/NESDIS meteorologist)
responded to my query, saying that all satel-
lites in the series use the same one watt
transmitterand antenna configuration. The
beacon antenna is linearly polarized (com-
pared with the right-hand circular polariza-
tion used for APT). Ifyou have also experi-
enced this effect, I would like to hear from
you.

i 1
E 83 DEC 97 15:82UTC)

O e el

Fig. 9: Fengyun-2B infra-red image of December 3, 1997, from Mike Kenny

Frequencies

NOAA-12 transmits APT on 137.500 MHz

NOAA-14 transmits APT on 137.620 MHz

NOAA satellites transmit beacon data on
136.770 or 137.770 MHz

Meteor 3-5 transmits APT in sunlight only
on 137.850 MHz

OKEAN-4 and SICH-1 (rarely operating)
use 137.400 MHz

GOES8 and GOES9 use 1691.0 MHz for
WEFAX transmissions

Mir voice communications are commonly

heard on 143.625 MHz St
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By John Magliacane, KD2BD
magliaco@email. njin.net

A Mir Achievement

stablishingamateurradiocontactwith

the Russian space station Mir is a

popular activity with newcomers to
the world of amateur satellites. Amateur
radio communicationsequipmenthasbeen
onboard Mir, starting in November 1988
with the third crew to inhabit the space
station, and most crews since then have
made good use of the equipment for recre-
ational purposes.

A favorite activityamong amateur radio
operators is to confirm successful radio
contacts, especially unusual or rare con-
tacts, with a QSL or verification card. At the
present time, two different types of contact
verifications are available to those success-
ful in making two-way radio contact with
Mir.

Figure 1 shows the current Mir QSL
card that is available to amateurs who have
successfully made two-way radio contact
with Mir, either by FM voice or by packet
radio. The QSL is available to stations in
North America through Dr. David Larsen,
N6CO/K6MIR, or through Sergej
Samburov, RV3DR, for stations in the re-
maining parts of the world.

The Russian address for obtaining a
Sputnik-40 QSL card has changed slightly
from those previously published. The new
address is as follows: Sergej Samburov, PO
Box 73, Korolev-10 City, Moscow Area,
141070, Russia.

Include a self-addressed envelope and
one or two International Reply Coupons
with your Sputnik-40 reception report. Do
not include any amateur radio callsigns on
the outside of the sending or return enve-
lope.

Callsigns should not be displayed any-
where on the envelopes sent to Sergej. U.S.
stations requesting QSLs through Dr. Dave
Larsen should include a self-addressed
stamped envelope (SASE) in lieu of IRCs.

Proper contactverification requires that
stations wishing to receive a QSL card pro-
vide information such as their name and
callsign, the callsign of the station con-
tacted on Mir, the mode of communica-
tions used, the number of the message left
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on the Mir packet BBS system (if a confir-
mation of a packet radio contact is de-
sired), and the date, frequency and time
upon which the contact took place.

Table 1 lists the addresses of the Mir
QSL managers who are able to accept QSL
requests and issue them to qualifying
ground stations. A QSL card is also avail-
able to those wishing verification of their
reception of amateur radio transmissions
from Mr.

TABLE 1: MIR QSL MANAGERS

Or. David Larsen, N6CO/K6MIR, P.0. Box 1501,
Pine Grove, California 95665 USA

Dave offers confirmation for stations located in the
USA, Canada, Australia, New Zealand and South
America. Please include a business-sized SASE or
IRCs with your QSL or reception report.

Sergej Samburov, RV3OR, P.D. Box 73,
Kaliningrad-10 City, Moscow Area, 141070,
Russia

Sergej offers confirmation for stations located in
Russia only. Please include a self-addressed
stamped envelope with your QSL or reception re-
port.

Last year, a Mir Achievement Award pro-
gram was started to offer yetanotherincen-
tive for contacting Mir and to help raise
funds for the MIREX program. MIREX isa
team of dedicated amateur radio operators
whowork togetheralong with officialswithin
the Russian space program to purchase
and deliveramateur radiocommunications
equipment to the Mir space station. The
MIREX volunteers also conduct extensive
testing of the amateur radio equipment
used on Mirand try to resolve electromag-
netic compatibility (EMC) problems asso-
ciated with each component of the ama-
teur radiostation and those of the commer-
cial VHF two-way radio communications
equipment carried on Mir.

