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Stip the Sarly Bonds of Earthy

“Superior performauce and features in a compact package™— Satellite Times Test, Sept.-Oct. 1994

With the new ICOM IC-820H dual- - _ —
band, all mode transceiver for = ~ < I J .
satellite and terrestrial | © ?— ‘;3" = /N Py
communications! t ' =g =" i

License required to fransmit:
Technician, General, Advanced or Extra

xplore amateur radio’s new frontiey—satellite commu-

nications! ldeal as well for terrestrial contacts. This

new, all-mode, dual-band transceiver is both compact

~and lightweight, offering operating versatility other base stations

just can’t match: Automatic crosshand repeater, normal and reverse
satellite communications tracking, independent uplink/downlink
doppler-shift compensation, 10 satellite up/downlink management
memory channels and more! Frequency coverage is 144-148 MHz
VHF/430-450 Milz UHF (can be modified by Grove at time of order
to cover 136-174 MH7/420-460 MHz; CAP. MARS or Experimental
license required to transmit). See ICOM ad on back cover of this
magazine for additional information and specifications.

PWR-4 PS-55 Style-matching power supply ......c.......... $344.95
PRE-6 AG25 144-148 MHz preamp ................ ... $159.95
PRE-7 AG35 420-450 MHz preamp ..... ... $164.95
MIC-1 HM-12 Hand microphone..........cccevvevvriccnnnnee. §53.95
MIC-2 SM-20 Desktop microphone.... ... $187.95
ACC-71 SP-20 external speaker............ . $224.95
ACC-2 SP-3 external speaker....... ... $101.95
ACC-36 UT-36 voice synthesizer .........cccvvevveiicrieecnnen. §55.95
ACC-74 CT-17 CI-V level converter ...... ... $122.95
ACC-83 MB-5 mobile mounting bracket ..............cc..c....... $42.95
ACC-138 MB-23 carrying handle .......cccccvvvevvevrvrvriircerannee $11.95
MOD-02 136-174/420-460 MHz transmit & receive .............. $40.00

Order XCVR 01
Only

Plus $16 UPS shipping (US)

GROVE ENTERPRISES, INC.
P.O. Box 98
Brasstown, NC 28902
(800) 438-8155
Outside the US and.Canada call:
(704) 837-9200 -
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Cover Story

Cover Photo: A photo of the
spectacular May 23, 1995,
night launch from Cape
Canaveral of the GOES-9
spacecraft, the second
spacecraft in the GOES-Next
series. (Photo courtesy of
NASA)
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By Raymond J. Smith

By Larry Van Horn
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A Bird’s Eye View of Ecrth

Want to receive APT satellite imagery from the polar orbiting NOAA
satellites? Need some ideas on equipment and how to get started? Ray
Smith looks in-depth at all of these questions and more in his article titled
“A Bird’s Eye View of Earth.” Ray even includes the plans for a $30
homebrew turnstile antenna for 137 MHz. Story starts on page 18.

Leasat—High Flying Space Frisbees

4ON"JTENTS

Looking at Earth from
Space

From the darkness of space, a battery of weather satellites
constantly monitor the changing and dynamic patterns of
the world’s weather. What does it take to get started in this
exciting aspect of satellite monitoring? Stu Gurske provides
the basics in his weather satellite reception primer starting

By Philip Chien

Everybody talks about the weather,
but nobody does anything about it. How-
ever, don’t tell that to the folks at the
National Oceanographic and Atmo-
sphericAdministration (NOAA). They've
justlaunched theirsecond geostationary
satellite of the year. In this issue’s cover
story, Philip Chien takes an in-depth
look at the new GOES-Next program
and an abbreviated history of weather
satellites. Story starting on page 10.
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Looking for some easy satellites to monitor with your programmable scanner? Then look no
further than the 225-400 MHz UHF military aircraft frequencies. STprofiles the Leaaat constellation
of satellites in the third of a four part series on UHF military satellite systems. Story begins on page
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SWAGCURsENterprises
Box 620035 - Middleton, W I 53562-0035
Voice - Fax Phone 608-592-740%

The SWAGURSAI allows the owners of ICOM R7000 & R7100 receivers to receive WEFAX
images in full resolution .e. 40 KHz). The SWAGURSAT is in use all over the world, It has
received favorable reports in several magazines. Many feel the SWAGURSAT approach is
the more cost effective because you do not have to invest funds in a dedicated receiver
which will only listen from 137 to 138 MHz. The SWAGURSAT dllows you fo use a general
coverage receiver which can be used on many other frequencies as well. The cost of
the SWAGURSAT is only $220.00 plus $8.75 US ($25.00 foreign) shipping & handling.

SWAGCUR-AMP This is our new Low Noise Amplifier (NA). It covers the range of from 1500
to 1700 MHz. It has a noise figure of 0.7 dB, a gain of 35 dB and it Is powered by 12 volfs
DC which is supplied to the LNA through its feed line (coax). Itis 2-58 inches long, 1-7/8
inches wide and 1 inch deep. It is rigidly mounted to our feed homs with an "L" bracket
thereby reducing the strain on the "N' connectors. The cost of the SWAGURAMP is only
$199.95 plus $8.75 US (525.00 foreign) shipping & handling.

SWAGUR-HORN. - C. This feed hom was developed to be used with a satellite dish, 1t
recelves circularly polarized signals, like those sent by orbiting satellites. It dlso receives
lineary polarized signals. You can attach your own Low Noise Amplifier (INA) or purchase
one from us. The feed hom measures approximately 6-18 inches in diometer by 5-18
inches long. It has a single "N' connector on its back plane. Why spend a lot of money
on a combiner, lossy connectors and matching sections when receiMing the polar orbiters
or GCES satellites? The cost of the SWAGURHORN - C is only $120.00 plus $8.75 US
(§25.00 foreign) shipping & handling.

SWAGUR-DISHES. Our satellite dishes range in size from 2 feet to 10 feet. The dishes are all
painted, spun solid aluminum. They can be purchased with or without a mounting ring
aftached. We dlso supply polar mounts and strufs for mounting feed homs, We can
provide complete dish assemblies. These assemblies can include a feed hom and low
noise amplifiers. Pices vary according to your requirements. A 2 foot dish without
mounting ring is $27.00 while a 10 foot dish with polar mount, feed hom and struts is
$715.00. Shipping and handiing depends upon dish size.

SWAGUR-HOODS.,  Our camera hoods dllow you to photograph your computer or
felevision screen without the usual problems. These hoods give the camera a steady
base and focusing becomes very easy. The hoods block stray light and glare from
reflecting into the camera lens. These hoods work with your 35mm camera or we can
supply a special Polaroid camera for black & white or color instant pictures. Prices range
from $70.00 to $5650.00. Our hoods fit most 35mm cameras.  Shipping and handling
charges depend upon the size of hood you want,

WEFAX__SOFTWARE,  We can provide OFS WeatherFAX software for use with your image
captuing system. The cost of the new PCMCIA (credit card) plug-in card and software for
laptop computers is $495.00. This card will dlso work with desktop computers if you use
the buss adapter board. The orginal WeatherFAX card for desktop computers Is sfill
available for only $445.00 which includes the software,
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By Larry Van Hom
Managing Editor

Surveys, We Got Surveys!

s most of you know, we conducted

our first 8§T reader survey in the

March/April issue. I am very
pleased with the response we have re-
ceived from our readers. In fact, we have
received so many replies, we are still com-
piling some of the information.

I can report on a few of the more
interesting statistics that we have tabu-
lated from the surveyso far. A snapshot of
the average ST reader would show they
are between 45-54 years old in age and
have an average yearly income of be-
tween $50,000-$75,000. Thatreader owns
their own home and lives in the suburbs.
Most of our readers have earned either
an associate or bachelors degree and are
employed in technical/professional
fields.

Over 83 percent of our readers own a
computerand about 61 percenthave CD-
ROM capability. Seventy-five percent of
ST readers said they were interested in
astronomy and 39 percent even own a
telescope. Almost half of the of the re-
spondents consider themselves beginners
and one-quarter say they have an inter-
mediate level of expertise.

We plan to publish some additional
details from this survey in the months to
come. And no, I haven’t forgotten the
contest we ran in conjunction with the
reader survey. From all the surveys we
received we held a drawing and ten lucky
winners each won a one year free sub-
scription to Satellite Times.

Bob Grove, publisher of Satellite Times
did the honors and the lucky winners are
(drum roll please):

Wayne Bock-Oak Ridge, Missouri;
JamesE. Greenwood-Pelham, New Hamp-
shire; Isidoro Hernandez-Carolina,
Puerto Rico; Thomas Lopez-Eagle Pass,
Texas; Joseph R. Miller-Batavia, NewYork;
Donald A. Skinrood-Candler, Arizona;
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§. AUTO- ASTMPTOTIC
HYPER STABILIZER
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1. QUASI- AZIMUTHIAN
POLYCALIPER

3. CROSSAXIAL ANTI-
ToRQuE READIUSTOR

4. WIRE HANGER

PN

G

NASA’s standard tools for satellite repair
in space.

Ronald Stone-San Antonio, Texas; Larry
Treat-Lowell, Indiana; Ronall Tull-
Whitehorse, Yukon, Canada; and Timo-
thy Wingert-Salem, Oregon.

Ialsoselected one entry from all those
received for a special “editors award.” 1
really did appreciate all the comments,
positive and negative we received and
wanted to reward the one person whose
comments I found the most useful and
constructive.

Congratulations to John Robinson in
Nashville, Tennessee who will be receiv-
ing a one year extension on his ST sub-
scription courtesy of the Managing Edi-
tor.

Our readers have indicated a strong
interest in the homebrew aspect of satel-
lite listening and I would like to run more
construction articles in the pages of ST.
We plan to present more construction
articles, tips, and modifications in future
issues of Satellite Times. If you have one
you would like to share, by all means
contact us.

How about a downconverter for the 2
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GHz space band? Phase 3D will be
launched next year and a whole host of
new ham bands will be available via satel-
lite. Transponders carried onboard Phase
3D will have downlink capability in the
2.4,10.4and 24 Ghz bands and uplinks in
the 1268 Mhz, 2.4 and 5.68 Ghz bands. In
order for hams to operate on these new
satellite frequencies, homebrew projects
will have to be the order of the day. Idon’t
think you are going to see the major ham
manufacturers jump on the band wagon
right away with equipment for operating
on these new satellite frequencies.

The issue of Satellite Times you are
holding is very special. We have devoted
a lot of pages to the fascinating hobby of
weather satellite monitoring. There are
even a couple of construction articles in
this issue. If you like the smell of hot
solder in the morning, warm up those
irons and turn to pages 18 and 74.

Speaking of special issues, you’d bet-
ter get that renewal card in the mail right
now because you don’t want to miss the
next exciting issue of Satellite Times, our
first anniversary issue. We have had a lot
of requests to do material on military
satellite listening and the September/
October issue is going to be chock full of
military satellite articles.

We will finish our four part series on
UHF military satellites with an in-depth
look at the Department of Defense new-
estsatellite—the UHF Follow On constel-
lation. In fact, we even have an ST exclu-
sive in conjunction with that article: the
new UFO frequency bandplans—Novem-
ber, Oscar, Papa, and Quebec.

We are also planning features on
NORAD, U.S. Space Command, the DSP
earlywarningsatellitesand the Navy’sSpace
Surveillance System. I know this is one issue
you won’twantto miss so be sure to get that
renewal card in the mail today. Till next
time, 73 de NSFPWSK.  §r




Known the world over for their
superior reception and picture
quality, the Orbitron sateliite dish
features an exclusive Spinclina-
tion mount, which allows decli-
nation to be set by rotating the
antenna to correct the latitude
setting on the scale. Their
compact shipping cartons allow
these antennas to be shipped very
economically to any point in the
world. Let Orbitron help you
expand your viewing choices.

NOdLIgdO

1514001 6.7 SX-7 Polar/Spin
1514002 8.3 SX-8.5 Polar/Spin
1514004 10.0° SX-10 Polar/Spin 63 (S&H)
1514005 11.7° SX-12 Polar/Spin 84 (S&H)

and many more...

$45 (S&H) $259
49 (S&H)

Pico Peaker

You can now accurately aim your
satellite dish to receive all the satellites
sing a tool the experts use. Whether
nstalling a new system, moving your dish,

r realigning your dish due to wind or frost,
he Pico Peaker will save you both time and
oney. This unit can be used on any
eceiver system with block down-converted
requencies between 400 and 1450 MHz. it
ill also eliminate the need for those
pxpensive service calls. The unit includes
everything you need—even the cabies. A
“must” for every satellite enthusiast.
900038 Pico Peaker

S&H $5  $89.95

Superjack Actuators

Is your actuator no longer
doing its job because of wear and |
tear? As the hardest working part |
of your satellite system, the actu- !
ator must move your dish from :
east to west across the entire 1
satellite belt. Each time you ]
change satellites, your actuator :

|
|
[}
[}

QN N~ XN OV

sends pulses to the receiver
telling the receiver when to stop
moving the dish. Most older
actuators sent only 10-16 pulses
for each inch of travel, which may !
i not be enough to stop the dish at 1
' the maximum signal strength. ]
Today's new heavy duty actuators |
with high resolution reed sensors
send 48 pulses per inch of arm
travel.So if your old actuator is
getting tired, let a new SuperJack
insure the finest picture possible.

18°arm 1019018 S&H $15 §$ 89
24" arm 1019026 S&H $16 139

e

Call Toll Free 800-334-6455 » International 1-218-739-5231 ¢ Fax 218-739-4879

Satellite Television

Wherever
You

Live . ..

... at down to earth prices!!!

The Ultra is Uniden’s newest, smallest fully-integrated C/KU
receiver ever. This unit includes the ability to control dish
movement and is ready for an optional internal program decoder.
The Utitra comes preprogrammed for 49 satellite positions and
allows you to add satellites as they are launched. Move directly to
the satellite by entering the abbreviation from the included infrared
remote control. Forty programmable favorite channels can be
accessed immediately from your easy chair. Run across
something you don’t want your kids to see? Just touch a button
and eliminate that channel from their access. A complete variety
of color menus allow you to control everything from your remote
control. The Uniden Ultra Is an ideal receiver to get you started in
Direct-To-Home Satellite TV.

4527008

The UST 4600 sets a standard in value and
performance for home satellite receivers. This unit
features automatic satellite programming, 160 favorite
channels can be instantly recalled for easy access. All
160 can be changed or updated at any time. This IRD
features a stereo processor, enabling you to tune both
teft and nght channels for a full stereo effect from over
100 radio stations found in satellite. The QuikTune
feature quickly optimizes the satellite picture for the
sharpest image. The 4600 otfers other features
including IR/UHF remote, 55 satellite position memory
and direct satellite access. The versatility makes this
an excellent choice.

4527009 UST4600

Uttra

S&H $22

$379.00

UST 4600

S&H $22 $499.00

The Uniden UST 4900 is one of the most sophisticated
satellite television receiver systems available today. This receiver
will open your home to the universe of satellite viewing and is
designed to be one of the most user-friendly IRDs available
anywhere. Sophisticated microcomputer technology brings in
crystal clear audio and video broadcasts with a minimum of user
effort. The UST 4900 front display features easy-to-read icons
that show you vital information including satellite, channet,
polarity, timer status, antenna posltion and much more. This
receiver is capable of storing the positions of the satellites, as
well as the tuning details for each channel. The picture-in-picture

UST 4900 feature allows you to view two video sources at the same time.
You can have it all, including advanced technology and lasting
quality, with the UST 4900.
4527010 UST4800 S&H $22 $689.00
[ d [ 4 ®
AT Skyvision Inc.

1080 Frontier Drive, Fergus Falls, MN 56537 - Toll Free 800-334-6455
Mail in coupon or call today for the SKYVISION Satellite TV Product Catalog/Buyers
Guide Delivered free to your mail box in U.S. and its possessions.

D Send Free Domestic Satellite TV Products Catalog
D Send International Satellite Catalog (For Int'l Catalog add $8.00 for S&H)

Name _ Phone( )
Address
City State _Zip




What? Short-wave on
AM via satellite?!

Imagine sitting in your kitchen, in
Canada or the U.S., and listening to Ra-
dio Australia on a table AM radio.

It’s being done through satellite.

World Radio Network (WRN) beams
international radio stationsviasatellite to
the Canadian Broadcasting Corporation
in Canada, which relays them to radio
stations in ten Canadian cities for local
broadcast on AM and FM frequencies.

These programs are being heard via
ground wave in Canada and some north-
ernmost U.S. regions. The AM broad-
casts probably are being heard in other
partsof North American by sky wave when
terrestrial propagation conditions are
right. This should provide some good
listening for night-owl AM DXers when
propagation improves this winter.

Karl Miosga of WRN says that interna-
tional stations beamed to CBC include
Radio France International from 0100 to
0200, Radio Netherlands 0200-0300, Ra-
dio Sweden 0300-0330, BBC Europe To-
day 0330-0400, Deutche Welle 0400-0500,
and Radio Australia 0500-0600. Those
are Eastern Standard Times.

These international stations are be-
ing broadcast locally in Vancouver on
690 kHz, Calgarv 1010 kHz, Edmonton
740 kHz, Regina 540 kHz, Winnipeg 990
kHz, Toronto 740 kHz, Ottawa 91.5 MHz
(FM), St. John’s 640 kHz, Whitehorse 570
kHz and Yellowknife 1340 kHz.

PAS-2 footprint covers Asia
and westem U.S.

Asia Business News (ABN), transmit-
ting via PanAmSat’s PAS-2 satellite, this
Spring was to begin reaching viewers in
Asia, Pacific and western U.S. regions
with in-depth business news and financial
information from Asia. This is the first
time ABN has been available in the U.S.
since the company began operations in
1993.

“In the six months since PAS-2 began
service, we've worked with both regional
and international programmers to de-
velop a compelling line-up of TV services
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By Wayne Mishler, KG5BI

on the satellite,” says PanAmSat president
and chief operating officer Fred Landman.

ABN is owned by a consortium of com-
panies including Dow Jones, TCI, and
Television New Zealand. The network cov-
ers business and financial news pertinent
to Asia. It draws editorial matter from
bureaus in Southeast Asia, East Asia, Eu-
rope and the U.S.

The satellite has the capacity to reach
two billion people, and carries program-
ming in more than five languages.

U.S. plamning next year’s joint
space operations with Russia

Put ‘er
there, pal

The U.S. is already planning its third
and fourth docking missions with the Rus-
sian space station Mir, scheduled for March
and August of next year.

In the fourth docking mission, U. S.
Naval Reserve Commander William F.
Ready, commander of the Atlantis space
shuttle, will be joined by five other U. S.
astronauts including a pilot, three mission
specialists, and a doctor who is to remain
aboard Mir for about four months. The
mission will conduct scientific studies and
transfer water and supplies to Mir.

As of April 24, this year, U. S. astronaut
Norman Thagard had been aboard Mir
for 40 days, working with the Russian crew
in medical and biological research experi-
ments. They are studying the effects of
weightlessness on human metabolism, and
measuring radiation in the space station.
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On April, the crew launched into or-
bit the German GFZ-1 microsatellite to
study the Earth’s gravitational field. Sat-
ellite data was to be relayed to Earth
stations in England, Australia and Ger-
many.

U. S. developing early-warning
satellite system

A team of space
and engineering
gurus are develop-
ing an early-warn-
ing satellite sys-
tem to protect the
U.S. from missile at-
tacks. The system
will be placed in or-
bit, and lwill use infra- NO ICBM'S
red technology to sense approaching
missiles.

The team of developers will be led by
HughesElectronics Corporation who will
provide space elements, and will include
engineers and ground crews from TRW
Space and Electronics Group.

Each of the two industrial firms brings
its own special expertise to the project.
TRW is known for design and develop-
ment of complex space defense systems,
including the existing Defense Support
Prograin, and payloads for Milstar.
Hughes is a leading producer of commu-
nication satellites and infrared sensors.

The system, when completed, will be
managed and operated by the U. S. Air
Force.

Eye in the sky may track
ground vehicles to save money

The power of computers and satellites
may soon be used to track movement of
ground vehicles.

A New Mexico company is working on
an idea that would help public schools
improve managementof their bus routes,
and pay for miles driven rather than miles
estimated on paper. The same concept
could monitor movement of other ground
vehicles as well.

A computer program has been cre-
ated to store information about school




busroutes, mileage, students and bus con-
tractors.

Global positioning system (GPS) re-
ceivers would be placed on vehicles. Us-
ing signals from the nation’s defense GPS
satellites, the receivers would gather data
on vehicle movement. Computers would
analyze data from the receivers, enabling
dispatchers to measure rather than esti-
mate real-time mileage of their vehicles.

Who was that Einstein guy,
anyway?

Scientistswonder why interstellar mat-
ter is expelled from certain regions in
space and collected in others. This phe-
nomenon creates vast, empty regions of
space, known as cosmic voids, and shoves
stars and planets and moons together
into clusters like driftwood on water. This
creates the galaxies of our universe. Italso
mystifies humanity.

In an article in the May 20, 1995, Astro-
physical Journal, three scientists present a
possible explanation, with help from an
85-year-old theory by Albert Einstein, who
laid the foundation for modern-day cos-
mology nearly a century ago.

Einstein and an associate theorized, in
1910, that when particles are exposed to
radiation fields they collide with photons,
accelerating the particles to high veloci-
ties. In earthbound radiation fields, the
Doppler shift retards particle speed and
quenches the process. But in space there
is a phenomenon known as Zero-Point
Fields: seas of energy, resulting from quan-
tum mechanics, possessing an unusual
spectrum which would allow space par-
ticles to be accelerated without opposi-
tion.

In their article, Alfonso Rueda of Cali-
fornia State University, Daniel Cole of

IBM Watson Re-
search Center,
and Bernhard
Haish of
Lockheed Palo
Alto Research
Laboratories,
propose that

Zero-Point
Fields provide

.
ATELLITE

the mechanism for expelling space par-
ticles out of cosmic voids and into galax-
ies.

Satellite communications firm
offers stock

PanAmSat Corporation in April of-
fered $275 million in 12.75% mandatorily
exchangeable senior redeemable pre-
ferred stock, due 2005.

Investments will go toward the devel-
opment, construction and launch of the
PAS-5 and PAS-6 satellites, to be used
primarily for digital direct-to-home
(DTH) program servicesin Latin America.

Morgan Stanley & Company led the
offering with co-managers Bear, Stearns
& Company, and Donaldson, Lutkin &
Jenrette Securities Corporation.

PanAmSat provides satellite-based
video and data communications services
for more than 110 countries in the Atlan-
tic and Asia-Pacific regions.

PAS-5, scheduled for launch in 1997,
will provide C-band and Ku-band cover-
age of North and South America. PAS-6 is
to be launched in late 1996 or early 1997
and will provide an additional 360 digital
channels for Latin American viewers.

By mid-1997, based on their current
launch schedule, PanAmSat will be pro-
viding more than 500 DTH channels to
markets in Latin America, the Caribbean
and the southwestern U.S.

INTELSAT expands service to
Indian Ocean and Latin
American regions

INTELSAT 704 went into operation
this Spring, providing commercial opera-
tions to customers in the Indian Ocean
region. Located at 66 degrees east, this is
the first of INTELSAT’s VII series satel-
lites to be deployed over the Indian Ocean.

The launch in March of INTELSAT
705 promises to expand television and
telecommunications services in the C-
band and Ku-band for customers in Latin
America.

INTELSAT 705 was to settle into orbit
at 310° East, and to go into operation in
May after in-orbit testing. It’s location
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gives it a footprint covering the western
Atlantic region. Itis to provide broadcast,
VSAT, and domestic telephone services
for Argentina, Brazil,
Chile, the United King-
dom, the U.S., Bolivia,
Colombia, Ecuador, Peru
and Venezuela.

A
INTELSAT

DIRECTV announces new
packages

Effective June 1, 1995, DIRECTYV is
offering two new monthly programming
packages to consumers. A new entry-level
package entitled “Select Choice” is priced
at $19.95 per month and includes pro-
gramming and receiving equipment. The
other package, “Plus DIRECTV”, $14.95
per month, gives customers satellite pro-
gramming while keeping their cable ser-
vice.

The company’s “Total Choice” sub-
scription package remains unchanged. It
is priced at $29.95 per month, and in-
cludes more than 40 cable television net-
works with seven channels of movies, the
Disney Channel, 28 other channels of
commercial-free digital music, and a re-
gional sports network. Total Choice also
offers 50 channels of pay per view movies
and special events coverage.

DIRECTYV in April was to begin cover-
ing the new World League of American
Football. Subscribers are to receive tape-
delay coverage of one game per week
during the World League’s 1 0-week sched-
ule at no charge. Every Tuesday during
the season, DIRECTV will air one match-
up from the previous weekend.

DIRECTYV sails with U.S. Navy

Sailors aboard the aircraft carrier USS
Abraham Lincoln in April were treated to
150-channel DBS TV viewing while on
training maneuvers near the U.S. Pacific
coast.

In a demonstration of the service,
engineers from Hughes Electronics, as-
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sisted by Navy technicians, installed a
modified DSS unit on the ship in port at
San Diego. The receiving system featured
a tracking and stabilization system that
kept the unit’s tiny antenna dish locked
on DIRECTV satellites during sea maneu-
vers. Programming was routed from the
antenna through fiber optics to 600 tele-
vision sets on the ship.

New wedather satellite
goes into orbit

Japan’s newest weather satellite, GMS-
5, will collect and distribute weather data
to nine nations in the Asia-Pacific region.
It was launched into circular orbit in
March at 22,300 miles above the equator.

The satellite was scheduled to undergo
three-months of in-orbit testing before
being made available for service. It is
located at 140° East longitude.

Data from the satellite will contribute
to weather forecasts for Australia, China,
Indonesia, Korea, Malaysia, New Zealand,
the Philippines, Thailand and Vietnam.

GMS-5 was built in Los Angeles by
Hughes Space and Communications Com-
pany under subcontract to NEC Corpora-
tion of Tokvo.

NASA to launch new
exploration satellite
A new 633-pound satellite with remote

sensing instruments next year is to be
placed in a 318-mile, Sun-synchronous,
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97.4-degree orbitfor NASA to use in study-
ing Earth.

The satellite, named Clark, is to be
one of a pair (Lewis and Clark) of rela-
tively low-cost exploration satellites in
NASA’s new “Small Spacecraft Technol-
ogy Initiative.”

The Lewis and Clark duo are small
spacecraft specifically designed and built
to fit NASA’s dwindling budger.

Cubans defy Castro with home-
spun satellite antennas

Cuban citizens, in defiance of their
government, are flattening metal cans
into home-spun antennas to receive for-
bidden satellite television programs.

Reportsfrom the BBC explain that the
Cuban state-owned television network
Cubalsa last year built a satellite recep-
tion tower in downtown Havana. The in-
tent was to receive and re-broadcast for-
eign satellite television programs to Cu-
ban citizens. The price for this service,
including an “authorized” antenna dish,
was about $100 a month.

“The Cuban government justified
the price by claiming high costs for
rights to the broadcasts. News reports
say the government pirated the signals,”
BBC says.

Toavoid the charges, resourceful view-
ers began making antennas from metal
scraps and scavenged electronic compo-
nents, which worked.

“With these homemade antennas,

Cubans can watch cable channels
from the satellite receptionantenna
located atop the Habana Libre ho-
tel,” says short-wave monitor Vic-

tor Garcia-Rivera, of Fairfield,
Ohio.
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“The antenna was erected to broad-
cast satellite transmissions throughout
the island for privileged foreigners who
can afford such places,” he says. “An un-
intended outcome was that resourceful
Cubans (citizens) tapped into the trans-
missions to bypass the government’s total
media control.”

“The government has ordered citi-
zens to stop using the antennas or face
prosecution,” says a reportin Cuba’s offi-
cial newspaper Granma. The government
scrambled their transmissions, but view-
ers found decoders.

The article, quoted by the Miami Her-
aldnewspaper, apparently did not specify
what the punishment might be for non-
compliance. But it was made clear that
any unauthorized equipment used to re-
ceive programs from overseas will be con-
fiscated.

USSB offers flexible
prograamming packages

United States Satellite Broadcasting
(USSB) emphasizes flexibility in their
programming options.

For example, their “Select One Plus”
program allows customers to choose
among several multi-channel movie op-
tions, and then add Lifetime, Comedy
Central, Nickelodeon/Nick at Nite,
MTV, VHI, and the All News
Channel to please ev-
eryone in the
family.

The
package retails
for $17.95 per month.
First time DSS buyers get a

free month of USSB Entertainment
Plus, a $34.95 value that includes the
company’s entire line-up of 20 networks.
When the free month ends, viewers can
choose from seven programming pack-
ages, including Select One Plus.

For additional information, call the
USSB consumer hotline: 800-BETTERTV
(800-238-8378).




Walts in a moonbeam?

It was a clear and moonlight night.
While Americasslept, scientists at Arizona
State University were out chasing moon-
beams with a wattmeter.

Apparently they caught some. In a
report published by the Science journal,
researchers Robert Balling and Randali
Cerveny say that sunlight reflecting from
a full moon sends to Earth about .0102
watts of power persquare meter of ground
coverage.

It gives new meaning to the word
“moonshine.”

At its brightest. moonshine (not the
white lightning variety) vields about 1%
of a watt.

For comparison, the power in direct
sunlight is about 135,000 times greater.
The sun produces about 1,376 watts per
square meter. There are 746 watts in one
horsepower.

So lunar moonshine won't melt your
ice cubes. At least on Earth. But at high
noon on the lunar surface, temperatures
can rise to 200 degrees Fahrenheit, emit-
ting considerable amounts of infrared
energy. While much is lost in the 220.000
mile journey to Earth, enough remains to
allowweathersatellites to measure differ-
ences during various phases of the moon.

Even so, say Balling and Cerveny,
moonshine has little affect on Earth’s
weather, even on a clear and moonlit
night. But the jury’s still out on white

lightning. S

Sources:

DIRECTV, Energia Ltd., Hughes Space and
Communications Company, Lockheed Mis-
siles & Space Company, Miami Herald (cour-
tesy of Victor Garcia-Rivera), PanAmSat,
Seattle Post-Intelligencer (courtesy of Rich-
ard Sklar), U. S. Navy, United States Satel-
lite Broadcasting Company, World Radio
Network. If you have seen or heard news
about satellites or space related items, Satel-
lite Monitorwantsto hear from you. You can
send your contributions to: Salellite Moni-
tor, P.O. Box 98, Brasstourn, NC 28902-
0098 or fax them to (704) 837-2216. Be-
come a Salellite Monitor reporter loday.

LATE BREAKING NEWS!

Anti-Castro Broadcasters
Discovered on Satellite

For vears, their voices have been heard on shortwave radio denouncing
Fidel Castro and his government. Their world is one of secrecy and it is
shrouded in mystery. Some of these stations have even had ties to the
intelligence agencies of the United States government. Others have had
their roots buried deep in the Cuban-American community of Miami.
Regardless of their lineage, these shortwave voices have two things in
common: their hate for Castro and his government, and the name that
shortwave listeners call these types of shortwave broadcast stations—
clandestine radio stations.

Justwhatisa clandestine radio station? Noted radio author Gerry Dexter
in his book Clundestine Confidential describes them this way, “This writer has
never seen an entirely acceptable definition. Perhaps the closet was given
by Carol Feil in the 1977 edition of the World Radio TV Handbook as—a
clandestine transmission is a political transmission from a radio station or
organization that is considered illegal in the target country.”

Now for the firsttime ever in this hemisphere, some of these Anti-Castro
clandestine broadcasters are being heard via satellite. On the evening of

June 4, noted Monitoring Times shortwave columnist Gayle Van Horn,

monitored several clandestine broadcasters transmitting from Spacenet 2,
transponder 13U (4) SUR TV network, audio subcarrier 5.80 MHz.

For well over a year now, satellite monitors have been reporting 5.80
MHz asa blank audio carrier on SUR's video transponder, after Radio France
International quit using it sometime in 1994. Now the transponder appears
to have come alive with several of these clandestine stations using the audio
subcarrier to broadcast their transmissions.

Some of the broadcasters noted during the evening hours of June 4
include: La Voz de la Resistencia, L.a Voz del Cubano Democratico, La Voz de la
Federacion Mundial de Exprresos a Polticos de Cubanos, and the longest running
Cuban clandestine station— La Voz de Cuba Independiente y Democratica (CID).

Mrs.Van Horn noted that the broadcast appeared to be feeds with a
mixture of newscasts and regular programming. Itis not known at this time
who the intended audience of these broadcasts is. Some of the clandestine
stations mentioned above have programs on shortwave broadcaster WHRI
in Noblesville, Ind. $7'contacted Jim Hall of the WHRI station stafl'and he
said that they were definitely not the recipients of any of the broadcasts
noted on Spacenet 2, transponder 13U. “We get our programming from
the Cuban groups via telephone lines,” Hall said.

SThas contacted both SURand the Hero Teleport in Miami. but neither
company had answered any of our questions regarding these satellite
broadcasts at presstime. We hope to have a full report on this in the next
issuc of Satellite Times.
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THE JNEXT

GENERA

ou may not even realize it, but
everybody benefits from
weather satellites. For the past
decade meteorological satellites in
geosynchronous orbit have been ob-
serving the world. GOES, the Geo-
synchronous Operational Environ-
mental Satellite, is so much a part of
our daily lives that we take it for
granted. The orbital pictures of
weather views you see on the news
andin newspapersare taken by GOES
from their vantage point 35,888 km.
(22,300 mi.) above the equator.
GOES-Next, the U.S.’s current
generation of weather satellites are
reaching fully operational status as
you read this article. The first GOES-
Next spacecraft, GOES-8 was
launched on April 13, 1994 and was
recently declared fully operational.
GOES9 was launched on May 23,
1995 and is undergoing on-orbit
checkout and calibration. GOES-9 is
expected to enter operation this fall.
Butforawhileitlookedlike GOES-
Next would never occur. The pro-
gram was originally budgeted for
US$276 million when the contract
was awarded to Ford Aerospace in
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By Philip Chien, Earth News

Artist rendition of the GOES-Next spacecraft in orbit.
(Courtesy of Space Systems/Loral)
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ODDARD SFale PLIGHT CERTES
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1985. It’s now expected to cost over a
US$1 billion and the firstlaunch took
place 4 years behind schedule. Ther-
mal vacuum tests in 1990 showed that
theimagerandsounder mirrorswere
warping beyond specifications, result-
ing in launch delays and increased
testing requirements. NASA and the
National Oceanic and Atmospheric
Administration (NOAA) seriously
considered killing the entire pro-
gram.

The delays put the National
Weather Service into a precarious
position. The GOES-G spacecraft was
lostin alaunch accidentin May 1986,
and premature failures of sensors on
previous spacecraft left the U.S. with
only one operational GOES. That
spacecraft had to be moved back and
forth between two orbital locations,
an Eastern location for the Atlantic
hurricane season and a Western loca-
tion for the Western storm season.
Any failure in that single spacecraft
would have blinded the U.S.’sweather
forecasting capabilities. Because of
the high cost of the GOES-Next se-
ries NASA and NOAA chose not to
build a spare spacecraft based on the




previous design. Dr. Elbert W. “Joe” Fri-
day of the National Weather Service stated
“The decision not to obtain a backup
spacecraft was one of the dumbest we ever
made.”

By 1991 a drastic approach was taken.
An aging European weather satellite,
Meteosat 3, was borrowed from Eumetsat,
the European weatherforecasting agency.
It was positioned where its commands
could be sent from Europe, but within
view of the Atlantic Ocean and Eastern
U.S. With the pressure off, the GOES-
Next program could proceed at less of a
breakneck pace. An important decision
changed the first set of flight instruments
into a ground-test set where more intense
tests could be performed. The tradeoff
was a more expensive program and an
additional delay to the first GOES-Next
launch, for reduced overall risks. Eventu-
ally the delays and cost overruns resulted
in a total program cost of US$1.1 billion
for the five GOES-Next spacecraft, plus
the launch vehicles.

But is GOES-Next worth the extra ef-
fort and cost? Absolutely according to
NOAA and NWS meteorologists.

Unlike previous GOES spacecraft the

The Atlas 1 rocket on Launch Pad 36B at Cape
Canaveral Air Force Station during final countdown
of a GOES weather satellite launch. (Photo
courtesy of NASA)

Space Systems/loral workers test the solar arrays on the GOES-I spacecraft at the
Astrotech processing facility in Titusville, Fla. (Photo courtesy of NASA)

GOES-Nextseries can use the imager and
sounder simultaneously. The imager can
be used in a high resolution zoomed in
mode to view close up storm features, or
photograph the entire western hemi-
sphere in one photo.

The most important GOES-Next fea-
ture is its High Resolution Radi-
ometer. Meseorologists observing
GOES images of hurricane for-
inations have alwayswanted more
clarity in their images. The Im-
ager has an infrared resolution
of 4 km. (2.5 mi.) with 1024 gray
scales (10 bits), in comparison
with 64 grays {6 bits) on the pre-
vious GOES-7 class spacecraft.

Other GOES-Next instru-
ments include a sounder which
can plot temperature profiles,
and the Space Environment
Monitor which measures the
Earth’s magnetic field and solar
disturbances which affect the
weather.

One of the biggest spacecraft
challenges is the Image Naviga-
tion and Registration system. To
track stormsaccurately the space-
craft has to maintain an accurate
lock on its lacation in orbit, and
where it’s pointed on the earth’s
surface. The INR cantmuously
steers the instrumeni scan mir-
rors to compensate for errors re-
sulting from arbital motion, sat-
ellite attitude deviations, and sat-
ellite thermal distortions. The
flash flood warning function re-
quires the most critieal registra-
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tion and only became operational this
June for the GOES-8spacecraft, 14 months
after its launch.

While not a weather forecasting func-
tion, recent'GOES spacecraft also include
Ultra-High Frequency Search and Rescue
receivers which can receive signals from
downed aircraft or ships in distress. When
the GOES-8 Search and Rescue receiver
was turned on for testing last year it re-
ceived an unexpected signal from a
downed craft. An operational search and
rescue receiver onaloweraltitude weather
satelline verified that the signal was valid
and search and rescue forces were de-
ployed - resulting in a rescue credited to
the satellite even before it was afficially
put into operation!

From an amateur weather satellite
enthusiast’s perspective there are signifi-
cant improvements to the spacecraft’s
capability to retransmit WEFAX data. The
WEFAX transponders now have their own
dedicated circuits and amplifiers, result-
ingin a cleaner signal with a higher signal
to noise ratio.

GOES-Next is an important hardware
improvement, but there have also been
significantimprovementsim ground-based
doppler radar systems and international
cooperation. The World Weather Watch
of the Global Atmospheric Research Pro-
gram (GARP) coordinates shared data
between the world’s geosynchronous
weather satellites. A nominal constella-
tion consists of five operational satellites:
NOAA’s GOESEastat 75%*West and GOES
West at 135° West, ESA’s Meteosat at 0
degrees East/West, Indm’s Insat at 74°
East, and Japan’s GMS at 1402 East. To-
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gether these five satellites provide con-
tinuous coverage of the entire world, ex-
cept the very high latitude arctic regions.
The GOES East and West spacecraft view
the entire Western hemisphere. Europe’s
Meteosat series and the Japanese GMS
(Geosynchronous Meteorological Satel-
lite) spacecraft view most of the rest of the
world, but there’s a large gap over Russia,
the Middle East, and India. Indiais willing

to share its data for research purposes,
butdoes not want torelease the Insat data
publicly because it would help rival Paki-
stan.

Before weather satellites came into
existence weather forecasting was a com-
bination of black magic and good guess-
ing.Jokesabout meteorologists being the
only profession where you can be wrong
all of the time and still keep your job are

quickly fading from memory, largely due
to the improved forecasting capabilities
provided by weather satellites.

Philliy Chien is an aerospace writer for Earth
News and covers all the space launches from the
Kennedy Space Center in Florida. Phil is an
active amateur radio satellite hobbyist and holds
the ham call KC4YER.

An Abbrevicated History of
Geosynchronous Weather Satellites

eather satellites have been part of

ourliveseversince the first TIROS

spacecraft was launched in 1960.
It returned thousands of extremely crude
coarse images of clouds over its 88 day
lifetime and showed the value of weather
observations from space.

The primary disadvantage of low alti-
tude weather satellites is their limited field
of view. Each TIROS image isabout the size
of a small state, enough for detailed re-
gional studies, but not enough area for
large weather systems which may cover an
entire continent.