The Mir Achievement Award is avail-
able toamateurswho have successfullymade
both voice and packet radio contact with
crew members living on the Mirspace sta-
tion. Figure 2 shows a Mir Achievement
Award received by your Satellite Times Ama-
teur Satellites columnist after making a
VHF packet radio contact with Miron Au-
gust 26, 1997, and a live two-way UHF voice




A favorite activity among amateur radio operators is to confirm successful
radio contacts, especially unusual or rare contacts, with a QSL or verification
card. At the present time, two different types of contact verifications are
available to those successful in making two-way radio contact with Mir.

contact with Astronaut Mike Foale,
KB5UAC, on September 12, 1997.

Theawardis8.5 by Il inchesin size,and
displays a full color image of Mir in full
sunlightabove an earth shrouded with scat-
tered clouds. A ten dollar donation sent to
MIREX President Dr. Dave larsen at the
address listed in Table 1 along with the
specifics of each contact are all that are
needed to qualify for a Mir Achievement
Award certificate.

New TNC on Mir

A new KAM dual mode packet radio
terminal node controller (I'NC) that was
recently sent to Mirfrom the MIREX team
was tested on-board Mir during mid-De-
cember 1997. The new TNC supports both
1200 as well as 9600 baud connections, and
has a message bufter size of 100 kilobytes—
substantially larger than that of the
PacComm TNC previously in use. The 9600
baud communications capability aboard
Mir will be delaved until a suitable cable
wired and installed.

DOVE-OSCAR-17 &SL Card
Avdadilable

Ground stations who successfully re-
ceive downlink transmissions from the

DOVE-OSCAR-17 satellite on

145.825 MHz FM are eligible
for a DOVE QSL card. To re-
ceive a DOVE QSL, receiving
stations need to send a request
indicating the date, time and
frequency the satellite was re-
ceived. Itisnot necessarytosend
a breakdown ol the satellite te-
lemetrvoraprintoutof received
data. Include a self-addressed
stamped envelope (SASE) or
an addressed envelope with an

International Reply Coupon
(IRC) withyourrequest. Recep-
tion reports should be sent to:
Dianne Whiie, NOIZO, 45777
Rampart Road, Parker, Colo- MHz.
rado 801384316 USA

Amateur Radio to Fly on
International Space Station

NASA recently named the first team
membersto live and work aboard the Inter-
national Space Station (ISS), and four crew
members are licensed amateur radio op
erators. Several of the crew members who
donot currentlyhold amateur radio opera-
tor licenses are presently studying for their
licenses in preparation for their activities
on ISS.

The first Interna-

KD2BD
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tional Space Station
crew will consist of
American astronatut
Williain M. Shepherd
asthe expeditioncom-
mander. Shepherd is

= v currently studying for
~ile] his license. He will be
30 accompanied by Rus-
Cc sian cosmonauts Yuri

E Gidzenko and Sergei
Krikalev, USMIR. The
first crew is training
for an early 1999
launchandaplanned
five month missionon
the International

Space Station.

The Mir Achievement Award is available to amateurs who have
successfully made two-way radio contact with Mir using both

voice and packet radio communications.

The second crew,
which will be headed
by Russian cosmo-
naut Yuri Usachev,

A new DOVE-OSCAR-17 QSL card is available to
groundstations who have successfully copied
downlink transmissions from the DOVE-OSCAR-17
microsatellite. DOVE has an FM downlink on 145.825

Original DOVE-OSCAR-17 QSL card
issued by Junior De Castro, PY2BJO of
Sao Paulo, Brazil, who sponsored
construction of the satellite. The reverse
side of the card provides technical
information about DOVE-OSCAR-17.
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The first International Space Station crew will consist of American astronaut
William M. Shepherd as the expedition commander. He will be accompanied
by Russian cosmonauts Yuri Gidzenko and Sergei Krikalev, USMIR. The first
crew is training for an early 1999 launch.

R3MIR, will include US astronauts Susan
Helms, KC7TNHZ, and James S. Voss, who
has also indicated an interest in getting his
ham license.

No licensed hams are among the third
crew, which will be headed by astronaut
Kenneth Bowersox and will include Rus-
sian crewmates Vladimir Dezhurov and
Mikahil Turin. Bowersoxalso hasindicated
that he would like to earn an amateur radio
operator’s license.

The fourth crew will be headed by Rus-
sian cosmonaut Yuri Onufrienko. Yuri will
be accompanied by American asironauts
Carl Walz, KC5TIE, and Daniel Bursch.

Frank Bauer, KASHDO, AMSAT-NA’s
Vice President for Manned Space Opera-
tions, reports that the international team
developing an amateur radio station for
the International Space Station is working
hard to put together a transportable svstem
in time to be delivered 1o the Johnson
Space Center in Houston, Texas, for flight
certification in June.

Initially, International Space Station
crewswillinhabit the service module, which
will include an amateur radio radio an-
tenna. Amateur radio transceivers are ex-
pected to be delivered to ISS via Space
Shuttle mission STS96. Comniunications
capabilities are expected to be expanded
with the arrival of digital “Microsat-siyle”
store-and-forward transponder and voice
repeater payloacs to the International Space
Station in early 2002.

Yaesu Announces New FT-847
Satellite Rig

Yaesu Communications hasannounced
the introduction of the Yaesu FT-847 trans-
ceiver as a successor to their popular FT-
736Rand earlier FT-726R mulii-mode com-
munication transceivers. The FT-847 is due
outlater this month, and offers coverage of
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all the amateur high frequency bands as

well as the 6-meter band with 100 watts of

output power. The rig also covers the 2-
meter VHF and 70-cm UHF bands with 50
watts of transmitter power, and offers cross-
band full duplex operation as well as nor-
mal and reverse tracking for satellite com-
munications, CTCSS and Digital Coded
Squelch (CS) encode/decode, high reso-
lution 0.1 Hz tuning steps, DSP filiers
(notch, NR, BPF), shuttle jog tuning dial
for fine or rapid tuning, direct frequency
keypad entry, as well as 1200/9600 bps
packet radio capabilities.

AMSAT-UK Colloquium Call
For Papers

The thirteenth AMSAT-UK Colloquium
will be held at Surrev University, Guildford,
Surrey, UK., from Friday July 31, 1998, 1o
Sunday August 2, 1998. This vear’s event
will include technical and operational mat-
ters as well as an IARU forum.

AMSAT-UK invites authors to submit
papersaboutamateur radiospace and asso-
ciated activities for this event, and for the
Proceedings document which will be pub-
lished at the same time. Colloquium orga-
nizers normally prefer authors to present
the papers themselves rather than having
someone else read them in the authors
absence, but also welcome “unpresented”
papers for the document.

Offers of Papers should be submitted as
soon as possible; the final date for full
documents is mid-June 1998 in order that
the Proceedings document be available to
participants. A second and final call for
papers will issue about March 1998, prob-
ably at the same time as Colloquium book-
ing information becomes available.

Submissions should be sent to Richard
W. L. Limebear, GBRWL via the following
routes:

Yaesu’s new FT-847 transceiver offers state-of-the-art
satellite communication capabilities in addition to full
coverage of the 6-meter and HF bands in a 10.2-inch
wide by 3.4-inch high by 10.6-inch deep package. The
new rig is expected to be available by the middle of
this month.

Internet e-mail:

Packet Radio: G3RWL@GB7HSN.#32 .GBR.EU
Satellite: AD16/19/22/23/25

Terrestrial mail: Richard W. L. Limebear, G3RWL, 60
Willow Road, Enfield EN1 3NQ United Kingdom

AMSAT-UK also invites anvone with re-
quests for program topicstosubmitthemas
soon as possible to G3RWL.

See you on the birds! Sy
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IT’S EASY TO CAPTURE REALTIME IMAGES LIKE
THIS DIRECTLY FROM SPACE ON YOUR P!

<« Section of
magnified
(zoomed 4x)
NOAA 14 APT
image of the
northeast US.
Unretouched
image taken
directly from
saved image
file.

Log onto the
MultiFAX BBS
(716-425-8759)

and download this
image (NE4X.GIF)
and dozens of
others as well as
software, demos,
and up-to-date
orbital elements.