Meteorologists quickly realized that a
geosynchronous weather platform could
view an entire hemisphere at once, provid-
ing the “big picture” - how large patterns
are building into storms which will affect
upcoming weather. The geosynchronous
weather satellites do not diminish the need
for polar weather satellites since lower or-
bits permit much finer resolution, impor-
tant for studying storm details. The first
Application Technology Satellite (ATS-1),
launched in 1966, was the first geosynchro-
noussatellite withan experimental weather
observation instrument.

Under the 1973 Basic Agreement be-
tween NASA and NOAA, NOAA establishes
the observational requirements for both
polar and geostationary weather satellites.
Acting as NOAA’s agent NASA’s Goddard
Spaceflight Center procures the spacecraft
and instruments required to meet NOAA's
objectives and the launch services. NOAA
takes responsibility after the spacecraft is
checked out in orbit. NOAA determines
the requirements for replacement space-
craft. Ultimately the datwa is distributed
through the National Weather Service to
consumers.
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Normally a spacecraft is known by a
letter designation while it’s being built,
and only gets a numeric designation after
it’sbeen turned over to NOAA in orbit. For
example GOES-B became GOES-2 when it
became operational. GOES-G was lost in a
launch vehicle accident so it never got a
numericdesignation,and GOES-H became
GOES-7instead. The same numbering tech-
nique is used for the NOAA polar orbiting
satellites.

The first dedicated geosynchronous
weather platform was the Synchronous Me-
teorological Satellite (SMS), built by Ford
Aerospace. SMS-A was launched in May
1974, followed by SMS-B in February 1975.
Those two prototype spacecraft were joint
NASA/NOAA projects. SMS-C became the
first operational geosynchronous weather
satellite and was renamed GOES-A and
turned over to NOAA for regular day-to-
day operations after its launch in 1975. All
together, Ford built five first generation
geosynchronous weather platforms, two
SMS and three GOES.

During a six month period in 1977
NASAlaunched three geosynchronous me-
teorological satellites for three different
organizations using Delta launch vehicles.
GOES-B was launched on June 16, fol-
lowed by GMS for Japan on July 14, and
Meteosat for ESA on November 22nd.

Hughes Aircraft won the contact to
build additional GOES spacecraft,and built

GEES

a total of five spacecraft, GOES D through
H. Like the Ford SMSspacecraft the Hughes
Aircraft GOES are spinning satellites, view-
ing the Earth only 5% of the time. The
Hughes satellites were literally limited by
the lifetime of the tungsten filamentsin the
light bulb used in the mirror position read-
ing mechanism. In later satellites the bulbs
were supplemented by much higher reli-
ability light emitting diodes.

NASA selected Ford Aerospace, which
later became Space Systems/Loral, to build
the GOES-Next series of three axis stabi-
lized spacecrafi. International Telephone
and Telegraph (IT&T) was chosen as the
subcontractor for the spacecraft’s instru-
ments. The GOES-Next series consists of
three spacecraft, GOES-, -J,and K plus two
options GOES-L and -M. The GOES-Next
spacecraft weighs 2062 kgs (4,536 lbs). at
launch and has a nominal lifetime of five
years, but enough propellant to remain in
position for a much longer period. When
NOAA starts to receive indications that
there are problems with one of the GOES-
Next spacecraft the GOES-K spacecraft will
be prepared for launch. With the decision
to go ahead with the GOES-L and -M space-
craft, GOES-Next will be serving this
hemisphere’s weather forecasting needs
well into the 21st century.

GOES-8 is now fully operational in the
75° West position where it observes the
Eastern U.S. and Atlantic Ocean. GOESK
was launched on May 23, 1995. Somehow it
seemed ironic that the launch was delayed
a couple of days due to bad weather at the
launch site, with high winds and rain. Dur-
ing the summer GOES-K’s orbit was circu-
larized at geosynchronous altitude and the
safety checks for the spacecraft’s bus were
completed. Upon turn-over of the




spacecraft’s systems to NOAA it was
renamed GOES-9, however NASA re-
tained primary responsibility for
checking out and verifying the
spacecraft’s instruments. While
GOES9istechnically notanticipated
to start service before this fall it will be
returning testimagesduringitscheck-
out period, and those images may be
used as part of normal weather fore-
casting functions. During the check-
out the GOES-9 spacecraft will be
compared with GOES-8 to evaluate
their relative performance.

About the time you read this ar-
ticle the decision will be made as to
which of the GOES-Next spacecraft
will be placed in which position for
nominal operations. The Eastern
hurricane watch requires more pre-
cise instruments and the decision may
be made to move GOES8 to the &
Western position and GOES-9 to the  _ {
East, if necessary. Alternately GOES-

8 may stay in the Eastern location
with GOES-9 taking up the Western
slot.

The Meteosat 3, which has been
substituting for GOES is in standby
mode,justin caseit’sneeded. Around
the end of the year it will be retired
and moved out of the geosynchro-
nous belt. GOES-7 will become the spare
spacecraft, backing up the two operational
GOES-Next spacecraft.

Four international space organizations
also operate geosynchronous meteorologi-
cal spacecraft, representing Japan, India,
Europe,and Russia. The different satellites
all perform similar functions, but use dif-
ferent technical approaches. India’s Insat
is the only one which combines meteoro-
logical and communications functionsona
single satellite. GOES-7 and the Japanese
GMS, based on the same platform, use
despun antenna platforms, similar to the
spin-stabilized Hughes communications
satellites. In comparison Europe’s Meteosat
uses an electronic antenna which turns the
spacecraft’s antennae on and off as the
spacecraft spins.

Japan chose to purchase weather satel-
lites from Hughes, similar to the spacecraft
Hughes was building for NASA. The Geo-
synchronous Meteorological Satellites
(GMS) have been observing the Eastern
hemisphere since 1977. Afterlaunch they’re
named Himawari.

Europe’s Meteosat has also been in op-
eration since 1977. Two pre-operational
satellites were originally planned. Due to
delays with the operational Meteosat pro-
gram aspare qualification unitfor the origi-

nal model was upgraded into a flight unit.
Metecosat 3. often referred to as Meteosat
P2, was launched in 1988.

The Eumetsat Convention came into
force on June 19, 1986. Eumetsat assumed
control of the Meteosat Operational Pro-
gram (MOP) on January 12, 1987. The
sixteen Eumetsat members are: Belgium,
Denmark. Finfand, France. Germany,
Greece, Ireland, ltaly, Netherlands, Nor-
way, Portugal, Spain, Sweden, Switzerland,
Turkey, and the United Kingdom. Its head-
quarters are located in Darmstadt, Ger-
many however the spacecraft are still con-
trolled by ESA’s ESTEC center in the Neth-
erlands.

Three MOP satellites were authorized,
Meteaosat 4 through 6. They were launched
in 1989, 1991, and 1993. All six Meteosat
spacecraft were built by Aerospatiale of
France. The operational satellites have a
mass of 704 kgs (1549 lbs) at liftoff, and a
begmning of life mass of 316 kgs (695 1bs).
The cylindrical satellites are 3.1 meters
(10.9 feet) high, and the main body is 2.1
meters (6.93 feet) in diameter. The space-
craft spins at 100 RPM, the only European
designed spin-stabilized satellites. The
nominal lifetime is five years. Communica-
tioms is through S and UHF transponders.

After successfully completing its testing, the GMS-5
weather satellite is wheeled out of an anechoic chamber
at Hughes Space and Communications Company
facilities in Lcs Angeles, Calif. (Photo courtesy of
Hughes Space and Communications Company)
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The primary payload is an imaging
radiometer in visible, IR, and water
vapor wavelengths and the space-
craft produces a set of three images
once every 30 minutes.

Beginning with Meteosat 7
Eumetsat will take responsibility for
satellite procurement and opera-
tions. Meteosat 7 is currently sched-
uled for launch in late 1995 or early
1996.

Insat, built by Ford Aerospace
for the government of India, was a
combination weather and commu-
nications spacecraft. It was the first
geosynchronous “three axis stabi-
lized” meteorological platform.
Four first-generation Insat space-
craft were launched in 1982, 1983,
1988,and 1990 on avariety of launch
vehicles with different degrees of
success. The second-generation
Insat spacecraft are built primarily
by Indian aerospace firms with two
spacecraft launched so far, Insat I1A
in 1992 and Insat IIB in 1993. Insat
IICis currentlyscheduled forlaunch
at the end of 1995 or early 1996.

A combination of technical and
geographical reasons have made
geosynchronous spacecraft less im-
portantfor the former Soviet Union.
The Soviet Union has launched over 50
Meteor polar low earth orbit weather satel-
lites, built by the All-Union Research Insti-
tute for Electromechanics (VNII
Elektromekaniki). These satellites were
funded by the USSR State Committee for
Hydrometorology (Hydromet). Since the
breakup of the Soviet Union funding has
come from Russia. Three generations of
satellites have been produced, the latest
weighing 2,200 kgs (4840 Ibs), operating in
1,200 km (774 miles) 82.5? inclined orbits.
The Meteor spacecraft carry TV cameras to
observe clouds, an Infrared imager for day/
night cloud images, a visible imager for
daytime clouds, and an infrared sounder
for vertical temperature measurements.

In 1975 the Soviet Union announced its
own Geostationary Orbit Meteorological
Satellite (GOMS/Elektron) program. In
1988 Soviet officials indicated thata GOMS
launch would occur around 1991, but the
launch didn’t occur until this year. It’s
anticipated that GOMS data will become
part of GARP.

China has launched two Feng Yun polar
satellites which have produced good data,
buthave had premature failuresin orbit. So
far China has not announced any plans for
any geosynchronous weather satellites. Sy
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SRAGE

rom the darkness of space, electronic

sentinels constantly monitor the

changing and dynamic patterns of
the world’s weather. Day and night these
satellites continuously observe and mea-
sure the many forces of nature which
converge on our planet. Photographs are
constantly sent to Earth from these orbit-
ing satellites for analysis by meteorologist
and scientists. But national government
weather agencies aren’t the only ones
that can receive weather images. You can
also receive weather satellite pictures like
the proslive and direct from space in your
own home.

Environmental satellites, equipped
with a variety of sensors, monitor Earth
and transmit the information back to Earth
electronically. These electronic signals can
be received by a ground station (also
known as an Earth station), and displayed
as images on a computer monitor. The
capability to acquire information directly
from environmental satellites produced
the name direct readout.
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An NOAA 11 APT image of Hurricane Andrew taken on August 25, 1992 while the
storm was located just south of Louisiana. (Photo courtesy of the Dallas Remote

Imaging Group)

A Weather Satellite Primer

By J. S. “Stu” Gurske

Geostationary Orbits

Geostationary spacecraft orbit the
Earth at a speed and altitude that allows
them to hover continuously over one area
of the Earth’s surface, providing continu-
ous coverage of thatarea. U.S. coverage is
provided by Geostationary Operational
Environmental Satellites (GOES). One of
the GOES communications functions is
to provide Weather Facsimile (WEFAX)
services. WEFAX data, with aresolution of
8 kilometers (4.96 miles), consists of re-
transmissions of processed GOES images,
polar-orbiter data, and other meteoro-
logical information. With its seemingly
stationary position relative to Earth, a re-
sult of its orbit 35,581 km ( 22,238 miles)
above Earth, GOES provides views of al-
mosta third of the Earth’s surface. Images
from GOES combined with images from
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Japanese, Russian and European Space
Agency geostationary satellites provide a
global view of the Earth’s environment.
These satellite transmit WEFAX services
in the area of 1.7 Gigahertz (GHz).

Polar Orbits

Polar-orbiting satellites orbit approxi-
mately 960 kilometers (600 miles) above
Earth, providing a more detailed look ata
smaller area. Their orbital paths cross
almost directly over the poles and their
sun-synchronous orbits mean that they
cross the equator at the same time each
day. U.S. polar orbiters, called TIROS
satellites, provide low-resolution imagery
called Automatic Picture Transmission
(APT). APT is real-time data, with a reso-
lution of 4 kilometers (2.48 miles), that
canbe obtained when the satellite is within
the receiving area of a ground station
antenna—approximately every 102 min-
utes. APT transmissions can be received
in the 136-138 Megahertz (MHz) range.

High Resolution Picture Transmission




(HRPT) from polar-orbiters has data reso-
lution of 1.1 kilometers (.7 mile), but
requires more costly equipment to obtain
it. Like the GOES WEFAX, HRPT is trans-
mitted in the 1.7 GHz range.

When APT signals are sent by the or-
biting satellite, it is usually in a frequency
modulation (FM) format with the picture
information sent by amplitude modula-
tion (AM) using a 2400 Hertz (Hz) audio
carrier. In other words, the signal is sent
by FM. When the signal is detected by an
FM receiver, a 2400 1z signal is heard.
This 2400 Hz signal has been AM modu-
lated with the picture information during
the transmitting process.

The bandwidth of this FM signal is not
the usual 7.5 kilohertz (kHz) that police
and fire departments use for communica-
tion. Instead the signal is over 30 kHz wide
in bandwidth. Since most communica-
tions receivers and scanners are not ca-
pable of demodulating a signal that wide,
some provision or modification to the
receiver must be done to properly detect
the 30 kHz FM signal. If we are going 1o
receive images from polar orbiting weather
satellites, we must also allow for Doppler
shift. If Doppler shift is taken into consid-
eration our receiver needs to be able 10
detect a 40 kHz wide signal. This is not as
big a problem as one might first expect, as
we shall soon sce.

Either WEFAX or APT services en-
able the user to obtain substantial envi-
ronmental data. A dual system that ac-
cesses both types of data provides a com-
prehensive and continuous picture of
the environment. Continuing technol-
ogy improvements and cost reduction
make that feasible and possible in a low-
cos! svstem.

Receiving equipment

Obviously, vou need a receiver which
is able to demodulate a FM 30 or 40 kHz
bandwidth signal. The receiver must be
able to tune the 136-138 MHz orbiting
satellite band and, icleally, upto 1.7 Giga-
hertz or so. While few "oft the shelf”
commercial receivers can demodulate
these signals, many special weathersatel-
lite receivers are now available today.
They range from stand alone receivers
to "plug in cards™ (containing a com-
plete receiver), to a special device which
plugs into the intermediate frequency
(IF) port of ICOM R70000r R7100 VHF/
UHF communications receivers. Many
feel this special plug in device is the
more cost effective approach because it
allows a general coverage receiver to
serve its usual functions as well as using it
as an excellent weather satellite receiver
with the addition of this device.

Antennas

When receiving orbiting satellites, vou
should consider that thev revolve
(tumble) inspace. Theyalso send a circu-
larly polarized signal (right hand circu-
lar) and thercfore you need an antenna
which will optimize this kind of signal.
While simple antennas can be used. the
best results will be obtained if vou use
crossed yagis with a phasing harness and
an azimuth and elevation rotator system
to track the satellite.

Alternatively, one can use turnstile
types of antennas, but they almost always
suffer dropouts during part of the period
the satellite is in view. Typically several
“drop outs” with their attendant banding
of the picture occur during a satellite
pass when marginal antennas are used.
As is always the case with radios, the
better the antenna, the better the result.
Some people use antennas known as
Lindenblads. Theyare good and perhaps
better than the turnstile tvpes, but be-
cause they are somewhat labor intensive,
they do cost a bit more to build (or
purchase). Similarly, the Quadrifilar
Helix is another type of antenna used to
receive circularly polarized signals, butit,
too, is very labor intensive to construct,
and therefore more costly. For the do-it-
yourselfer both the l.indenblad and

Antenna types used in
VHF WEFAX Reception

Antenna types used to
receive satellites near 1.7 GHz
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Early morning APT photo of the Rocky mountains. (Photo courtesy of the Dallas Remote

Imaging Group)

Quadrifilar Helix should be considered.

Antennas used for GOES WEFAX re-
ception on 1691 MHz often consist of ring
type yagi's or dishes. Dishes provide much
better signals to the receiver, but they
require a little more effort and space.
Dishesare available fromsatellite TV deal-
ers as well as from vendors specializing in
WEFAX equipment. A dish collects the
signal and reflects it to the feed horn
located at the focal point of the dish. Feed
horns for 1691 MHz can be built from
coffee cans or purchased. Coffee cans
while effective, 1end to rust in several
months. So, for a permanent installation,
it is best to either purchase an aluminum
can and install your own probe (s) or pur-
chase the entire feed horn assembly from
a weather satellite dealer.

Dowmn Converters

If your receiver will not tune to 1691
MHz you might want to use a down con-
verter. A down conver:er takes the higher
frequency. 1691 MHz in this case, and
convertsit toalowerfrequency. This lower
frequencyis usuallyin the 137 to 138 MHz
range. You can then useyour polar orbiter
receiver to listen to the GOES satellites.
Down converters can be built or they can
be purchased from several weather satel-
lite vendors.
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Preamplifiers

For best results, one should mount
some kind of a good preamplifier tuned
to 137.5MHz, atthe antenna. Ifyou live in
close proximity to an airport or on an
aeronautical airway, you might want to
consider installing a filter tuned to rejeci
the aircraft band (108 to 136 MHz). This
filter might also be helpful if you have
Amateur radio aperators, or one of their
repeaters, located near you (144 to 148
MHz frequency range). Many enthusiasts
do not use a preamplifier and manage to
receive some images, but for excellent
results you need the strongest signal pos-
sible. Use a preamplifier.

Computers

Almos any kind of a
computer (PC) will work.
However, for excellent
images, it is necessary
to have at least a VGA
monitorandvideo card
in your computer. If
you have SVGA, your
images will reproduce
even better. Yoursoftware
mightalsoallowforavideo
card with one megabyte (MB)
of RAM (Random Access

Memory) insiead of the usual 512 kilo- S
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bytes. If your software provides for anima-
tion of your images, you may also need
several megabytes of computer RAM in-
stalled in your machine to handle the
larger job of animation. You do not need
alarge hard drive forimage storage unless
you want to store a lot of images on your
computer.

Software

There are a lot of software vendors
with excellent products being marketed
today. I have used several different types
and have been satistied with all of them. In
general, you will have a choice of three
basic approaches to software.

1) A “plug-in card” for decoding the al-
ready demodulated signal.

2) A decoder which plugs into a serial or
parallel (printer) port on your com-
puter. It too, decodes the already de-
modulated signal.

3) A “plug-in card” which contains the
entire radio receiver as well as the de-
coding hardware.

All three of these systems include the
software as a part of the package. Some of
these decodersare available in kit form for
those who like to build things. Obviously
there are advantages and disadvantages to
all three approaches. Ifyou are interested
in purchasing a decoding system make up
a list of the advantages and disadvantages
of each of these systems and then make
your choice.

Orbital Prediction

If you want to listen to an orbiting

N satellite,youmust, of course, knowwhen

itis going to appear overyour location
and where tolook foritin the sky.
The polar-orbiters get their
name because they travel
from north-to-south or
south-to-north depend-
ing upon the time of
day over the polar re-
gions. This sounds
confusing, but if you
visualize a satellite ro-
tating above the earth
from pole to pole, as the
earth rotates underit, the
satellite will come from the
northatone timeand 6 hours
later it will come from the south.
In practice, the orbiters, come from the




north and head south
(descending) in the
morning and from the
south and head north
(ascending) in the af-
ternoon. These satel-
lites can usually be
heard three times on
oneday, (oncequite far
east of your location,
then almost directly
overhead and once
again when they are
quite far west of your
location). On the next
day they will be heard
twice, (once to the east
and quite high, then
west of you and quite
high); then the nextday
three times once again.

Obviously you will
need some way of pre-
dicting where they will
be at any given time.
Fortunately, there are
a lot of computer pro-
grams out there which
are very user friendly,
which will give you all the information you
will need.

The German astronomer and math-
ematician Johannes Kepler (1571-1630),
in 1627 published a treatise which pre-
dicted the way natural objects (and now,
man-madesatellites) rotate around a body,
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An APT photo of the Rabaul volcano taken by NGAA 12. (Phato courtesy of the
Dallas Remote Imaging Group)

like the earth. This orbital information
called Keplerian data (or elements) must
be updated in your computer program
periodically. Fortunately, this data is
readily available in many places including
computer bulletin boards and in the SS&G
here in Satellite Fimes.

Sateilite Tracking

WEFAX image from the Goes 8 weather satellite received
on 1691 MHz. (Photo courtesy of the Dallas Remote
Imaging Group)

When I began tracking
satellites in 1969, I had to
obtain a TBUS message
from the weather bureau,
then plot the data on a satel-
lite tracking chart,and then
gooutside to my garage roef
to listen to the satellite us-
ing headphones. I tracked
the satellite by hand by
pointing myantennawhere
Ithoughtthe satellite would
appear. When I began re-
ceiving it, I followed it by
listening for the strongest
signal. A helper tended the
equipment in the house. I
received manyexcellent pie-
tures using this method, and
became quite good at it.

Teday, I use a tracking
program in the computer
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which controls the azi-
muth and elevation rota-
tors to pointthe antenna
and follow the satellite as
it passes over my loca-
tion. There are several
tracking programs avail-
able and they all seem to
function well. Some have
more bells and whistles
such as warning beeps
when the satellite ap-
pears or messages which
tell the status of your ro-
tators.

Saving Images

Whenyoustartreceiv-
ing good images (oreven
the first one) you will
want to preserve many of
them insome way. There
are photographic hoods
available which will hold
the camera steady, will
cut out reflections and
allow you to use your 35
mm cameraor other film
formats to take excellent
pictures.

You «an save the images to diskettes,
but since the orbiter images may use well
overa megabyte of space, if you copy a full
pass with 2040 bytes per line, a diskette
may not be able to save the entire pass.
You can. with most programs, save just a
screen full which will fit on a diskette. But
another approach, and the one I often
use, is to save the image on a computer
backup tape. I save entire passes on tape
and when Iwantto look atitlater  merely
use the restore function, then select the
part of the image I want to use. I then
record shat portion to a diskette for pro-
cessing in my graphics manipulator (to
adjust for brightness, contrast, gamma
etc). By using backup tape, I always have
the full image to work with.

Weather satellite imagery reception
can be fun and educational. With the
price of weather satellite equipment plum-
meting why not consider putting up your
own APT or WEFAX direct readout sta-
tion to monitor the Earth from space. St

Stu Gurske is the president and founder of
Swagur Enterprises and an avid weather satel-
lte enthusiasts since 1969. Stu says he is
married to the greatest women in the world Lois,
WRBIYXU. Stu also has a ham call, K9EYY.
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A Bird's Eye View...

hen I first came across an ar-

ticle on weather satellite re-

ception as a hobby sev-
eral years ago, Iwasimmediately
discouraged. It looked too
much like work — drudgery
with pocketcalculators, loga-
rithm tables soaking up
weekends and equipment
soaking up bags of cash. I
even thought you would
need a big satellite dish
antennawith motorson it
to monitor this kind of
thing.

But the article did men-
tion a frequency — 137.5
MHz, so out of curiosity 1
punched that into my scan-
ner. After a couple of hours or
so of monitoring a remarkable
thing happened. Ireceived astrong
signal that broke through the squelch
revealing a high-pitched tone inter-
rupted by a tik-tok sound, which came and
went in five minutes (a weather satellite
signal).

“Hey, this weather satellite stuff is go-
ing to be a snap,” I figured. That assump-
tion wasn’t quite right.

In thisarticle I hope to give youarough
idea of what it will costin moneyand labor
to see your own pictures of Earth from
space. There is plenty of information to
help you get started, and we will even list
some of those sources. Since this is a
beginner’s primer, I'll try and avoid that
algebra stuff I mentioned.

There are three main sources for
weather satellite images, discounting TV
and newspapers. I will present them in
order of cost and complexity. What makes
all of them directly available to you is the
recent emergence of powerful and cheap
personal computers (PC). PC clones are
on almost every desk in almost every of-
fice, and mass-production has really
brought the cost of memoryand peripher-
als down to levels of unprecedented
economy.
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by Raymond J. Smith

Weathersatellite software packages do
exist for non-DOS machines, but the se-
lection of software products is much
smaller as PC/DOS users outnumber the
others by far. An AT-compatible 286 com-
puter is adequate if you are patient, but
processing the images you capture is less
tiresome if you have a 386,/486 or better
machine. I bought a math co-processor
for my old 286, but it was no help with the
processing of images.

Viewing weather images on LCD
laptops and cheap CGA (Composite
Graphics Adapter) monitor is hopeless.
EGA (Enhanced Graphics Adapter) is
better, but still not worth the effort. The
resolution on an EGA monitor is Jess than
what you’d get by printing the image on a
300 DPI (dots per inch) laser printer. On
the other hand, if you already have a VGA
(Video Graphics Adapter) monitor, up-
grading to super-VGA is not necessary. |
have a 640x400 pixel monitor atwork, and
a 1024x768 pixel monitor at home, and
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need close-up glasses to really tell the
difference between them.
Handling larger-sized images
also requires that 1 or 2 mega-
bytes (MB) of extended
memory be set aside. Hard
drive storage space foryour
images can also be a prob-
lem. One raw hi-res image
file can soak up a mega-
byte of disk space easily.
These computer consid-
erations willapplyregard-
less of what front-end ap-
paratus you ultimately
pick.

HF Utility Stations

Theleast expensive and
complicated source of satellite
images is transmitted on the short-
wave bands. So ifyou are an amateur
radio operator or shortwave utility lis-
tener, you might be inclined toward HF
(high frequency) FAX (facsimile) as a
start. There are over a hundred utility
shortwave stations that broadcast FAX
images. Most send out weather or naviga-
tion charts, but some re-broadcasts im-
ages from the American Geostationary
Operating Environmental Satellites
(GOES), the Japanese GMS (Geostation-
ary Meteororlogical Satellite), or Euro-
pean Meteosat geosynchronous weather
satellites. If you have a shortwave radio
capable of sideband reception, you can
identify one of these stations by its sound:
scratchy and repetitive like an old 78 rpm
record, if they’re sending a black and
white chart. It will sound like an up-and-
down whistle, repeating at half-second
intervals, if they are sending a 16-grey
scale photo.

The frequency of these tones depicts
the color of the pixel being sent; a low
1400-Hz note might be black, with the
corresponding high pitch of 2000-Hz rep-
resenting white. This is fed into ananalog-
to-digital converter, sampled at intervals,




Satellute enthusiasts Jade Smith shows the
completed turnstile antenna. In thecry, both pickup/
reflector pairs should be equidistant. Putting one pair
closer together eliminated an annoying “null” in the
pickup pattern when the sateflite was directly
overhead. (Photo by Raymond Smith)

and the resulting iinage built up on the
monitor screen line by line. left to right,
top to bottom, like a slow-motion TV
screen.

The cheapestanalog-digital peripheral
for this task lists for about US$70. A spe-
cial-purpose plug-in converter board for
your PC, plus the sofiware. might be as
much as US$400. As is often the case with
this hobby, it’s possible to trade your own
labor for equipment cost. Yau can
homebrew your own audio-digital board,
for instance, thanks to commonly avail-
able tone decoder chips such as the 567.
There are other alternatives as well. Some
PCs have gamc/sound driver boaids, such
as the SoundBlaster. Some of these come
with audio input jacks for digitizing in-
coming sound into digital files. Plans and
shareware software exist for convertingan
audio capture (.VOC) file into an image.

The package I bought uilizesa simple
tone decoder that plugs into she PC’s
serial port. Most of the signal processing is
done through software. The same plug,
with different software, can be used to
decode Morse or wunencrypted
radioteletype broadcasts.

An adequate BFO-
equipped shortwave radio can
be bought for around US$150.
One with digital tuning is bet-
ter (much, much better-Edi-
tor), one that can store fre-
quenciesis betterstill, and one
that can turn iself on and off
and switch toagiven frequency
atagiven time is best. [ use the
Sony ICF-2010 portable with a
Grove antenna preamp. You
will need a wire antenna 25-to-
40 feet in length, connected to
the radio by a shielded coaxial
cable. (75 ohm cable works
fine.). Allthiscan be purchased
for US$20 or less. Your new
shoruwave antenna should be
hung outside and the higherit
is the better.

The major drawback with
shortwave radio facsimile re-
ceptionistheinterference gen-
erated byyour PCandits moni-
tor. Trying to geta weak signal
from Japan or England with
the PC turned on is like trying
to listen to a violin solo in a
boiler factory. I have spent a
lot of beer money on shielded
cable, audio isolation trans-
formers, and a dozen or so ferrite RF
choke doughnuts to cut down on the
computer intereference. L also had tojunk
my plastic computer keyboard and find a
genuine IBM model, which was quieter. If
I could have located my antenna farther
away from the PC, I doubt that these
problems would
have been as acute.

Because it's
shortwave, you can
pick upstationsfrom
the other side of the
planet. Some of the
fellows at my work
place love the FAX
charts 1 receive.
Theyv run off the in-
tercepted faxes on a
laser printerand dis-
playing them as tro-
phies. As with any
shortwave recep-
tion, however, con-
ditions vary greatly
and so will the qual-
ity of the images you
capture. A noisy or
fading signal that
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would be acceptable as voice produces
unreadable photographic images.

Polar Orbiters

The source for weather images I find
most fascinating are the polar orbiting
weather satellites. These satellites circle
north-to-south, then north again from pole
to pole while the Earth spins under them,
giving their tracks an inclination of about
98° at the equator. Their altitude is about
980 km (500 miles), and they continu-
ously broadcast black and white images
taken in visible and infra-red light spec-
trums. On a VGA display, these images
almost look like photographs.

Their 5-watt FM transmitters continu-
ously broadcast a 2400-Hz audio tone
which varies in amplitude, or loudness.
Very loud is white, and when the squelch
mutes the sound off, the screen shows
black. Like the shortwave fax signals, the
monitor screen is painted line by line, left
to right, top to bottom.

The chief advantage in receiving your
photos direct is the excitement of seeing
vour corner of the planet right now, as the
satellite streaks overhead at 27,200 kph
(17,000 mph). The resolution is much
better than shortwave, particularly from
the Russian Meteor weathersatellites. Now
don’t assume that you will be able to see
into your neighbor’s back yard on these
images. The finest single detail I’'ve been
able to pick out was the Golden Gate
bridge, which appeared as three white
pixels on one of myimages that extremely
enlarged. I've had good luck watching

A close-up of the sprinkler “Tee” antenna fittings and the
phasing line between the two folded dipoles. Antenna was
spray-painted camouflage colors so as not to be notceable to
neighbors. You can spray paint yours any color you like, or not
at all. (Photo by Raymond Smith)
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hurricanes, the Malibu, Calif.
fire storms, and I even man-
aged to receive some interest-
ing infra-red shots during the
L.A.riots. Butbasically, you will
be looking at very large objects
from a long way up in space.

What equipment do
you need?

The main components of
any weather satellite reception
system are the antenna, a
preamplifier, the radio, the
tone decoder, and the imaging
software.

For an antenna | use what’s known as
a“turnstile” which isa pair of non-moving
“X" shaped elements that occupies about
acubicyard of space. I have designed and
built myown turnstile (Figure 1) thatIcan
pullitapartandstoreinacloset. Commer-
cial equivalents of this antenna list for
about US$120, but you can construct one
of your own for around US$30.

A signal preamplifier between the an-
tenna and the receiver is almost a must.
Special-purpose preamps list for US$65-
110. I have experimented with cable-TV
amplifiers that costs less than US$15 and
they work surprisingly well. In fact, I can
pick up polar orbiter signals without
mounting the antenna outside using a
preamp. I live on the top floor of my
apartment building and the tile roof over-
head is largely radio-transparent at 137
Mhz, although the solar water heaters
sometimes throwa moving radio “shadow”
on the incoming signals.

In theory, acquisition ranges for the
NOAA (National Oceanographic and At-
mospheric Administration) polar orbiter
should be roughlya 1,600 km (1,000 miles)
north toa 1,600 km (1,000 miles) south of
your antenna, depending on your
antenna’s altitude above sea level and
surrounding terrain. In fact, using my
turnstile antenna, | regularly get recep-
tion from just under my local horizon.
Using a phenomenon known as “duct-
ing,” I have also received 2,400 km (1500
mile) wide views that begin in
Saskatchewan and continue south to the
tip of Baja, Mexico.

Specially made weathersatellite receiv-
ers are sold by several firms and start for
around US$100 up to over US$400. Some
of these systems have the radio and de-
coderbuiltintoasingle PCcard (US$600).
In any case, a regular scanner won’t do
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Exploded view of the Turnstile antenna main components. Authors
weather satellite receiver, a modified Uniden scanner is also
displayed. (Photo by Raymond Smith)

because the wideband signals from the
weather satellites use plus or minus 40
kHz (including Dopplershift) bandwidth,
and police and fire transmitters broadcast
narrow-band FM—plus or minus 15 kHz
from a given center frequency.

I chose to purchase a pre-modified
scanner for US$150 from a weather satel-
lite retailer rather than chopping away on
my hand-held scanner, which would have
certainly voided the warranty. It has 16
memory channels that cover the standard
public service bands from 29 to 512 MHz,
plus a nifty feature that finds the nearest
NOAA VHF voice weather broadcast. 1
was delighted to find that although modi-
fied for the increased FM bandwidth, the
scanner still worked fine for local police
calls.

The disadvantage of the polar orbiters
is that there may not be an operating
satellite overhead at the time you want to
look—say, when you want to show off your
setup to a neighbor who just walked in (a
Murphy radio law-Editor). In fact, there
may be none for hours and then three
satellites will all pass over your location
within 30 minutes. Being able to predict
passes of these satellites at your location is
extremely important then.

Anecessarycomponent foranyweather
satellite enthusiasts is a computer pro-
gram that predicts the satellite passes for
you. 1 was surprised at the number of
shareware programs available to handle
these chores. You can purchase them
shrink-wrapped, type them in yourself
from a hard copy BASIC listing, or down-
load them froma computer bulletin board
system. Your choice can be determined by
your enthusiasm, leisure time, and credit
card balance.

The orbits of the polar weather satel-
lites do decay slightly over time, so you will
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have to re-enter the satel-
lites orbital parameters—
known as Keplerian Ele-
ments—every couple of
months. These Kep ele-
mentsetsare available from
several bulletin boards and
also in the SSG section in
each issue of Satellite Times.
Some of thefirms thatake
pre-fab satellite equipment
have dial-up bulletin boards
they maintain with Kep in-
formation updated fre-
quently.

Some enthusiasts use
old VCRs to record raw
spacecraft or HF fax audio. The video
portion of the tape is unimportant since
you send the audio signal into the audio
input of the VCR. Unlike conventional
audio cassette recorders, VCR tape speeds
are constantand thisisagood thing or the
recorded image would resemble a fun-
house mirror when displayed. Another
plus when using a VCR as a recoding
device is that the start times can be pre-
programmed, and VCRs don’tcause nearly
as much radio interference as a running
PC computer.

A graphics processing program will be
a valuable component of your weather
satellite imaging system. Even after rough
adjustments to images at capture time,
moststill need some work. These satellites
were designed to show clouds, but most
earthbound voyeurs like me want to see
some ground detail. The NOAA birds
send two imagesside byside (APT mode),
one visible and one infra-red, and if you
have one looking good on the monitor
the other side will invariably be black or
snow white. That means you will probably
have to fiddle the brightness and contrast
of your received image. If the image was
captured during a south-to-north, or as-
cending pass, the image will also appear
upside down, and will have to be flipped
to put north back on top.

The commercial software packages for
rendering the digitized images are be-
coming more sophisticated and cost effi-
cient. Some common features found in
these packages include: zooming, enlarg-
ing, rotation and contrast enhancement.
Most of these packages will also allow you
to convert, or “export” you pictures to
other computer image formats. If you use
PC Paintbrush, for example, you would
want to process the image as a PCX file or
convert it into a GIF format if you intend




to share it with others. GIF files have
become the standard medium for com-
puter image exchange.

More expensive software options in-
clude: detection of ground temperatures
from infra-red images; sharpening, soft-
ening, artificial colorization of the black-
and-white images; and overlaying of lati-
tude and longitude lines. Some programs
will even calculate and draw in state or
national borderlines on your images for
you.

Geostationary Satellites

Afteryou have all your orbiter software
and hardware set up, you can feed it from
two other sources.

The weather pictures we are most fa-
miliar with, those on the evening news,
originate from the GOES spacecraft, which
are parked over the equator at 35581 km
(22,238 miles) above the Earth. Their
orbital period is one day long, so they
seem stay in the same place in the sky, and
provide the same perspective of the globe
all the time.

These satellites broadcast in the mi-
crowave portion of the spectrum on a
frequency of 1691 MHz. This means that
you will need a down-frequency converter
to change thatfrequency to 137 MHz used
by your existing polar orbiter system
(around US$600). You will also need a
precisely aimed 120 cm (4 foot) dish or
loop-yagi antenna (US$120) to acquire
these signals, which are comparatively faint

signal strength. You can also fit your back-
yard TVRO satellite dish with a custom
GOES feedhorn (US$120). For working
stiffs like me, these are all big-ticket items.
Home-brewing your way around them isa
serious project. I modified my polar or-
biter equipmentwith asolderingiron and
hardware store parts, but superhigh fre-
quency gear does requires more preci-
sion.

The advantages: GOES images are of
superior quality, they are predictable and
have convenientborderlinesalready over-
laid. You also getweather prognosis charts
and relayed pictures from the Japanese
and European satellites. There are other
ways of getting this product, fortunately.
Computer bulletin boards using auto-
mated equipment captureand place these
images into downloadable files for sub-
scribers with telephone modems. A high-
speed (14.4 kilobits) modem is a real plus
for thisjob, as the resulting SVGA GIF files
vary in length from 300 to 700 kilobytes.
My V.42 modem will transfer files at 1.65
kilobytes per second, for a typical transfer
time of four minutes, depending on the
size and type of the file and task loading of
the sending PC.

High Resolution Picture
Transmission (HRPT)

The ultimate amateur challenge is the
capturing of HRPT images from the Ameri-
can polar orbiters. In addition to the 137-
MHz signals previously described, NOAA
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polar orbiters send High Resolution Pic-
ture Transmissions (HRPT) imagesat 1691
MHz. Actually, the 137 MHz WEFAX im-
ages are relatively crude analog samples
of the digital, multi-channel, high-band-
width HRPT transmissions. Several IR
wavelengths are being sent at once. The
resulting images are about four times as
sharp, and breathtaking.

But to capture them, you’ll need all of
the equipment mentioned above, plus
azimuth/elevation rotators to accurately
point and track a high-gain antenna. You
will also need commercial-grade software
to handie the ton of data coming in. The
cost for a typical HRPT setup is around
US$5,000, but some amateurs do it re-
gardless of the cost.

Summary

The cost for my APT weather satellite
system was less than a premium VCR.
Some folks even use their systems profit-
ably — pilots, sailors, fishermen, astrono-
mers, prospectors for geothermal sources,
etc. My profit has been in the form of
knowledge gained. I have learned a great
deal about signal processing, image pro-
cessing, orbital mechanics, radio theory,
PCs and their subsystems, and meteorol-
ogy—all the things you couldn’t force me
to study for their own sake. It was frustrat-
ing at times, but overall it was great fun.
And it’s not over yet. After a friend sug-
gested 1 upload some images of an ap-
proaching storm to a local BBS, I wound
up becoming a co-sysop on that BBS, and
learning about Hayes modem protocols
and such.

If you want to learn more about this
hobby on your own, I would suggest get-
ting a copy of The Weather Satellite Hand-
book by Dr. Ralph Taggart, WBSDQT. It is
available from Grove Enterprises for
US$19.95 plus $6 UPS shipping. You can
getyour copy by calling 1-800-438-8155 or
writing to Grove Enterprises, P.O. Box 98,
Brasstown, NC 28902. Additional sources
of weather satellite information can be
found elsewhere in this issue of Satellite
Times. ST

Ray Smith is a co-sysop on the Orange County
Astronomers BBS and an avid weather satellite
enthusiasts. He is currently employed as a
computer networking specialists for UB net-
works. Ray can bereached via the internet at the
Sollowing e-mail address: rsmith@fishnet. net
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LEASAT —

By Larry Van Horn

t actually was all quite simple. Four

locking pins were retracted on the

launch cradle. Then an explosive de-
vice was fired and that released a spring.
The spring would then flip the spacecraft
with a spinning motion out into space.
That was how the five Leasat (Syncom)
spacecraft were launched from the cargo
bays of the space shuttles Discovery and
Columbia in 1984, 1985 and 1990.