There is no
charge to use the
MultiFAX BBS, it
operates from
5PM-8AM ET (24
hours on
weekends) and
' i supports up to
L A 28.8KB modems.
- TN S
MultiFAX offers two professionally featured weather  Both units offer the same powerful capabilities - PLL
satellite demodulators: One model plugs directly into  circuitry for perfectly straight edges on NOAA, GOES,
the expansion slot of your IBM compatible desktop PC, and Meteosat images; 4800 8-bit samples per
the other model interfaces to your PC (laptop, notebook,  second-capture ALL the high APT resolution the NOAA
or desktop) through the parallel port - perfect for  satellites can provide (2-3 miles) in visible and infrared
“crowded” computers or portable applications. (simultaneously) with a full 12 minute recording.

Version 7 Software Features Include: Integrated Satellite Tracking
Kansas City Tracker Support « Capture Images to Hard Disk or Memory « PLL MultiFAX Weather Satellite Receiver
Sampling « NOAA, Meteor, GOES, Meteosat, HF Fax < “Point & Click" User v Synthesized Tuning - 10 Programmable Memoties
Interface with Mouse Support « 1024x768x256 Colors/64 Gray Levels + Zoom v 137-138 MHz in 5 KHz Steps

+ Simple, Powerful Image Enhancement ¢ 10 User Definable Enhancement v’ NOAA & Meteor APT

Palettes + False Colorization + Unattended Recording + Visible and IR v GOES & Meteosat Fine Tuning for Downconverter
Animation + Calibrated IR Temperature Readout ¢ “3D" Enhancement « Use v Two Independently Adjustable Audio Outputs
Your Images with Hundreds of Other Programs « Printer Support + 2-3 Mile v’ 12 VDC (switchable) at Antenna for Pre-Amp
Resolution (NOAA) « 3.5 Million 8 Bit Pixels for full NOAA Recording - v Price: $249.00 plus S&H

Latitude/Longitude and Map Overlay (US included) + Reference Audio Tape Call or Write for Complete Details

+ Clear, Complete 85+ page lllustrated User's Manual *+ Much More...

Minimum requirements: IBM Compatible Computer with 640 KB Memory and either 1) An 8 or 16 bit ISA slot for the internal
card OR 2) A parallel port (LPT1, LPT2, or LPT3) for the external unit <+ VGA Card and Monitor « Hard Drive or RAM Disk with
4MB Available Space * Receiver and Simple Antenna (dish not required for high resolution polar orbiting satellites)

Internal Demodulator with Software: Just $289 plus S&H.
Write, call, fax or check out our BBS or Web site for complete details.

MultiFAX « 30 Steele Road ¢ Victor, NY 14564 « 716-425-8759

FAX: 716-223-6198 BBS after 5PM ET: 716-425-8759
Web: http:/lwww.vnet.net/users/syzygy/ Email: multifax@frontiernet.com
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By Keith Stein
kstein@erols.com

INMARSAT and INTELSAT Sctellites

njune 3, 1997, INMARSAT 3F4 roared off into orbitonan

Ariane 44l. rocket rom French Guiana. Thanks o this

Arianespace launch INMARSAT now has a full constella-
tion second generation and third generation of satellites active in
geostationary orbit and thus all services worldwide are fully opera-
tional.

Second Gen Satellites

The second generation satellites were designed for a 10-vear
life. The commumnications payload on these birds have two tran-
sponders providing downlink (C-band to [-band) and uplink (L-
band to C-band) with mobile terminalsin the 6.4/1.5and 1.6/3.6
GHz bands. Each satellite’s global beatn covers roughly one-third
of the Larth’ssurface. INMARSAT can handle communicationsfor
maritime, aeronautical and land mobile applications.

The satellite uses L-band for communications with ships and C-
band for comnunications with shore stations. The L-band transmit
antenna is a hexagonal array of 61 elements (see chart below).