These satellites looked like giant
frisbees being thrown into space. It was
rather entertaining to watch on TV as the
flying, satellite frisbees rolled out of the
shuttle and into the darkness of space.

But that simple launch technique was
no accident. The Leasat series of satellites
was the first type of spacecraft designed to
be launched from the space shuttle cargo
bay. Infact, the Leasats were unique

HIGH
FLYING
SPACE
FRISBEES

approved the lease of an interim series of
ultra high frequency (UHF) military com-
munication satellites.

In September 1978, the United States
Navy announced a contract award for
Leasat to Hughes Communications Ser-
vices, to provide worldwide communica-
tions satellite service to the Department of
Defense for at least five years at each of
four orbital locations. The Navy would act
as executive agent on behalf of the De-
partment of Defense. Users of the satellite
network would include: mobile, air, sur-
face, subsurface, and fixed earth stations
of the Navy, Marine Corps, Atr Force, and
Army. Hughes Space and Communica-
tions Group built each of the satellites.

The agreement called for Hughes to
design, build, launch, and operate a com-
plete communications satellite system.
Included were five satellites, one of which

was a spare, as well as associated ground
facilities—an operational control center,
a network of four fixed ground stations,
and two movable stations. The operational
control center is located in El Segundo,
Calif., and houses the computing hard-
ware/software and communications
equipment that interfaces with the four
fixed ground stations in Guam, Hawaii,
Stockton, Calif., and Norfolk, Va. These
satellites occupy geosynchronous positions
over the United States and over the Atlan-
tic, Pacific, and Indian Oceans.

Leasat FI (Syncom IV-1) was sched-
uled for launch in June 1984, but the
shuttle mission was aborted only seconds
before liftoff. Leasat F2 (Syncom IV-2)
became the first in the series to be
launched, on August 30, 1984. Shortly
after launch Leasat F2 suffered a com-
plete failure of the 500 kHzDoD wideband

transponder (channel 2). It is

because they didn’t even need a
separately purchased upper stage
to get them into geosynchronous
orbit. Each satellite had its own
unique upper stage built inside
the spacecraft.

However, the launch method
wasn’t the only unique thing about
these spacecraft. Even more un-
usual was that the U.S. Navy’s
Leasats were “leased satellites”;
hence, the program was named
Leasat.

Assuming that the Fleetsatcom
system of satellites would die from
old age at the end of their ex-
pected five year lifetimes, Congress
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now believed this transponder
was never recovered.

Leasat F1 followed on a No-
vember 8, 1984 launch. Lcasat
F3 (Syncom IV-3) was launched
from the shuttle Discovery on
April 12, 1985, but did not
achieve orbit when the satellite
failed tostart. Four monthslater,
NASA and Hughes mounted a
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salvage attempt during the Au-
gust 27, 1985, shuttle mission
on which Leasat F4 (Syncom I'V-
4) was launched. After attach-
ing special electronicassemblies
to Leasat F3 during two days of
space walks, astronauts manu-



TABLE 1:
Leasat Spacecraft
ally launched the satel- Sateilite Orbital International Satellite Launch sage traffic. The remaining
lite again. The electron- Location Designatar  Catalog Number Date six 25-kHz channels function
ics allowed ground con- Leasat Fi B 1984-113C 15384 Nov 10,1985 as direct relav channels with
- easa etire - v 10,

qu]lers to turn on the sat Leasat F2 177 6° West 1984-093C 15236 Aug 31, 1984 separate repeaters.

ellite and, at the end of Leasat F3 105.32 West 1985-028C 15643 Apr 12, 1985 Telemetry, command,
October, fire its perigee Leasat F4 Failed 985-0760  --—-- Aug 29, 1985 and the Fleet Broadcast up-
rocket and send Leasat Leasat F5 71.52 East 1990-002B 20410 Jan 9, 1990 link and beacon are in the
F3 into orbit.

Leasat F4 successfully
obtained orbit and was undergoing tests
about a week after launch when all of its
UHF transponder downlinks failed. The
satellite was declared a loss.

The fifth and last Leasat, which was
built as a spare, was successfully launched
from the space shuttle Colombiain January
1990. All previous Leasat launches had
been from the Discovery.

the spun portion containing the solar
array and sun and earth sensors for atti-
tude determination and earth pointing
reference, batteries for eclipse operation,
and all propulsion and attitude control
hardware. The despun platform contains
earth-pointing communicationsantennas,
communications repeaters, and the ma-

jority of the telemetry, tracking and com-

mand (TT&C) equip-

TABLE 2:

Whiskey X-ray Yankee
250.350 250.450 250.550

Leasat Frequency Downlink Bandplans
(All frequencies listed in MHz)

Channel 1: Fleet Broadcast Channel

Channel 2: 500 kHz Wideband Channel
263.55-264.05 260.35-260.85 261.45-261.95 262.05-262.55

Channels 3-8: 25-kHz Navy Relay Channels

ment.

Power Source

Solar panel out-
put was 1238 watts af-
ter seven years in or-
bit. Three 25A-hr
nickel-cadmium bat-
teries for eclipse op-
eration are designed
for a normal maxi-
mum 45 percent dis-

Zuly
250.650

ch.3  251.850 251.950 252.050 252.150 ;
ch.4 253550 253 650 253 750 253 850 1 hari‘f‘ Re?”"da'[‘lcy
ch.5  255.250 255.350 255.450 255.550 resiliing pham e
ch.6  256.850 256.950 257.050 257.150 three-battery system
ch.7  258.350 258.450 258.550 258.650 permits full load sup-
ch.8  265.250 265.350 265.450 265.550 port with loss of one
of the batteries.
Channels 9-13: AFSATCOM Narrow Band Channels
ch.9  243.855 243.955 244.055 244.155 .
ch.10  243.860 243.960 244.060 244.160 Communications
ch. 11 243.875 243.975 244.075 244175 Payload
ch.12  243.900 244.000 244.100 244.200
ch. 13 243.910 244.010 244110 244.210 Two large helical
UHF antennas pro-
vide receive and
. L transmit capability in the UHF band (240-
Satellite Description 400 MHz). The Leasat satellite has seven

Leasat is 4.26 meters (14 feet) in diam-
eter and 6.17 meters (20 feet, 3 inches)
high with its UHF and omnidirectional
antennas deployed. With its antennas was
stowed in the launch configuration, Leasat
was 4.29 meters (14 feet, 1 inch) high.
Total payload weight (including launch
cradle) in the shuttle was 7,711 kg (17,000
Ibs). Weight after scparation from the
shuttle was 6,895 kg (15,200 Ibs), and the
satellite’s weight on station at the begin-
ning of life was 1,388 kg (3,060 ibs).

These satellitesare spin-stabilized, with

25-kHz UHF downlink channels, one 500-
kHzNational Command Authority (NCA)
wideband channel, and five 5-kHz Air
Force satellite

“exclusive” portions of the
super high frequency (SHF)
band (7,250 to 7,500 MHz, and 7,975 to
8,025 MHz). Table 2 lists all of the Leasat
bandplans and communications capabil-
ity.

The principal Navy Fleet Broadcast
function includes an SHF uplink, and
both SHF and UHF downlinks. The addi-
tional antennas for this channel are the
SHF uplink and downlink earth coverage
horns, which support the uplink and ac-
quisition/timing function, respectively.
The UHF downlink for Fleet Broadcast is
multiplexed onto the UHF transmit helix.

Leasat spacecraft less 25-kHz channels
than the Fleetsatcom UHF military satel-
lites. Even though they serve an expand-
ing Navysatellite communications require-
ment, the reduction of channels was made
possible by applying the ground-based
Demand Assigned Multiple Access
(DAMA) technique. DAMA lets each sat-
ellite use it’s radio frequency (RF) chan-
nels more efficiently.

This is the third of a four-part series in
ST on the various UHF military satellite
systems currentlyin operation. In the next
issue of ST (September/October 1995),
we will take an in-depth look at the latest
generation of UHF satellites for the 1990s
and beyond—the UHF Follow-Onor UFO
spacecraft. We will also present an ST
exclusive: the UFO UHF frequency
bandplans. S

Larry Van Horn is the Managing Editor of
Satellite Times and a military consultant/
columnist for both Monitoring Times/ Satel-
lite Times magazines.

communica-

ABLE 3:

tion (AFSAT- L at C I 103 m
COM) chan- eas hannel Characteristics
nels. One of the Channe) Type No. Bandwidth, kHz  EIRP*, dBw G/T*.dB/K
seven 25-kHz Relay 6 25 26 -18
UHF downlink Wideband 1 500 28 -18
channels is the Narrowband 5 5 , 16.5 -18

Fleet Broadcast 1 Onboard Processing 26 -20

downlink for
Fleet Satellite
Broadcast mes-

*Specific minimum values over the coverage areas for the full service period.
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SLEOTH

By Dr. Theo Pappan
C.N.ES.S.

Charlie’s Excellent Adventure

t seems that everyone who listens to the mysterious signals
sent out by satellites, comes to it by some unique experience.
That certainly was the case for Charlie Davis of Hampstead
Md. Charlie had just gotten his nose wet in NOAA/Meteor
weather facsimile transmissions and now had
began to wonder about
those mysterious ImHo-
Teps he had heard me re-
fer too.

“Just when is the best
time to run into a bunch of
them?”, he inquired inno-
cently one day on the
phone. “Well they can show
up anytime,” I replied, “but
they often seem to show up
on holidays when most folks
are out of town celebrating
something or other.” That
propitiously worded statement was uttered in all honesty (and
in complete ignorance of the future) a few days before Labor Day
1990.

On August 31 (Friday of the Labor day weekend) “Charlie’s
Excellent Adventure” began. First, transmissions on 137.279 Mhz
were heard and copied on APT equipment that presented no
ground/cloud images, but a solid synch frame and sequential
numbers on the edge of what would be the image frame. This was,
of course, Cosmos 1602 (International designator 1984-105A,
Catalog number 15331) launched on September 28, 1984 from
the Baikonur launch site in the then Soviet Union (now
Kazakhstan).

Cosmos 1602 served as a good learning exercise for the several
people interested enough to join in on a BBS and phone-all
linked search for more information about this interesting satellite.
We shared AoS/LoS timings for passes through Saturday and
Sunday when I announced the identity of the source of the signals
as Cosmos 1602. A good time was had by all. It was an interesting,
notan every-day common occurrence and it had a little mystery to
it. A perfect weekend effort.

Labor Day was on the 3rd of September that year and Monday
started off with a bang that might have been reserved for July 4th.
New signals on 137.795 MHz were causing chaos among the APT
troupers that had shuffled into the shack that morning before
facing a day of national celebration. Those that heard the mystery
signal hearditon 137.800 and that made nosense atall. When they
looked at the image and saw what was clearlya NOAA scan and not
a Meteor scan, they were even more confused. Had the U.S. sent
up a new weather satellite and kept it a secret? And what was it
doing on this frequency instead of 137.50 or 137.62?
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The answer was clear to those who knew that the U.S. had sold
the NOAA weather satellite system, complete with all bells and
whistles, to China several years before. Indeed China
had launched their first attempt at a
\ polar weather satellite two years and
\ three days earlier. China 24 (aka
— PRC24orFengyun 1, Catalog num-
ber 19467 and International Des-
ignator 1988-080A) had been
launched on September 6, 1988.
The frequencies of 137.035 and 137.795
MH?z had been used then also, but the first of
China’s new satellites transmitted only briefly
and most monitors never heard it at all.
What we were hearing was China 30 (aka PRC 30
or Fengyun 1B, Catalog number 20788 and Interna-
tional designator 1990-081A). It should be noted that
NORAD originallyidentified most objects associated with this
launch incorrectly and named the primary spacecraft as “1990-
08IB”. A few days later they corrected their error by quietly
reassigning numbers without any comment. The images were
excellent and we wondered about the sensors the Chinese were
using as compared to the US sensors on the NOAA satellites.

Charlie marched off to the China embassy in Washington, D.C.,
and came back with the full technical specs for the Fengyun series
of weather satellites (in Chinese of course). As he read me the
wavelength sensitivities for the various sensors over the phone, I
could not help but notice the obvious differences from the US
NOAA spacecraft sensor standards. Hm-m-m, I thought. With
three channels of HRPT data being transmitted, one could make
a real-color image of the Earth from the Chinese weather satellite
data. Real color is not an objective for weather satellites. Shades of
grey in various spectral ranges provide the data meteorologists
want. Sure enough, when the word got out about Fenyun 1B, those
with HRPT equipment were printing out true-color weather pic-
tures. Something never possible before or since.

Charlie was overwhelmed with what he had gotten into in just
the space of a long weekend. Peg, his wife, was a bit overwhelmed
with their phone bill too. She sent me a copy of the last page with
the total circled and implied that since I had been the one to get
him started in this “madness”, I should assume some responsibility
for the huge charges. I sent her a copy of -my- phone bill for that
month and she never mentioned it again. She still talks to me, but
when I call Charlie, she has a tendency to say he’s not there.

The result of “Charlie’s Excellent Adventure” was thathe hasn’t
left home on a holiday since and has heard a lot of fascinating
things in the many intervening years. He knows that anything can
happen atanytime and you just have to be listening to catch it. And
if you’re not... you just missed it.




When the Russians announce s launch they naturally write about it in proper Russian
Cyrillic. Now comes the weak link. Someone translates that Russian into American or
British English and maybe they do not understand that there are good ways and

not so good ways to translate the cyrillic alphabet.

I can’t find that satellite!

I often hear people say something like “I can’tfind thatsatellite
you told me about. There isn’tany ‘Ocean’ listed in the elements”.
When I tell them to look for ‘Okean’ they say “Oh ya, I have that”.
Let’slookat the reason for this confusion and maybe explainsome
other weird names you have tried to deal with in the past.

To start with there is no ‘Okean’ series of spacecraft. (Oh, I
know you have seen them in the TLEs and read about them.) But
in truth there isnosuchseries. Thereisan ‘Ocean’ series launched
by the Russians. “Then what are these ‘Okean’ satellites?” you ask.
They are the Russian Oceanographic satellites called ‘Ocean’ by
the Russians. The problem starts with the Russian alphabet. They
use the Russian Cyrillic alphabet (Not the Cyrillic alphabet that we
commonly think of as Greek.). Russian Cyrillic has many letters
that look like the letters in the American alphabet. However,
looking like they are the same doesn’t mean they are the same.
They aren’t. Not by a long shot. When the Russians announce a
launch they naturally write aboutitin proper Russian Cyrillic. Now
comes the weak link. Someone translates that Russian into Ameri-
can or British English and maybe they do not understand that
there are good ways and not so good ways to translate the cyrillic
alphabet. Or maybe they don’t know at all. In any event, they look
atthe Russian letterand say “That lookslike a ...” and substitute the
English letter. They do this for every letter of the word and when
theyare finished theysay“That’s howitshould be in English.” Well,
maybe and maybe not.

Lets look at OKEAN/OCEAN as an example. (By the way, we
can’t afford to buy a whole set of Russian Cyrillic typefaces for this
column yetso refer to Figure 1 for the examples of how they really
would look in Pravda.)

First of all the Russian word does look like Okean, but it’s not
pronounced that way. The ‘k’ is pronounced like we pronounce
‘c’. So if you say Ocean, you will sound just like a Russian saying
‘Okean’. The same goes for Kosmos and Cosmos. Some languages
change the pronunciation of a letter depending on where in the
worditis. ‘K’ and ‘C’ are obvious but whatare not obvious are some
of the other words.

FIGURE 1—Russian Cyrillic translations
Russian Common Better
Original Translation  Translation
Kocvoc Kosmos Cosmos
Oxean Okean Ocean
I'opusont Gorizont  Horizon
Tcyxaon Tsyklon Cyclone

FIGURE 2—More Cyrillic translations
CCCP USSR
CHIA USA
HACA NASA
Mocksa Moscow
Mup Mir
Ksaur Kvant
Bocrok Vostok
Coios Soyuz
Benepa Venera
Beprukaan Vertical
Cnyhuk Sputnik
Bocxon Voskhod
Bocrox Vostok
Mereop Meteor
Pakera Rocket
JoH1 Zond
Camor Salyut
bupan Buran
Ilporon Proton

Another “for instance”

Take a popular booster used by the Russians commonly called
in the American press the Tysklon. (see Figure 1 for howitiswritten
in Russian Cyrillic) Now when you see that in print you will try to
say “Tiss - ki - lon” which is unfortunate since it is pronounced
‘Cyclone’ by a Russian. (If you say ‘Cyclone’ in American you will
sound like a Russian saying ‘Tysklon’.) And that’s as it should be
since that’s what they mean. When this big powerful booster is
launched, the sound and fury it makes is like a cyclone. Well you
sure would never know that by ‘Tysklon’ would you?

A conspiracy?

So why are these people that use these words doing this. Are
they stupid or is this another conspiracy to confuse us all? Neither,
I am sure. The thing is, if you have never heard these words
pronounced correctly you really are playing ‘Russian Roulette’ by
transliterating letter by letter. After the first person does it poorly,
he is quoted by a second source and soon people all overare saying
the wrong thing. It’s easy to start and hard to set right. Then there
are the cases where the wisdom of Solomon might not help.
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The thing is, if you have never heard these words pronounced correctly you
redlly are playing ‘Russian Roulette’ by transliterating letter by letter. After the first
person does it poorly, he is quoted by a second source and soon people all over are

saying the wrong thing. It's easy to start and hard to set right.

Actuallywhen youare translating from one language and alphabet
toanother thereisno absolute correct. There is only bad, good and
better.

Bad is simply when you can’t pronounce it correctly by using
the rules of American English. So when you see someone using a
less than pronounceable translation, take a minute and let them
know that there is a better way. After all, if we don’t say what we
mean, how can we mean what we say?

Mailbag

John Musgrave of Campbell River, British Columbia Canada,
writes that he enjoys reading Satellite Timesand gets a lot out of it. He
also offers a couple of comments.

His first comment is that “all readers of Satellite Timesshould have
computers and phone service”. While I heartily agree, I also know
that we haven’t been able to figure a way to include a Pentium
computer insert within the pages of this magazine. Perhaps in 10
years such a thing will be common place. But his point is well taken
and whenever I talk about doing something with ‘your computer
prediction program’ | have tried to show that you can also do it with
a pen and paper.

Unfortunately, this incredible onrush of computer technology
has resulted in an amazing increase in computing power, but the
price has remained from the very early days at about $2,500 for a
usablesystem. That’swhat1 paid for myfirst Apple II+ many yearsago
and that’s what I paid for my Pentium a few months ago. I don’t have
a solution for how to get a computer to someone that can’t afford
that, unless maybe some of you readers out there have some old
Apples, 80386’s or 80486’s that you use for holding the door open
now and would like to pass them along to someone to get some use
ontofit. Whatsayyou out there? Gotan extra computer or two? Need
a computer? Let me know and I will see if we can put you people
together.

Imightadd here that] have talked toalot of people out there who
really live in the boondocks and to whom commercial power is not
a reality. Some have managed to pick up a portable and arrange to
charge the battery with solar cells. Any old portables or laptops out
there that someone could run some text programs on? Maybe even
EGA or VGA graphics in B&W? They don’t take much power and
someone could sure make use of such a thing. Don't toss it or even
let it gather dust (you know you can’t sell those things for anything
anymore) pass it along to someone that can use it. (Let’s face it,
shipping charges may be the deciding factor in these matters.) Write
me and tell me what you have or what you need. I'll put a likely pair
of you together and you two can conduct the transaction. That way
you can know where it went and how it’s being used. Come on, do
it now! (But PLEASE only working units.)

Astothe matterofall STreaders having phoneservice, Ican attest
1o the fact that its not always possible, even in the U.S.

John’s other comment was “What Satellite Times needs is a
satellite-frequency- signals list”. Right John we do, but... (you knew
there was goingtobeabuttheredidn’tyou?) thefacts of the situation
are that I have about 2,800 listings and there must be at least 2,800
other people out there with their own lists. Who knows what’s on
their lists? Indeed. I can’t print my list here every other month as the
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nice managing editor says I can have only these few pages. However,
he does say that I can print frequencies and signals heard from the
readers out there up to a page every issue. So let’s go folks! Send in
your frequencies heard and what you heard and we’ll include what
we get in every issue from now on. The other guys writing columns
in Monitoring Times get to do it with their low band reports (Yes sir,
Theo is up to two pages every month in the Ute World column-
Editor), so we’re going to do it here too! Get those cards and letters
coming people and be sure you write or printyour name and address
clearly so I can read it. Send them to me at P. O. Box 1592, Owosso,
MI 48867-6592. Thanks John for your letters.

Well it’s summer again and as you might remember that back in
the Nov/Dec 1994 issue | mentioned that “TIROS 10 (International
Designator 1965-051A, Catalog number 1430) was heard at times of
peak sunlight actually transmitting APT-like signals. Absolutely
amazing for this ancient weather satellite launched more than 30
years ago, deactivated over 28 years ago and long forgotten by it’s
creators. Those of you in the southern hemisphere should listen up
on 136.235 MHz and you too may hear it during your summer solar
season. Those of you north of the equator, mark it on your calendar
for next summer.” Well, it’s next summer!

Listen up and if you have APT imaging capability, have it ready
and see what you can catch when (not if) it starts transmitting with
the longer sunlight periods and higher bus voltages. If you get
anything send me the file and we'll try to get it in the next issue.
TIROS 10 is not the only thing up there that gets more sunlight in
the Northern Hemisphere summer. You can hear some fascinating
things.

Speaking of hearing some fascinating things. If you heard some
strange signals on or about 137.41 Mhz back around April 3, 1995
and thereafter, you were lucky. If you think you heard something,
you may well have. Actually if you only heard something you really
missed the show. You really needed a spectrum analyzer to fully
appreciate what was up there. I can recommend the Avcom SDM-
42A. It’s not a full spectrum analyzer because it uses the high IF from
myIcom R-7000 (or the 10.7 Mhz or whatever IF from your receiver)
anddisplaysupto 10 Mhzofwhatitreceives. Frankly I couldn’tafford
the $18,000 to $45,000 for the beauties in the catalogs the big boys
use, but for something in the $1,000 range, it shows me what I want
to know about unknown signals.

If you caught some of these interesting transmissions, I'd like to
know whatyou think about them and the future they portend. There
is much to be gained by looking at signals on a visual instrument like
the Spectrum Display Monitor and if you have a top notch tunable
monitor and are looking for the next place to put some money to get
moressignal information, aspectrum analyzer will giveyou a perspec-
tive you simply cannot imagine by just listening to the signal. Assoon
as [ can figure out how to get the display imaged some way and make
a hard copy, I'll include some examples here.

It’s been a great first year for me (has a year of ST gone by
already?) and I hope you have been here from the very beginning.
If so, it’s time to renew. The coming year can only be better than this
year has been. Thanks for all your comments and suggestions.

That’s it until next time when Thomas Mishler from Lapeer,
Michigan lets us in on the secrets of DDPN. §fp




THE data base system for rapid retrieval of l
space related information

k SPACE 2000 N

‘ Used by NASA & the US Space Command ]

Data goes from 1926 through 2011

The 135 unique flelds of data in 90 data bases
covers 4,700+ payloads, 19,000+ debris and 1,300+ |
suborbital attempts, failures or planned flights

The 100,000 data base records are searched with
our easy to use menu driven software |

For IBM type PC. Data bases, retrieval software
and 4 quarterly updates are only US$ 295

Space Analysis and Research, Inc
PO Box 49446
Colorado Springs, CO 80949-9446

Dasias Bemory Inacine G

BBS On-Line Satellite Directory

The DRIG BBS is the

remier source of
information on Satellite
Tracking, Satellite
Imagery, NASA,
Astronomy, Space
Programs, AMAST
Satellite
Communications,
Amateur Radio AND
MORE!

Over 7 Gigabytes of files
related to Satellites,
Remote Sensing, Amateur
Radio, Digital

Signal /Image Processing,
INTERNET NewsGroups,
FidoMail, Weather
Satellite Imagery, Direct
Ku Band Satellite
Downlink from Plonet
Connect and PageSat for
Internet and FidoMail !
Weather DOOR for
National Weather, Radar
Summaries, Weather
Maps!

(719) 260-0500 J

10 Lines with USR V.34 28.8K Modems

1 Year Membership - Full Downloading - No Ratios $35.00
1 Year Membership - Full Downloading - Internet UUCP $65.00
2 Year Membership - Full Downloading - Internet UUCP $95.00

At Last! It's Here!

Exactly what everyone has been waiting for
- - -
Repairing Satellite
-
Equipment
(The Insiders Notebook)
* Repair your own satellite equipment
to component level
- Over 20 years of experience in
Satellite Research and Repairs
© 1000's of solutions to actual problems
on all makes and models
- List of master passwords for most units
- Annual updates avallable
- No service center or technician is
complete without this manual
- Access to parts warehouse with book order
Published by Brich & Associates

At $79.95

+_$10 shipping and handlin -
One Repair and it pays tf;or itself!

Please allow 2-4 weeks for delivery

To order, Call toll free
= 1.800-532-4655

ON-LINE SINCE 1985

USE VISA/MASTERCARD/AMEX
or Send Check for Subseription

DALLAS REMOTE
IMAGING GROUP

P.O. Box 117088
Carrollton Texas
75011 - 7088

(214) 492 - 7747 Fax
(214) 394 - 7438

Internet - info@drig.com
Fidonet - 1:124/6509

SATELLITE TIMES

July/August 1995



By Dr. Frank Baylin
& John McCormac

Thoughts on Encryption Systems cnd Hackers

he catand mouse game that

hasbeen continually played

out between broadcasters
and hackers has always fascinated
me. With the launch of DSS the
game has entered a new phase.
This time the stakes are higher
and so are the penalties for los-
ing. It is easy to stand on the side-
line and appreciate the bravado
and the fumbles. But at the end
of the day, Ibelieve that program-
mers should be paid for their
efforts. Whether that results in
high quality entertainment and
education or junk television is
another story.

In the early 1980s, the skies
were clear. Itwas truly interesting
time for TVRO pioneers surfing
between backhauls and movies.
The comments and gestures on
some of those backhauls would
have been embarassingifthe pro-
grammers and technicians had
been aware of their audience.
Then the “problem” created by
TVRO pioneers began to mush-
room as the new industry rapidly
grew. The free use of these pro-
grams and feeds in commercial
establishments and very small-
scale cable TV systems forced the programmers to react. They
threatened to cut the “pirates” off by scrambling their signals.

This was a territying prospect to people who had gone out and
spent thousands of dollars on equipment. Some of the magazines
carried cartoons about $5,000 bird baths (satellite TVRO dishes—
Editor). The prospect of scrambling made some people quite
angry. They had believed the “open skies” call. In retrospect the
belief that “if my dish can pick it up then I'should be able to watch
it” seens strange.

Before HBO encrypted its signal in late 1985 hackers had it
easy. The scrambling systems were simple analog ones that used
easy methods including video inversion, sync suppression, sync
replacement and interfering sine waves. Most systems were gener-
allysome combination of these methods. But the system that HBO
had chosen was different. In the midst of all this, HBO made one
fatal mistake—they loudly proclaimed that they had a totally
secure system that would beat any and all hackers.

The system that HBO had used was VideoCipherIL It digitized
the audio, encrypted it with the DES algorithm and inserted it in

é
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Before HBO encrypted its signal in late 1985 hackers had it
easy. The scrambling systems were simple analog ones that
used easy methods including video inversion, sync
suppression, sync replacement and interfering sine waves.
Most systems were generally some combination of these
methods. But the system that HBO had chosen was different.
In the midst of all this, HBO made one fatal mistake—they
loudly proclaimed that they had a totally secure system that
would beat any and all hackers.

the vertical blanking interval. It
also replaced the snyc pulses in
the video with the encrypted digi-
tal audio data and other access
control data. Iacking the video
was a trivial exercise. The audio,
however, was a whole new ball
game.

As with any game, there are
mistakes. While no side has a
monopoly, it seemed that HBO
had just made a bigone. A flawin
the design of the VideoCipher I1
decoder meant that it was pos-
sible to rewrite the EPROM to
give access to all channels for the
price of one. The hacking be-
came progressively worse from
that point on. As a result, the the
legal framework was changed to
make signal piracy a clearly de-
fined crime.

The turmoil that ensued
caused some jobs to be lost, a few
careers to end, a few fines 1o be
levied and exiled one well-know
person. The final result of all this
was that a new and improved sys-
tem, VideoCipher 1l+, was cre-
ated.

Three fundamental mistakes
were made with VideoCipher II.
The first was that a notso-snbtle challenge was issued to the home
satellite industry. The second was that the legal framework was not
defined as clearly as it is today. The third was that the architecture
of the scrambling system was set in stone  a “frozen architecture.”

The underlying element in all of this was the hacker. As
differentiated from pirates who are in it solely for the potentially
vast financial rewards to he made, the true hacker is simply
responding to a technical challenge.

VideoCipher II+ has not been hacked, or at least pirates have
not marketed a hack. On the other side of the fence, General
Instruments has improved their corporate security system and
makes fewer inflammatory marketing pronouncements.

The VideoCipher Il+ is again about to be upgraded with the
addition of the DigiCipher Il module. Subscribers wishing to
receive MPEP 2 digitally compressed broadcasts will be able to do
so by replacing their VCII+ module with this new backwards
compatible module.

Have DIRECTV and USSB fared as well? Have they made a fatal
mistake in the selection of their access control system? Rumor has
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Perhaps it is time to adopt a totally “fluid architecture” in which the decoder can
itself be reconfigured electronically. Such a decoder would theoretically be able to
morph from being a DSS to a DigiCipher decoder just by the insertion of a super
smart card or by some over-the-air configuration. This, of course, goes against
conventional saies “wisdom” and business practice.

it that their smart card has already been hacked and that the basic
tier pirate card willsell for about $150. Four tiers of pirate cards are
planned. The second, third and fourth tiers will include subscrip-
tion movie channels, then sports and finally everything including
pay-per-view channels with a credit of $500

per pirate card. This is, at this time, all
rumor. [ have not personally seen one.

Idonot condone piracyand believe that
it will harm us all—except for the few pi-
rates who become rich in the process. It is
a serious business with serious conse-
quencesforboth the piratesand the broad-
caster. Nobody believes fora moment that
GM Hughes Electronics, a very powerful
and financially capable corporation, will
sit by idly and take this lving down. But
what mistakes, if any, have been made
and what remedies are there to these
errors?

Putting a patent number on a smart
card is not clever. It has given both
hackers and pirates a starting point,
namely Europe. The patent number
refers to the Fiat Shamir Zero Knowl-
edge Test, an algorithm used in the
decoder so that it can authenticate
the card in the slotasbeing a genuine
one. This algorithm is also used in
the analog VideoCrvptsystem in Eu-
rope. The designers of the
VideoCrypt access control system is
News Datacom Ltd. This systemn has
become as leaky as the proverbial
screen door.

When DSS was being prepared for launch in the United States
in early 1994, the 07 card issue of VideoCrypt in Europe had been
hacked. The full source code of the hack had been distributed
freely on the Internet and via BBSes. The common element
between the two systems was News Datacom. Woukd what had
happened in Europe happen in the U.S.? That was the million
dollar question.

Atthis point the trade magazine barrage began. One particular
article claimed that VideoCrypt had been unhacked in Europe
since its introduction in 1989. A well-known hacker, John
McCormac, stated that “the person who wrote theanticle was either
being paid to give out disinformation or was just clueless becanse
VideoCrypt had been hacked on a continual hmsis since its intro-
duction.” At the same time that article appeared the new 09 card
was being issued because the 07 card had been so devastatingly
broken.

Since this time the 09 card issuc has been hacked in Europe
That card contained some rather sophisticated technologies such
astheabilityto accept over-the-air modifications to the program in
the card. The entire contents have been dumped out electonically
using the “Vampire Hack.” Where does this leave DSS? Why did
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DIRECTV and USSB choose the News Datacom technology that
was such a hot target in Europe?

The technology probably appeared cheap and the anti-piracy
law in the United States are stringent. When enforced, these laws
are quite tough. News Datacom also have a performance contract
so that if the systen is hacked they simply do

notget paid until itis secure again. It was

perhaps the best and most cost effective
deal on offer to DIRECTV and USSB at
the time.
The smart card approach is, | believe,
a step both in the right and the wrong
direction. Thesemi-fluid architecture does
allow for a complete upgrade via card
replacement, but it also offers the pirates
an easily packaged and distributed device.
Such a card fits in an envelope and would
be difficult 1o spot in the mail or, at least,
would not be as obvious as a pirated
VideoCipher module.
Perhaps it is time to adopt a totally “fluid
architecture” in which the decoder can itself
be reconfigured electronically. Such a de-
coder would theoretically be able to morph
from being aDSS toa DigiCipher decoder just
by the insertion of a super smart card or by
some over-the-airconfiguration. This, of course,
goes against conventional sales “wisdom™ and
business practice.
DSS may have actually encouraged piracy by
choosingasmart card as the kevelementin their
system. Pirates may have a more difficult time
marketing hacked DigiCipher modules, if in-
deed it is hacked, since it would require a box
rather than an small envelope. The hope is that most consumers
will honor the need 1o pay programmers, especially in an environ-
ment where anti-piracy law enforcement might be quite strict. Sy

Dr. Frank Baylin, president of Baylin Publications, has served the
mndustry as awthor and consultant since the early 1980s. He has authored
and co~authored more than ten books as well as software and a video. He
has recently published two new books “Miniature Satellite Dishes  The
Digital Television Revolution™ available for $20 plus $4 s/h and the
“1995/96 World Satellite Yearly” available for $90 plus $4 s/h. Interested
readess ean also obtain a free catalog from his company by writing Baylin
Publications at 1905 Mariposa, Boulder, CO 80302 or Iy calling 800+
483-2423,

John McCormac (e-mail: jmcc@uizardr.ie) is considered (o be the
leading Eurofrean authority on pay television piracy. He is also the editor
of “Hack Watch News ™ and the authaor of “Ituropean Scrambling Systems,”
now n its 4th edition. This detailed tome is the definitive work on pay-
television pirary and lacking. 1t covers all aspects of hacking from from the
mentulity of hackers to the fine details of numerous hacks, including the
souree code of the VideoCrypt hack.
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By George Wood
(SMOIIN/KAG6BIN)

Satellite News on the Web

wedish Radio’s World Wide Web [[EZ "7 Netscape: Mediascan/sweden Calling 0Hers =" =& ] package to make Usenet newsgroups
¥ P 7 & P . .
pages on the Internet didn’tgo | > | | ﬁl R'Cizidl feh) ] = | Pr% | gﬁ | u available to European TVRO moni-
online asscheduled (at http:// | e - mes1 ¢ enedta e | y tors. The idea is to use a transponder
www.sr.se). However, in the mean- |wstsnews| vbat'scon2| Hisdool | NetSearch | NetDwectory] Hewsgrous | on one of the Astra satellites to down-
time, I've managed to set up a %] link the most recent 24 hours of
st | ViediaScan | | Eesietenimiekiy
Computer Club (see at right). If you middle of the night. Subscribers would
have access to the Web, set your ' il have decoders attached to their home
browser to: computers, where the Usenet postings
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One of the best sources of satellite news on the Internet is on
the Usenet newsgroups. There are a numnber devoted to radio and
TV topics, but for European satellite news, my favorite Cyberstop
18!

alt.satellite.tv.europe

Most of the conversations there seem to circle around the latest
pirate decoder programs to watch British Sky Broadcasting’s
Multichannels package, pirated smartcards to watch the Scandina-
vian film channels TV1000 and FilmNet, or the appearance and
disappearance of soft and hardcore porno channels. Actually, the
latter two subjects overlap, since the only reason most people who
can’t legally get cards to watch TV1000 and FilmNet want them to
watch late night pornography. But in between the pirates, the
erotics, and the erotic pirates, there is usually some ordinary, and
interesting, satellite news on this Internet newsgroup.

Recently a British company named Wildfire announced a new
30
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European News

Leaving Cyberspace for Outer Space, there’s been relatively
little happening on the European satellite scene since Eutelsat’s
Hot Bird-1 went into operation in late April. Despite claims by
Eutelsat and Astra’s owner SES that all the transponders on their
newest satellites were booked long before launch, both Hot Bird
and Astra 1D have been slow in filling up. A number of transpon-
ders on each have remained unoccupied weeks after the satellites
went into operation.

One the mostinteresting European developments recently was
on the terrestrial scene rather than in the Clarke Belt. The British
governmenttook bids fora new fifth national network, in addition
to the current two BBC networks, the ITV network, and Channel
Four. Rupert Murdoch was reported to be extremely interested in
gaining the franchise for his British Sky Broadcasting, and before
the bidding opened, fears were expressed about the extraordinary
power Murdoch would have should he win the license.

Europeans still remember Silvio Berlusconi’s grab for power,
when heused the propagandabase he held asownerofItaly’sthree
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commercial TV networks to organize a political party overnight
and capture control of the government, only to ther atiempt 10
impose his control over the country’s three public broadcasting
networks as well. Besides British Sky Broadcasting, Murdoch con-
trols the Fox Network in the US and Star-TV in Asia, making him
a significant factor globally.

Be thatas it may, there was a gasp of disbeliet when the Channel
5 bids were announced. The highest bid, a whooping 36.26 million
British pounds (59 million U.S. dollars) came from UK TV, made
up of CanWest Global Communications in Canada, Network Ten
Australia, Scandinavian Broadcasting Systems (largely owned by
ABC), and SelecTV. That dwarfed the next highest bids, both for
22 million pounds (36 million U.S. dollars), from Virgin Television
(made up of the Virgin Group, Philips Electronics, HTV, Para-
mount Pictures, and Associated Newspapers) and Channel 5
Broadcasting (MAI, Pearson, and Luxembourg’s CLT).

The bid from New Century Television, the consortium orga-
nized by British Sky Broadcasting, Granada Television,and Sweden’s
Kinnevik, was for a paltry 2 million pounds (3.24 million U.S.
dollars). British media observerswere astonished at Murdoch’s low
bid, given his obvious interest in gaining the franchise. Channel 5
will use European UHF channels 36 and 37, which are currently
used by VCRys, satellite receivers, and video games. The holder of
the winning bid will be obliged to visit every household in the
Britain to help retune equipment, which will be a considerable
expense.

It’s not certain that UK TV’s huge bid will be accepted, since the
British licensing authority the ITC has the right to reject any bid
considered to be economically unviable.

Meanwhile, British Sky Broadcasting, which has been remark-
ably slow in using any transponders on Astra 1D, does seem to be
intenton capturing the coming digital TV frontier. Astra 1D carries
four extra transponders that are being used for digital tests, but
Astra 1E, scheduled to be launched this Fall, and nextyear’s 1F will
carry a full complement of digital transponders. The first MPEG
digital receivers, from Pace, were demonstrated at the recent Cable
and Satellite Showin London. The plethoryof digital, pay-per-view,

and video-nearly-on-demand channels that should emerge on the
new satellites should mark a quantum change in European broad-
casting.

Sky obviously intends to be there, and 1o use the technology to

the max. “Electronics Times” recently wrote: "BSkyB, the satellite
broadcaster, is in negotiations with British Telecom to link its
digital set-top boxes to the public telephone network. The plan,
confirmed by industry sources, will enable BSkyB to access a
viewer’s digital decoder from a central server, via an integrated
modem.”
Accordingto a posting on alt.satellite.tv.europe from Derek Boyd,
the article goes on to say that this will be done in the early hours
of the morning, and will enable BSkyB to monitor viewing habits,
and in theory to stop pirate viewing.

Digital radio is set to begin on Astra. According to another
posting on alt.satellite.tv.europe, by Heike Claudia Zimmerer,
here is a provisional list of Astra Digital Radio:

Transponder 39, 11.053 GHz H (WDR - Germany)

6.12 1 Live (WDR) 6.66 WDR 4
6.30 WDR 2 6.84 WDR 5
6.48 WDR 3

Transponder 41, 11.112 GHz H (Discovery/TLC)
7.56,7.74,7.92, 8.10, 8.28, 8.46 DMX Test

Transponder 42, 11.097 GHz V (Bravo/Adult)
7.74,7.92, 8.10, 8.28, 8.46 DMX Test

Transponder 43, 11.112 GHz H (MDR - Germany)
6.30 MDR Live 6.66 MDR Kultur
6.48 MDR Info 6.84 MDR Sputnik

Transponder 45, 11.141 GHz H (Bayern 3 - Germany)
6.12 Bayern 1 6.66 B 5 aktuell
6.30 Bayern 2 6.84 B 4 Klassik
6.48 Bayern 3
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The most interesting new channel viewable in Europe is Med-TV on Eutelsat II-F2
on 11.575 GHz. Uplinked from London, this is a Kurdish channel, supporting more
autonomy for the Kurdish population of Turkey. Among its first broadcasts was the
opening of the Kurdish parliament in exile in the Hague in the Netherlands. The
station takes its name from the ancient name of the Kurdish people, “Medes”.

Transponder 48, 11.186 GHz V (Suedwest 3 - Germany)
6.12 SDR 3 6.84 hr 2 (planned)
6.30 SDR 1 (planned) 7.74 hr1
6.48 S2 Kultur (planned) 7.92 Deutschlandradio Berlin

Transponder 19, 11.494 GHz H (ARD - German)
6.30 DLF Koeln (planned) 6.66 SWF 1 (planned)
6.48 hr 3 (planned) 6.84 SWF 3
6.66 hr 4 (planned)

So far there are no consumer receivers available for any of this,
but hopefully within a few months Europeans will also be able to
tune into DMX. According to reports, special ADR receivers will
cost around $500.00 when they appear.

Pornography in the Skies

Aslmentioned, oneof the majortopicsonalt.satellite.tv.europe
is about access to hard and softcore pornography. German chan-
nels seem to dominate Astra. Unfortunately the Germans dub
rather than subtitle, and watching “Deep Space Nine” or “Murder
She Wrote” in German is not everyone's idea of fun, although one
day I did see “Hogan's Heroes” on a German channel, and that at
least made some sort of weird sense. But the German channels do
attract many British viewers late weekend evenings, when they
often showsottcore pornography, thatis to say, alot of bare female
bodies, but not much else. Tame as the programming is, such
material is strictly verboten in Britain. Britain’s only porno chan-
nel, the Adult Channel, which is coded and expensive, offers
nothing more revealing than the free German channels. British
viewers are forbidden to watch anything naughtier.

There’s a tlourishing business in Britain in pirate decoder
cards for Sweden’s TV1000 and FilinNet, which include some late
night hardcore among their offcrings. Recently Bertil Sundberg,
satellite columnist in the Swedish TV magazine “Paa TV”, de-
nounced the British regulatory agency the ITC for permitting the
sale of pirate cards for TV1000 and FilmNet, while loudly protest-
ing a new hardcore channel being uplinked from Sweden.

The new channel is the American-owned TV Eurotica, which
broadcasts on Eutelsat [I-F3 (16° East) on 10.987 GHzin coded D2-
MAC for four hours after midnight every night. Currently its only
competition is Eurotica, owned by SPICE, but with interests from
the Adult Channel and Danish Satellite TV, who uplink it from
Denmark. While the channel is supposed to complement the
Adudt Channel, and uses the same Videocrypt system, UK viewers
are not allowed to subscribe, although the same pirate software
that unlocks the Sky Multichannels package apparently also works
on Eurotica. It broadcasts from Eutelsat II-F1 (13°East) on 11.181
GHz.

Meanwhile, there’s a report the Plavboy Channel may be
expanding to Europe, using the Astra transponder of the Discov-
ery Channel after midnight.
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Scandinavia

In Scandinavian satellite news, Kinnevik, owner of the TV3
channels in Swedish, Danish, and Norwegian, as well as TV1000,
may be preparing some kind of inove against pirate cards. Recently
TV3 Norwaydisappeared for pirate card owners. Thatvery specitic
electronic countermeasure may be a sign of things to come.

There'sareport Kinnevik will soon change its encoding system
for all three TV3 outlets, as well as the two TV1000 channels and
the oldies movie channel FilinMax, from the current Eurocrypt M
to a new system called Eurocrypt §2. The CTV card, used for
subscribers to the Thor satellite (CNN, Eurosport, MTV, Discov-
erv, and Children’s Channel) is reported to be on the way out.
Norway's Telenor, which has supplied the CTV card, is part of
Nordic Satellite Distribution, along with Kinnevik. According to
the report, the CTV card is to be replaced with an enhanced card
from Kinnevik’s distributor Viasat.

Meanwhile, Europe does have its first regular MPEG-2 chan-
nels: Z-TV (Kinnevik’s MTV clone) on Tele-X (5° East) on 12.600
GHz and its soap opera channel TV6 on Intelsat 702 (1 degree
West) on 11.597 GHz.

The former German TV-Sat 2 is now broadcasting Nordic
programming from 1 degree West (alongside Intelsat 702 and
Thor). Current programming is TV6 Denmark on 11.747 GHz, Z-
TV Denmark on 11.977 GHz, and the new Norwegian station TV
Plus on 11.823 GHz, all in clear D2-MAC.

Kurdish TV

The most interesting new channel viewable in Europe is Med-
TV on Eutelsat II-F2 on 11.575 GHz. Uplinked from London, this
is a Kurdish channel, supporting more autonomy for the Kurdish
population of Turkey. Among its first broadcasts was the opening
of the Kurdish parliament in exile in the Hague in the Nether-
lands. The station takes its name from the ancient namne of the
Kurdish people, “Medes”.

Since any kind of ethnic separatism violates the Turkish consti-
tution (it has been forbidden to even speak the Kurdish language
in Turkevand several Kurdish members of the Turkish parliament
have recently been sent to jail for advocating some autonomy for
their region), the Turkish authorities have protested vociferously
to the British government for permitting the uplink.

In other news, Greece’s ET 1 has left Eutelsat 11-F4 (7 degrees
East) tor Eutelsat 1I-F2 (10 degrees East), on 11.596 GHz. Replac-
ingitonll-F411.178 GHzis Serbia’s RTS Beograd, which transmits
a picture of the war in nearby Bosnia unlike any you’ll ever see on
CNN.

The most unusual report comes from Bertil Sundberg in “Paa
TV who says that the Indian channel Apna, which has been
transmitting in the C-band on the new Russian Ekspress I satellite
(14 degrees West) suddenly appeared on Ku-band 11.525 GHz on
the neighboring Russian Statsionar at 11 degrees East.

NBC’srelay from the US to NBC Super Channel (on Astraand
Eutelsat 1I-F1) has transferred to a new satellite, Intelsat 603 (34.5




Japan opened its skies to foreign satellite broadcasters on April 19, by allowing two
Hong Kong-based companies to beam their programs to Japanese subscribers. Rupert
Murdoch’s Star-TV is to launch four channels to Japan, while Turner Entertainment is
planning a Japanese version of its Cartoon Network/TNT movie channel.

degrees West) on 11.638 GHz. There are reports NBCmay change
its programming so that the two satellite transponders will no
longer simulcast. A disappointment for me has been that this year
NBCSuper Channel has dropped “Baseball This Week”, which was
the only program for Europeans covering baseball. I'm still waiting
for Turner Broadcasting to wake up and relay Braves games on
TNT (even the middle of the night is better than nothing).

The new Orion-1 Atlantic relay satellite at 37.5 degrees West
has come alive. VH-1 is using 11.472 GHz to reach Europe, while
there are so far unidentified carrierson 11.003, 11.472,and 11.532
GHz.

The Ariane launch program, after finally getting Hot Bird into
orbit, months late, suffered a new set-back in early May when two
technicians at the Kourou, French Guiana, launch station died
after inhaling inert gas during a test of the new Ariane 5 engine.
The Ariane 5 rocket is scheduled to be used first in November.

It appears that the cutbacks in the Corporation for Public
Broadcasting budget by the new Republican Congressin Washing-
ton has had an effect on European satellite radio. NPR now says
that its previously annownced plan to launch a 24 hour NPR/PRI
only channel via the World Radio Network on Astra is now only a
future hope. NPR/PRI programming continues to share the
existing WRN channel on Astra with 20 international broadcast-
ers, including Radio Sweden.

Also on Astra, Japan'snew NHK International has appeared on
the JSTV transponder mimber 24 (11.568 GHz). This means more
programming in the clear in what was an expensive coded sub-
scription channel for Japanese in Europe. |STV admirably did
drop its coding for several in the aftermath of the Kobe earth-
quake.

Asian News

Inthe otherdirection, Japan openeditsskies to foreign satellite
broadcasters on April 19, by allowing two Hong Kong-based
companiesto beam their programsto Japanese subscribers. Rupert
Murdoch’s Star-TV is to launch four channels to Japan, while
Turner Entertainment is planning a Japanese version of its Car-
toon Network/TNT movie channel. Reports say Turner hopes to
conclude contracts with 10 to 15 Japanese cable operators by the
end of the year, obtaining 30,000 to 50,000 subscribers in Japan.

The problem is the cable systems. Currently only one million
Japanese homes are wired for cable TV. Turner will use the Apstar
1 satellite, and Star will use its current home on Asiasat-1.

Meanwhile, Murdoch is having trouble in India. The country’s
biggest owner of Hindi film rights says he will sue one of Murdoch’s
TV affiliates over cable distribution rights. Dhirubhai Shah and the
satellite network Asian Television Network say theyintend to bring
the action against Zee Cinema in India and Hong Kong on the
grounds of violation of copyriglit of more than 1000 Hindi movies.
Zee Cinemais a Hindi pay movie channellaunched April 9, a joint
channel between Murdoch’s Star-TVand Zee Television, in which
Murdoch’s News Corp has a 49 percent stake.

According to Shah and ATN, Zee Cinema will be encroaching
on their cable TV rights of more than 1000 popular films.

Almostexactlyoneyear after beingdumped by Rupert Murdoch
from his Star-TV package on Asiasat-1, MTV has returned to Asian
skies. MTV Mandarin started on Indonesia’s Palapa B2P satellite
(113 degrees East) on April 21, followed on May 5 by the return of
the English language MTV Asia. The new channel, operated in co-
operation with Polygram in the Netherlands, is scrambled, and
reachesviewersin Indonesia, Thailand, the Philippines, Singapore,
and Hong Kong. MTV Mandarian is primarily aimed at Taiwan.

India’s staid public broadcaster Doordarshan, shaken by the
sudden appearance of satellite-borne competitors over the past
few years, has now struck back with a plan to take its own program-
ming to the rest of the world. Doordarshan International began
broadcasts on March 14th. Now the channel has signed an agree-
ment with PanAmSat for three transponders on the upcoming
PAS4 satellite. This is to be placed at 72 degrees East, which in
theory should give Doordarshan coverage from Western Europe
to Eastern Australia. Unfortunately footprint maps are one thing,
actual-on-the-ground reception is something else. Even as far east
as Stockholm, 72 degrees East is out of reach for ordinary TVRO
monitors.

The Doordarshan signal is supposed to be downlinked in Paris
for a relay via PAS-1 (45 degrees West) over the Atlantic to North
America.

Iranian Ban

Iran’s ban on satellite dishes went into effect in late April. The
police immediately seized 500 satellite TV dishes. An Interior
Ministry official was quoted as saying that about 26,000 of the
27,800 dish antennasin Tehran had been removed by theirowners
before the deadline. Unofficial estimates put the number of
antennas at more than 200,000.

On the other hand, Pakistan has risked the wrath of Moslem
clerics by cutting customs duties and withdrawing sales tax on
satellite receivers and VCRs. Prime Minister Benazir Bhutto’s
government reduced duties on 33 itemsand exempted them from
sales tax on May 8, in an effort to stop smuggling.

Mudilbag

Jeames Weiler in Fort Wayne, Indiana has sent more clippings on
the latest in the Rimsat saga. This satellite operator, who's birds are
above the Pacific in Tonga’s positions, has been facing bankruptcy for
months. According to the Fort Wayne “Journal Gazette”, Rimsat has
a new trustee, pending acceptance by a US Bankruptcy Court judge.
The lawyer representing the company’s Malausian directors. who
filed a motion asking for the trustee election, has expressed optimism
that Rimsat can "come out of this”. Another lawyer, representing
Rimsat’s creditors was also positive: “Hopetully it will mean stability.”

Chuck Felts in Los Angeles has sent a fax wondering who makes
receivers for the Japanese BS3 A/B Yuri (L.ily) satellites. He’s looking
forunits coveringbetween 11.714and 12.009 GHz, with DQPSKaudio
modulation. I have no idea, but anyone who knows can write care of
Satellite Times, P.O. Box 98, Brasstown, NC 28902 or send e-mail to
wood@stab.sr.se, and we'll pass the message along. .And by all means
write or e-mail with any comments /contributions to the column. Sy
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By Steve Handler

So,You Like to Play Geames . . .

o you like TV Game Shows? Do you play

along with the TV game show contestants?

Well, you will really like what anewsatellite
delivered network has done—interactive game
show play for the home viewer is here!

adjacent to the old Metro Goldwyn Mayer (MGM)
movie studio lotin Culver City, CA which is now part
of Sony Pictures Entertainment. The goals of the
network include providing the best of the past,

As a satellite dish TVRO viewer of the new
Game Show Network (GSN), you can now dial a
800 number and win your share of $151,000! This

present and future game shows.
When they first went on the air, they broadcast

g their programming in the clear, (unscrambled) for

METYIC
is according to Russell Myerson, Vice President-

Operations of the Game Show Network in an exclusive Satellite
Times OTA interview. In fact, in the first 100 plus dayvs they were on
the air, they gave away over $151,000.00 in prizes, to viewers who
played Decades, their first interactive game show.

Decades airs six times each weekday during “Prime Games”
which is on from 7-11 pm EDT and is hosted by Peter Tomarken.
Each episode lasts about six minutes. Two viewers are selected by
computer and play by telephone. They are asked to select the
correct decade in which an historical event took place. It accom-
modates two players. Thirteen times each day their 800 number is
given out on the air, and for a short period of time viewers can call
to register to be a contestant. Six times each weekday evening,
registered viewers can dial another 800 number 1o play. Viewers
dial the special numberand punchin their personal identification
number (PIN). The computer then selects two plavers. "Not bad
fora free phone call” said Myerson. You can win prizes which have
averaged between $500 and $750 in value.

The newservice was launched December 1, 1994 and is owned
by Sony Pictures Entertainment. It can be found on Galaxy 7, C-
band transponder 6. The Game Show Network is headquartered

Host Peter Tomarken on the set of Decades, the Game Show Networks
first live interactive game show. (Photo courtesy of Game Show
Network)
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a two month period, to more than 2 million legally
authorized C-band dish owners. This gave dish own-
ers a chance to watch the network for free and become interested
in their programming. In February 1995 theystarted to scramble
their broadcast and require subscriptions to view their program-
ming. C-band TVRO viewers can subscribe through most satellite
program service carriers to receive their programs. GSN is in-
cluded in many of the “packages” sold by programmers. For those
whose programmeris notcurrentlyincludingitin the package yvou
subscribe to, the ala carte price varies. One programmer recently
advertised an add-on fee of §5 peryear or $1.50 a month toadd the
network for those subscribers whose package does not already
include the Game Show Network.

A mix of game show programs from the 50's, 60’s, 70’s, 80’s and
90’s can be viewed on the channel. These game show programs
provide ahistory of the fashion, manners and conduct of America.
It is a window to the past. The classic game shows of the 1950’s
typically were broadcast from New York studios and consisted of
panelists that were made up of the New York intelligentsia estab-
lishment. Such programs as To Tell the Truth, I've Got a Secret and
What’s My Line are as interesting and entertaining 40 years after
their original airing as some of the current game shows on the air.

If you want a lesson in how fashions change, compare
the tuxedos that the classic game show panelists of the 50’s
wore to the attire worn by panelists and contestants during
the late 1960’s and early 1970’s.

Who are typical viewers of GSN? Myerson indicated
that their audience at the end of the first quarter of 1995
was between 1.5 and 2.0 million subscribers, one third of
which were C-band dish owners. Myerson also provided
some interesting demographics obtained by reviewing
information supplied by roughly 20,000 viewers from all 50
states who registered to play Decades in the first days the
network was on the air. He indicated that about half were
men and half were women, aged 25 to 39. e noted that
prior to the Game Show Network the typical game show
viewers were women over 45 and men over 50, with more
women than men as viewers. Myerson reports that 78% of
US households watch at least one game show once a
month.

In an interview with Dick Block, Vice President-Adver-
tising Sales for the network, a brief history of the network
unfolded. Developed by Block on behalf of United Video
Satellite Group, from the time the original concept was




A mix of game show prograins from the 50’s, 60’s, 70’s, 80’s and 90’s can be
viewed on the channel. These game show programs provide a history of the fashion,
manners and conduct of America. It is a window to the past. The classic game shows
of the 1950's typically were broadcast from New York studios and consisted of
panelists that were made up of the New York intelligentsia establishment.

Steve Day and Laura Chambers, hosts of Club A.M., Game Show

Network’s Morning Show. (Photo caurtesy of Game Show Network)

first conceived until the time itaired itsfirst program, five years had
elapsed. The network was brought to the attention of Sony Fictures
Entertainment in February 1992. By then GSN had acquired a
library of over 43,000 game show episodes to air. Included in the
network’s library are episodes of such game shows as:

Beat The Clock, Card Sharks, Child’s Play, Family Feud, I've Got A

Secret, Jeopards!, Joker's Wild, Match Game, Newlywed Gane, Pass-

word, Super Password, Tattletales, Tic Tac

Dough, To Tell The Truth and What's My

Line?.

Wheel of Fortune and feopardy! were shows pro-
duced by Merv Griffin Productions, which is
owned by Sony Pictures Entertainment.

To the delight of classic game show view-
ers, from time to time GSN presents theme
programming. Ir April, famous baseball play-
ers Stan Musial, Roy Campanella, Ted Will-
iams, and Joe DiMaggio appeared on four
episodes of What's My Line? as part of the
weekly two hour special Wild World of Games.
In March, five episades of To Tell The Truth
were aired which included famous Attorney
F. Lee Bailey (one of the OJ. Simpson’s
defense attorneys) as a panelist.

Personally, I enjoy watching TV as a form
of passive entertainment. My personal favor-
ite shows for viewing are the classic game
shows such as I've Gat A Secret, What's My Line? |
and To Tell the Truth. 1 find that these game
shows have stood the test of time. Many of the
classic programs are over 40 years old, yet I
find them more entertaining than many of
the current game shows. Perhaps the passive

Allen Ludden, host of Password (Photo
courtesy of Game Show Network)

viewer is becoming a technological dinosaur? Is
interactivity “in” and passive viewing now “out”? Iam not
sure. Only the test of time will provide that answers.
However, judging from the number of viewers that have
registered to play the network’s Decades, many viewers are
interested in interactive game shows. Using the network
as a spring board for interactivity, Sony has found a
market programming niche and it appears they are
meeting the needsofa previouslyunserved orunderserved
audience. Asecond interactive game show, Numbers Please,
was added to the GSN lineup in June, 1995. Similar to
Decades, contestant viewers play by using their telephone
to select the correct number to the corresponding ques-
tion.

Where isthe Game Show Network headed? Whatcan
the viewers expect to see in the future? Myerson outlined
some of their future plans. As of April, they were negoti-
ating with DirectTV and Hubbard fora DBS channelslot.
They are also negotiating with major cable networks for
placement on cable systems and actively marketing to C-
band viewers. In the next five years they plan to introduce
more original interactive programming that will be pro-
duced and aired by the network. A longer format for the pro-
grams, (1/2 hour or more) will be used. Myerson noted that he
believes that there are not many game shows currently being
broadcasts that appeal to the younger viewer. GSN intends to
create and air programs that will appeal to younger audiences.
Myerson also envisions the Game Show Network as a two way
interactive network. He stated that they believe that itisimportant
to stay in touch with their viewers and learn
what they like and dislike. In addition to a
page on the World Wide Web [Internet
WWW address is: htpp://www.sony.com]
they can be reached by E-Mail at the follow-
ing Internet address: winnie@-
gameshownet.com.

So, the next time you are watching the
Game Show Network, remember, if you
don’t register you can’t win your share of
the prizes that they are giving out. And if
you are a dinosaur like me, wanting passive
enjoyment, forget the registration, sit back
and enjoy the programming of the Game
Show Network, On The Awr.

Updates

For those who would like to contact
old time radio show broadcaster Bill Bragg
at Yesterday USA (the subject of the May/
June 1995 On The Air column), he can be
reached by mail or telephone as follows:
Bill Bragg, Yesterday USA, 2001 Plymouth
Rock, Richardson, Texas 75081, Telephone
(214) 690-3636.
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If you like NASA Select speak now or risk loosing it. NASA Select broadcasts live audio

and video of all space shuttle missions using GE Ameicom’s Satellite S-2, transponder 5

(channel 9). The live shuttle broadcasts on NASA select are one very tangible way that
taxpayers can see their taxes being spent for a worthwhile endeavor.

If you like NASA Select speak now or risk loosing it. NASA
Select broadcasts live audio and video of all space shuttle missions
using GE Ameicom’s Satcllite $-2, transponder 5 (channel 9). The
live shuttle broadcasts on NASA select are one very tangible way
that taxpayers can see their taxes being spent for a worthwhile
endeavor.

Some news accounts indicate that the Congress is considering

major budget cuts at NASA. If you enjoy the availability of live
shuttle mission broadcasts on NASA Select and wish them to
continue, express your opinion right now and write your congress
personorsenator. You can also write the NASA Select directly and
request that live shuttle broadcasts not be discontinued or cut.
NASA Selects address is: Director, NASA Television, NASA Head-
quarters, Code P, 300 E Street SW, Washington, DC 20546. St

L. He hosted The Price Is Right. He is:
. Dick Clark

. Bob Barker

. Jim Baker

Ox >

a2

Clayton "Bud” Collyer was one of
the Hosts of Beat The Clock. He
also was one of the hosts of a
famous 1950’s game show. Name
that show.

A. To Tell The Truth

B. I've Got A Secret

C. What’s My Line

=2

Two of the three hosted Hollywood
Squares. Who did not?

. Peter Marshall

. John Davidson

. Art Fleming

Ox

Name That Goame Show

7. Monty Hall regularly gave
players a chance to choose
prizes hidden behind a door.
Among how many doors
didcontestants usually have a
choicer

Two

Three

. Four

o= »>

®

In an early television game
show, this man crowned the
Queen For A Day

Jack Bailey

Jack Berry

. Jack Kelly

O®w

©

In what month and year did the
Game Show Network go on

>

She is as well known as Pat Sajak

the air?
A. February 1968

for her roll on Wheel of Fortune.
Joan Rivers

. Minnie Pearl

. Vanna White

o= »

£x

Peter Tomarken now hosts

Decades, an Interactive Game show currently on the
Game Show Network. What other game show didn’t he
host?

. Bargain Hunlers

. You Don’t Say

. Press Your Luck

O®p»

er

Popular game show host “Wink” Martindale’s correct
surname is?

. William

. Wilton

. Winston

o=@

- B. July 1992

Bud Collyer, host of To Tell The Truth.
(Photo courtesy of Game Show Network)

10. Ed McMahon was one of the
hosts of this game show?

A. Concentralion

B. Can You Top This

C. College Bowl

Answers: 1(B): 2(A): 3(C): 4(0.); 5(B); 6(C): 7(B); 8(A);9(C); 10(A)

Scoring:

10 Correct: You spend too much time watching television.

7-9 Correct: You're a game show expert.

4 - 6 Correct: Not bad.

1 -3 Correct: Spend more time watching the Game Show Network
and vou’ll do better next time.

0 Correct: Oh well. maybe you’ll like my next column better.
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INTRODUCTION

The Satellite Services Guide (SSG) is designed to keep the satellite

listening enthusiasts up to date with the latest information available
on a wide variety of hard-to-obtain space and satellite information.
Many hours of personal observations and contributor reports have
been compiled into this section. Errors are bound to happen, especially
since services and elements sets change often, and geostationary
satellites constantly change orbital positions. Care has been taken to
check the accuracy of the information presented and it does represent
the most current information available at press deadline.

How to Use the Satellite Service Guide
The various sections of the SSG include:

Satellite Radio Guide — This is a listing of audio subcarrier
services that can be heard with a standard C-band (3.7-4.2
GH?7) and in some cases a Ku-band (11.7-12.2 GHz) TVRO
satellite system (no additional equipment is required). Ser-
vices are broken down into various categories and provide
the user with the satellite/transponder number and fre-
quencics in megahertz of the various audio channels. These
audio subcarriers are broadcasting on active TV channels
that are either scrambled or notscrambled. You do not need
a subscription for any of the radio services listed. Tuning in
to an audio subcarricr will disrupt the TV sound, but not the
TV picture. Listings with a ‘N" are narrow bandwidth, ‘DS’
indicates discrete stereo.

Single Channel Per Carrier (SCPC) Services Guide — A
SCPC transmitted signal is transmitted with its own carrier,
thus eliminating the need for a video carrier to be present.
Dozens of SCPC signals can be transmitted on a single
transponder. In addition to a standard TVRO satellite sys-
temn, an additional receiver is required to receive SGPC
signals. Most SCPC signals will be found in the C-band.

International Shortwave Broadcasters via Satellite — This
section of the SSG list all the various shortwave radio broad-
casters currently being heard via satellite audio channels.
Most of the channels listed are audio subcarriers and only
require a C-band TVRO satellite system to monitor these
broadcasts.

DSS/USSB/Primestar Channel Listings — This is a com-
plete channel guide at press deadline of the channels and
services fonnd on the various direct broadcast satellite sys-
tems transmitting in the Ku-band (12.2-12.7 GHz). Ad-
dresses and telephone numbers are provided so that the
reader can obtain additional information direct fromn the
providers. We would be grateful if you would mention to

6.

9.

these providers that you heard about their service from
Satellite Times magazine.

Satellite Transponder Guide — This guide list video services
recently seen from satellites transmitting in C-band located
in the U.S. domestic geostationary satellite arc. A standard
TVRO satellite system is required to view these services.
White boxes indicated video services in the clear or non-
video services. Gray shaded boxes indicated video services
that are scrambled using the VideoCipher 2+ encryption
systein and are only available via subscription. Black boxes
are video services that are scrambled using various other
types of encryption schemes and are not available in the U.S.
Transponders that are encrypted have the type of encryp-
tion in use listed between the brackets (i.e. - [Leitch]). O/
Vindicates that wild feeds, network feeds and other random
video events have been monitored on that transponder.
(none) means that no activity of any kind has been observed
on the transponder indicated.

Ku-band Satellite Transponder Services Guide — This sec-
tion of the SSG performs the same service as the C-band
Satellite Transponder Guide listed above, but covers signals
found in the Ku-band from 11.7 to 12. 2 Gl1z.

Amateur and Weather Satellite Two Line Orbital Element
Sets — This section of the guide presents the current (as of
press deadline) two line orbital element sets for all of the
active amateurand weather satellites. These elementsetsare
be used by computerized orbital tracking programs to track
the various satellites listed.

Geostationary Satellite Locator Guide — This guide shows
the space catalog object number, International payload
designator, common name, location in degrees east/west
and type of satellite/frequency bands of downlinks for all
active geostationary satellites in geostationary orbit at pub-
lication deadline.

Amateur Satellite Frequency Guide — This guide list the
various amateur radio satellites (hamsats) and their fre-
quency bandplans. Most of the communications you will
hear on these satellites will utilize narrow bandwidth modes
of operation (i.c-upper and lower sideband, packet, RTTY,
morse code). Satellite Times would like to thank the officers
and staff of AMSAT for this use of this chart in the magazine.

Satellite Launch Schedules — This scction presents the
launch schedhiles and proposed operating frequencies of
satellites that will be launched during the cover date of this
issue of the magazine.
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SATELLITE

RVICES C(UIDE

Satellite Radio Guide

By Robert Smathers and Larry Van Hom

Audio frequencies in MHz, All satellites/transponders are C-band unless
otherwise indicated. N=Narrowband, DS=Discrete Stereo

CLASSICAL

Classical music E1, 9 6.32 (N)

Classical music E2, 22 6.30

KUCV-FM (90.9) Lincoln, Neb. (Nebraska Public Radio) $3,2/4
5.76/5.94 (DS)

SuperAudio — Classical Collections G5,21 6.30/6.48 (DS)

WEFMT-FM (98.7) Chicago, IlII. G5,7 6.30/6.48 (DS)

WQXR-FM (96.3) New York, N.Y. C4,15 6.30/6.48 (DS)

SATELLITE COMPUTER SERVICES

Planet Connect, Planet Systems, Inc
19.2 kbps service
Planet Connect, Planet Systems, Inc

G4, 6 (Ku-band)7.40

100 kbps service G1,9 7.80

Skylink, Planet Systems, Inc G1,9 7.265
G1,14 7.265

CONTEMPORARY

Adult contemporary, unidenified station E1,9 7.58

CKRW-AM (610) Whitehorse, Yukon Canada —

adult contemporary/oldies E1,18 5.41,6.80
Safeway In-Store Radio — contemporary 53,18 5.78,5.96, 6.48
SuperAudio — Light and Lively Rock G5,21 5.96, 6.12 (DS)
VOCM-AM (590) St. Johns, Newfoundland

Canada — adult contemporary E1,12 6.20

E1,14 6.80
WVTY-FM (96.1) Pittsburgh, Pa. —

adult contemporary C1,18 7.28
COUNTRY
CISN-FM (103.9) Edmonton, Alberta Canada,

ID-"Country 104" E1,18 7.53/7.62 (DS)
Safeway In-Store Radio — country 53,18 6.12
SuperAudio — American Country Favorites G5,21 5.04/7.74 (DS)
Transtar il radio network 53,9 5.76/5.94 (DS)
WOKI-FM (100.3) Oak Ridge-Knoxville, Tenn.,

ID-"The Hit Kicker” E2,18 6.20
WSM-AM (650) Nashville, Tenn. G5,18 7.38,7.56
WSM-FM (95.5) Nashville, Tenn. C4.24 7.38,7.56
EASY LISTENING
Easy listening music, unidentified station G4,6 7.69
Horizon — Background music E1,22 7.56 (N)
Safeway In-Store Radio — easy listening 53,18 6.32,7.22,7.40
SuperAudio — Soft Sounds G5,21 5.58/5.76 (DS)
United Video — easy listening C4,8 5.895 (N)
FOREIGN LANGUAGE
Antenna FM (Greek) G3,9 588
CBC Radio-East (French) E1,20 5.38/5.58 (DS)

E1,20 7.36
CHIN-AM/FM (1540/100.7) Toronto, Ontario
Canada — multilingual E1,2 7.89
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CITE-FM (107.3) Montreal, Quebec Canada

(French) — soft adult contemporary E1,21(Ku) 6.12,6.20
CKAC-AM (730) Montreal, Quebec Canada
(French) — adult contemporary E1,21(Ku) 6.43
Cosmos FM, Hellenic Public Radio, New York,
N.Y. (Greek) S2.11 8.20
DZMM-Radyo Patrol (from Philippines) G4,24 (Ku) 6.80
French language audio service E1,15 6.12
French language audio service E2,21 6.46 (N)
French language audio service E1,24(Ku) 6.55
India ethnic radio (Hindu) E1,22 7.70
Indian Sangeet Sager (Hindu) E1,15(Ku) 6.12
Irish music (Sat 1430-0000 UTC) S3'3 6.20
Northern Native Radio (Ethnic) E1,26 (Ku) 6.43/6.53 (DS)
RAI Sateiradio (Italian) C1,15 7.38
Radio Canada (French) E1,15 5.40/5.58 (DS),
5.76
Radio Dubai (Arabic) G710 748
Radio Energie E1,24(Ku) 6.12/6.30 (DS)
Radio Maria (Unid language-Religious
programming) G7,10 8.03
Radio Maria? (ltalian-Religious programming) G7,10 5.80
Radio Sedeye Iran (Farsi) 53,15 6.20 (N)
Radio Sonora-Mexico (Spanish) SD1,6 6.80
Radio Tropical (Haitian Creole) $2.11 7.60
The Clanny Channel (Spanish) — Anti-Castro
Cuban clandestine programming -occasional
audio (See Satellite Monitor Jul/Aug 95) S2,4 5.80
The Weather Network-Canada (French) E1.9 594
Trinity Broadcasting radio service (Spanish)
SAP — religious G5, 3 5.96
WCMQ-FM (92.3) Hialeah, Fla. (Spanish) —
contemporary hit radio S2,4 7.74,7.92
WCRP-FM 88.1, Guyama, P.R. (Spanish) —
religious G4,6 6.53
WLIR-AM (1300) Spring Valley, N.Y. (Ethnic) ~ S2,1 7.60
WNTL-AM (1030) Indian Head, Md.(Arabic) G6,10 6.80, 6.20
WNWK-FM (105.9) Newark, N.J.(Ethnic) S2.1 8.30
XEL-AM (1260) Mexico City, Mexico (Spanish),
ID-"Radio ACIR” M2,22 7.38
XEW-FM (96.9) Mexico City, Mexico (Spanish),
ID-"W-FM 96.9° SD1,7 7.38
XEW-AM (900) Mexico City, Mexico (Spanish),
ID-"La Voz de a America Latina M2, 8 6.80
XEWA-AM (540) Monterrey, Mexico (Spanish),
ID-"Super Estelar” — contemporary music
M2, 8 7.38
XEVZ-AM (1490) Acayucan, Mexico (Spanish),
ID-"Radio Sensacion” — rock music M2,22 6.80
XEX-FM (101.7) Mexico City, Mexico (Spanish),
ID-"La Super” M2,14 7.38
XEX-AM (730) Mexico City, Mexico (Spanish),
ID-"Frecuencia Libre” M2,14 6.80
JAZ
KJAZ-FM (92.7) Alameda, Calif, ID-"K-Jazz” C1,4 7.78/7.92 (DS)
KLON-FM (88.1) Long Beach, Calif., ID-"Jazz-88" G5, 2 5.58/5.76 (DS)
Superaudio — New Age of Jazz G5,21 7.38/7.56 (DS)
WQCD-FM (101.9) New York City, N.Y.,
ID-"CD 101.9, Cool FM” C4,6 6.20




SATELLITE

TRVICES GUIDE

Scatellite Radio Guide

NEWS, TALK ANO INFORMATION

AEN Michael Reagan (0100-0700 UTC) C3,1 6.20
American Spirit Network-Houston, Tex. —
Religious/variety (weekends) 53,24 742
American Urban Radio — news/features/sports S3,9 6.30/6.48 (DS)
Arkansas State radio network G4,6 6.20
Business Radio Network C4,10 8.06 (N)
Cable Radio Network €3,23 7.24 (N)
CNN Headline News G5,22 7.58
CNN Radio News S3,9 5.62
G5,5 7.58
For the People radio network —
talk and information C1,2 7.50
Independent Broadcasting Network — talk C1,20 7.38
Mutual Broadcasting Network — talk show feedsE1, 2 7.54
0.J. Radio Network (trial hours only) G5,5 6.30
One on One Sports radio network — sports talk E1, 2 7.45
Prime Sports Radio — sports talk and info C1,10 7.20
Standard News G5,11 5.96
Sun Radio Network feeds — talk programs C1,15 7.58
Talk America — talk programs S3,9 6.80
Tatk Radio Network — talk programs C1,5 5.80
Tech Tatk Radio Network T2,21 5.80
(Note: TTR Network will follow Skyvision Channel
video uplink to G7 or other occasional video
spots in the arc that Skyvision will use in the future)
USA Patriot Radio Network G6,14 5.80
USA Radio Network — news, talk and info 53,13 5.01(Ch1),
5.20(Ch 2)
Various tatk radio programs G6,14 7.58
WCBS-AM (880) New York, N.Y. — news G7,19 7.38
WCCO-AM (830) Minneapolis, Minn. G6,15 6.20
WGN-AM (720) Chicago, lll./Interstate Radio
Network (overnight) —talk E1,2 522
XETRA-AM (690) Tijuana, Sonora Mexico,
|D-"Newsradio 690° C1.7 7.38
RELIGIOUS
Ambassasor Inspirational Radio 53,15 5.96, 6.48 (DS)
Brother Staire Radio G5,6 6.48
CBN Radio Network/Standard News G5,1 6.30/6.48 (DS),
6.12
C3,1 6.20
Christian music service 52,23 6.20,7.60
Heaven Radio Network G1,17 7.92
International Broadcasters Network E1,2 7.64
KILA-FM (90.5) Las Vegas, Nev.—SOSr.net. C4,8 7.38/7.56 (DS)
Religious programming E1,11 (Ku) 6.52
Salem Radio Network S3,17 5.01
Trinity Broadcasting radio service G5,3 5.58/5.78 (DS)
WHME-FM (103.1) South Bend, Ind,
ID-"Harvest FM” G4,15 5.58/5.78
WROL-AM (950) Boston, Mass.
(occasional Spanish) 53,3 6.20
Z-music — Christian rock G1,6 7.38/7.56
ROCK
CFMI-FM (101.1) New Westminister, British
Columbia Canada, 1D-"Rock 101" —
album rock 1,22 6.80
CHOZ-FM (94.7) St. John's, Newfoundland
Canada, 1D-"0z FM" E2,20 5.76/5.96 (DS)

CILQ-FM (107.1) Toronto, Ontario Canada,

ID-"Q-107" E1.2 5.76/5.94 (DS)
CIRK-FM (97.3) Edmonton, Alberta Canada,

ID-"K-97" E1,18 7.80 (N)
Rockline — classic rock E1,11 (Ku) 6.12,6.30
Safeway In-Store — oldies S3,18 5.20,5.40, 7.58
Seltech Radio Syndicated service — classic rock E1, 2 5.40/5.58 (DS)
SuperAudio — Classic Hits (oldies) G5,21 8.10/8.30 (DS)
SuperAudio — Prime Demo (mellow rock) G5,21 5.22/5.40 (DS)
SPECIALITY FORMATS
Aries In Touch Reading Service C5.24 6.48

C4,10 7.87
Colorado Talking Book Network C1,2 5.58
C-SPAN | ASAP (program schedule) C3,7 5.58
C-SPAN Il ASAP (program schedule) C4,19 5.58
Georgia Radio Reading Service T401,14 (Ku) 5.76
Nebraska Talking Book Network S8l % 6.48
Starsound Gold Radio Network 53,24 5.80
SuperAudio — Big Bands (Sun 0200-0600 UTC) G5,21 5.58/5.76 (DS)
The Weather Channel-USA — occasional audio €3,13 6.80
The Weather Channel-USA — classical music 3,13 7.78
The Weather Network-Canada (English) E1,9 5.41,5.58,

5.76,6.8,7.78

Voice Print Reading Service E1,16 7.44 (N)
Yesterday USA — nostalgia radio G5, 7 6.80
VARIETY
CBC Radio (English) E1,16 5.40/7.58, 5.58
CBC Radio (occasional audio) £1,20 578
CBC-FM Atlantic (English) E1,16 6.12/6.30 (DS)
CBC-FM Eastern (English) E1,16 5.76/5.94 (DS)
CBM-AM (940) Montreal, Quebec Canada —

variety/fine arts E1,20 6.12
CBU-AM (690) Vancouver, B.C. Can. E1,22 7.42
CBU-FM (105.7) Vancouver, B.C. Canada E1,22 5.76/5.94 (DS)
CFR-FM £2,19 (Ku) 6.12/6.30
CFWE-FM (89.9) Lac Le Biche, Alberta Canada,

ID-"Aborigine Country”—cntrry. music/eth. E1,2 6.40

E1,12 5.40

E1,18 6.435 (N)

E1,18 7.875(N)

£2,19 6.80
CJRT-FM (91.1) Toronto, Ontario Canada —

fine arts/jazz-nights £1,26 (Ku) 5.76/5.94 (DS)
CKER-AM (1480) Edmonton, Alberta Canada —

adult standard-day, ethnic-night E1,18 7.42 (N)
CKLB-FM (101.9) Yellowknife, NWT Canada —

country/ethnic E1,14 5.41
CKUA-AM/FM (580/94.9) Edmonton, Alberta

Can. E1, 9 (Ku) 5.76/5.94 (DS)
KBVA-FM (106.5) Bella Vista, Ark. G4,6 5.58/5.76 (DS)
KNOW-FM (91.1) St Paul, Minn. (Minnesota

Public Radio) — news/talk C4,10 8.26 (N)
KSKA-FM (91.1) Anchorage, Alaska —

variety/fine arts 5,24 7.38/7.56 (DS)
KSL-AM (1160) Salt Lake City, Utah —

news/talk/country-overnight C1,6 5.58
MBC Radio (Saskatchewan Canada),

ID-"Aborigine Radio” E1,18 7.1
Peach State Public Radio (Georgia PBS) T401,14 (Ku)  5.40/5.58 (DS)
Startalk Radio Network — talk/nostalgia music  G3,11 7.58