The third generation INMARSAT spacecraft use the latest
Gt T = satellite spotbeam
20918 1990-003A INVIARSAT 2 F1 178.0' gast | 'chnolomyforworld-
21149 1991-018A INMARSAT 2F2 55.2°West | Wide voice and data
21814 1991-084B INMARSAT 2 F3 64.9°Fast | Communication ser-
21940 1992-021B INMARSAT2F4 17.2°West | vices 1o increasingly

smaller mobile termi-

nals on ships. aircraft and vehicles. These satellites are 20 times
more powerful than INMARSAT's first generation models.
Eachssatellite has one global beam and five spotbeains. Like the
second generation spacectaft. these satellites can support commu-
nications for maritime, aeronautical and land mobile applications.
The INMARSAT-3s comprise the first cominercial satellite system
to cany navigation pavioads and mobile-to-mobile links.
Inmarsat’s Satellite Control Center is located in London and
works through ground stations in Pennant Point (Canada), Lake
Cowichan (Canada), Fucino (Italy) and Beijing (China).

e —— T Tl If all goes well, by
Cat. nty. Uesig. al. Name osttion g - - -
23830 1996-020A INMARSAT3F{ 639%ast | 'I'C limic &
24307 1996-053A INMARSAT3F2 15.5MWest | (his issue of the Satel-
24674 1996-070A INMARSAT 3F3 178.3ast | lite Listening Post the
24819 1997-027A INMARSAT3F4 54.0°West | final INMARSAT 3

series satellite (F5)
should be in orbit. Soon after this launch, INMARSAT mtends to
redeploy several INMARSAT 2 series spacecraft as partof'a plan to
re-use its L-band mobile satellite frequencies and offer new ser-
vices.

Al INMARSAT 2 series spacecraft will be offset by 40 degrees
from their current positions, which will allow double usage of the
same spectrum. These satellites will primarily be used for long-term
global beam leases. The INMARSAT satellites over the eastern and
western Atlantic will be moved to 110°East and 98“West respec-
tively.
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Inmarsat - the System

INMARSAT Downlink Frequency Assignments
L-band 1530-1546 MHz
C-band 3600-3621 MHz

International Telecommunications Satellite
Organization (INTELSAT)

INTELSAT has more operational satellites in geostationary
orbit than any other organization, with manymore scheduled tobe
lauinched.

Coordination/control of INTELSAT services is performed by
their Satellite Control Center (SCC) and Intelsat Operations
Center (IOC) at INTELSAT Headquarters in Washington, DC.
Tracking, telemetry and control stations are located in Fucino
(ltaly), Paumalu (Hawaii), Perth (Australia), Raisting (Germany),
Beijing (China) and Clarksburg (Maryland, United States).

Columbia Communications Corporation will cease operation
of the TDRS- spacecraft (Tracking and Data Relay Satellite-4) at
41 degrees West longitude on May 15, 1998. Inits place, Columbia
will take title to the INTELSAT 515 spacecraft (1o be renamed
Columbia 515) and begin operating that satellite by April 1, 1998
at 37.5 degrees West longitude. Columbia will lease back to
INTELSAT, at no charge, a number of transponders on the
Columbia 515 satellite.

The INTELSAT 806 spacecralt will be launched in March 1998
and located at 40.5°East longitude for on orbit operations.

INTELSAT VVA Downlink Frequency Assignments
Prime contractor: Ford Aerospace
L-bard 1535-1542.5 MHz (L-band transponder only on Intelsat
505 and 506)
C-band 3.7-4.2 GHz and 4.1925-4.200 GHz
Intelsat V: 21 transponders; Intelsat VA: 26 transponders
Ku-band 10.9-11.7GHz, 11.7-11.95 and 12.5-12.75 GHz (Interna-

tional Business Service on Intelsat 513 and 1515 only)
Intelsat V: 4 transponders; Intelsat VA: 6 transponders




If all goes well, by the time you receive this issue of the Satellite Listening Post the
final INMARSAT 3 series satellite (F5) should be in orbit. Soon after this launch,
INMARSAT intends to redeploy several INMARSAT 2 series spacecraft as part of a
plan to re-use its L-band mobile satellite frequencies and offer new services.

TABLE 1: Current INTELSAT Constellation

Catalog Intl Orbital

No. Desig Satellite Position (degrees)

12089 1980-098A INTELSAT 502 40.5"W (Ku-band only)

13595 1982-097A INTELSAT 505 73.5% (L-band leased to|
INMARSAT)

14077 1983-047A INTELSAT 506 31.4°W (L-band leased to
INMARSAT)

15629 1985-025A INTELSAT 510 33.0°

15873 1985-055A INTELSAT 511 157°E

16101 1985-087A INTELSAT 512 55.5°W

19121 1988-040A INTELSAT 513 177.0°W

19772 1989-006A INTELSAT 515 21.3'W

21765 1991-075A INTELSAT 601 35.5'W

20315 1989-087A INTELSAT 602 62.0°E

20523 1990-021A INTELSAT 603 24.5°W

20667 1990-056A INTELSAT 604 60.0°E

21653 1991-055A INTELSAT 605 29.5°W (Attitude contro
failure,
replaced by 803)

21989 1992-032A INTELSAT K 21.6'W

22871 1993-066A INTELSAT 701 180.0°E

23124 1994-034A INTELSAT 702 177.0°€

23305 1994-064A INTELSAT 703 57.0°t

23461 1995-001A INTELSAT 704 66.0°E

23528 1995-013A INTELSAT 705 18.0'W

23571 1995-023A INTELSAT 706 53.0'W

23816 1996-015A INTELSAT 707 1.0°W

23915 1996-035A INTELSAT 709 50.0'W

24742 1997-009A INTELSAT 801 61.9°€

24846 1997-031A INTELSAT 802 173.9°E

24957 1997-053A INTELSAT 803 27 5'W

25110 1997-083A INTELSAT 804 B4°E

Intelsat VIIIA INTELSAT 806 March 1998

Intelsat VIIIA INTELSAT 805 May-June 1998

INTELSAT K-TV Jan-Mar 1999

Intelsat IX INTELSAT 901 3rd Quarter 2000

Intelsat IX INTELSAT 902 4th Quarter 2000

Intelsat XA INTELSAT 903 1st Half 2001

Intelsat IXA INTELSAT 904 2nd Half 2001

INTELSAT VI Downlink Frequency Assignments

Prime Contractor: Hughes Aircraft Company

C-band 3.62-4.20 GHz (38 transponders)
Ku-band 10.95-11.2 and 11.45-11.70 GHz (10 transponders)
INTELSAT K Downlink Frequency Assignments

Prime Contractor: GE Astro Space (started out life as Satcom K4)

This satellite does not have any C-band downlink service. Itis strictly a Ku-band only
satellite dedicated to providing service to Europe and the Americas with sixteen 54
MHz transponders.

Ku-band10.954-11.198, 11.7-11.95, 11.454-11.698, and 12.5-12.75 GHz

INTELSAT VIINVIIA Downlink Frequency Assignments
Prime Contractor: Space Systems/Loral
C-band 3.6-4.2 GHz (26 transponders, both versions)
Ku-band 11.0-11.2 GHz and 11.5-11.7 GHz
intelsat VII: 10 transponders; Intelsat VIIA 14 tran-
sponders

Note: One of the important new features that was introduced with the Intelsat VIi/VIi-
A satellites is the real-time ability to reconfigure the satellite’s coverage capabilities
in-orbit in response to changing traffic patterns and service requirements.
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« Three independently steerable, high powered, Ku-band spot beams offering a total of
ten transponders that can be individually assigned on an as-needed basis.

* An independently steerable C-band spot beam capable of switching up to six global
transponders to dual polarized, independently steerable C-band spot coverage.

* Switchable C-band zone coverage permitting assignment of capacity for coverage of
Northwest or Southeast areas and Northeast or Southwest areas.

INTELSAT VIH/VINIA Downlink Frequency Assignments
Prime Contractor: Space Systems/l.oral

C-band 3.625-4.200 GHz (38 transponders)
Ku-band 10.95-12.75 GHz (6 transponders)
INTELSAT K-TV

Prime Contractor; Matra Marconi Space
Satellite will be placed into geostationary orbit at 95%ast in the first quarter of 1999,

INTELSAT IX
Prime Contractor: Space Systems/Loral
Satellite will carry 44 C-band and 10 Ku-band transponders

Intelsat C-band satellite beacons 3947.5, 3948, 3952 and 3952.5 MHz
Intelsat Ku-band satellite beacons on 11198 and 11452 MHz

ORBCOMM Satellite Status Report

Orbcomm launched eight new satellites on December 23,
1997, a1 1911 UTC. The launch used the Orbital Sciences L-1011
aircraft and the Pegasus XL/H rocket. These satellites were
launched into orbit from the 1-1011 about 100 miles off the coast
of Virginia (Wallops Island). Here isa complete listof the Orbcomm
satellites that made it into orbit.