G6,14 7.58
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RVICES GUIDE

By Robert Smathers

Spacenet 2 transponder 12 (C-band)

Spacenet 3 transponder 13 (C-band)

1202.300 U.S.information Agency “Radioc Marti”
(ISWBC), Spanish language broadcast service
to Cuba

Galaxy 6 transponder 3 (C-band)

1405.600  KIRO-AM (710) Seattle, Wash — news, talk,
and sports talk radio/Seattle Mariners MLB
radio network

1405400 KQED-FM (88.5) San Francisco, Calif — NPR
affiliate (occasional audic)/Some sports talk
shows overnight (occasional audio)

1404.600  Talk America radio network

1403.800 Occasional audio

1403.200  Motor Racing Network (occasional audio)

1400.800 WBAL-AM (1090} Baltimore, Md — Baltimore
Orioles MLB radio network

1398.300 WGN-AM (720) Chicago, Il — talk radio/
Chicago Cubs MLB radio network

1398.000 Michigan News Network

1397.800 Florida's Radio Network/Orlando Magic NBA
radio network

1397.600 Florida's Radio Network/Univ of Florida sports
radio network

1397.200 WTMJ-AM (620) Milwaukee, Wis — talk radio/
Milwaukee Brewers MLB network

1394.700  Sun Radio Network

1394.500  Various talk shows (No network 1D}

1393.600  Florida's Radio Network

1393.400 WGN-AM (720) Chicago, Il — tatk radio/
Chicago Cubs MLB radio network/Interstate
Radio Network/Other occasional audio

1393.200 Wisconsin Radio Network

1393.000 USA Radio Network

1392.700 WGN-AM (720) Chicago, Il — talk radio/
Chicago Cubs MLB radio network/Interstate
Radio Network

1391.600 XEPRS-AM (1090) Tijuana, Mexico — Spanish
language programming, ID - “Radio Express”

1391.200 Florida's Radio Network/Florida Marlins MLB
radio network

1390.600 KABC-AM (790? Los Angeles, Calif. — talk
E%diol(Lgs Angeles Dodgers MLB radio network

nglis

1390.400 KW W-)\M (1330) Los Angeles, Calif. —
Spanish language programming, Spanish
Information Service, 1D - “Radio Lobo"/Los
Angeles Dodgers MLB radio network (Spanish})

1389.700 Occasional audio/data transmissions (burst)

1389.500  Data transmissions (burst)

1388.900  Florida's Radio Network

1388.200 Chicago White Sox MLB radio network

1387.500 KWKW-AM (1330) Los Angeles, Calif —
Spanish language programming, Spanish
Information Service, 1D - “Radio Lobo”

1387.100  Michigan News Network

1386.700  Michigan News Network

1386.500 WJR-AM (760) Detroit, Mich — talk radio/
Detroit Tigers MLB radio network

1386.300  llinois News Network

1385.800 WMAQ-AM (670) Chicago, Il — news

1385.100  For the Peaple radio network

1384.200 KMPC-AM (710) Los Angeles, Calif — talk
radio/California Angels MLB radio network

1383.800 KJR-AM (950) Seattle, Wash — sports talk

1383.400 KFRC-A c5610 San Francisco, Calif. — adult

op music/Oakiand A's MLB radio network

1383.200 DKA-AM (1020) Pittsburgh, Penn. — talk
radio/Pittsburgh Pirates MLB radio network

1382.800 Independent Broadcasters Network

1375.400  USA Radio Network

1374100  Northwest Direct — news and talk

1313.100  Customized 1GA spots

Spacenet 3 transponder 1 (C-band)

1437.200 Associated Press (AP) 3 radio network
1435.000  Associated Press (AP) 2 radio network
1433.400  Associated Press (AP) 1 radio network
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1207.900  Wisconsin Voice of Christian Youth (VCY)
America Radio Network — religious

1207.200 Good News Radio Network — christian radio

1207.000 Good News Radio Network — christian radio

1206.700  Data Transmission

1206.550  ABC Satellite Music Network — adult
contemporary “Starstation”

1206.300  ABC Satellite Music Network — adult
contemporary “Starstation”

1206.000 ABC Satellite Music Network — modern
country “Country Coast-to-Coast”

1205.850  ABC Satellite Music Network — modern
country “Country Coast-to-Coast”

1205.650  ABC Satellite Music Network — traditional
music format “Stardust”

1205.400 ABC Satellite Music Network — traditional
music format, “Stardust”

1204.450  KJAV-FM (104.9) Alamo, Tex — spanish
language religious, Nuevo Radio Christiana
Network

1204250  Wisconsin Voice of Christian Youth (VCY)
America Radio Network — religious

1202.250  ABC Satellite Music Network — golden oldies
format “Pure Gold”

1202.100  ABC Satellite Music Network — golden oldies
format “Pure Gold”

1201.900 Occasional audio

1201.700  ABC Satellite Music Network — modern rock
“The Heat"

1201.500  Wisconsin Voice of Christian Youth (VCY)
America Radio Network — religious

1201.300 Wisconsin Voice of Christian Youth (VCY)
America Radio Network -— religious

Spacenet 3 transponder 17 (C-band)

1123.500  Salem Radio Network — religious
1123.300  Salem Radio Network — religious
1123.100  Salem Radio Network — religious

Galaxy 4 transponder 1 (C-band)

1445.000 WBIG-FM (100.3) Washington, D.C. - oldies,
ID - “Oldies 100 *

1444450  Data transmissions

1443.800 Voice of Free China (ISWBC) Taipei, Taiwan

1443.600 WYFR (ISWBC) Oakland, Calif. - religious
programming and talk, 1D - “Family Radio
Network”

1443.400 Voice of Free China (ISWBC) Taipei, Taiwan

1438.300 WWRV-AM (1330) New York, N.Y. — Spanish
religious programming and music, 1D - “Radio
Vision Christiana de Internacionai”

1436.000 KUSC-FM (91.5) Los Angeles, Calif — fine
arts, National Public Radio (NPR} affiliate

1435.700  KUSC-FM (91.5) Los Angeles, Calif — fine
arts, National Public Radio (NPR}) affiliate

1435.200  National Public Radio (NPR) feeds

1429.000 Occasional audio

Galaxy 4 transponder 2 (C-band)

1402.600 WVAQ-FM (101.9) Morgantown, W Va —
West Virginia Metro News

1402.000 WVAQ-FM (101.9) Morgantown, W Va —
West Virginia Metro News

1399.000 Oklahoma State sports radio network

1398.800 Progressive Farmers Network

1398.200  Occasional audio

1398.000 Oklahoma News Network

1397.200 Oklahoma News Network

Galaxy 4 transponder 3 (C-band)

1405.000 Mutual Broadcasting System

1404.800 KOA-AM (850)/KTLK-AM (760) Denver, Colo
— news and talk/Colorade Rockies MLB radio
network

1404.600 Occasional audio

1404.000
1403.800

1403.500

1403.000
1402.400

1402.100

1401.800
1398.500
1398.000
1397.800

1397.500
1397.300

1397.100
1396.900

1396.700
1396.400

1396.200
1396.000

1395.800
1395.500

1395.100
1394.600

1394.400
1394.000

1393.500
1392.900
1392.600

1392.300
1392.000
1391.700
1388.900
1388.400

1388.100
1387.800
1387.500
1387.200
1386.800
1386.200

1385.800
1385.400

1384.700
1384.400
1383.700
1383.400
1383.100
1382.900
1382.600

1382.300
1382.000

South Carolina Radio Network

WNTL-AM (1030) Indian Head, Md —
multicultural programming

International Broadcasting Network — Lutheran
religious programming/Home Front program
(Sat 10a-2p Eastern Time)

Minnesota Public Radio Network

KNOW-FM (95.3) St. Paul, Minn — fine arts,
Minnesota Public Radio (occasional audio)
KNOW-FM (95.3) St. Paul, Minn — fine arts,
Minnesota Public Radio

BBC World Service (ISWBC)

KLIF-AM (570) Ft. Worth, Tex — talk radio
Tennessee Radio Network

KRLD-AM (1080} Dallas, Tx. — news and talk/
Texas Ranger MLB radio network

Minnesota Taiking Book network
WFBC-AM/FM (1330/93.7) Greenville, S.C. —
news, talk and oldies music/Clemson University
sports radio network

Houston Astros MLB radio network

Spanish Information Service (SIS) radio
network (Spanish)

Occasional audio

Georgia Network News/Univ of Georgia sports
radio network

WCNN-AM (680) Atlanta, GA — all sports talk
radio

WHO-AM (1040) Des Maines, lowa — talk/lowa
News Network

Kentucky News Network

American Public Radio (APR) - Monitor Radio
programming

National Public Radio (NPR} channel 12
WHAS-AM (840} Louisville, Ky — adult
contemporary music/Univ of Louisville sports
radio network

National Public Radio (NPR}) channel 11
National Public Radio (NPR) channel 10/
American Public Radio (APR) carrying Monitor
Radio programming

Atlanta Braves MLB radio network

Minnesota Twins radio network

National Public Radio (NPR) channel 9/
American Public Radio (APR)

National Public Radio (NPR) channel 8
Minnesota Public Radio

National Public Radio (NPR) channel 7

Data transmissions (burst)

KSJV-FM (91.5) Fresno, Calif — spanish
programming, ID - “Radio Bilingue” (network
serves Spanish stations in several western
states)

National Public Radio (NPR) channel 6

Data transmissions (constant)

National Public Radio (NPR) channel 5
National Public Radio (NPR) channel 4
National Public Radio (NPR) feeds

KSJV-FM (91.5) Fresno, Calif — Spanish
programming, ID - “Radio Bilingue” (network
serves Spanish stations in several western
states)

National Public Radio (NPR) channel 3

U.S. Naval Observatory Master Clock and
National Public Radio (NPR}) channel 2
National Public Radio (NPR) channel 1
KOA-AM (850)/KTLK-AM (760) Denver, Colo —
news and talk/Colorado Rockies MLB radio
network

Mutual Broadcasting Network/Independent
Network News (INN)

KRLD-AM (1080) Dallas, Tex — taik radio/Texas
State News network flagship station

Mutual Broadcasting System/VSA Radio
Network — Ag news

Minnesota Radio Network

Soldiers Radio Satellite (SRS} network — U.S.
Army information and entertainment/Army
sports radio network

Motor Racing Network (occasional audio)
WFAE-FM (90.7) Charlotte, N.C. — NPR affiliate
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1381.800 WHO-AM (1040) Des Moines, lowa — talk
radio/lowa News Network

1381.600 Alabama Radio Network

1381.400 Various talk shows (No network ID)

1377.400  Data transmission (packet burst/tones)

1377.100 In-Touch — reading service for blind

1376.000  Kansas Audio Reader Network

1125.500  Canadian Broadcasting Company (CBC) Radio
— Newfoundland and Labrador service

Anik E1 transponder 19 (C-band)

1086.000 Canadian Broadcasting Company (CBC) Radio
— Quebec and Labrador service

Galaxy 4 transponder 4 (C-band)

Anik E1 transponder 21 (C-band)

1387.500 Dakota Sports network/Dakota News network
1387.100  ABC Information Network/Mid-America
Network

Data transmissions

Louisiana Network

WLAC-AM (1510) Nashville, Tenn. — news
and talk/Road Gang truck driver radio network
(overnight)

Arkansas Radio Network

Data transmissions

WLAC-AM (1510) Nashville, Tenn. — news
and talk/Road Gang truck driver radio network
(overnight)

Data transmissions

KISN-AM (570) Salt Lake City, Utah — sports
talk

1381.800
1379.000
1378.800

1378.600
1378.100
1377.300

1376.000
1376.600

Galaxy 4 transponder 6 (C-band)

1346.900 WCRP-FM (88.1) Guayama, P.R. — religous/
educational (Spanish)

Galaxy 4 transponder 1 (Ku-band)

959.200  ABC Satellite Music Network — country and
western “Real Country”

959.000  ABC Satellite Music Network — country and
western “Real Country”

957.500 Russian-American Radio Network — Russian

language audio service

Anik E2 transponder 19 (C-band)
1086.000 TV Northen Canada network program audio

Anik E1 transponder 11 (C-band)

1246.000 Radio Canada International (ISWBC)
1245.500  Canadian Broadcasting Company (CBC) Radio
— Yukon service

Anik E1 transponder 12 (C-band)

1226.000 CKRW-FM (90.5) Whitehorse, Yukon Territory,
Canada — adult contemporary music

1225.500  CHON-FM (90.5) Whitehorse, Yukon Territory,
Canada — variety

Anik E1 transponder 13 (C-band)

1206.000 Canadian Broadcasting Company (CBC) Radio
— southwestern Northwest Territories service
Canadian Broadcasting Company (CBC) Radio
— southwestern Northwest Territories service
~— occasional carrier

1205.500

Anik E1 transponder 14 (C-band)

1185.500  CKLB-FM (101.9) Yellowknife, NWT Canada —
country music

Anik E1 transponder 15 (C-band)

1166.000  Canadian Broadcasting Company (CBC) Radio
— eastern Northwest Territories service

Anik E1 transponder 17 (C-band)

1126.000 Canadian Broadcasting Company (CBC) Radio
— northern Northwest Territories service

1024.300 Canadian weather conditions and warnings
Note:This transponder also has 62 other
carriers consisting of data transmissions and
six blank audio carriers.

SBS5 transponder 2 (Ku-band)

1000.600  Wal-Mart in-store network (English)
1001.000  Wal-Mart in-store network (English and
Spanish ads)

Wal-Mart in-store network (English)
Sam’s Wholesale Club in-store network
(English)

Wal-Mart in-store network (English)
Wal-Mart in-store network (English)

1001.400
1009.800

1010.200
1010.600

RCA C5 transponder 3 (C-band)

1404.800 RFD Radio Service

1404.600 Wyoming News Network/Univ of Wyoming
sports radio network

Indiana Radio Network

Occasional audio (Missouri Net?)
Occasional audio

Indiana Radio Network

Kansas Information Network/Kansas Agnet
Nebraska Ag Network

KMOX-AM (1120) St. Louis, Mo — news and
tatk/Missouri Network/St. Louis Cardinals MLB
radio network

WIBW-AM (580) Topeka, Kan — news and
talk/Missouri Net/Kansas City Royals MLB
radio network

Occasional audio

WPTF-AM (680) Raleigh, N.C. — news and
talk/North Carolina News Network
Brownfield Network — Farm and Ag news/
Univ of Kansas sports radio network

Radio lowa

People’s Radio Network

North Carotina News Network/Capitol Sports
Network

Capitol Sports Network

Capitol Sports Network

Occasional audio/ABC Direction Network
Occasional audio

WPTR-AM (1540) Albany, N.Y. — talk radio
Capitol Sports Network

Missouri Network

North Carolina News Network

Virginia News Network

Radio Pennsylvania Network

Radio Pennsylvania Network

Radio Pennsylvania Network/Philadelphia
Phitlies radio network

National Association of Broadcasters (NAB) —
misc audio and various sports radio network
broadcasts (occ audio)

1400.600
1400.400
1400.200
1400.000
1396.600
1396.400
1396.200

1395.700

1390.000
1387.300

1386.900

1386.200
1386.000
1384.600

1384.400
1384.200
1384.000
1383.800
1383.600
1383.400
1382.900
1382.600
1382.300
1378.700
1378.500
1378.300

1374.600

RCA C5 transponder 21 (C-band)

1045.000 KABC-AM (790) Los Angeles, Calif. — news
and talk/Los Angeles Dodgers MLB radio
network (English)

1044.000 Occasional audio

1043.600  Unistar Music Radio — Today’s Hits,
Yesterday's Favorites

1043.400 CNN Radio Network

1043.200  Unistar Music Radio — Today's Hits,

Yesterday's Favorites

July/August 1995

1042.800  Unistar Music Radio — Original Hits
1042.600  Unistar Music Radio — Original Hits
1042.400 8nistar Music Radio — Good Times and Great
Idies
1042.200 Data transmissions
1042.000 8nistar Music Radio — Good Times and Great
Idies
1041.800 CNN Radio Network
1034.800  Unistar Music Radio — Country and Western
1034.600  Unistar Music Radio — Country and Western
1034.400 Unistar Music Radio — Hits from 60s, 70s,
80s, and Today
1034.200 Data transmissions
1034.000  Unistar Music Radio — Hits from 60s, 70s
80s, and Today
1033.700  Occasional audio
1033.200  Unistar Music Radio — Country and Western
1032.800  Data transmissions
1032.400  Unistar Music Radio — Country and Western
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International Shortwave Broadcasters via Satellite

By Larry Van Hom
and Robert Smathers

AFRICA NO. 1

B.P. 1, Libreville, Gabon. Telephone +241 760001 (voice), +241 742133
Intelsat 601 (27.5 west) transponder 23B (3915 MHz R CP) French using audio subcarrier
8.20 MHz.

ARMED FORCES RADIO AND TELEVISION SERVICE

(AFRTS)

AFTRS-BC, 10888 La Tuna Canyon Road, Sun Valiey, CA 91352-2098

AFRTS radio service carries a variety of radio network news and sports programming for
servicemen overseas aboard Navy ships. Satellites carrying AFTRS transmissions include:
Spacenet 2 (69.0 west) transponder 20 (4100 MHz V) audio subcarrier 7.41 MHz.

Intelsat 703 (177.0 east) transponder 38 (4177 MHz LHCP) audio subcarrier 7.41 MHz

BRITISH BROADCASTING CORPORATION (BBC)

Bush House, London, WC2. Telephone: +44 171 240 3456 (voice), +44 171 240 8760 (fax)
English BBC World Service transmissions can be found on the following satellites:

Astra 1B (19.2 east) transponder 23 (11552 MHz H) audio subcarrier 7.38 MHz

Eutelsat |l F1 (13.0 east) transponder 25 (10987 MHz V) audio subcarrier 7.38 MHz

Intetsat 601 (27.5 west) transponder 73 (11155 MHz V east spot) audio subcarrier 7.56 MHz
Asiasat 1 (105.0 east) transponder 5 (3900 MHz V south beam) audio subcarrier 7.20 MHz
Satcom C3/F3 (131.0 west) transponder 7 (3840 MHz V) audio subcarrier 5.41 MHz

C-SPAN AUDIO SERVICES

C-SPAN Audio Netwarks, 400 North Capitol Street, NW, Suite 650, Washington, D.C. 20001
Attn: Tom Patton. Telephone: (202) 626-4649 (voice)

C-SPAN Audio 1

Satcom C3/F3 (131.0 west) transponder 7 (3840 MHz.V) audio subcarrier 5.20 MHz. All
broadcasts are daily and in English. These broadcast are live feeds unless otherwise indicated.

UTC/EDT/POT SERVICE/PROGRAM
0000/2000/1700 Radio Havana Cuba - Havana
0100/2100/1800 YLE Radio Finland - Helsinki
0130/2130/1830 Classical Music (taped)
0200/2200/1900 Radio Prague - Prague
0230/2230/1930 Radio Austria - Vienna
0300/2300/2000 Deutsche Welle - Cologne
0400/0000/2100 China Radio International - Beijing
0500/0100/2200 Classical Music (taped)
0530/0130/2230 Radio Austria - Vienna
0600/0200/2300 Swiss Radio International - Berne
0700/0300/0000 ABC Radio Australia - Melbourne
0800/0400/0100 KBS Radio Korea International - Seoul
0900/0500/0200 Voice of Russia -Moscow (Mon-Fri)
0930/0530/0230 Radio Netherlands - Hilversum
1030/0630/0330 KBS Radio Korea International - Seoul
1100/0700/0400 Radio Japan - Tokyo
1200/0800/0500 Radio Canada International - Montreal (Mon-Fri)
Radio Telefis Eireann (RTE) - Dublin (Sat/Sun)
1300/0900/0600 KBS Radio Korea International - Seoul (Mon-Fri)
Radio France International - Paris (Sat)/Rendezvous (taped)
Canadian Broadcasting Company (Sun until 1600)/Sunday
Morning
1330/0930/0630 Radio Sweden - Stockholm (Sat)/Sweden Today (taped)
1400/1000/0700 YLE Radio Finland - Helsinki (Mon-Fri)
Classical Music (Sat until 1600) (taped)
1430/1030/0730 Radio Vlaanderen International - Brussels Calling (Mon-Fri)
1500/1100/0800 Radio France International - Paris (Mon-Fri)
1600/1200/0900 Voice of Russia - Moscow (Mon-Fri)
C-SPAN Weekly Radio Journal SSat until 1700) (taped)
Classical Music (Sun until 1800) (taped)
1630/1230/0930 Radio Netherlands - Hilversum (Mon-Fri)
1700/1300/1000 Classical Music (Sat until 1800) (taped)
1730/1330/1030 Radio Telefis Eireann (RTE) - Dubin, Ireland (Mon-Fri)
1800/1400/1100 Voice of America (VOA) - Washington, D.C. (Broadcast last 6

hours until 0000 UTC)

C-SPAN Audio 2

Satcom C3/F3 (131.0 west) transponder 7 (3840 MHz.V) audio subcarrier 5.40 MHz. The BBC
World Service in English is broadcast continuously 24-hours a day on this audio subcarrier.

DEUTSCHE WELLE (DW)

Radio & TV Intl, D-50588 Cologne, Germany. Telephone: +49 221 389 4563 (voice), +49 221
389 3000 (fax)

Certain Deutsche Welle services are available on the following satellites:

Satcom C4/F4 (135 west) transponder 5 (3800 MHz V) audio subcarriers 7.38/7.56 MHz
Astra 1A (19.2 east) on transponder 2 (11229 MHz V) audio subcarriers 7.38/7.56 MHz
Eutelsat (13.0 east) transponder 27 (11163 MHz V) audio subcarriers 7.02/7.20 MHz.
Intelsat K (21.5 west) transponder H7 (11605 MHz H), audio subcarriers 7.38/7.56 MHz

ISLAMIC REPUBLIC OF IRAN BROADCASTING (IRIB)
External Service, P.0. Box 3333, Tehran, Iran. Teiephone: +98 21 291095 (fax).
Intelsat 602 (63.0 east) transponder 71 (11002 MHz V) for IRIB Radio 2 Farsi service using
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audio subcarriers 5.60/6.20 MHz. IRIB Radio 1 in various languages uses 5.95 MHz and
transponder 73 (11155 MHz V) audio subcarrier 6.20 MHz..

ISRAEL RADIO

P.0. Box 1082, Jerusalem 91010, Israel

Intelsat 702 (1.0 west) transponder 73 (11178 MHz V) audio subcarrier 7.20 MHz.

LA VOIX DU ZAIRE

Station Nationale, B.P. 3164. Kinshasa-Gombe, Zaire. Telephone +243 12 23171-5
Broadcasts service in French is on Intelsat 510 (66.0 east) transponder 12 (3790 MHz RHCP)
audio subcarriers 7.38/7.56 MHz.

RADIO ALGIERS INTERNATIONAL

21 Blvd des Martyrs, Alger, Algeria.

Eutelsat I F3 (16.0 east) transponder 34 (11678 MHz H) audio subcarrier 7.38 MHz. Schedule:
Spanish at 1900-2000 UTC and English 2000-2100 UTC.

RADIO AUSTRALIA

Gggog Box 428G, Melbourne, Vic. 3001, Australia. Telephone: +61 3 616 1800 (voice), +61 3 626
1899 (fax)

Palapa B2P (133.0 east) transponder 9 (3880 MHz H) audio subcarrier 7.20 MHz

RADIO BELGRADE

Hila;1darska 2, 11000 Beograd, Serbia. Telephone: +381 11 344 455 (voice), +381 11 332014
(fax

Eu&elsat 11 F4 (7.0 east) transponder 22 (11181 MHz H) with Serb/English on audio subcarrier
7.02 MHz

RADIO BUDAPEST

Body Sandor u. 5-7, 1800 Budapest, Hungary. Telephone: +36 1 138 7224 (voice), +36 1 138
8517 (fax)

EL{_tg;sat IIF3 (16.0 east) transponder 33 (11596 MHz H) audio subcarrier 7.02 MHz (2300-0330

RADIO EXTERIOR DE ESPANA (REE)

Apartado 156202, Madrid 28080, Spain. Telephone +34 13461083/1080/1079/1121 (volce), 34
13461097 éfax).
Eutelsat [ F2 (10.0 east) transponder 22 (11149 MHz H) audio subcarrier 7.56 MHz
Hispasat 1A/B (31.0 west) transponder 6 (12149 MHz RHCP) audio subcarrier 7.92 MHz

RADIO FRANCE INTERNATIONAL (RFD)

B.P. 9516, F-75016, Paris, France. Telephone: +33 1 42 30 30 62 (voice), +33 1 42 30 40 37 (fax)
RFI broadcast can be heard in French, 24-hours a day.on the following satellites:

Intelsat 601 (27.5 west) transponder 238 (3915 MHz RHCP) audio subcarrier 6.40 MHz (to
Africa/Middle east)

Palapa B2P (113 east) transponer 8 (3860 MHz V) audio subcarrier 6.15 MHz (to Asia)

Anik E2 (107.3 west) transponder 21 ( 4120 Mhz H) audio subcarriers 5.41/6.12 MHz. (to the
Americas)

Spacenet 2 (69.0 west) transponder 4 (3780 MHz V) audio subcarrier 7.38 MHz. (to the
Americas)

RADIO MEDITERRANEE INTERNATIONALE

3 et 5, rue Emisaliah (B.P. 2055), Tanger, Morocco

Intelsat 513 (53.0 west) transponder 14 (3990 MHz RHCP) Arabic/French programming on audio
subcarriers 7.20/8.20 MHz.

RADIOSTANTSIYA MAYAK

The Mayak radio service consists of light music, sports, news and weather on the hour and half
hour in Russian. On the air continuously. The service can be found on transponder 6 (3675 MHz
RHCP) audio subcarrier 7.50 MHz on the following satellites: Gorizont 27 (53.0 east), Gorizont 22
(40.0 east), Gorizont 26 (11.0 west), Gorizont 18 (140.0 east), Gorizont 19 (96.5 east), Gorizont
28 (90.0 east), and Gorizont 24 (80.0 east).

RADIO SWEDEN

S-105 10 Stockholm, Sweden.. Telephone: +46 8 6676283 (voice), +46 8 6676283 (fax).
Tele-X (5.0 east) transponder 40 (12475 MHz) audio subcarrier at 7.38 MHz
Astra 1B (19.2 east) transponder 26 (11597 MHz V) audio subcarrier 7.74 MHz

RADIOTELEVISIONE ITALIANA (RAI)

Viale Mazzini 14, 00195 Roma, Italy. Telephone: +39 6 5919076

Selected programs of RAl's external service are carried on Eutelsat Il F2 (10.0 east) transponder
26B (11095 MHz V) audio subcarrier 7.56 MHz. This is a feed to the BBC Atlantic relay station on
Ascension Island.

Satcom C1 (137.0 west) transponder 15 (4000 MHz V) audio subcarrier 7.38 MHz

RADIO VLAANDEREN INTERNATIONAL
P.0. Box 26, B-1000, Brussels, Belgium. Telephone: +32 2 741 3802 (voice), +32 2 732 6295

fax)
&stra 1C (19.2 east) transponder 63 (10921 MHz H) audio subcarrier 7.38 MHz.
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International Shortwave Broadcasters via Satellite

RDP INTERNATIONAL

Av. 5 de Outubro 197, 1000 Lisbon, Portugal. Telephone: +351 1 535151 (voice), +351 1793
1809 (fax).

RDP International uses the following satellites for various broadcast to the indicate coverage

areas:
Eutelsat ! F2 (10.0 east) transponder 39 (11658 MHz V) audio subcarrier 7.02/7.20 MHz to
cover Europe.

Express 2 - Russian Statsionar 4 (14.0 west) on 4025 MHz (RHCP) audio subcarrier 7.0 MHz to
cover South America, Africa, the US east coast and southern Europe.

Gorizont 22 - Russian Statsionar 12 (40 east) transponder 11 (3925 MHz RHCP) audio
subcarrier 7.02 MHz to cover Africa, southern Europe, and the Indian Ocean region.

Telstar 302 (85 west) transponder 5 (3880 MHz V) audio subcarrier 8.00 MHz to cover North
America.

SWISS RADIO INTERNATIONAL

Egsa Po?}alt’s, CH-3000 Bern 15, Switzeriand. Telephone: +41 31 439222 (voice), +41 31
9544 (fax).

Astra 1A (19.2 east) transponder 9 (11332 MHz H) audio subcarrier 7.38 MHz (Multilingual)/

7.56 MHz (24-hour English)

Eutelsat |1 F1 (13.0 east) transponder 26 (11080 MHz V) audio subcarrier 7.74 MHz.

Intelsat K (21.5 west) transponder 7 (11605 MHz H) audio subcarrier 8.10 MHz.

Satcom C4/F4 (135.0 west) transponder 5 (3800 MHz V) audio subcarrier 8.10 MHz

TRANS WORLD RADIO (TWR)

Astra 1A (19.2 east) transponder 16 (11436 MHz V) audio subcarriers 7.38/7.56 MHz.
Broadcasts consists of German language programming from Evangeliums Rundfunk and TWR-
UK.

Astra 1C (19.2 east) transponder 38 (11038 MHz V) audio subcarrier 7.38 MHz. TWR-Europe
{Multilingual)

TUNIS INTERNATIONAL RADIO
71 ave de la Liberte, Tunis, Tunisia
Eutelsat Il F2 (16.0 east) transponder 39 (11658 MHz V) audio subcarrier 7.20 MHz

VATICAN RADIO

1-00120, Vatican City State, Italy. Telephone: +396 6988 3551 (voice), +396 6988 3237 (fax)
Eutelsat Il F1 (13.0 east) transponder 32 (11554 MHz H) audio subcarrier 7.74 MHz.

VOICE OF AMERICA (United States Information
Agency)
Washington, D.C. 20547

The Voice of America (VOA) transmits a variety of audio programs in various languages on the
following satellites and audio subcarriers:.

Eutelsat Il F1 13.0 east transponder 27 11163 MHz. PAL system
Intelsat 510 66.0 east transponder 38 4177.5 MHz. PAL system
Intelsat 601 27.5 west transponder 14 3995 MHz. PAL system
Intelsat 601 27.5 west transponder 81 3742 MHz. PAL system
Spacenet 2 69.0 west transponder 2H 3760 MHz. NTSC system
Intelsat 511 180.0 west transponder 14 3974 MHz. PAL system

NTSC system baseband subcarrier frequencies

Primary Television Audio (USIA Worldnet) 6.80 MHz
Channel 1 5.94 MHz
Channel 2 6.12 MHz
Channel 3 7.335 MHz
Channet 4 7.425 MHz
Channel 5 7.515 MHz
Channel 6 7.605 MHz
Wireless File (data) 6.2325 MHz
E-mail (data) 6.2775 MHz

PAL system baseband subcarrier frequencies

Primary Television Audio (USIA Worldnet) 6.60 MHz
Channel 1 7.02 MHz
Channel 2 7.20 MHz
Channel 3 7.335 MHz
Channel 4 7.425 MHz
Channel 5 7.515 MHz
Channel 6 7.605 Mhz
Wireless File (data) 6.2325 MHz
E-mail (data) 6.2775 MHz
VOICE OF SAHEL

Niger Radio and Television Service
Transmissions of the domestic radio shortwave service have been reported on Intelsat 702 at
1.0 west. No other details are available at this time.

VOICE OF THE ARABS

P.0. Box 566, Cairo 11511, Egypt
Eutelsat Il F3 (16.0 east) transponder 27 (11178 Mhz V) audio subcarrier 7.20 MHz.

VOICE OF THE IRAQI PEOPLE (CLANDESTINE)
Programming has been reported on Arabsat 1C at 31.0 east on a FDM tranmission centered on
3940 MHz RHCP. Transmission has been seen in the FDM signal from 24.5 kHz to 2700 kHz in
USB between 1300-0100 UTC.

WORLD HARVEST INTERNATIONAL RADIO, WHRI-

South Bend, Indicna

P.0. Box 12, South Bend, IN 46624.

Galaxy 4 (99.0 west) transponder 15 (4000 MHz.H)

Religious broadcaster WHRI/KHWR uses audio subcarriers to feed their three shortwave
broadcast transmitters as follows:

7.46/7.55 MHz WHRI programming relayed to their broadcast transmitters in
Indianapolis, Ind. for shortwave transmissions beamed to Europe and
Americas.

7.64 MHz. KHWR programming relayed to their broadcast transmitter in Naahlehu,

Hawaii for shortwave transmissions beamed to the Pacific and Asia.

WORLD RADIO NETWORK

BCM, London, WC1IN 3XX, England, Telephone: +44 171 896 9000 (voice), +44 171 896 9007
(fax). E-mail via Internet: wn@cityscape.co.uk or Compuserve 100041,3344. WRN can also be
heard live on the World Wide Web to users with high speed connections at: http/Aown.hail.org/
radio/wrn.html. WRN schedules are subject to change.

North American Service Schedule

Galaxy 5 (125.0 west) transponder 6 (3820 MHz V) audio subcarrier 6.80 MHz. All broadcasts
are daily unless otherwise indicated. WRN program information can be heard daily on North
American service at 1025 and 1725 UTC. * indicates program also carried by C-SPAN 1 audio
service Monday-Friday. + indicates program also carried by C-SPAN 1 audio service Saturday-
Sunday. LATE BREAKING NEWS: Watch for a new multilingual service to start in July on audio

subcarrier 6.20 MHz.
UTC/EDT/PDT SERVICE/PROGRAM
0025/2025/1725 YLE Radio Finland - Helsinki (News in Finnish)
0030/2030/1730 Radio Sweden - Stockhotm
0100/2100/1800 YLE Radio Finland - Helsinki*+
0130/2130/1830 Israel Radio - Jerusalem
0200/2200/1900 Radio Prague (Slovakia)
0230/2230/1930 Radio Austria International - Vienna
0300/2300/2000 Radio Budapest éHungary)
0330/2330/2030 Radio Netherlands - Hilversum
0430/0030/2130 BBC Europe Today (Mon-Sat)

BBC International Call (Sun)
0500/0100/2200 Deutsche Welle - Cologne (Germany)
0600/0200/2300 Swiss Radio International - Berne
0630/0230/2330 Radio Canada International - Montreal
0700/0300/0000 ABC Radio Australia - Melbourne* +
0800/0400/0100 KBS Radio Korea international - Seoul*+
0900/0500/0200 Voice of Russia - Moscow*
0930/0530/0230 Radio Netherlands - Hilversum
1030/0630/0330 WRN Program Information/TBA (Mon-Fri)

BBC International Call (Sat)

BBC Intl Money Prog & Health Watch (Sun)
1100/0700/0400 Radio Australia - Melbourne* +
1200/0800/0500 Radio Telefis Eireann (RTE) - Dublin, Ireland+
1300/0900/0600 KBS Radio Korea International - Seoul*
1400/1000/0700 YLE Radio Finland - Helsinki*
1430/1030/0730 Radio Viaanderen International - Brussels Calling*
1500/1100/0800 Radio France International - Paris*
1600/1200/0900 Voice of Russia - Moscow™
1630/1230/0930 Radio Netherlands - Hilversum*
1730/1330/11030 Radio Telefis Eireann (RTE) - Dublin, Ireland*
1800/1400/1100 ABC Radio Australia - Melbourne*
1900/1500/1200 Blue Danube Radio - Vienna (Mon-Fri)

UN Radio and BBC Europe Now (Sat)

Glen Hauser's World of Radio (Sun)
1930/1530/1230 Radio Vlaanderen [nternational - Brussels Calling
2000/1600/1300 BBC Europe Today (Sun-Fri)

BBC International (Sat)
2030/1630/1330 Radio Sweden - Stockholm
2100/1700/1400 Radio Telefis Eireann (RTE) - Dublin, Ireland/News and Both Sides

Now
2300/1900/1600 Polish Radio - Warsaw
2330/1930/1630 Radio Netherlands - Hilversum

European Service Schedule

Astra 1B (19.2 east) transponder 22 (11538 MHz V) audio subcarrier 7.38 MHz. All broadcasts
are in English and daily unless otherwise indicated. Program information is available on Astra
1B VH-1 text page 222/MTV text 535. WRN network information can be heard on the European
service daily at 0525, 1225 and 1925 CET.

YLE RADIO FINLAND

Box 78, 00024 Yleisradio, Finland. Telephone: +358 0 14801 (voice), +358 0 1481169 (fax)
Most of YLE's broadcasts to Europe are available on Eutelsat Il F1 (13.0 east) transponder 27
(11163 MHz V) audio subcarrier 8.10 MHz.
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SATELLITE SERVICES

DBS /Primestcr Channel Guide By Robert Smathers
275 Encore-Action Movies
276 Encore-True Stories Movies
277 Encore-WAM! Movies
282 WRAL-CBS, Raleigh, N.C. Network TV
284 WXIA-NBC, Atlanta, Ga. Network TV
286 PBS Network TV
287 WABC-ABC, New York, N.Y. Network TV
289 WFLG-FOX, Chicago, llI. Network TV
D I R E C T v 298 TV Asia Ethnic Programming
™ 299 In-store dealer info channel Retailers only
300-399  Regional and PPV Sports Sports
301 Special Events Calendar Promo
DirecTV™ Channel Guide 302 Sunday Ticket 95 Promo/World League of
American Football Sports
DirecTV 304 The Golf Channel Sports
2230 East Imperial Highway 305 Prime Sports Sports
El Segundo, Calif. 90245 306 Prime Sports Sports
1-800-DIRECTV (347-3288) 307 New England Sports Network Sports
308 Prime Sports Sports
100 DirecTV Previews Previews 309 Prime Sports Sports
102-190  Direct Ticket Pay Per View PPV 310 Prime Sports KBL Sports
200 Previews Previews 3N Home Team Sports (HTS) Sports
201 Special Events Calendar Promo 314 Sunshine Sports
202 CNN News 316 Pro AM Sports (PASS) Sports
203 Court TV Speciality 317 Prime Sports Sports
204 CNN Headline News News 319 Prime Sports Sports
206 ESPN 1 Sports 322 Prime Sports Southwest Sports
207 ESPN Alternate Sports 323 Prime Sports Sports
208 ESPN 2 Sports 325 Prime Sports West Sports
212 TNT TV programming 326 Prime Sports Sports
215 E! Entertainment TV Speciality 330-348  NFL Sunday Ticket Sports
216 MuchMusic Music Videos 350 NFL Sunday Ticket/NBA League Pass Sports
220 Turner Classic Movies (TCM) Movies 356 NFL Sunday Ticket/NBA League Pass Sports
222 The Disney Channel (East) Movies/Kids 401 Spice Adult
224 The Disney Channel (West) Movies/Kids 402 Playboy Adult
225 The Discovery Channel Science/TV 501 Music Choice — Hit List Audio
documentary 502 Music Choice — Dance Audio
226 The Learning Channel (TLC) Science/TV 503 Music Choice — Hip Hop Audio
documentary 504 Music Choice — Urban Beat Audio
227 Cartoon Network Cartoons 505 Music Choice — Reggae Audio
229 USA Network v 506 Music Choice — Blues Audio
230 Trio kY 507 Music Choice — Jazz Audio
232 The Famity Channel v 508 Music Choice — Jazz Plus Audio
233 WTBS-Ind, Atlanta, Ga.(TBS) Superstation 509 Music Choice — Contemporary Jazz Audio
235 The Nashville Network (TNN) Country/Qutdoors 510 Music Choice — New Age Audio
236 Country Music TV (CMT) Country Music Videos | 511 Music Choice — Electric Rock Audio
240 The Sci-Fi Channel Science Fiction 512 Music Choice — Modern Rock Audio
242 C-Span 1 Congress-House 513 Music Choice — Classic Rock Audio
243 C-Span 2 Congress-Senate 514 Music Choice — Rock Plus Audio
245 Bloomberg Direct News 515 Music Choice — Metal Audio
246 CNBC Financial/Talk 516 Music Choice — Solid Gold Oldies Audio
247 America’s Talking Talk 517 Music Choice — Soft Rock Audio
248 The Weather Channel (TWC) Weather 518 Music Choice — Love Songs Audio
250 Newsworld International News 519 Music Choice — Progressive Country Audio
252 CNN International News 520 Music Choice — Contemporary Country Audio
254 The Travel Channel (TTC) Travel Shows 521 Music Choice — Country Gold Audio
256 Arts & Entertainment v 522 Music Choice — Singers & Standards Audio
268 Previews Previews 523 Music Choice — Easy Listening Audio
270 STARZ! Movies 524 Music Choice — Classic Favorites Audio
2N Encore Movies 525 Music Choice — Classics in Concerts Audio
272 Encore-Love Movies 526 Music Choice — Contemporary Christian Audio
273 Encore-Westerns Movies 527 Music Choice — Gospel Audio
274 Encore-Mystery Movies 528 Music Choice — For Kids Only Audio
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DBS /Primestar Channel Guide

34 The Disney Channel (East) Movies/Kids
35 The Disney Channel (West) Movies/Kids
40 The Golf Channel Sports
47 C-SPAN Congress
48 CNBC — occ service Financial/Talk
49 The Weather Channel (TWC) Weather
50 CNN International News
. 51 Cable Network News (CNN) News
USSB Channel Guide 52 CAN Heaoline Nows News
uUsSB 55 PreVue Channel Program Guide
3415 University Avenue 96 Future service
St. Paul. Minn. 55114 58 Turner Network Television (TNT) v
1-800-204-USSB (8772) 59 Turner Classic Movies (TCM) Movies
63 WTBS-Ind, Atlanta, Ga. (TBS) Superstation
963 Al New Channel (ANC) News 85 Yoo oy Channel{(TEC) Science/TV
gg? \Ll'fd 9{9 Sl %(;CK Music Videos 66 The Learninrg Channel (TLC) Science/TV
ifetime
968 Nickelodeon (Nick) TV/Kids - g‘:&“&“g’l‘]‘;’ém ment (ASE) =
970 Flix Mov!es 70 USA Network v
g;i g:ggm:ﬁ :(zEast) mgz::: 1Al The Sci-Fi Channel Science Fiction
975 Cinemax (West) Movies e The Family Channel v
. " 73 The Cartoon Channel Cartoons
977 The Movie Channel (East) Mov!es 74 -
K L’é%"fg;’;%c“a““e' (West) Ve 77 The Nashville Network (TNN) Country/Outdoors
981 HBO 2 (East) Movies 78 Country Music TV (CMT) Country music videos
982 HBO 3 Moviek 84 QVC — occ service Home Shopping
983 HBO (West) Movies 1N WHDH-NBC, Boston, Mass. Network TV
984 HBO 2 (West) Mvie 114 WPLG-ABC, Miami/Ft. Lauderdale, Fla Network TV
985 Showtime (East) Ty 117 WUSA-CBS, Washington, D.C. Network TV
986 SPavri o Movies 120 KTVU-FOX, Oakland/San Francisco, Calif Network TV
. " 124 WHYY-PBS, Philadelphia, Penn. Network TV
987 Showtime (West) Movies 131 ESPN Sports
989 MTV Rock Music Videos b Bre R orvice P
990 Comedy Central Comedy 138 Mega+1 Sports
999 USSB Background Env@romental spunds 141 New England Sports Network (NESN) Sports
audio/Information 142 Madison Square Garden Network (MSG) Sports
143 Empire Sports Network Sports
A 144 Prime Sports KBL Sports
— ® 145 Home Team Sports (HTS) Sports
T F— 146 SportSouth Sports
— 147 Sunshine Sports
‘E 148 Pro American Sports (PASS) Sports
» 149 Future service
151 Prime Sports Upper Midwest Sports
. 0 152 Prime Sports Midwest Sports
Primestar Channel Guide 153 Prime Sports Rocky Mountain Sports
) 154 Prime Sports Southwest Sports
Primestar Partners 155 Prime Sports Inter-Mountain West Sports
3 Bala Plaza West, Suite 700 156 Prime Sports Northwest Sports
Bala Cynwyd, PA 19004 157 Future service
1-800-966-9615 158 Prime Sports West Sports
) 201 Viewer's Choice PPV
1 HBO (East) Mov!es 202 Request 1 PPV
2 HBO 2 (East) Mov!es 203 Request 5 PPV
3 HBO 3 Movies 204 Hot Choice PPV
7 Cinemax (East) Movies 205 Continuous Hits 1 PPV
8 Cinemax2 Movies 206 Continuous Hits 2 — occ service PPV
13 TV Japan (English) Not included in $50 a 207 Continuous Hits 3 PPV
month package 208 Request 2 PPV
14 TV Japan (Japanese) Not included in $50 a 209 Request 3 PPV
, month package 210 Request 4 PPV
15 Future service 221 Playboy — occ service Adult
17 Future service 301 Superadio — Classical Hits Audio
19 Future service _ 302 Superadio — America’s Country Favorites Audio
z Starz! _ Movies 303 Superadio — Lite ‘n’ Lively Rock Audio
30 Encore 2-Love Stories Mov!es 304 Superadio — Soft Sounds Audio
31 Encore 3-Westerns Movies 305 Superadio — Classic Collections Audio
32 Encore 4-Mystery Movies 306 Superadio — New Age of Jazz Audio
33 Encore Movies
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Ku-band Satellite Tramsponder Services Guide

By Robert Smathers

Spacenet 2 (52) 69° West
20 11820  Occ video
21 11900 TV ASAHI [Leitch]

23 12060  Kentucky Educational
Television (half-transponders)
24 12140  Occvideo

$BS 2 ($BS2) 712 West (Inctined Orbit)

2 11780 NBC feeds (occ video)
3 11823  NBC feeds (occ video)
5 11921 NBC feeds (occ video)
6 11970  NBC feeds (occ video}
7 12109  NBC feeds (occ video)
9 12117 NBC feeds (occ video)

SBS 3 (SBS3) 74 West (Inclined Orbit)

(No video has been seen on SBS3since NBC
moved their feeds to SBS2)

SBS 4 (SBS4) 77° West (Inclined orbit)

1 11725  Data transmissions

10 12166  Data transmissions

Satcom K2 (K2) 812 West

1 11729  NBC-East

2 11758.5 Data transmissions/Pagesat
computer service

3 11788  NBC-Pacific (West spot beam)

4 118175 Cyclesat/occ video

5 11847 NBC contract channel

6 11876.5 Occ video

7 11906  NBC contract channel (network
feeds)

8 11935.5 North American Chinese TV
Network [Oak]

9 11965  NBC-Mountain

10 119945 Data transmissions

11 12024  NBC contract channel (network
feeds)

12 12053.5 FM?services

13 12083  NBC NewsChannel

14 121125 QOcc video

15 12142 Data transmissions

16 12171.5 Data transmissions

Satcom K1 (K1) 85° West

11729  Data transmissions

Primestar OBS [Digicipher
Primestar DBS [Dlgicipher,
Primestar DBS [Digicipher
Primestar OBS [Digicipher|
Primestar OBS [Digicipher
Primestar DBS [Digicipher
Primestar DBS [Digicipher
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=
=
~
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11965  Primestar DBS [Digicipher,
10 11994.5 Primestar OBS [Digicipher,
11 12024  Primestar OBS [Digicipher
12 12053.5 Primestar DBS [Digicipher
13 12083  Primestar OBS [Digicipher,
15 12142 Primestar OBS [Digicipher|
16 121715 Primestar OBS [Digicipher]
Note: Complete Primestar channe! guide is in the
DBS section of the ST SSG.
Spacenet 3R (S3) 87° West
23 12060  Oregon Educational Network

(West spot beam)
NYNET SUNYEEd Net/NY
Lottery feeds (East spot beam)

24 12140

Galaxy 7 (K7) 91° West

1 11720 Occ video/G.0.P. TV
occasional)

3 11750 ompressed Video (Indlana
Higher Education)

4 11780  Occ video

6 11810  Classic Sports Network

7 11840  Occ video

10 11900  The People’s Network (TPN)/
Hospitality TV [8-MAC]/Occ
video

12 11930  Asian American TV Network

13 11960  Occ video

14 11990  Occ video/Muslim TV

15 11990  The Asian Network (TAN)/Your
Choice TV/Occ video

16 12020  Occ video/Microsoft TV
(occasional)

17 12050  Westcott Communications

ASTN [B-MAC]/ANTN
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18 12050
19 12080
21 12110
22 12140
24 12170

Occ video

The People’s Network/Occ video
TCI Promo Channel [B-MAC]
BBC 9 p.m. News (PAL)/Real
Estate TV Network/Occ video
Occ video

GSTAR-3 (GST3) 93° West (Inclined Orbit)

1 11730  Data transmissions

2 11791 Data transmissions

3 11852  Occ video

4 11913 Occ video

5 11974 Occ video

6 12035  Occ video

7 12096  Occ video

9 11744 Occ video

11 11866  Occ video

12 11927  Occ video/Mayo Clinic
teleconference [B-MAC]

13 11988  Occ video/Mayo Clinic
teleconference [B-MAC]

14 12049  Occ video/Mayo Clinic
teleconference [B-MAC]

15 12110  Gstar 3 10 Channel

SBS 6 (SBS6) 952 West

1 11717 Occ video

2 11749.5 SCPC transmissions

& 11774 Occ video/Northfield horse
racing

4 11798.5 Occ video

5 11823  Occ video

6 11847.5 Occ video

7 11872  Occ video

8 11896.5 Qcc video

9 11921 Occ video

10 119455 Occ video

11 11963  CONUS Communications (haif-
transponders)

12 119945 CONUS Communications (half-
transponders)/Megabingo

13 12019  CONUS Communications/
Catholic Telecommunications
Network (half-transponders)

14 120435 CONUS Communications (haif-
transponders)

15 12075  Occ video

16 120925 Massachusetts Educational
Network/Occ video

17 12110 Occ video

18 121415 Occ video

19 12174  Occ video

Telstar 401 (T401) 972 West

11730  SCPC transmissions
11743 ATA&T Skynet [digital]
11790  South Carolina Educational TV
11798 National Tech University [Digitat
video)
11845  PBS [Digicipher]
11855  SERC/PBS regionals/stations
half-transponders)
11902 BS educational services (half-
transponders)
11915 PBS stations/regionals and
backhauls
11957.5 PBS digital video [Digicipher}/
VSAT traffic
10 11980.75 Louisiana Public TV feeds
Digicipher]
11 12040 cc video/OMX music (half of
transponder)
12 12046  CLI Spectrumsaver compression
13 12095  CLI Spectrumsaver compression
14 12108  Georgia Public TV (upper half
transponder)/Peachstar
Educational Network (lower hatf
transponder)
15 12147 ABC network and affiliate feeds
(half-transponders)
16 12167  ABC network and affiliate feeds
(half-transponders)
Galaxy 4 (K4) 99° West
1 11720  SCPC services
2 11750  Data transmissions
3 11750  FM? servicesMUZAK
4 11780  FM? services/Planet Connect
computer service (19.2 kbps)
6 11810  Occvideo/A.A.T. Chinese
rogramming
7 11840 ational Weather Networks/Occ
video
8 11870  Occ video
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10 11900  Occ video
11 11930 Occ video (half-transponders
common)
12 11930  Channel One/WMNB (Russian)/
Occ video
14 11990  Occ video (half-transponders
common)
16 12020  FM services
17 12050  CBS Newsnet and affiliate feeds
half-transponders)
18 12050 B Jade Channel (Chinese)
scrambled]
19 12080 ata transmissions
20 12110  Occ video (half-transponders
common)
21 12110 Occ video
22 12140  Possible video compression
channel
23 12170  CBS Newsnet and affiliate feeds
half-transponders)
24 12170 he Filipino Channel [TRW

scrambling system]

Solidaridad 1 SD1 109.2° West

Spacenet 4 (S4) 101° West

20 11820  Occ video

22 11980  Occ video

24 12140 Occ video/Texas education
feeds

GSTAR-1 (GST1) 103? West

1 11730  Data transmissions

3 11852  Occ video

5 11974 0.J. TV (CountTV)/CountTv
feeds

7 12096  Heaithcare Sateliite [B-MAC)/

video compression

9 11744 ata transmissions

11 11866  Data transmissions

12 11927  Data transmissions

13 11988  Occ video/Old Bominion
University EdNet

16 12171 Data transmissions

GSTAR-4 (GST4) 1052 West

1 11730  Data transmissions

2 11791 Data transmissions

3 11852 CNN Newsource (Primary)
g.eitch /some feeds in clear

4 11913 cc video

B 11974 0.J. TV (CNN/ABC/others)/Occ
video

6 12035  Occ video

7 12096  CNN feeds/Occ video

8 12157 Qcc video

9 11744 Data transmissions

11 11866  Occ video

12 11927 Occ video

13 11988  CNN feeds/occ video

15 12110  CNN Newsource (secondary)

Anik E2 (A1) 107.3? West

1 11717 Data transmissions

2 11743 Data transmissions

3 11778 Future home of Expressvu

4 11804  Future home of Expressvu/occ
video

5 11839  Occ video (continental beam)

6 11865  Occ video (continental beam)

7 11900  Future home of Expressvu

8 11926 Future home of Expressvu

9 11961 Digital transmissions

10 11987  Digital transmissions

11 12022  Showcase TV (West)

12 12048  Woman's Television Network

WTN) (West)

15 12144 elesat Canada statlonkeeping

16 12170  MovieMax! — movies

17 11730  Discovery Channel Canada

ak

18 11756 ew ]Country Network (NCN)

19 11791 Bravo! Canada

20 11817 Life Network

21 11852  Telelatino (TLN) — Spanish-
language variety

22 11878  Meteo Media

23 1913  Showcase TV (East)

24 11939  Woman's Television Network
BWTN (East)

25 11974 igital transmissions

26 12000  Digital tranmsissions

27 12035  MoviePix! — movies

28 12061  Canal O — French arts channel

29 12096  Telesat Canada stationkeeping

30 12122 Telesat Canada stationkeeping

31 12157  Data transmissions

{No video has been seen on any Ku transponder)

Anik E1 (A2) 1112 West

11717 Data transmissions
2 11743 Telesat services
3 11778  Partial channel services
4 11804 Partial channel services
5 11839  MuchMusic simulcast
6 11865  NovaNet FM? Services
7 11900 Video compression services
8 11926  Occ video
9 11961 Access Network of Alberta
10 11987  Canadian Parliamentary Channel
11 12022  The Family Channel [Oak}
12 12048 R eseau de | Information (RDI)
13 12083  CBC Newsworld feeds/Occ

video
14 12109  RDI feeds/Occ video
15 12144 Knowledge Network
16 12170  Saskatchewan
CommunicaNetwork

17 11730  Data transmissions
18 11756  Data transmissions
19 11791 SCPC/Data transmissions
20 11817  SCPC/Data transmissions
21 11852  Radio Quebec
22 11878  Quatre Saisons
23 11913 Canal Famille [V2+)
24 11939  Musique Plus
25 11974  LaChaine
26 12000 TV Ontario (English)
27 12035  Super Ecran [V24]
28 12061  Ontario Legisiature
29 12096  Reseau des Sports [V2+]
30 12122  The Family Channel [V2+
31 12157 The Movie Network [V2+
32 12183  Atlantic Satellite Network

Anik C3 (C3) 114.9° West (Inclined Orbit)
(This satellite rarely has video transmissions)

Morelos 2 (M2) 116.8° West
(No video has been seen on any Ku transponder)

SBS 5 (SBS5) 123° West

1 11725  Comsat Video in-room
programming {8-MAC] (half
transponders) — Satellite
Cinema 1/3

2 11780  SCPC services

4 11872 Comsat Video in-room
programming [B-MAC] (halt
transponders) — Satellite
Cinema 4/2

6 11970  Data transmissions

8 12068  Comsat Video in-room
programming {B-MAC} (half
transponders) — ESPN/
Showtime

9 12117 Comsat Video in-room
programming {B-MAC] (half
transponders) — CNN Headline
News/WTBS

10 12166 10 Channel/Occ video

11 11748  Data transmissions

12 11898  Occ video

13 11994 Qcc video

14 12141 Occ video

GSTAR-2 (GST2) 125° West

3 11852 Airport Network/CNN
Intemational [SA MPEG]

4 11913 Qcc video

5 11974 Occ video

6 12035  Occ video

7 12096  Occ video

8 12157 Occ video

9 11744 Data transmissions

10 11805  Bluffs Run Greyhound racing/
Occ video

11 11866  Occ video/Spacenet GSTAR-2
10 slate

12 11927 Occ video

13 11988  Occ video

14 12049  Occ video

15 12110  Occ video

16 12171 Occ video
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Amateur and Weather Satellite Two Line Orbital Element Sets

Below is an example of the format for the elements sets
presented in this section of the Satellite Service Guide. The
spacecraft is named in the first line of each entry. Illustration
below shows meaning of data in the next two lines.

0SCAR 10
1141290 830588 94254.05030619 -.00000192 00000-0 10000-3 0 3080
214129 26.8972 308.5366 6028238 209.9975 94.5175 2.05881264 56585
E;::l Epoch Day

L Fraction
b

194254.05030619 - .000019

'_209'9975| }.94.5172‘ F.GSBMZGW FGSB-‘S
> >

Argument | | Memn ||y voon

of Perigee Anomaly Revolution #

at Epoch

Notice that there is no decimal point printed for eccentricity. The decimal point goes
in front of the number. For example, the number shown above for eccentricity
would be entered into your computer tracking program as .6028238.

AMATEUR RADIOQ SATELLITES

OSCAR 10 (A0-10)

1141290 83058B 95150.26886339 -.00000278 00000-0 10000-3 0 3554
214129 26.4691 265.6627 6003533 280.9615 20.7451 2.05880627 61961
OSCAR 11 (UoSAT 2, UO-11 OR UoSAT 11)

114781U 84021B  95152.99974445 .00000136 00000-0 30758-4 0 8029
214781 97.7825 156.2498 0010769 226.9664 133.0644 14.69347953601676
COSMOS 1861 (Carries RS-10/11 or Radio Sputnik 10/11)

1181290 87054A 95150.18927751 .00000030 00000-0 15968-4 0 723
218129 82.9250 72.3731 0012420 134.6803 225.5369 13.72352740397506
0SCAR 13 (AD-13)

119216U 8851B  95145.13020627 -.00000189 00000 0 99993-5 41
219216 57.5449185.6151 7292698 9.6968 359.1460 2.09726975 2168
OSCAR 14 (UoSAT 3, UO-14, or UoSAT 14)

120437U 900058 95153.24774186 .00000042 00000-0 33382-4 0 1016
220437 98.5622 237.8524 0010063 241.8075 118.2097 14.29888432279610
OSCAR 16 (AD-16 or PACSAT)

1204390 900050 95150.21125994 .00000000 00000-0 17071-4 0 8994
220439 98.5790 236.5152 0010547 253.1157 106.8872 14.29941477279191
OSCAR 17 (DO-17 or DOVE)

120440U 90005E 95146.21346116 .00000028 00000-0 27608-4 0 8988
220440 98.5800 233.0279 0010711 264.8923 95.1031 14.30082493278642
OSCAR 18 (W0-18 or WEBERSAT)

120441U 90005F 95150.18343342 -.00000006 00000-0 14755-4 0 9031
220441 98.5800 236.9155 0011209 253.7421 106.2525 14.30054036279219
OSCAR 19 (LU-19 or LUSAT)

120442V 90005G 95145.17024548 0.00000063 00000 0 32056-4 912
220442 98.5813 232.3277 0011604 268.4376 91.5476 14.3015585327851
JAS 1B (FUJI 2, FO-20 or Fuiji Oscar 20)

120480U 90013C 95149.30656423 -.00000015 00000-0 48796-4 0 7953
220480 99.0720 241.4179 0540035 276.0693 77.9149 12.83229848248526
COSMOS 2123 (Carries RS-12/13 or Radio Sputnik 12/13)

121089U 91007A 95152.91217497 .00000025 00000-0 10398-4 0 8035
221089 82.9203 112.1057 0028083 212.8534 147.0880 13.74057773216673
OSCAR 22 (UoSAT-F, UoSAT 5, U0-22 or UoSAT 22)

121575U 91050B  95149.69520405 .00000012 00000-0 18655-4 0 6050
2 21575 98.3965 221.4709 0007915 342.8826 17.2078 14.36976844202845
OSCAR 23 (KITSAT 1, KITSAT A or KO-23)

122077U 920528 95150.39729976 -.00000037 00000-0 10000-3 0 4965
222077 66.0832 273.0133 0008273 202.3475 157.7175 12.86291458131449

Period
Decay Rate J Not used
»

«
1000600-0 100000-30

Catalog #) Ind. Desig.
|« »|e >

1 1141290/ 830588 |

>

3080/

»

Inclination |

2 F4129J FG.BWZI 4308.5367 FOZBZI!B
Ld LA >

Catal Right Asc. icity|
= of Node | Eocentricity

KITSAT B (KITSAT 2 or K0O-25)

1228250 93061C 95145.74322518 .00000022 00000-0 26882-4 0 3936
222825 98.6185 222.4697 0008130 292.8797 67.1520 14.27662988 86565
POSAT 1 (PO-28)

122826U 93061D 95146.75002639 .00000025 00000-0 27924-4 0 3928
222826 98.6195 223.5560 0008438 289.9666 70.0599 14.27770666 86710
EYESAT A (A0-27)

1228290 93061G  95146.48254561 .00000025 00000-0 27813-4 0 3842
222829 98.6153 223.3572 0009408 275.8881 84.1224 14.28079379 86691
RADIO ROSTO (RS-15 or Radio Sputnik 15)

123439U 94085A 95145.44183405 -.00000039 00000-0 10000-30 527
223439 64.8176 291.7733 0167727 266.2927 91.8801 11.27523581 16954

WEATHER SATELLITES

NOAA-14

1234550 94089A 95138.75510809 -.00000020 00000-0 13303-4 0 1809
223455 98.8996 81.5029 0008745 282.9835 77.0329 14.11510039 19661
ELEKTRO

123327U 94069A 95129.79349846 -.00000101 00000-0 10000-30 696
223327 0.8226 265.3442 0005264 151.0836 172.5717 1.00270283 1941
DMSP B5D2-7

123233U 94057A 95138.64797283 .00000103 00000-0 79644-4 0 3420
223233 98.8828 197.0048 0011397 219.8029 140.2299 14.12604863 36987
GOES-8

123051U 94022A 95137.17964735 -.00000265 00000-0 10000-30 3133
223051 0.0463 264.1106 0002716 210.4465 110.0559 1.00265599 11385
METEQSAT 6

1229120 930738  95135.95603337 -.00000091 00000-0 00000+0 0 3081
222912 0.1714 269.2670 0001156 213.5319 84.6674 1.00272713 3865
Meteor 2-21

122782U 93055A 95137.96889374 .00000052 00000-0 34265-4 0 4022
222782 82.5449 301.1350 0023521 11.0834 349.0836 13.83032130 86368
DMSP B5D2-6

121798U 91082A 95138.74445803 .00000106 00000-0 79820-4 0 8411
221798 98.9622 150.4275 0011986 271.8492 88.1308 14.13886380179048
Meteor 3-5

1216550 91056A 95136.76006051 .00000051 00000-0 10000-3 0 8022
221655 82.5498 241.1348 0014569 82.0255 278.2498 13.16838742180368
NOAA 12

1212630 91032A 95138.64594343 .00000156 00000-0 88964-4 0 4887
221263 98.5867 163.4674 0013060 348.9692 11.1196 14.22519227208229
DMSP 2-5

120978U 90105A 95138.57757940 .00000143 00000-0 66965-4 0 1997
220978 98.6420 206.9103 0077970 257.0519 102.1948 14.32544985233072
GMS 4

120217U 89070A 95135.18902199 -.00000293 00000-0 10000-3 0 1887
220217 0.9727 76.2938 0003663 44.9924 318.8621 1.00260562 21424
GOES 7

1175610 87022A 95135.93320383 .00000076 00000-0 10000-3 0 3860
217561 2.2557 72.9343 0003977 347.0243 13.8204 1.00289650 13313
NOAA 9

115427U 84123A 95138.58569980 .00000039 00000-0 44664-4 0 2558
215427 99.0017 197.1310 0015348 356.0053 4.0994 14.13705899537730
Nimbus 7

111080U 78098A 95136.65102951 -.00000088 00000-0 -41412-4 0 5018
211080 99.0046 11.9994 0008884 322.4269 37.6261 13.83710808836190
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Spacenet 2 (S2)
6

Telstar 302 (T2)  Spacenet 3 (S3)
® g7

Galaxy 7 (G7) 91°

Galaxy 3 (G3)
93.5¢

Telstar 401 (T1) o
e Galaxy 4 (G4) 99

Spacenet 4 (S4)
1012

Anik E2 (A1)
107.3

| SCPC/FM2 (AP) Sega Channe} Hero Teleport Exxxtasy (Adult) .
SC New York {V2+} oN ey finteractive digital] IR [V24INTC SCPC services [ Data Transmissions | Spice (adult) [V2+] ¢
Nebraska
GEMS TV (Spanish) | WHDH-NBC Boston
V2s] Virginia EdNet/oiv Educ(a':lEqrvna)I ™ CBS Westl [VC1] CBU feeds/on (none) SCPC services (Atlantic 3) V2+} Spice 2 {adult) (V24)
- T *
armount
| USIA Worldnet TV I SyndicategiShod LR HIG asst Action PPV [V24] oV | Syndication SCPC services l Data Transmissions on
feeds/on [V2+] |
|» o - __teeds/olv
Nebraska i WUSA-CBS
(GanaldEiGanales oN | Educational TV fX East oN Fox feeds SCPC services | Washington (Atlantic Rl GRclENide0
SUR {Spanish) I (NETV) | | 3) V2] Store {V24}
) i 4 l
NASA Contract | IMGiSypdlvated '
. oV Univision {V24] X West Fox News Feeds/onN feeds/NC Open ov Data Transmissions on
Channel [Leitch] | | NeVo
T —t—
. KNBC-NBC Los
Game Show Network American | Buena Vista TV Shepard's Chapel
Data Transmissions oN {none}) (V2] independent Network Tk Network {Rel) Angele&gtlTZdW) (none)
- — — - —_L 1
TumerVision The Golf Channel | ‘ ) .
(none) Infomercials/onv | Data Transmissions V241 ‘ RAlfov 1 Fox feeds oV Data Transmissions JEELIHENE(ETNI]
Syndicated show High Tech ‘ Telemundo [GI KOMD-ABC Seattle Global TV
Data Transmissions feeds/ol , Data Transmissions | HBO East2 [V2+] Channeljo/v PBS X Digicipher] {PT24W) [V2+] [Leitch)Global leeds:
Radiotelevisao Antenna Satellite TV o |
WPIX-Ind New York MCI (Andover) BBC Breakfast | Empire Sports
NASA TV Portuguesa {V2+)}MHigh Tech Fox SNG feeds Data Transmissions
Internacional va+] contract chaanel/on G News/on Network (V2+]
. Unied Arab Emirates WABC-ABC New | WFLD-Fox Chicago
Data Transmissions J LY:IVENEIRI I Data Transmissions TV Dubal oV ! Fox SNG feeds York (PT24E) [V2+) (PT24E) [V24] | Channel America
_ ! |
q 1
SC Philadelphia Syndicated show Estacion Montellano Keystone STARZI Encore 8
(v2+] feeds/on GNH feeds (Spanishrsl)/or | International (Rel) AECiRgcs oN [v2+] oN
—— SE—
Data Transmissions The Outdoor Channel | Data Transmissions ]Hume Shsc:’;::ﬁng GItY {none) LABC NewsOne feeds on Data Transmissions CTV (Blue)/oiv
{digital |
Data Transmissions oN SCPC/FM2 services compression?] on Fox East oV Data Transmissions ov
Data Transmissions NPS Promo Channet CNN [Leitch) HBO West 2 {V2+] on Fox West WRAL-CES Raleigh Data Transmissions o
(PT24E) [V24]
Exxxtreme TV - ] Global
HERO Teleport KTLA-Ind Los Exxxtasy 2 (adutt) World Harvest TV
e Promos (adult) TV [V24] oN Data Transmissions feeds/Exxxtasy
[Digicipher] v2s] Angeles [V2+] ’ ‘ V24 (Rel) promosio
Data Transmissions Wv EdNet/ov Cilllintermatignal Access T¥/on ESRRIICngt Ipal o CBS West [VC1] Data Transmissions CTV (Green)
1 {Leitch] {B-MAC]
Data Transmisslons ov | FM2/SCPC services VIaJvF{hams Shop at Home {SAH) oN (N SRR Data Transmissions SN
' shogpiag [V24}
T " Merchandise and | - ) R | =0
Shop-at-Home/In-sto . WPLG-ABC Miami Video Catalog
(none) oN relradioTaudio CBS feeds/op Univision feeds/opv oV CBS feeds {VC1]/o/v (Aantic 3) [V2+] Channel
SSN Sportsouth
(V2+)/ American | United Paramount TV Northemn Canada
Data Transmissions oV Collectables CBS East [VC1] Network/ov (LY ENAIRIIIAEE Data Transmissions (TVNC)
Network

Armed Forces Radio ABC East Natlonal Newloundiand TV
& Television Service contingency Shop-at-Home Empowerment TV oy ABC East [Leitch) CBS East {VC1} Data Transmisslons (NTV) |
B-MAC] channed} {Leitch] (NET) “
La Cadena de America's Wamer Brothers '

B Ne[""’;:']qla"d Skwisé';';::;"m"“ SSN(:Z:)TV%T;"S Milagro {Spanish llectabl LI =R R(CT [l Syndication-Network | Data Transmissions TV 5 (French)
rel) (ACN) /CBS feeds/on
LVTN/Around World
Syndicated show o WXIA-NBC Atlanta [ 3 Angels

l Newsport (V2+) feeds/olv Data Transmissions | NewsTalk Tetevision Anav[g;:l;/(oa:ult) ABC West [Leitch) (PT24E) [V24] Data Transmissions Broadcasting (Rel) "

Exxxtreme TV/The

NHK TV Japan SSN Home Teams " .

AWt dents | oN Sports (HTS) [V24) X Maoviss oN ABC East [Leitch] (none) Data Transmissions C::;:I:l)e[t:;‘rr
S [ | KPIX-CBS San )
Plus-ov [V24] TV Erotica [V24] America One HBO East 3 {V2+] oN | Bestof NASATV/ojv | GBS Newspath feeds | Francisco (PT2aw) CTV {Red)

V2¢]
— 1
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By Robert Smathers

Solidaridad 1
(SD1) 109.2°

Telesat E1 (A2)
ne

Moretos 2 (M2)
116.8°

Galaxy 5 (GS) S

Telstar 303 (T3)
; 125°

123

atcom C3 (F3)
131

Galaxy 1R (G1)
133

Satcom C4 (F4)
135

Satcom C1(F1)
13r

Satcom C5 (F5)
139¢ West

' American Movie |
| | Family Channel West | Comedy Central SC Hawaii/SC
Data Transmisslons | Data Transmissions I TVN 1 PPV [V24] Disney East [V2+] [V24] Wost V2+} ClassilcszilAMc) ! Chicago Plus/on (none) |
| |
T 1
Playboy (Aduit) The Learning Spanish lznguage  Request TV PPV [GI  AIRTERY IR ELIT
Data Transmisslons | TVNZ PPV [V2r) [v2+] Channel networks (SAMPEG]  Digicipher] Vel ACOnE)
Trinity Broadcasting |Viewer's Choice PPV [ Nickelodeon East KRMA-PBS Denver "
SCPC services Data SCPC Data Transmissions | TVN 3 PPV [V24] (Rel) [v2+] Encore [V2+] V24] V24l SCPC services ‘
= e — N
e, TV Food Network [GI ' \
(none) Data SCPC Data Transmissions | TVN4 PPV [V24] Sci-Fi {V24] | Lifetime Wes! [V2+] Digicipher] Litetime East [V2+] SC Pacitic [V2+] {none)
|
— B e— +— —3 — ‘ 1 |
‘ | . | Faithand values |  Classlc Arls Deutsche Welle TV l KDVR-Fox Denver
(none) | Data SCPC Data Transmisstons | TVN 5 PPV [V24] CNN [V24] . Channel/ACTS (Rel) | Showease | {German) V24l { Data Transmissions l
- S— — +— - - l _{‘
WDIV-NBC Detroit WTBS-Ind Atlanta | Madison Square KMGH-CBS Denver
Telemax [Dak] Data Transmissions | TVN 6 PPV [V24] V24) CourtTV 2-Music Garden 1 {V2+] V24l {none)
— e 1 ‘} T —1- —
YEQ-TV canal 9 | DataSCPC | Data Transmissions | TVN7 PPV [V2+] | WG“"{'V“ZE:""“ C-SPANT | DisneyWestIV2el | Bravo[V2e] | ss“vfe';;"lflgf]""s Data Transmissions
- i L — B ‘ —3
Cancom {CHCH City, g | i
(none) TN XhiC canal 5/0-CVC | TVNBPPY Vel | MBOWestivze) | OVGZFastion | Cartoon Newark | prevus Guide NBC-East {none)
MPEG] annel ' IV24] i
by | B — e ——
O — sC |
‘ The Weather TVN 9 PPV/CVS I Music Choice [digital IS PAELTIN i [
} o | Network (none) v24] ESPN (V2+] Sl [V2+/SAH QvC Network | Alt/Kasleng'u/El;vope -DI | Data Transmissions |
13 L § ! ' J
WXYZ-ABC Detroit Ostrich Emu |Home Shopping Club | America's Taiking YMume Shopping Club { Prime Sports SW ) |
Mexican Parliament [0ak] SEP TV/Superior MDR Music | 2 [vV2+] [ 1 [V24] (none)
Livestock Auction M
i T - — = (- 1 |
CBC-North Pacitic . tmily Channel East |, . | Eternal Word TV . e |
(none) () XEIPN canal 1 [ Data Transmissions (V24] }ane Network [V2+] Network (Rel) L CEGP RN E  Network One 'N1 Data Transmissions
— s } p—— - |
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SATELLITE SERVICES CUIDE

Geostationary Satellite Locator Guide By Larry Van Hom
This guide shows the orbital focations of active geostationary satellites at 0BJ INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE
publication deadline. Current launch developments can be followed in ST's Space NO. (DEG)
Launch Report column. Satellite location information was supplied to Sateflite
Times by NASA’s Goddard Space Flight Center-Orbital information Group. We are
particularly grateful to the following for providing satellite background information: 21821 1991-087A Raduga 28 (Russia) 34.6E  Gov/Mil (C)
Molniya Space Consultancy — Mr. Phillip Clark; Kaman Sciences Corporation — 20953 1990-102A Gorizont 22 (Russia) 402E/i  Dom/Gov (C/Ku)
Dr. Nicholas Johnson; NASA NSSDC/WDC-A, Goddard Space Flight Center; GFSC 23200 1994-049B Turksat 1B (Turkey) 42.6E  RegFSS (Ku)
Oribtal Info Group — Mr. Adam Johnson; University of New Brunswick - Mr. 23010 1994-012A Raduga 31 (Russia) 45.0E  Gov/Mil (C)
Richard B. Langiey; U.S. Air Force Space Command/Public Affairs — Major 14421 1983-105A Intelsat 507 46.0EA/d  Int FSS/Mar (L/C/Ku)
Planalp; U.S. Naval Space Command/Public Affairs - Gary Wagner, Mr. Keith E. 22981 1994-008A Raduga 1-3 (Russia) 48.6E  Gow/Mil (C)
Stein, Satelite Times Staf and Chief D.R. Hill-Florida. 21038 190-1164 Raduga 1-2 (Russia) o It
! 19687 1988-109A Skynet 4B (UK) 53.3E/4  Mil (P/C/Millimeter)
22245 1992-082A Gorizont 27 (Russia) 54.4E  Dom/Gov (C/Ku)
Radio Frequency Band Key 15629 1985-025A Intelsat 510 57.0Ei/d  IntFSS (C/Ku)
Pband 230 - 1.000 MHz 14675 1984-009A DSCS 111 A2 (USA) 60.0B/  Mil-1OR primary (P/C)
L-band 1,000 - 2,000 MHz 20667 1990-056A Intelsat 604 60.0E  INtFSS (C/Ku)
Sband 2,000 - 4,000 MHz 20315 1989-087A Intelsat 602 63.5E  IntFSS (C/Ku)
Cband 4,000 - 8,000 MHz 20918 1990-093A Inmarsat 2 F1 64.4E  intl Mar (L/C)
Xband 8000 - 12,500 MHz 13636 1982-106A DSCS 11 F16 (USA) 64.6Ei  Mil-IOR reserve (C)
Kuband 125 - 18 GHz 13595 1982-097A Intelsat 505 65.06/  IntFSS/Mar (L/C/Ku)
Kband 18- 26.5 GHz 23461 1995-001A Intelsat 704 66.1E It FSS (C/Ku)
Kaband 26.5 - 40 GHz 23448 1994-087A Raduga 32 (Russia) 69.5E  GowMil (C)
Millimeter> 40 GHz 20083 1989-048A Raduga 1-1 (Russia) 70.06h  Gow/Mil (C)
22963 1993-002A Gals 1 (Russia) 71.0E  Dom BSS (Ku)
Service Key 20410 1990-002B Leasat 5 (USA) 71.5E/i  Mil-IOR reserve (P)
BSS Broadcasting satellite service 22787 1993-056A USA 95 (UF0-2) 7156/ Mil-IOR primary (P)
i Domestic 08882 1976-053A Marisat 2 721E/  Intl Mar (PL)
FSS Fixed satellite service 22027 1992-041A Insat 2A (India) 73.9E  Dom (S/C)
Gov Government 20693 1990-061A Cosmos 2085 (Russia) 75.3E/i  Data Relay (C)
i Intertiibral 23327 1994-069A Elektro 1 (Russia) 7626 Met (L)
Mar Maritime 23314 1994-065B Thaicom 2 (Thailand) 78.4E  Reg (C/Ku)
Met Meteorology 22931 1993-0788B Thaicom 1 (Thailand) 784E  Reg (C/Ku)
Mil Military 21111 1991-010A Cosmos 2133 (Russia) 78.7E  Mil-Early Warning
Mab Mabile 23267 1994-060A Cosmos 2291 (Russia) 80.0E  Data Relay (C)
Reg Regional 21759 1991-074A Gorizont 24 (Russia) 80.1E  Dom/Gov (C/Ku)
20643 1990-051A Insat 1D (India) 82.8E  Dom BSS/Met (S/C)
“i" indicates Inclined orbit, orbital inclination greater than 2 degrees 13969 1983-026B TDRS 1 (USA) 84.4E/i  Gov (C/Ku)
“d" indicates the satellite is drifting, moving into a new position or at end of life. 22836 1993-062A Raduga 30 (Russia) 8538 Gov/Mil (G)
18922 1988-014A PRC 22 (China) 87.1E  Dom (C)
22880 1993-069A Gorizont 28 (Russia) 90.0e  Dom/Gov (C/Ku)
12474 1981-050A Intelsat 501 91.2E/i  Int FSS (C/Ku)
0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE 22724 1993-048B Insat 2B (India) 93.4E  Dom BSS/Met (S/C)
NO. (DEG) 21016 1990-112A Raduga 26 (Russia) 94.7E//d  Gov/Mil (C)
23426 1994-082A Luch 1 (Russia) 95.2E/i  Tracking/Relay CSDRN (Ku)
18952 1988-018B Telecom 1C (France 3.0E  Dom/Gov/Mil (C/Ku) 20263 1989-081A Gorizont 19 (Russia) 9616/ Dom/Gov (G/Ku)
19919 1989-027A Tele X (Swed(en) ) 50E  RegBSS (Ku)( 20473 1990-011A PRC 26 (China) 98.2€  Dom (C)
20193 1989-067A Sirius/Marcopolo 1(BSB R-1) 5.1 Reg BSS (Ku) 22210 1992-074A Ekran 20 (Russia) 98.4E  Dom BSS (P)
22921 1993-076A USA 98 (NATO 48) 59E/  Mil(C) 19683 1988-108A Ekra_n 19 (Russm)_ 98.9E/i  Dom BSS (P)
22028 1992-041B Eutelsat Il F4 71E  Reg (Ku) 21922 1992-017A Go_rlzont 25 (Russia) 102.9E  Dom/Gov (C/Ku)
21056 1991-003B Eutelsat I F2 10.0E  Reg (Ku) 20558 1990-030A Asiasat 1 105.4E  Reg (C/Ku)
22557 1993-013A Raduga 29 (Russia) 11.2E  Gov/Mil (C) 20570 1990-034A Palapa B2R 107.9E  Reg (C)
22269 1992-088A Cosmos 2224 (Russia) 11.7E  Mil-Early Warning 21668 1991-060A BS-38 (Yuri 3B)(Japan) 109.0E Dom BSS (Ku)
23537 1995-016B Hot Bird 1 (Eutelsat) 12.6E  DBS (Ku) 23176 1994-0408 BS-3N (Japan) 109.5€  Dom BSS (Ku)
19596 1988-095A Raduga 22 (Russia) 127/ Gov/Mil (C) 20771 1990-077A BS-3A (Yuri 3A)(Japan) 109.9E  Dom BSS (Ku)
20777 1990-0798 Eutelsat Il F1 13.1E  Reg (Ku) 19710 1988-111A PRC 25 (China) 110.38  Dom (C)
21055 1991-003A Italsat 1 (ltaly) 131E  Dom-Telephone (S/Ku/Ka) | 17706 1987-029A Palapa B-2P 1126 Reg (C)
21803 1991-083A Eutelsat 1| F3 16.0E  Reg (Ku) 14985 1984-049A Chinasat 5 (Spacenet 1) 115.4E  Dom (C/Ku)
23331 1994-070A Astra 10 19.1E  Reg BSS (Ku) 21964 1992-027A PalapaB4 117.8E  Reg (C)
22653 1993-031A Astra 1C 192 Reg BSS (Ku) 15152 1984-080A GMS-3 (Himawari 3) (Japan) 121.1E/i  Met (P/L) Reserve
19688 1988-1098 Astra 1A 19.3F  Reg BSS (Ku) , spacecraft
21139 1991-015A Astra 18 193 Reg BSS (Ku) 21132 1991-014A Rad'uga 27 (Ru_ssna) 128.1E4  Gov/Mil (C/Ku)
14234 1983-077A Telstar 3A (301) (USA) 199 Dom (C) 22907 1993-072A Gorizont 29 (Rimsat 1) 129.9e  Dom/Gov (C/Ku)
19331 1988-063B Eutelsat 1 F5 216E  Reg (Ku) 18877 1988-012A CS 3A (Sakura 3A)(qapan) 131.8E Dom (C/Ka)
13010 1981-122A Marecs 1 (ESA) 22.3E/  Intl Mar (L/C) 14134 1983-059C Palapa B1 (Indonesia) 134.0E/i  Regional (C)
22175 1992-066A DFS 3 (Germany) 23.7E  Dom BSS (Ku/Ka) 19508 1988-086A CS 3B (Sakura 3B) (Japan) ~ 135.9E  Dom (C/Ka)
18351 1987-078B Eutelsat 1 F4 (ECS 4) 25.5E  Reg (Ku) 23185 1994-043A Apstar A1 (China) 137.9E  Reg FSS (C)
11622 1979-0988 DSCS I1 E15 (USA) 27.9Ei/d  Mil-reserve (C) 20217 1989-070A GMS 4 (Himawari 4) 1401 Met (PAL)
20706 1990-063B DFS 2 (Germany) 29.1E  Dom BSS (Ku/Ka) 20107 1989-052A Gorizont 18 (Russia) 14038/ Dom/Gov (C/Ku)
21894 1992-0108 Arabsat 1C 30.9E  Reg FSS/BSS (S/C) 23108 1994-030A Gorizont 30 (Rimsat 2) 142.8  Reg (C/Ku)
20041 1989-041B DFS 1 (Germany) 33.5E  Dom BSS (Ku/Ka) 20923 1990-094A Gorizont 21 (Russia) 14498/ Dom/Gov (C/Ku)
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0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE 0BJ  INT-DESIG/COMMOM NAME LONG TYPE SATELLITE
NO. (DEG) NO. (DEG)