Intl Desig Catalog Number  Satellite Nomenclature
1997-84A 25112 Orbcomm FM 5
1997-84B 25113 Orbcomm FM 6
1997-84C 25114 Orbcomm FM 7
1997-84D 25115 Orbcomm FM 8
1997-84E 25116 Orbcomm FM 9
1997-84F 25117 Orbcomm FM 10
1997-84G 25118 Orbcomm FM 11
1997-84H 25119 Orbcomm FM 12
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Each Orbcomm satellite also has a 400.1 MHz doppler beacon and all of the
satellite downlinks are transmitting at five watts. The communications
downlink signal comprises what sounds like wideband noise with a beat of
approximately 1 second cadence.

Object 1997-84K (25121) is the hydrazine (HAPS) fourth stage
of the Pegasus XL/H rocket.

Several monitors reported signals from beacons on each of
these satellites using a frequency of 137.560 MHz.

Active payload information from the Hearsat-Linternet newsgroup
sponsored by Grove Enterprises, Satellite Times, and by John Corby
in Caledon, Canada (Hearsat-L. moderator)

Satellite Frequency Status
Orbcomm FM1 23545 137.710 MHzZ FM On
Orbcomm FM2 23546 137.680 MHz FM On

Each Orbcomm satellite also has a 400.1 MHz doppler beacon
and all of the satellite downlinks are transmitting at five watts. The
communications downlink signal comprises what sounds like
wideband noise with a beat of approximately 1 second cadence.
Each Orbcomm satellite transmits a very powerful VHF signal.
Often the signal is so strong that it cannot be squelched on a
scanner—even with the squelch control turned all the way up.

Another interesting phenomenon sometimes occurs in which
the squelch circuits becomes confused and lock out the signal.
When this happens all you hear is silence. Signal lockout can be
overcome by inserting some attenuation in the RF feed to the
receiver.

Listening Post Tip of the Month

How many people went up on their roof after Christmas to
check and make sure their antennas were still there after eight tiny
reindeer and Santa made their stop (or maybe due to winter’s high
winds)?

Have you gone up to the roof to install your first antenna tojoin
the satellite monitoring hobby? Have you gotten that new satellite
dish on your roof or C-band antenna in the yard installed yet? Now
is the time to do it before thunderstorm season starts up.

Satellite Listening Post Intercepts
All times in UTC

AMSAT Radio Amateur Satellite Corporation

ER-2 Earth Resources-2

ILS Instrument Landing System

K Kilohertz

LSB Lower Sideband

M Megahertz

NASA National Aeronautics and Space Administra-
tion

NFM Narrow FM

NOAA National Oceanicand Atmospheric Administra-
tion
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INTELSAT
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K3839.3 AMSAT North America East Coast Net heard at

K3842.2

M123.700

M137.560

M137.620

M138.900

M143.625

M145.820

M149.940

M149.990

M150.000

0255 in LSB mode (Keith Stein-Woodbridge,
VA)

AMSAT North America East Coast Net heard at
0208 in LSB mode. W3STW, Al was net control
(Stein-VA)

NOAA 61 (aircraft) heard performing ILS cali-
bration checks, 1615, AM mode (JTWard-FL.)
Unid Orbcomm satellite noted here right after
launch on December 23 at 2210 UTC. (Larry
Van Horn-Brasstown, NC)

Monitored several of the Orbcomm satellites
shortlyafterlaunchatvarioustimes. (Bob Grove-
Brasstown, NC)

NASA 706 (ER-2 aircraft) calling NASA Ops,
then X-Ray Control, reporting to be west of
Edwards Complex and wanting to know of any
conflicting traffic at Hotel + 2 (James De Witt)
Heard Mirwith both Russian and English voice
at 1852, NFM mode (David Priestley-England)
Monitored several passes of the Russian RS-17/
Sputnik 40 satellite using USB. (Van Horn-NC)
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