19874 1989-020A JCSAT 1 (Japan) 150.0e  Dom (Ku) 15237 1984-093D Telestar 3C (302) (USA) 851W  Dom (C)

18316 1987-070A ETS V (Japan) 150.3E/i  Reg (L/C) 16482 1986-003B Satcom K-1 (USA) 85.0W  Dom (Ku)

23227 1994-055A Optus B3 (Australia) 1512 Dom/Mob (I/Ku) 16276 1985-109D Satcom K-2 (USA) 81.0W  Dom (Ku)

20402 1990-0018 JCSAT 2 (Japan) 153.98  Dom (Ku) 15235 1984-093B SBS 4 (USA) 76.9W  Dom (Ku)

18350 1987-078A Optus A3 (Aussat K3) 15598 Dom (Ku) 12309 1981-018A Comstar D4 (USA) 76.0W/i  Dom (C)

22253 1992-084A Superbird A (Japan) 15798 Dom (Ku/Ka) 14133 1983-059B Anik C2 (Argentina) 75.8W/i  Dom (Ku)

23522 1995-011B GMS-5 (Himawari 5) 159.7E  Met (P/L) 23051 1994-022A GOES 8 (USA) 743W  Met (L)

22087 1992-054A Optus B1 (Aussat B1) 160.0e  Dom/Mob (L/Ku) 20873 1990-091B Galaxy 6 (USA) 742W  Dom (C)

21893 1992-010A Superbird B (Japan) 162.0e  Dom (Ku/Ka) 13651 1982-110B SBS 3 (USA) 74.0W/i  Dom (Ku)

16275 1985-109C Optus A2 (Aussat 2) 164.0E  Dom (Ku) 15642 1985-0288 Anik C1 (Argentina) 71.9W  Dom (Ku)

23175 1994-040A PanAmSat 2 (PAS-2) 168.9E  Reg (C/Ku) 12855 1981-096A SBS 2 (USA) 71.0WA4  Dom (Ku)

12046 1980-087A OPS 6394 (Fitsatcom F4)(USA)172.5E/i Mil-POR reserve (P-Bravo) 23199 1994-049A Brazilsat B1 (Brazil) 70a4W  Dom (C)

22871 1993-066A Intelsat 701 174.0  Int FSS (C/Ku) 15385 1984-114A Spacenet 2 (USA) 69.1W  Dom (C/Ku)

20202 1989-069A DSCS i BS (USA) 175.08/i  Mil-WPAC primary (P/C) 19215 1988-051A Meteosat P2 (ESA) 68.7W/i  Met (L)

23305 1994-064A Intelsat 703 176.98  Intl FSS (C/Ku) 16650 1986-0268 SBTS 2 (Brazil) 65.0W  Dom (C)

21814 1991-084B inmarsat 2 F3 178.1E  Mob-POR (L/C) 15561 1985-0158 SBTS 1 (Brazil) 63.1W  Dom (C)

15873 1985-055A Intelsat 511 180.0e  IntFSS (C/Ku) 23536 1995-016A Brasilsat B2 (Brazil) 60.9W  Dom (C/X)

16117 1985-092C DSCS Il BS (USA) 180.0E  Mil-WPAC reserve (P/C) 21940 1992-021B inmarsat 2 F4 541W/i  Inti Mob-AOR-W (L/C)
23467 1995-003A USA 108 (UF0-4) (USA)  1782W/A  Mil-POR (L/C/K) 19121 1988-040A Intelsat 513 53.0W  Int FSS (C/Ku)

09478 1976-101A Marisat 3 178.0W/i  Intl Mar-POR (P/L/C) 20203 1989-069B DSCS 111 B10 (USA) 52.5W  Mil-WLANT primary (P/C)
15236 1984-093C Leasat 2 (USA) 177.6W/i  Mil-POR primary (P) 23528 1995-013A Intelsat 705 51.9W  Intl FSS (C/Ku)

12994 1981-119A Intelsat 503 176.9W/i  Int FSS (C/Ku) 14077 1983-047A Inteisat 506 50.0W/i/d  Int FSS (C/Ku) Replace 504
10061 1977-048A GOES 2 174 6W/i  Met (L) 22314 1993-003B TDRS F6 (USA) 46.3W  Gov (C/Ku)

21639 1991-054B TDRS F5 (USA) 174.4W  Gov (C/Ku) 19217 1988-051C PanAmSat 1 (PAS 1) 45.0W  Reg (C/Ku)

19548 1988-091B TDRS F3 (USA) 171.6W  Gov (C/Ku) 16116 1985-092B DSCS |11 B4 (USA) 42.5W  Mil-ATL reserve (P/C)
20499 1990-016A Raduga 25 (Russia) 169.5W/i/d  GovMil (C) 19883 1989-021B TDRS F4 (USA) 41.0W  Gov (C/Ku)

18631 1987-100A Raduga 21 (Russia) 169.4W/i  Gov/Mil (C) 12089 1980-098A Intelsat 502 41.0W/i  Int FSS (C/Ku)

21392 1991-037A Satcom C5 (Aurora I)(USA) 139.0W  Dom (C) 23413 1994-079A Orion 1 (USA) 37.6W  IntFSS (Ku)

20945 1990-100A Satcom C1 (USA) 137.2W  Dom (C) 20523 1990-021A Intelsat 603 34.6W  IntFSS (C/Ku)

17561 1987-022A GOES 7 (USA) 136.2W/i  Met (L) 20401 1990-001A Skynet 4A 34.0W  Mil (P/C)

22096 1992-057A Satcom C4 (USA) 135.0W  Dom (C) 13083 1982-017A Intelsat 504 31.3W/i  IntFSS (C/Ku)

22915 1993-074A DSCS 111 B14 (USA) 135.0W/i  Mil-EPAC primary (P/C) 22116 1992-060A Hispasat 1A (Spain) 30.2W  Dom (Ku)

23016 1994-013A Galaxy 1R (USA) 133.0W  Dom (C) 22723 1993-048A Hispasat 1B (Spain) 30.0W  Dom (Ku)

22117 1992-0608 Satcom C3 (USA) 1311w Dom (C) 21765 1991-075A Intelsat 601 27.5W  IntFSS (C/Ku)

13637 1982-106B DSCS Il1 A1 (USA) 130.0W/i  Mil-EPAC reserve (P/C) 19928 1989-030A Raduga 23 (Russia) 24.6W/i  Gov/Mil (C)

21906 1992-013A Galaxy 5 (USA) 1251W  Dom (C) 21653 1991-055A Intelsat 605 24.6W  IntFSS (C/Ku)

16649 1986-026A Gstar 2 (USA) 125.0W  Dom (Ku) 23168 1994-038A Cosmos 2282 (Russia) 242W  Mil-Early Warning
15826 1985-048D Telestar 3D (USA) 1231W  Dom (C) 22112 1992-059A Cosmos 2209 (Russia) 23.6W  Mil-Early Warning
19484 1988-081B SBS 5 (USA) 123.0W  Dom (Ku) 20253 1989-077A USA 46 (Fltsatcom 8) 22.4W/i  Mil-AOR primary (P-Charlie/K)
16274 1985-109B Morelos B (Mexico) 116.9W  Dom (C/Ku) 21989 1992-032A Intelsat K 21.6W  IntFSS (Ku)

13652 1982-110C Anik C3 (Canada) 1149W/i  Dom (Ku) 16101 1985-087A Intelsat 512 21.3W  IntFSS (C/Ku)

23313 1994-065A Solidardad 2 (Mexico) 113.0W  Dom (C/Ku) 15391 1984-115A NATO 11 D 21.0W/i  Mit(P/C)

21726 1991-067A Anik E1 (Canada) 111.2W  Dom (C/Ku) 20705 1990-063A TDF 2 (France) 19.0W  Dom BSS (Ku)

22911 1993-073A Solidaridad 1 (Mexico) 109.2W  Dom (C/Ku) 19621 1988-098A TDF 1 (France) 18.9W  Dom BSS (Ku)

21222 1991-026A Anik E2 (Canada) 107.3W  Dom (C/Ku) 19772 1989-006A Intelsat 515 18.1W  IntFSS (C/Ku)

08697 1976-017A Marisat 1 106.4W/i  Intl Mar-AOR (P/L) 21047 1991-001A NATO IV A 17.9WA  Mil (P/C)

08747 1976-023B LES 9 (USA) 105.6W/i  Mil (P/C) 18384 1987-084A Cosmos 1888 (Russia) 16.2W/i  Data Relay (C)

15643 1985-028C Leasat 3 (USA) 105.3W/i  Mil-CONUS reserve (P) 20391 1989-101A Cosmos 2054 (Russia) 16.1W/i  Tracking/Relay WSDRN (Ku)
20946 1990-100B Gstar 4 (USA) 105.1W  Dom (Ku) 21149 1991-018A Inmarsat 2 F2 15.5W/i  Intl Mob-AOR-E (L/C)
03029 1967-111A ATS 3 (USA) 104.8W/i  Exp 15386 1984-1148 Marecs B2 14.9W/i  Intl Mar (L)

15677 1985-035A Gstar 1 (USA) 103.1W  Dom (Ku) 10669 1978-016A Ops 6391 (FitSatCom 1) (USA)14.8W/i  Mil-AOR reserve (P-Alpha)
22930 1993-078A DBS 1 (USA) 101.3W  Dom BSS (Ku) 23132 1994-035A USA-104 (UFO-3)(USA) 14.7W/A  Mil-AOR primary (P)
23553 1995-019A MSAT-2 (USA) 101.2W  Mob (L/X) 21789 1991-079A Cosmos 2172 (Russia) 13.9W  Data Relay (C)

21227 1991-028A Spacenet 4 (USA) 1011w Dom (C) 23319 1994-067A Express 1 (Russia) 13.8W  Regional (C/Ku)
23192 1994-047A DBS 2 (USA) 100.8W  Dom BSS (Ku) 22009 1992-037A DSCS 11 B12 (USA) 12.0W  Mil-ELANT primary (P/C)
22796 1993-0588 ACTS (USA) 100.1W  Exp (Ka) 22041 1992-043A Gorizont 26 (Russia) 11.0W  Dom/Gov (C/Ku)
17181 1986-096A USA 20 (Fitsatcom F7)(USA)  99.1W  Mil-CONUS primary (P/C) 22912 1993-073B Meteosat 6 (ESA) 10.0W  Met(L)

22694 1993-039A Galaxy 4 (USA) 99.1W  Dom (C/Ku) 21813 1991-084A Telecom 2A (France) 8.0W  Dom/Gov/Mil (C/Ku)
22927 1993-077A Telstar 401 (USA) 97.0W  Dom (C/Ku) 19876 1989-020B Meteosat 4 (MOP 1)(ESA) 8.0W  Met (L)

08746 1976-023A LES 8 (USA) 95.9W/i  Mil (P/C) 21939 1992-021A Telecom 2B (France) 51W  Dom/Gov/Mil (C/Ku)
20872 1990-091A SBS 6 (USA) 94.9W  Dom (Ku) 23124 1994-034A Intelsat 702 1.1W  Int FSS (C/Ku)

15308 1984-101A Galaxy 3 (USA) 93.5W  Dom (C) 20776 1990-079A Skynet 4C (UK) 1.0W  Mil (P/C)

19483 1988-081A Gstar 3 (USA) 93.1W/A  Dom (Ku) 20762 1990-074A Thor/Marcopolo 2 (BSBR-2)  0.9W  Reg BSS (Ku)

22205 1992-072A Galaxy 7 (USA) 91.1W  Dom (C/Ku) 20168 1989-062A TV Sat 2 (Germany) 0.6W/d  Dom BSS (Ku)

22988 1994-009A USA 99 (Milstar 1) 90.0W  Mil (P/K) 21140 1991-015B Meteosat 5 (MOP 2) 01W  Met (L)

18951 1988-018A Spacenet 3R (USA) 87.1W  Dom (L/C/Ku)
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Satellite

OSCAR 13
(A0-13)
(Note 1)

OSCAR 10
(A0-10)
(Note 2)

RS 10/11
(Notes 3,)
485

R$-12/13
(Notes 3, )
6&7

RS-15

UoSat 11
(Uo-ly

PACSAT
(AO-16)
(Notes 8,9
& 12)

DOVE
(DO-17)
(Notes 10
& 12)

WEBERSAT
(W0-18)
(Note 12)

LUSAT
(LO-19)
(Notes 8
&12)
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Mode

B (V)

Bcns

S (u/S)

Ben

B (uV)

Ben

A (VIA)

Ben

K (h/A)

Ben

A (v/a)

Bens

[a]

(bl

(a]

(a]

Frequencies

Dn 145.828 838 8148 858 868 878 888 898 908 918 928 9138 948 9158 968 145978
} | } ! } | } } } |

Up 435.570 560 550 540 530 520 510 500 490 480 470 460 450 440 430  435.420

145.812 145.985

Dn  2400.711 720 730 740  2400.747

| } l i Il

Up 435.601 610 620 630  435.637

2400.650

Dn 145|.825 835 845 855 8165 875 BIBS 8l95 905 915 925 935 945 9155 9‘65 14|5.975

| i ! | 1 1 it |

Up 435.179 169 159 149 139 129 119 109 099 089 079 069 059 049 039 435.029

145.910

Dn 29.360 370 380 390 29.400 29.403

1 ! } } | Robot —

Up 145.860 870 880 890 145.900 145.820

29.357

Dn 29.410 420 430 440 29.450 29.454

! - | ~+— Robot L
Up 21.210 220 230 240 21.250 21.129
29.408
NOTES
Dn 29.354 29364 29374 28384  29.394 1. AQ-13 carries a 70 cm trammitter for Modes J and L. However, this transmitter
} % +—t t failed in mid-1993 and has been inoperative since.

Up 145858 145868 145878 145888 145898 2. The AD-10 beacon is an unmodulated carrier. This satellite has suffered
computer damage making it impossible to orient the satellite for optimum
service or solar illumination. In order to preserve it as long an possible, do not

Dn 145.826 435.025 2401.500 transmit to it when you hear the beacon FMing.

3. RS-10/11 and RS-12/13 are each mounted on common spaceframes, along

Up  None with comunication and navagation packages.

4. RS-10 has been in Mods A for some months, but also has capability for Mode T
(21.160-21.200 Uplink, 145.860-145.900 Downlink), Mode K (21.160-21.200
Uptink, 29.360-29.400 Downiink) as well as combined Modes K/A and K/T using

On 437.025 (Se_c) 437.050 these same frequency combinations.

5. RS-11is currently turned off. If activated, it has capability for Mods A (145.910-

Up 145900 145920 145940  145.960 145.950 Uplink, 29.410-29.450 Downink), Made T (21.210-21.250 Uplink,
145.910-145.950 Downlink), Mode K (21.210-21.250 Uplink, 29.410-29,450
Downlink) as well as combined Modes K/A and K/T using these same frequency

Dn 145.825 2401.220 combinations.

6. RS-12 has been in Mode K for some months, but also has capability for Mode A

Up None (145.910-145.950 Uplink, 29.410-29.450 Downlink), Mode T (21.210-21.250
Uplink, 145.910-145.950 Downtink) an well as combined Modes K/A and K/T
using these same frequency combinations.

Dn 437.075 437.100 (Sec) 7. RS-13is currently turned off. If activated, it has capability for Mode A (145.960-
146.000 Uplink, 29.460-29.500 Downlink), Made K (21.260-21.300 Uptink,

Up None 29.460-29.500 Downtink), Mode T (21.210-21.250 Uptink, 145.960-146.000
Downlink) as well as combined Modes K/A and K/T using these same frequency
combinations.

S.  Transmitters on both AO-16 & LU-19 are currently using Ralsed Cosine Mode.

Dn 437125 437150 (Sec) 9. AO-16 users are encouraged to sefect 145.900, 145.920 and 145.940 for
uploading and 145.960 for directory and/or file requests.

Up 145.840  145.860 145.880 145.900 10. DOVE is designed to transmit digital voice messages, but due to hardware and
software difficulties, it has not yet met this objective except for a few short tests.
Recently, it has been transmitting telemetry in normal AX-25 AFSK packet.

11. Letters in [ ] represent digital formats, as follows:
[a] 1200 bps PSK AX-25
[b] 1200 bps AFSK AX-25
[c] 9600 bps FSK
[d] Digitized voice (Notes 8 & 9)
12. P0-28 is available to amateurs on an intermittent, unscheduled basis.
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atellit

JAs-Ih
(FO-20)
(Note 12)

OSCAR 22
(U0-22)

KITSAT A
(K0-23)

KITSAT B
(K0-25)

IT-AMSAT
(10-26)

EYESAT
[AMRAD
(R0-27)

POSAT
(PO-28)
(Note 13)

Mode

JA
Linear

Ben

JD {a}
Dgti

(e}

[c]

lac]

{ba]

[cl

o]

Frequencies
Dn 4351.800 810 8?0 8?0 840 850 8'60 870 8|80 8?0 435.900
Up 146.000 990 980 970 960 950 940 930 920 910 145.900
435.795
Dn 435910
Up 145.850 145.890 145910
Dn 435.120
Up 145.900 145.975
Dn 435173
Up 145.850 145.900
Dn 435175 436.500
Up 145.870 145.980
Dn 435.820 (Sec.)  435.867
Up 145875 145.900 145925 145950
Dn 436.800
Up 145.850
Dn 435.250 435.280
Up 145.925 145.975
Up & Dn 145.550
& FM voice

Compiled by
AMSAT

The Radio Amateur Satellite Corp.
PO Box 27 Washington, DC 20044
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Satellite Launch Schedules

By Keith Stein

Space Transportation System (STS-NASA)

Space Shuttles are launched from the Kennedy Space Center, Florida.

Mission Launch Oate/ Inclination  Mission Mission/Cargo

Number Orbiter Altitude Ouration Bay/Payloads

STS-69 July 1995/ 28.4/200 11 days SPTN 201-03
Endeavour*

STS-73 Sept. 1995/ 39.0/150 16 days USML-02
Columbia**

*Crew Assignment: CDR-David M. Walker, PLT-Kenneth D. Cockrell, MS
(PLC)-James S. Voss, MS-Michael L. Gernhardt, MS-James H. Newman.

* *Crew Assignment: CDR-Kenneth D. Bowersox, PLT-Kent V. Rominger, MS
(PLC)-Kathryn C. Thornton, MS-Catherine G. Coleman, MS-Michael E. Lopez-
Alegria, PS-Fred W Leslie, PS-Albert Sacco, Jr.

STS Downlink Frequency Assignment: VHF Voice 259.7 and 296.8 MHz, S-
band TRK 2041.9 MHz, S-band TLM 2106.4 MHz, TTC&V (TDRSS) 2217.5 and
2287.5, K-band TLM (TDRSS) 15003.4 GHz.

Russian Expendable Launch Vehicles

Launch Launch Launch
Date Vehicle Site Payload
July 1995 Soyuz Baikonur PROGRESS M-29
July 1995 Cyclone Plesetsk SICH-1 &
FASAT-ALFA
August 1995 Soyuz Baikonur SOYUzZ TM-22
August 1995 Molniya Baikonur IRS-1C
September 1995 Soyuz Baikonur Progress M-30
September 1995 Cosmos Plesetsk COSMOS
FAISAT 2

PROGRESS Downlink Frequency Assignment: 165.000 MHz, 166.000 MHz, and
922.755 MHz.

FASAT-ALFA Downlink Frequency Assignment: 400-401 MHz.

S0YUZ TM-22 Downlink Frequency Assignment: 121.750 MHz

COSMOS Downlink Frequency Assignments: 149.910-150.030 MHz,

FAISAT 2 Downlink Frequency Assignments: 137-138 MHz, and 400-401 MHz.

U.S. Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload

July 1995 Pegasus XL VAFB TOMS-1

July 1995 Conestoga WFF METEOR

July 1995 Atlas 2AS CCAS JCSAT 3

July 1995 Pegasus VAFB MSTI-3

August 1995 Delta li CCAS XTE

September 1995 Pegasus XL WWF SAC-B/HETE

September 1995 Delta Il VAFB RADARSAT
SURFSAT

September 1995 Titan 4 CCAS MILSTAR 1-2

September 1995 Atlas 2-A CCAS GALAXY llI-R
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PEGASUS Downlink Frequency Assignments: Telemetry 2288.500 MHz,
Tracking Transponder (transmit/downlink) 5765.000 MHz.

TOMS Downlink Frequency Assignments: S-band TLM 2273.500 MHz
METEOR Downlink Frequency Assignments: L-band 1613.800 MHz, S-band
2315.000 MHz and 2491.750 MHz, and C-band 5765.000 MHz.

Deita Il Downli... Frequency Assignments: S-band TLM 2244.5 MHz, 22415
MHz, 2252.5 MHz, C-band TRK 5765.0 MHz.

XTE Downlink Frequency Assignments: S-band TLM 2287.5 MHz.

SAC-B Downlink Frequency Assignments: 2255.5 MHz.

HETE Downlink Frequency Assignments: 137.96 MHz and 2272.0 MHz.
RAOARSAT Downlink Frequency Assignments: 2230.0 MHz.

European Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload
July 1995 Ariane 4 Guiana HELIOS-1
August 1995 Ariane 4 Guiana TC2C
September 1995 Ariane 4 Guiana IS0

Ariane 4 Downlink Frequnecy Assignments: S-band TLM 2203.0 MHz, 2206.0
MHz, and 2218.0 MHz.

HELIOS-1 Downlink Frequency Assignments: S-band TLM 2200-2220 MHz,
2206.53 MHz, TRK 2200.2220 MHz, and X-band TLM 8253.0 MHz.

TC2C Downlink Frequency Assignments: S-band TLM and TRK 2207.13 MHz.
IS0 Downlink Frequnency Assignments: S-band TLM and TRK 2266.5 MHz.

List of Abbreviations and Acronyms

C-band 3700 to 6500 MHz

CCAS Cape Canaveral Air Station.

CDR Commander.

COSMOS Russian navigation satellite.

FAISAT 2 The system will provide data acquisition services, remote monitoring,
tracking, personal and business non-voice messaging, and emergency
communications/distress calls.

FASAT FASAT-ALFA will become the first Chilean satellite. The main mission
abjective is ozone layer monitoring, remote sensing, and data transfer.

GALAXY 3R Principal applications include network TV, radio, VSAT, business video and

data services.
GHz Gigahertz.

HELI0S-1 The main objective of the HELIOS system is to provide the Italian, Spanish
and the French defense systems with remote sensing data.

HETE High Energy Transient Experiment, a spacecraft to study gamma ray burst
sources and source locations, and x-ray burst sources and source locations.

IRS-1C The Indian Remote Sensing satellite will provide improved image resolution,

onboard recording, stereo viewing capability and more frequent revisits.
1SO The Infrared Space Observatory will conduct imaging, photometric,
spectroscopic and polarimetric observations of selected sources.

JCSAT Japanese telecommunication satellite.

K-band 10.90 to 17.15 GHz.

METEOR Muttiple Experiment Transporter to Earth Orbit and Return, designed to
provide experimenters access to a low earth orbit with several years of orbital
lifetime.

MHz Megahertz.

MILSTAR A telephone switchboard in space to route ali military message traffic and

conversations around the world.
MS Mission Specialist.

MSTI Miniature Seeker Technology Intregation satellite will be launched into the
same orbit as MSTI-2 to conduct dynamic stereo observations of tacticai
missite launches and Earth backgrounds.

PLC Payload Commander.

PLT Pilot

Progress Unmanned cargo flight to resupply manned space station.
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European telecommunications satellite.

Tracking & Data Relay Satellite System.

Telemetry.

Total Ozone Mapping Spectrometer will study the stratospheric ozone.
Tracking.

Tracking, Telemetry and Command.

Tracking, Telemetry, Commanding and Voice.

United States Microgravity Laboratory-2. A series of flights of a microgravity
materials processing laboratory attached to the Shuttle.

Vandenberg Air Force Base, Calif.

Very High Frequency (30 to 300 MHz)

Wallops Flight Facility.

X-ray Timing Explorer, a payload to be used in Earth orbit to investigate the
physical nature of compactx-ray sources by studying fluctuations in x-ray
brightness over time-scales ranging from microseconds to years.

PS Payload Specialist. TC2C
RADARSAT Radarsat is a remote sensing free flying satellite that will monitor land, sea TDRSS

and ice for five years over the poles (U.S./Canadian). TLM
RNG Ranging. TOMS
SAC-B/C Satelite de Aplicaciones Cientificas-B/C, a Argentine spacecraft carrying hard TRK

x-ray spectrometer to investigate solar flares and cosmic transient x-ray TT&C

emissions. TTC&V
S-band 2000 to 2300 MHz USML-2
SICH-1 Designed to take ocean and atmospheric measurements for environmental

monitoring VAFB
SOYUzZ T™M Manned spacecraft for flight in Earth orbit. VHF
SPTN 201 Shuttle Pointed Autonomous Research Tool for Astronomy (SPARTAN). X-ray WEF

astronomy, medium energy survey mission, using retrievable free flyer. XTE
SURFSAT Summer Undergraduate Research Fellowship Satellite is a secondary payload

launched to simulate a deep space vehicle by radiating in S, X, Ku, and Ka

Bands.

Keith Stein is a space analyst/freelance writer based in Woodbridge, Virginia.

98, Brasstown, NC 29802.

A&A Engineering
2521 W. LaPalma #K
Anaheim, CA 92801
voice: (714) 952-2114
fax: (714) 952-3280
(Hardware/Software)

Advanced Electronics
Applications (AEA)

P.0. Box C2160, 2006-196th
St. SW

Lynnwood, WA 98036

voice: (800) 432-8873/ (206)
774-5554

(Hardware)

AMSAT

P.0. Box 27

Washington, D.C. 20044
voice: (301) 589-6062

fax: (301) 608-3410
(Satellite tracking software)

Clear Choice Education
Products

216 Blackberry Lane
Cleveland, GA 30528

voice: (800) 533-5108

fax: (706) 865-7808
(Educational materials only)

Comar Eiectronics

Unit 3, Medina Court
Arctic Road, Cowes

Isle of Wight PO31 7XD UK
voice: 44 0983 200308
fax: 44 0983 280402
(Software)

The information in this list was compiled by Satellite Times
magazine and the Dallas Remote Imaging Group. This list does not
represent an endorsement, recommendation or guarantee for any
person or product, nor does a listing here imply a connection with
Satellite Times magazine or the Dallas Remote Imaging Group. If
you manufacturer weather satellite equipment, software or
publications and would like to be fisted in future editions of this
list, send your current catalog, information, or publication to:
Weather Satellite Vendors List, Satellite Times magazine, P.0. Box

Dallas Remote Imaging Group
P.0. Box 117088

Carroiton, TX 75011-7088
voice: (214) 394-7325

fax: (214) 492-7747

bbs: (214) 394-7438
(Weather satellite information/
Software/Information)

Down East Microwave
954 Rt 519
Frenchtown, NJ 08825
voice: (908) 996-3584
fax: (908) 996-3702
(Hardware)

EDCO Distributors Co.

325 Mil Street, N.E.

Vienna, VA 22180

voice: (703) 938-8105

fax: (703) 938-6911
(Satellite Tracking Hardware/
Software)

ERIM

Earth Observation Group

PO Box 134001

Ann Arbor, MI 48113

voice: (313) 994-1200 ext 3350
fax: (313) 668-8957

Fisher Scientific

4901 West LeMoyne Street
Chicago, IL 60651

voice: (800) 955-1177

fax: (312) 378-7174

GTI

1541 Fritz Valley Road
Lehighton, PA 18235
voice: {717) 386-4032
fax: (717) 386-5063

Hamtronics, Inc

65-B Moul Road
Hilton, NY 14468-9535
voice: (716) 392-9430
fax: (716} 392-9420
(Hardware)

Lone Eagle Systems, Inc
5968 Wenninghoff Road
Omaha, NE 68134
voice: (402) 571-0102
fax: (402) 572-0745
(Hardware/Software)

Marisys Inc

131 NW 43rd Street
Boca Raton, FL 33431
voice: (407) 361-0598
fax: (407) 361-0599

Martelec Communications Systems
The Acorns, Wyck Lane

East Worldham, Alton, Hants

GU34 3AW UK

voice/fax: 44 0420 82752
(Hardware/Software)

MultiFAX

Rt 1, Box 27
Peachland, NC 28133
voice: (704) 272-9028
fax: (704) 272-9036
bbs: (716) 425-8759
(Hardware/Software)

Northern Video Graphics, Inc
511 11th Avenue South, Box 92
Minneapolis, MN 55415

voice: (612) 338-6589

OFS Weatherfax

6404 Lakerest Court
Raleigh, NC 27612
voice/fax: (919) 847-4545
(Hardware/Software)

Quorum Communications, Inc
8304 Esters Boulevard, Suite 850
Irving, TX 75063

voice: (800} 982-9614

voice: {214) 915-0256

fax: (214) 915-0270

BBS: (214) 915-0346
(Hardware/Software)

Wedather Satellite Equipment /Software Vendors

R. Myers Communications
P.0. Box 17108

Fountain Hitls, AZ 85269-7108
voice: (602) 837-6492

fax: (602) 837-6872
(Software/Publication)

Sateliite Data Systems, Inc

800 Broadway Street, P.0. Box 219
Cleveland, MN 56017

voice/fax: (507) 931-4849
(Hardware/Software)

Software Systems Consulting
615 S. El Camino Real

San Clemente, CA 92672
voice: (714) 498-5784

fax: (714) 498-0568
(Hardware/Software)

Spacetech

21 West Wools

Portland, Dorset DT5 2EA UK
voice: 44 0305 822753

fax: 44 0305 860483
(Software)

Spectrum International, Inc
P.0. Box 1084

Concord, MA 01742

voice: (508) 263-2145

fax: (508) 263-7008

(US distributor of Timestep
products/Hardware}

Swagur Enterprises

Box 620035

Middleton, WI 53562-0035
voice/fax: (608) 592-7409
(Hardware/Software)

Systems & Software International
4639 Timber Ridge Drive
Dumfries, VA 22026

voice: (703) 680-3559

fax: (703) 878-1460
(Hardware/Software)

TH2 Imaging

34 Princes Gardens
Margate, Kent CT9 3AR UK
voice: 44 0843 223831

fax: 44 0843 596256
(Hardware/Software)

Timestep

P.0. Box 2001

Newmarket CB8 8XB England
voice: 01440 820040

fax: 01440 820281
(Hardware/Software/Products
distributed in US by Spectrum
International, Inc)

Tri-Space, Inc

P.0. Box 7166

MclLean, VA 22106-7166
voice: (703) 442-0666
fax: (703) 442-9677

Vanguard Eiectronic Labs
Dept ST, 196-23 Jamaica
Avenue

Hollis, NY 11423

voice: (718) 468-2720
(Hardware/Software)

WeatherSat Ink

4821 Jessie Drive

Apex, NC 27502 USA
(Weather Sat Publication)

Western Canada Aerospace
P.0. Box 1318

Stony Plain, AB Canada TOE 2G0
or in the United States
P.0.Box 7012

Great Fails, MT 59406-7012
voice/fax: (800) 563-8597
{orders)

voice/fax: (403) 967-4423
Ask for Rene A. Matthijssen,
VE6WCA

Wilmanco

5350 Kazuko Court
Moorpark, CA 93021
voice: (805) 523-2390
fax: (805) 523-0065
(Hardware/Software})
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Bl OATELLITE ZAUNCH

By Phillip Clark, Molniya Space Consultancy

How to Use the Satellite Launch Report

The “Satellite Launch Report” is a complete list of satellite
launches which took place during March and April 1995. The
format of the listing is as follows:

First line: launch date and time (UTC), international
designation of the satellite. satellite name and satellite mass.

Second line: date and time (in decimals of a day, UTC) of
the orbital determination, orbital inclination, period, perigee
and apogee. In some cases where a satellite has manoeuvred,
more than one set of orbital data will be listed.

This data is followed by a brief description of the satellite’s
planned mission, the launch vehicle, launch site, etc. **' next to
satellite’s massindicates that the mass has been estimated, and that
no official information has been published.

The Satellite Times “Satellite Launch Report” is extracted from
more detailed monthly listings, “Worldwide Satellite Launches”,
compiled by Phillip S. Clark and published by Molniya Space
Consultancy, 30 Sonia Gardens, Heston Middx TW5 0LZ United
Kingdom

Launch Date/Time Int Des Satellite Mass
Epoch incl Period Perigee Apogee
1995 Mar 2/0638 1995-007A Endeavour (STS-67) 98,740 kg
1995 Mar 245  28.46 deg 91.59 min 347 km 358 km
1995 Mar 18.86  29.25 deg 88.44 min 348 km 357 km

Carried seven astronauts: Stephen S QOswald (commander), Will-
iam G Gregory (pilot), John M Grunsfeld (mission specialist, MS-1),
Wendy B Lawrence (flight engineer, MS2), Tamara E Jernigan
(payload commander, MS-3), Sainuel T Durrance (payload specialist,
PS-1) and Ronald Parise (’S-2). Primary payload for the mission was
ASTRO 2, carrying three instruments attached to a Spacelab Instru-
ment Pointing System: assembly with a mass of 7,885 kg remains fixed
to the shuttle’s payload bay, ASTRO 2 was dedicated 10 ultra-violet
astronomy, using the Hopkins Ultraviolet Telescope, Ultraviolet
Imaging Telescope and Wisconsin Ultraviolet Photo-Polarimeter
Experiment. Shuttle orbiter has a body diameter of 5.5 metres, body
length of 37.3 metres and a wingspan of 23.8 metres. Mass quoted
above s that projected for landing: second orbit is that tracked during
the return to Earth.

Launched from kennedy Space Center: landing at Edwards Air
Force Base was at 2147 UTC, completing the longest shuttle flight 1o
date: 16d 15h 8m. This mission duration briefly gave Lawrence and
Jernigan the record for the longest flight to be completed by awoman,
although this record was broken when Kondakova returned to Earth
aboard Soyuz-TM 20 on March 22 (see updates which follow).
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Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1995 Mar 2/1300 1995-008A Cosmos 2306 1,000 kg *
1995 Mar 2.85 65.85 deg 94.47 min 469 km 517 km

Main satellite launched for calibration of land-based radars. No
details of appearance, eic., but possibly manufactured by NPO
Yuzhnoye. Four sub-satellites were deployed to permit radar tracking
of small objects in orbit. Intermediate Cosmos second stage is in an
orbit similar to that of the satellite. Launched from Plesetsk.

1995 Mar 7/0923 1995-009A Cosmos 2307 1,300 kg *
1995 Mar 8.80 64.81 deg 676.10 min 19,131 km 19,147 km
1995 Mar 25.35  64.80 deg 675.77 min 19,113km 19,149 km
1995 Mar 7/0923 1995-009B Cosmos 2308 1,300 kg *
1995 Mar 9.75  64.80 deg 676.13 min 19,128km 19,152 km
1995 Mar21.90  64.79 deg 675.74 min 19,101 km 19,159 km
1995 Mar 7/ 0923 1995-009C Cosmos 2309 1,300 kg *
1995 Mar 9.75  64.80 deg 676.08 min 19,129 km 19,149 km
1995 Mar 18.66  64.79 deg 675.73 min 19,117 km 19,142 km

Three “Uragan” navigation satellites in the GLONASS system,
built by NPO Prikladnoi Mekhaniki: launched into plane 3 of the
system. Satellites have cvlindrical bodies with two vanes of solar cells
deployed. Operational lifetime of each satellite is expected to be
about five vears.

Launched byfour-stage Proton from Tyuratam: third stage was left
ina64.81 deg,87.66 minutes, 142-176 ki orbit from which it decayed
March 11, fourth stage (Block DM-2) is in an orbit similar to the initial
ones listed for the satellites.

1995 Mar 14/0611 1995-010A Soyuz-TM 21 7,150 kg *
1995 Mar 14.31  51.65 deg 88.61 min 191 km 221 km
1995 Mar 18.17  51.64 deg 92.43 min 391 km 396 km

Piloted spacecraft, carrying Vladimir N Dezhurov (commander),
Gennady M Sirekalov (flight engineer) and Norman E Thagard (first
American to be launched using a Russian spacecraft). Docked with
Mir Complex at the rear port on Kvant 1 March 16 0746 UTC.
Astronauts are to remain in orbit until US shuttle Atlantis (STS-71
mission) docks with Mir Complex in mid-1995, which will make
Thagard's flight the longest by an American: spacecraft will return to
Earth approximately September 1995 canrving two cosmonauts to be
launched aboard the shuule. Launched from Tyuratam by Soyuz
vehicle: third stage was in an orbit similar to the first one listed for the
spacecraft, decayed from orbit March 16.

1995 Mar 18/0801 1995-011A Space Flyer Unit 4,000 kg *
1995 Mar 18.32  28.46 deg 91.07 min 313 km 341 km
1995 Mar 23.86  28.46 deg 94.24 min 467 km 496 km
1995 Mar 18/0801 1995-011B Himawari 5 746 kg
1995 Mar 18.58  25.10deg 647.17 min 346 km 36,466 km
1995 Apr 9.20 1.05 deg 1,436.14 min 35,787 km 35,788 km




First flight of Space Flyer Unit is a reuseable platform, planned for
recovervaboard the United States STS-72 mission in late 1995. Satellite
is an eightsided stubby cylinder, 4.46 metres diameter and 2.8 metres
high at launch and retrieval: when deployed in orbit the two vanes of
solar panels span 24.4 metres. Mass quoted above is at launch: that
projected for the time of shuttle retrieval is 3,200 kg. ISAS is in charge
of the SFU project, in collaboration with NASDA and the Institute for
Unmanned Space Experiment Free Flyer.

Himawari 5 (GMS 5, “Geostationary Meteorological Satellite”
before launch) is a meteorologicai satellite, forming part of the Global
Observing System for the World Weather Watch: built by Hughes
Space and Communications Company and based upon its HS-378
satellite bus. Satellite is cylindrical, 2.15 metres diameter and 3.54
metre high (4.44 metres high with the apogee kick motor attached):
mass quoted above is at launch, on station it is 345 kg. The satellite was
initially located over 159-160 deg E but when operational it will be over
140 deg E. Expected operating lifetime is five years. Launched by third
H-2 vehicle from Tanegashina. H-2 second stage remained in the
following orbit: 25.53 deg, 583.10 min, 276-33,208 km.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1995 Mar 22/0409 1995-012A Cosmos 2310 825kg *
1995 Mar 22.38  82.94 deg 105.02 min 980 km 1,011 km

“Musson” navigation satellite in the military “Parus” system, co-
planar with Cosmos 2184. Satellite is a cylinder, approximately 2
metres diameter and 2.1 metres long, plus a boom for gravity
stabilisation: built by NPO Prikladnoi Mekhaniki. Operational lifetime
is expected to be about four years. Launched from Plesetsk: second
stage of Intermediate
Cosmos launch vehicle is in an orbit similar to that of the satellite.

1995 Mar 22/0618 1995-013A INTELSAT 705 3,660 kg
1995 Mar 22.05  26.53 deg 718.54 min 175 km 40,217 km
1995 Apr 7.60 0.03 deg 1,436.02min 35618 km 35,952 km

Communications satellite, built by Space Systems/Loral for
INTELSAT. Main body of the satellite is a box 2.45 x 2.20 x 4.20 metres
high at launch: with the two vanes of solar panels deployed the span is
approximately 21.8 metres. Mass of the satellite quoted above is at
launch: the dry mass of the satellite is approximately 1,500 kg. Ex-
pected operational lifetime is 15-18 years. Initially located over 303-304
deg E. On April 27 the satellite was manoeuvred offstation and started
to drift to the east. To be operated over 310 deg E. Launched from
Cape Canaveral by Atlas 2AS: second stage remained in a 26.56 deg,
711.67 min, 171-39,881 km orbit.

L1995 Mar 22/1645 1995-014A Cosmos 2311 6,500 kg *
1995 Mar 22.88  67.19 deg 89.54 min 168 km 336 km
1995 Mar 30.19  67.17 deg 90.10 min 170 km 388 km

“Yantar” fourth generation close-look photoreconnaissance satel-
lite, expected to remain in orbit for about two months. Data capsules
are returned to Earth during the flightand it is believed that the main
descent module is recovered at the end of the mission. No details of
appearance, but possibly cylindrical with a maximum diameter of2.5
metres and a length of about 7 metres. Launched from Plesetsk using
a Soyuz vehicle: third stage was in an orbit similar to the first one listed
for the satellite, decayed from orbit.

1995-015A
98.83 deg

1995 Mar 24/1405
1995 Mar 24.77

DMSP-2 8 (USA 109)
101.93 min 847 km

823 kg
854 km

Block 5D-2 “Defense Meteorological Satellite Program” payload.
Satellite bus based upon Martin Marietta Astro Space’s NOAA TIROS
bus: 1.22 metres wide, 6.4 metres long with a single solar panel

deployed. Orbital injection is performed using a STAR-37S motor
which is built into the satellite. Expected operational lifetime is four
years. Launched from Vandenberg AFB using an Atlas E.

Launch Date/Time Int Des Satellite Mass

Epoch incl Period Perigee Apogee

1995 Mar 28/1000 Gurwin 1 55 kg
Failed to reach orbit

1995 Mar 28/1000 UNAMSAT 1 12 kg
Failed to reach orbit

1995 Mar 28/1000 EKA 2 200 kg

Failed to reach orbit

Maiden flight of Start launch vehicle. Gurwin 1 was an Israeli
satellite, carrving amateur digital store and forward transponder,
Elisra Earth observing CCD camera, ultra-violet spectroradiometer,
millimetre-wave digital video experiment, GPS navigation receiver
and X-ray detectors. Satellite was box-shaped, 0.46 metres high and
0.43 metres across. It was developed as the result of collaboration
between the Faculty of Aerospace Engineering at Technion Institute
in Haifa, Israeli Space Agency in Tel Avivand Amsat-IL. UNAMSAT |
wasan amateur radiosatellite, built by UNAM Autonomous University
of Mexico using Amsat-NA's MICROSAT design. Carried amateur
store-and-forward communications link and meteor detector. Rus-
sian EKA 2 was a dummy satellite.

Reports suggested that the fifth stage of the Start launch vehicle
disintegrated with debris falling in the Sea of Okhotsk. Start is a five-
stage launch vehicle, similar to the four-stage Start-1 (used for the
1993-14 launch). Launched from Plesetsk. ITAR-TASS stated that the
intended orbit for the three satellites was inclination 78 deg, altitude
700 km (presumably a nearcircular orbit was intended).

1995 Mar 28/2314 1995-016A BRASILSAT B2 1,780 kg
1995 Mar 28.77  7.07 deg 637.64 min 287 km 36,037 km
1995 Apr 7.70 0.14 deg 1,435.90 min  35,762km 5,803 km
1995 Mar 28/2314 1995-016B Hot Bird 2 1,800 kg
1995 Mar 29.65  6.98 deg 631.51 min 235km 35,774 km
1995 Apr 9.65 0.04 deg 1,436.18 min  35779km 35,797 km

Brasilsat B2 is a telecommunications satellite (data and television
transmissions, telephone and telex links) launched for Embratel in
Rio de Janeiro, Brazil and built by Hughes Space and Communica-
tions. Satellite is cylindrical, 3.6 metres diameter, 3.6 metres high at
launch and 8.4 metres high deployed in orbit. The mass quoted above
isthat at launch: onstation itis 1,052 kg and the drymassis 856 kg. The
satellite is to be operated over 295 deg E, but was initially located over
208-299 deg E.: its operational lifetime is expected to be twelve years.

Hot Bird 1 isa television and radio broadcasting satellite, operated
by Eutelsat (Paris) and built by Aerospatiale. Body of satellite is a box,
2.8 x 2.2 x 2.5 metres: with the two vanes of solar panels deployed in
orbit the span is 22.40) metres. Mass quoted above is at launch: on
station it is 1,050 kg and dry 840 kg. Initially located over 11-12 deg E.
To be operated over 13 deg E and expected to have an operational
lifetime of 11 years.

Launched from Kourou using an Ariane 44LP: third stage remains
in an orbit with parameters 6.74 deg, 653.58 min, 299-36,839 km.

1995 Apr 3/1328 1995-017A ORBCOMM 1 40 kg
1995 Apr 3.89 69.99 deg 99.67 min 736 km 749 km
(In Orbit) 1995-017A/23545 L-1011/Pegasus

1995 Apr 3/1328 1995-0178 ORBCOMM 2 40 kg
1995 Apr 4.24 69.99 deg 99.62 min 734 km 747 km
1995 Apr 3/1328 1995-017C MICROLAB 1 68 kg
1995 Apr 4.17 69.98 deg 99.63 min 733 km 749 km
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ORBCOMM satellites use Orbital Sciences Corporation MicroStar
satellite platform. Each satellite has a body shaped like a thin drum
with two circular panels of solar cells deploved, plus a gravity gradient
boom carrying a UHF/VHF antenna. Stowed the satellites are indi-
vidually 1.4 metres diameter x 0.165 metres deep: deployed in orbit
the length is 4.32 metres and the width across the solar panels is 2.24
metres. Satellites launched for commmunications, but reportedly the
satellites developed problems in orbit. Planned operating lifetime was
4-6 years.

MICROILAB 1 is again based upon the MicroStar satellite plat-
form: carries Optical Transient Detector for the study of lightning and
understanding of major atmospheric storm systeinsand a GPS meteo-
rological experiment to study the occultation of GI’S signals. Planned
operating lifetime is 2 vears.

Lockheed 1-1011 “Stargazer” Tristar took off from Vandenberg
Air Force Base at 1251 33 seconds UTC and Pegasus was deployed at
1348 29 seconds UTC. Pegasus third stage is in an orbit similar to those
listed for the satellites.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1995 Apr 5/1116 1995-018A Ofeq 3 225 kg
1995 Apr 5.79 143.38 deg 95.63 min 368 km 730 km

Third satellite launch from Israel. Ofeq 3 (*Horizon”) is a three-
axis stabilised platform, 1.2 metres diameter at the base, 0.7 metres
diameteratthe topand 2.3 metres high: has two deployed solar panels.
Mass of satellite bus is 189 kg and the mass of the on-board experi-
ments is 36 kg. Ofeqseriesisreportedlya test-bed for future reconnais-
sance systems, and Ofeq 3 is widely reported to have carried an
imaging svstem. At the first pass through apogee an on-board propul-
sion system ignited to raise the perigee of the orbit - the first time that
an lstaeli satellite had manoeuvred in orbit. Planned final orbit is
approximately 500 km circular, although no further manoenvres had
taken place through to the end of May 1995. Launched from
Palmachim: Shavit (*Comet”) third stage remained in an orbit with
parameters 143.38 deg, 94.39 min, 246-732 km

1995 Apr 7/2347 1995-019A AMSC 1 2,700 kg *
1995 Apr 8.27 26.43 deg 718.32 min 220 km 40,162 km
1995 Apr19.62  0.09 deg 1,435.68 min  35760km 35797 km

AMSC 1 is a communications satellite using Hughes HS-601 bus,
operated by American Mobile Satellite Corporation (AMSC) for
mobile telephone communications: also called MSAT 2. Satellite has
a box-shaped body: at launch it is 3.63 metres across and 4.4 metres
high. With its two solar panels deplayed in orbit the span is 20.96
metres: across the two main antennae the span is 18.9 metres. Mass
quoted above is at launch: on station it is initially approximately 1,650
kg, with a dry mass of approximately 1,270 kg. Satellite is to be
operated over 259 deg E: planned operating lifetime is 12 years.
Launched from Cape Canaveral using an Atlas 2A: second stage
remained in and orbit with parameters 26.45 deg, 716.91 min, 208-
40,104 km.

1995 Apr 9/1934 1995-020A Progress-M 27 7,250 kg *
1995 Apr 9.86 51.66 deg 88.58 min 187 km 221 km
1995 Apr12.05  51.65 deg 92.41 min 389 km 396 km

Unmanned cargo freighter, carrying supplies to the cosmonauts
aboard the Mir Complex. Spacecraft docked with the front portofthe
Mir Complex April 11 at 2101 UTC. Spacecraft is a cylinder with two
vanes of solar panels + beehive + spheroid, maximum diameter 2.72
metres, length 7.9 metres (including the docking probe). When
Progress-M 27 is de-orbited at the end of its mission it is thought to be
deploving the Raduga capsule launched in November 1994 aboard
Progress-M 25. Launched from Tyuratam using a Sovuz vehicle: third
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stage was in an orbit similar to the first one lisied for the satellite,
decayed April 11.

Launch Date/Time Int Des Satellite Mass
Epoch Inct Period Perigee Apogee
1995 Apr 21/0144 1995-021A ERS 2 2,516 kg
1995 Apr21.14 98.55 deg 100.52 min 783 km 784 km

Second “European Remote Sensing” satellite to be launched.
Prime contractor was DASA/Dornier GmbH in Germany. Body of
satellite is box-shaped, 11.8 metres high at launch. Solar array is 2.4 x
11.7 metres span extended from one end of the spacecralt, with a
synthetic apature radar antenna (1 x 10 metres) extended from the
opposite end of the satellite. Primary mission comprises remote
sensing of the Earth’s oceans, atmosphere, ice and land in the
microwave, infrared and visible wavelengths. Planned operating
lifetime is three years. Launched by an Ariane 40 from Kourou: Ariane
third stage is in an orbit similar to the one listed for the satellite.

Upddates from previous launches

1977-048A GEOS 2 restabilised its orbit over 185-186 deg E during 1995
Apr 12-21.

DSCS-2 14 was boosted off-station over 85 deg E approxi-
mately 1995 Apr 12. It was still drifting at the end of the month.
RCA Satcom 2R was manoeuvred off-station over 287-288 deg
E approximately 1995 Mar 5-6.

INTELSAT 510 was manoeuvred off-station over 65-66 deg E
approximately 1995 Mar 17.

The period during which INTELSAT 512 was relocated was
1994 Sep 18-29.

Add a German satellite ejected from the Mir Complex during
1995 Apr 19-20. GeoForschungsZentrum 1 (GFZ) is a laser-
reflecting geodetic satellite, built by Kaiser-Threde in Germany.
The satellite is a sphere with a diameter of 0.215 metres and a
mass of 20 kg. It was launched aboard Progress-M 27 (1995-
020A). Orbital data:

1995 Apr 20.06, 51.65 deg, 92.34 minutes, 384 km, 394 km
TVSat 2 had its orbit restabilised over 359 deg E approximately
1995 Mar 11.

Cosmos 2137 decayed from orbit 1995 Apr 3.

Cosmos-2244 decayed from orbit 1995 Mar 18.

Cosmos 2258 was manoeuvred off-station during 1995 Mar 1-
2 and has been retired: orbital data (the first is the operational
orbit):

1995 Mar 1.45, 65.03 deg, 92.78 minutes, 399 km, 422 km
1995 Mar 2.35, 65.03 deg, 90.99 minutes, 229 km, 418 km
Cosmos 2264 was manoeuvred off-station 1995 Apr 4 and has
been retired. Orbital data (the first is the operational orbit):
1995 Apr 4.28, 65.01 deg, 92.78 minutes, 401 km, 421 km
1995 Apr 5.04, 64.99 deg, 90.85 minutes, 240 km, 393 km
The satellite is now decaying from orbit. This leaves Cosmos
2293 (1994-072A) as the sole operating EORSAT following the
retirement of Cosmos 2258 noted above.

ODERACS E decayed from orbit 1995 Mar 3.

Cosmos 2280 was de-orbited 1995 Mar 10. If the satellite was
returned to Earth at the time of the nominal equator-crossing
window for its orbital inclination then recovery would have
been 1995 Mar 10.3. This implies a lifetime of 316.6 days
which is short compared with other recent flights of this class
of satellite.

Cosmos 2290 continued to manoeuvre in orbit (pre-manoeuvre
orbits noted by *):

1995 Mar 5.61, 64.80 deg, 90.31 minutes, 177 km, 402 km *
1995 Mar 5.79, 64.80 deg, 90.96 minutes, 184 km, 459 km
1995 Mar 16.20, 64.80 deg, 90.62 minutes, 183 km, 428 km

1979-0988
1983-094A
1985-025A
1985-087A

1986-017JE

1989-062A

1991-021A
1993-029A
1993-044A

1993-060A

1994-006F
1994-025A

1994-053A




1994-063A

1994-075A
1995-003A

1995-004F
1995-005A

1995-006A

“MICROSAT” Satellites.

1995 Mar 16.57, 64.80 deg, 90.40 minutes, 179 km, 409 km
995 Mar 27.91, 64.80 deg, 90.00 minutes, 179 km, 370 km *
1995 Mar 28.23, 64.80 deg, 92.13 minutes, 182 km, 577 km
The satellite was de-orbited and decayed 1995 Apr 4. If it came
down on a pass which would have allowed part of the craft to
be recovered then the decay would have been Apr 4.7-Apr 4.8.
Soyuz-TM 20 undocked from the Mir Complex 1995 Mar 20
and landed 55 km (some reports have said 36 km) north-east
of Arkelyk Mar 22 at 0404 UTC with cosmonauts Viktorenko,
Kondakova (both faunched on Soyuz-TM 20) and Polyakov
(taunched on Soyuz-TM 18) on board. With this landing
Polyakov has completed the longest space mission by a human
being at 437d 17m 58m 16s and also holds the record for the
total time in orbit; 678d 16h 33m.. Similarly, Kondakova
completed the longest flight by a woman, her flight time (and
also that of Viktorenko on this flight) being 169d 5h 21m 20s.
Progress-M 25 undocked from the Mir Complex 1995 Feb 16 at
1305 UTC.

UFO 4 was relocated from 189 deg E to 182-183 deg E during
1995 Mar 11-20.

ODERACS 2D decayed from orbit 1995 Mar 2.

Progress-M 26 undocked from the Mir Complex 1995 Mar 15
at 0227 UTC and was de-orbited later that day.

Foton 7 (Flight 10) was recovered 1995 Mar 3.36 (0834 UTC),
landing 135 km south-east of Orenburg. The descent module
and the experiments were badly damaged (the ESA Biobox was
wrecked and one of the experiments was lost) when the
recovery helicopter was forced to drop the re-entry module due
to the bad weather conditions at the landing site. The Soyuz
launch vehicle's orbital stage had decayed from orbit on March
12.
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Atlanta, Ga., Airport Hilton
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Z S
A
Don't Miss The Top U.S.

New expanded program includes satellite communications! Outstanding seminars now cover shortwave,
scanning and satellite communications—the entire listening spectrum. Come and enjoy the company of
friendly hobbyists in a relaxed atmosphere of learning and sharing!

Here are just a few of
the reasons why you
. vl m need fo attend this
o o S VIEES year’s Grove
.E:f &N ? Communications Expo!

-

Look for exhibits and prizes from: Amsat, Bearcat Radio Club,
Computer Aided Technologies, ICOM, JPS, MFJ, Optoelectronics,
R.L. Drake & Co., Sony, Swagur, Universal, Worldcom, and many
more top companies!
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Join us in beautiful Atlanta—
site of the 1996 Olympics! ~ ®

A

Communications Event!

Special programs this year include scanning Atlanta during the Olympics, Atlanta-area tours {see August
Monitoring Times for defails!), an all-new “Listening Post,” sales and demos by top manufacturers, a fabulous
banquet, International Broadcasters Forum—and much more!

Preliminary Schedule (Abbreviated]

Friday, October 13, 1995 Saturday, October 14, 1995

EE All Bay Tours—something for everyone! 9-11:15am Seminars
—1 10am-5pm  Exhibits and Listening Post 93{" Exhibits Open
: ?: E_“ 12-4 pm Speciatinterest groups ;;,717 sam-1pm g;/%,:ts olfce
P 1-2pm Scanring Atlanta - Roger Cravens 1-4:150m Seminars
2-4pm International Broadcaster's Forum  4:30pm Bug Hunt (outdgors)
"0 ¢ 7-7-:30pm Opening ceremony 5:15pm Prize drawing
. - . 7:30-8:30pm  MT Expert panel/ 7pm Banquet, followed by
Call 1-800-Hiltons to reserve Raehe! Baughn, host Post-Banquet Bug Hunt

your room. Mention Grove
Communications Expo and receive
a big discount—only $73 per
night! Airport shuttle is free!

8:45-9:45pm ST Expert Panel /
Larry Van Horn, host

Sunday, October 15, 1995
9am-1:45pm  Seminars

Pre-Registration Form

O Enclosed is my $55 registration fee
3 Enclosed is my $23.95 Banquet fee

Send pre-registration form to:

Grove Enterprises

300 S. Hwy. 64 W. Name
Brasstown, NC 28902 Address
or call . i
City Stat Zi
(800) £38-8155 (US & Canada); P;:y : d
(704) 837-9200 o
(704) 837-2216(FAX) Card# 5
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MATEUR lé\DIO OATELLITES

By John A. Magliacane, KD2BD

PANSAT: Amateur Radio’s First
Spread-Spectrum Scatellite

mateur Radio’s first

spread-spectrum digi-

tal communications
satellite is currently under
construction by the Space
Systems Academic Group
at the Naval Postgraduate
School in Monterey, Cali-
fornia. PANSAT (the Petite
Amateur Navy Satellite) is ex-
pected to be ready for launch
from the space shuttle perhaps as
early as next year. PANSAT will offer the
amateur radio community its first spread-
spectrum, store-and-forward digital com-
munications satellite, while offering stu-
dents at the Naval Postgraduate School
hands-on experienceinsystem design, hard-
ware and software development, system
integration, testing, and operation studies.

PANSAT Description

PANSAT will be launched fromn a space
shuttle Get Away Special (GAS) canister
intoalow-earth orbitwith an altitude o 480
km (298 miles) and an inclination of 28.5°.
Thelowaltitude and inclination PANSAT's
orbit will limit the access time to the satel-
lite, particularly over extreme northernand
southern latitudes. Atmospheric drag will
limit the operational lifetime of the satellite
to about two vears.

PANSAT’s physical structure approxi-
mates that of an aluminumn sphere with a
diameter of about 48.26 cm (19 inches).
Eighteen square and eight triangular alu-

minum panels make up the outersurface of

thesatellite. Seventeen of the square panels
are equipped with solar panels and four
dipole antennas are attached in a tangen-
tial turnstile configuration to the triangular
plates. The spacecraft interior structure is
composed of two equipment plates and a
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cylindrical support. Noattitude

control or propulsion mecha-

nisms will be employed by
the spacecraft.

Spread Spectrum
Communications

PANSAT will employ a
half<luplex, direct-sequence,
spread-spectrum modulation

communications channel on a cen-
ter operating frequency of 436.5 MHz.
Baseband data will be sent ata rate of 9600
bits per second. Users will have access 10
four megabytes of random access memory
(RAM) on the satellite for storage and
transfer of messages and files.

Direct-sequence spread-spectrum
modulation is a technique that spreads a
conventional narrowbandsignal overawide
range of frequencies by mixing it with a
high-speed pseudo-noise (PN) bit stream.
The result is a dilution of the signal energy
with respect to bandwidth. Spread-spec-
trum signals have the same energy per bit
and the same commnunications effective-
nessas narrowband signals, but their power
density atany one frequency is significantly
lower. Using spread-spectrum techniques,
a narrow-band signal can be spread to a
pointwhere it is completely below the noise
level of a conventional receiver, making it
difficult to detect, intercept, or jam. The
spreading effect also reduces interference
with other signals on the band, and pro-
vides a sensible and practical approach to
spectriun management in the Amateur
Radio Service.

A spread-spectruin receiver signal uses
the same PN code to despread the signal
and retricve intelligence from the spread-
spectrumsignal. The processofdespreading
a spread-spectrum signal suppresses con-

ventional narrow-band signals that may be
present within the bandwidth of a spread-
spectrum signal, making the system robust
and resistant to interference from other
sources. Even signals much stronger than
the desired spread-spectrum signal can be
eftectively rejected by a spread-spectrum
receiver.

PANSAT Operations

PANSAT users will interact with the
satellite inamannersimilar those using the
current constellation of OSCAR (Orbital
Satellites Carrying Amateur Radio) satel-
lites carrying digital store-and-forward com-
munication transponders. Once connected
to the satellite, a user may send and receive
electronic mail messages that have been
storcd on-board PANSAT, upload and
download files, and read spacecraft telem-
etry. Multiple users will have the ability of
communicating with PANSAT simulta-
neously during the same window of time
overjustonediscrete communications chan-
nel.

PANSAT groundstations will employ a
packet radio Terminal Node Controller
(TNC), a personal computer (PC), and a
PANSAT spread-spectrum modem along
with a UHF transceiver to establish commu-
nications with the PANSAT satellite. The
Naval Postgraduate School will provide the
groundstation software necessary for suc-
cessful interaction with the satellite bvaina-
teur radio operators. The software prom-
ises to include a simple-to-use user inter-
face, and support spacecraft telemetry de-
codingfeaturesso groundstationscan keep
tabs on the health of the satellite.

PANSAT's receiver will remain active at
alltimes. Upon receiving a connect request
from a user on Earth, PANSAT will granta
groundstation access to some of the ser-
vices available on the satellite. Users will be
required to send a disconnect packet tolog
off the satellite when their communica-
tions are completed.

PANSAT Features

As an orbiting mailbox, PANSAT will
store electronic mail messages for any ama-
teur radio user who desires delivery of a
message via the satellite. A mail recipient
must connect with PANSAT at a later point
intime to requestand retrieve the messages
stored in PANSAT’s electronic mailbox.

PANSAT’s file transter mechanism is
not limited to text files or mail messages,
but extends to binary (8-bit) files as well.




Binary files can consist of executable com-
puter programs, graphicimage files, oreven
sound files. Since storage space on the satel-
lite will be somewhat limited, it will be nec-
essary for users of the satellite to delete old
messages from storage once they have been
read and downloaded.

PANSAT Broadcast Protocol

PANSAT will also be able to “broadcast”
files to multiple groundstations within the
footprintofthesatellite overitssingle spread-
spectrum downlink channel. This will allow
multiple groundstations who are receiving
PANSAT’s downlink to capture data from
PANSAT, even though they are not con-
nected to the satellite.

Spacecraft telemetry will be available to
users who connect to the satellite, or who
receive a telemetry broadcast made by the
satellite during periods when the transpon-
der is idle. PANSAT telemetry will be avail-
ablein a"raw” and undecoded form so as to
reduce the size of the telemetry files. The
Naval Postgraduate School will provide te-
lemetry decoding software for use with
PANSAT. This will take the raw telemetry
information issued by PANSAT, and display
it in a format that is understandable by
humans.

PANSAT Hardware

A Digital Control Subsystem (DCS) on
the PANSAT spacecraft will be responsible
for supporting an operating environment
for the satellite software and provide con-
trol of the communications and electrical
subsystems as well. It will also provide an
interface with the experiment payload, pro-
vide access to sensors for telemetry gather-
ing, and control a mass storage system that
will organize user mail, files, and telemetry.
The DCS will be implemented with redun-
dant control boards that communicate viaa
shared status register. Should this register
fail to update on a regular basis, the second-
ary DCS control board will assume control
of spacecraft operations. DCS board selec-
tion will also be under the control of a
ground command station.

Read Only Memory (ROM) and Ran-
dom Access Memory (RAM) will be imple-
mented in on each control board in an
effort to provide another layer of redun-
dancy. ROM and system RAM pairs will be
made to switch under hardware control,
allowing alternate pairs to operate. This
redundancy can prevent a single ROM or
RAM failure from permanently disabling

the operation of the spacecraft. This is
important since a single ROM or RAM
failure can spell disaster for a satellite such
as PANSAT that is under microprocessor
control.

The PANSAT mass storage unit is con-
tained within the DCS and will serve as a
permanent storage device for user mail,
files, telemeury, and storage for updates to
the system software. Mass storage will be
designed around either an array of static
RAM chips with battery back-up, or by flash
memoriesthatrequire no powerwhenidle.
The only concern is whether the flash
memories under consideration will be reli-
able in a high radiation environment such
as space.

Microprocessor Control

PANSAT spacecraft designers have se-
lected the M80C186XL microprocessor for
control of PANSAT’s subsystems. The
M80CI86XL offers low power consump-
tion, high tolerance to radiation, and inte-
grates many common digital peripherals
that reduce the overall design complexity
of the control system. In additgon, the
MBOCI86XL will provide a software envi-
ronment that is object code compatible
with personal computers such as those cur-
rently used for PANSAT software develop-
ment. More importantly, the MBOC186XL
supports a special preemptive multi-task-
ing operating system called the Space Craft
Operating System (SCOS), and a compan-
ion product called BekTek AX.25 (BAX),
thatimplementsthe AX.25 Amateur Packet
Radio (AMPR) communications protocol.

SCOS has had a successful history of
providing multi-tasking capabilities in sev-
eral existing OSCAR satellites carrying digi-
tal store-and-forward communication tran-
sponders. These satellites include AMSAT-
OSCAR-16, DOVE-OSCAR-17, WEBER-
SAT-OSCAR-18, LUSAT-OSCAR-19,
UoSAT-3, UoSAT-5, and KITSAT. SCOS
provides a standard application program
interface designed to assist in the develop-
ment of multi-tasking applications. These
services include a real-time multi-tasking
kernel, message passing facilities for inter-
task communication, and Direct Memory
Access (DMA) and Interrupt driven In-
put/Output (1/0) drivers.

BAX, a companion product of SCOS,
hasalso enjoyed success by providing AX. 25
protocol functions for many Amateursatel-
lites carrying digital transponders
(PACSATs) currently in operation. The
use of both SCOS and BAX frees the
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PANSAT software developers from imple-
menting operating system and AX.25 pro-
tocol driver applications by hand, thereby
allowing attention and resources to be di-
rected toward issuesspecifictothe PANSAT
satellite itself.

LOS

The Amateur Radio coinmunity has long
been involved with packet radio communica-
tionsand is responsible forstandards in com-
munication protocols, satellite development,
control, and operations. PANSAT designers
continue to work closelv with the amateur
radio community in order to profit from
theirexisting design and operation standards,
and to learn from past experiences. It is
predicted that the PANSAT satellite will go
far in exploring the virtues and benefits of
spread-spectrum communications in the
Amateur Radio Service, while it adds to
microsatellite research and development, and
provides additional educational opportuni-
ties in mission operations, astrodynamics,
mechanical and electronic subsystem design,
system integration, software development,
and protoflight testing. Sy
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Phase 3D Construction Update

ork on amateur radio’s newest satellite continues at the Phase 3D

integration facility in Orlando, Fla. Phase 3D is currently scheduled to

ride onboard the second Ariane 5 rocket test flight scheduled for
launchin April, 1996. Phase 3D is truly internationalin scope. Notonlyisitbeing
aimed at bringing satellite operation to within reach of virtually every licensed
amateur in the world, butitis being designed and built byan international team
comprising people from some dozen countries .

AMSAT still needs funds to help launch Phase 3D. Ifyouare interested in the
future of amateur radio in space, you might consider donating to the AMSAT-
NA Phase 3D launch fund. If you haven’t yet pledged, or made a contribution
that can be arranged easily. Justdrop a note to AMSAT, PO Box 27, Washington,
D.C. 20044, or call 301-589-6062.

The pictures on these two pages show some of the work being done in
Orlando by the assembly and integration team working on this ambitious
project. Photos courtesy of AMSAT-NA by Keith Baker, KB1SF and Dick Daniels,
W4PUJ.

S

Above: Dick Jansson, WD4FAB, AMSAT-NA VP
Engineering, holds the flight model arc jet motor prior
to its Integration into the AMSAT Phase 3-d
spacecraft. The motor was built and donated to the
project by students and staff at the University of
Stuttgart, Germany, and will be used to make small
correctlons to Phase 3D’s orbit over its anticipated 15
year lifetime. Using an ordinary automobile spark
plug, the arc jet expands gaseous ammonia by
heating it to a very high temperature. A small amount
of thrust is then produced when the gas escapes from
the motor’s small nozzle.

Above: Dr. Dieter Zube installs a portion of
Phase 3D'’s flight model Propellant Flow
Assembly (PFA) into the spacecraft. The
PFA will control both the flow of hypergolic
propellants to the spacecraft’s 400 Newton
kick motor as well as the flow of ammonla
to the satellite’s arc jets positioning motor.
The kick motor will be used to place Phase
3-D into its final orbit.

Left: A full scale mockup of Phase 3D'’s top
panel has been constructed for testing
antennas without disturbing ongoing
spacecraft Integration efforts. Here, one of
three V-band dipoles, as well as the U-band
patch array and L-band short backfire
antennas are clearly visible in the mockup.
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Above: The completed
Phase 3D flight model L-
band antenna undergoing
gain and pattern testing at
the integration facility's
antenna test range.
Preliminary gain
measurements exceeded 15
dBic with a surprisingly
clean pattern. The antenna is
based on a short-backfire
design and uses an all-
aluminum wedding cake
baking pan for a reflector!

Right: Lou McFadin, W5DID,
Phase 3D Integration Manager,
holds one of the 12 torquing coils
that he manufactured in hls
garage workshop for Phase 3D.
The coils will be used to help
position the satellite in space by
working in concert with P3D’s
reaction wheels, and by
interacting with the magnetic
field of the Earth. A similar
torquing coil system is currently
in use onboard the Oscar 13
satellite.

Above: The flight prototype U-band
patch array undergoes testing on
the Phase 3D integration facility
antenna range. The array exhibits
gain figures comparable to that of a
commercial 40 element crossed
yagi antenna. Actual on-the-air
contacts, with surprisingly good
resulits, have been made through
the AMSAT Oscar 13 satellite using
this array as an uplink antenna.

Above: Mike Garrity, N4OZC, displays a
flight model prototype of Phase 3D’s S-
band antenna.
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By Jeff Wallach, Ph.D.
Dallas Remote Imaging Group

Monitoring the Russicn
Wedather Scatellites

everal weeks ago a Satellite

Timessubscriber called the

Dallas Remote Imaging
Group office to inquire about a
strange signal monitored on
137.850 MHz. The signal, moni-
toredat 1342local time sounded
almost like the NOAA weather
satellite Automatic Picture Trans-
mission (APT) mode, yet is was
somewhat ‘different’. Without
the appropriate APT demodula-
tor and display software, this sat-
ellite enthusiast had no way of
capturing the signal. If she had,
a beautiful weather satellite im-
age of Cuba and the southern
U.S. coast would have been dis-
played. The telemetry that she
heard was an APT image from
the Russian Meteor 3-5 weather
satellite!

The CIS (former Soviet
Union) has had, and continues
to have a very active meteoro-
logical space program. In fact,
weather satellites were the
Russian’s first civil applications
satellite project (contrasted with
the renowned military spy satellite and re-
connaissance program).

The ‘Meteor’ program is a series of
Russian polar-orbiting weather satellites,
analogous to the U.S. NOAA Advanced
TIROS platforms (NOAA 9,10,11,12,14).
The Meteor satellites have both visible and
infrared APT imagery, but no High Resolu-
tion Picture Transmission (HRPT has a 1
km or .62 mile resolution) data products
like the NOAA series.

Meteor 1 was launched on March 27,
1969, and was the first satellite identified by
the Russiansas part of the ‘Meteor’ satellite
series. Prior to Meteor, some precursor
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A typical visible APT image from Meteor 2-16 captured by Ron Whitby
from the Remote Imaging Group in the United Kingdom.

weather satellites under the Cosmos label
had been launched as early as 1962. Cos-
mos 4, launched in April 1962, was a mili-
tary observation satellite that also transmit-
ted televised cloud coverage. Cosmos 122
launched in mid-1966 was the first Russian
experimental weather satellite for civilian
and military use. The early weather satel-
lites were launched from the southern Rus-
sian cosmodrome at Baikonur into 65 de-
gree inclined orbits, at about 640 km (397
miles) altitude. Cosmos 144 was the first
weather precursor to be launched from the
Russian’s northern cosmodromeat Plesetsk
into an 8ldegree orbit. Plesetsk launches

World Radio Histo

gave the Russians a higher launch latitude
that made their polar orbiting spacecraft
more efficient. The fifth Meteor 1 satellite
was launched June 23, 1970, was the first to
enter into a 900 km (558 miles) orbital slot
which later became the standard for these
first generation satellites.

Instrumentation on the firstgeneration
Meteors included television cameras and
scanningradiometers. Meteor 10 (launched
December 1971) was the first platform to
carry the Automatic Picture Transmission
(APT) data product and it was nearly com-
patible with the U.S. NOAA TIROS de-
modulation scheme.

Second generation Me-
teor satellite (Meteor 2-X)
launchesbeganinJuly 1979,
and provided:

¢ Twiceadayinformation
on cloud, ice, snow in both
visible and infrared.

¢ Twiceadayglobalinfor-
mation on temperature
fields and cloud data
heights.

* Surface water tempera-
ture measurements.

The Meteor 2spacecraft
carry the following instru-
mentation:

® Scanning telephoto-
meter for direct imaging in
the 0.5-0.7 microns band
with 2,100 km (1,302 miles)
swath coverageat2km (1.24
mile) resolution.

® Scanning infrared (IR)
radiometer in the 8-12 mi-
crons band with 2,600 km
(1,612 miles) swath cover-
age at 8 km (4.96 miles)
resolution.

® Scanningspectrometerwith eightchan-
nelsin the 11, 10-18 and 70 microns bands
providing 1,000 km (620 miles) swath cov-
erage at 30 km (18.6 miles) resolution.

APT downlinks from the Meteor 2 satel-
lites are typically transmitted on 137.300,
137.400 and 137.850 MHz., depending on
the satellite (most of the satellites can trans-
mit on at least two of the three frequen-
cies). The Meteor platforms generate a
frequency modulated (FM) signal, with a
2,500 Hz modulated subcarrier which is
different than the NOAA series spacecraft
2,400 Hz subcarriers.




bands, grayscale, and binary code described in the
column. This image is by Charlie Davis of the Dallas
Remote Imaging Group and shows Canada, Hudson Bay,

the Manicugan Crater, amd the Great Lakes.

Meteor 2 series spacecraft are typically
[aunched into a 960 x 941 km (595 x 583
mile) near polar orbit, originally inclined
at 81 degrees and was this was later changes
to 82.5 degrees inclination. They were sent
up as a ‘constellation’ of three satellites in
orbital planes spaced 60 degrees apart that
provided excellent global coverage.

Meteor 3 series spacecraft made their
first appearance on October 24, 1985 with
the launch of Meteor 3-1. These satellites
are inserted into the same 82.5 degrees
inclination orbit as the Meteor 2 series, but
are placed at a greater altitude of 1,200 km
(744 miles} to prevent coverage gaps in the
equatorial regions. The standard payload
for Meteor 3 series is also similar to that
carried on Meteor 2 spacecraft.

® Scanning telephotometer for directim-
aging in the 0.50.8 microns band with
2,600 km ¢1,612 miles) swath coverage at
0.7 x 1.4 km resolution.

¢ Scanningtelephotometerforglobal cov-
eragein the 10-12 microns band with 3,100
km (1,922 miles) swath coverage at 3x3 km
resolution

*  ScanningIRspectrometerwithten chan-
nels in the 9.65-18.7 microns band provid-
ing 1,000 km (620 miles) swath coverage at
42 km (26 miles) resolution.

* Multi-channel ultraviolet (UV) spec-
trometer m the 0.25-0.38 microns band
with 200 km (124 miles) swath coverage at
3-5 km resolution in altitude

e Meteor 3-5 has a Total Ozone Mapper
Spectrometer (TOMS - U.S. Instrument

flying onboard Meteor) to
measure atmosphericozone
depletion.

Most of the Meteor 3-X
series satellites (Meteor 3-5
is currently the only space-
craft active in this series)
transmit on 137.85 MHz.

One interesting observa-
tion concerning Meteor 2
on-orbit operations is that
the spacecraft will be in the
middle ofan observable pass,
transmitting beautifulimag-
ery, then all of a sudden the
transmitter is turned off! The
spacecraft is still well above
the horizon, and shouldstill
be transmitting....so then
why does this happen?

Careful analysis of the
orbital track indicates that
as the Meteor 2 satellite ap-
proaches the terminator (demarcation be-
tween daylight and darkness), the space-
craftswitchesoffits APT transmissions when
the satellite enters darkness. This is done by
light sensors aboard the spacecraft. The
reason for this is that the Meteor 2 satellites
donothave afunctional IR imaging system,
and there was no reason to transmit visible
imagery in areas of total darkness.

Early Meteor 3 satellites also lacked an
IR system and consequently also shut off
APT transmissions in darkness areas. Later

spacecraft in the series (Meteor 34 to 3-6)
have a good, functional 120 lines per min-
utes (LPM] IR imagery system and do not
switch off APT imragery when the spacecraft
crosses the terminator. Itshould be noted,
however, that some of the Meteor | and 2
spacecraft did have a crude 20 LPM IR

by Meteor 3-4 captured by Charlie Davis
(another avid ST subscriber!).

capability, but it was typically turned off
over the United States.

Another noticeable difference between
Meteor and the U.S. NOAA satellites is the
gray scale “wedges’ on the NOAA TIROS
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Infrared map (mosaic) of the central U.S. imaged by Meteor 3-4 and captured by Mark

Sims of DRIG. The longitude/latitude lines were created by one of Mark’s utility

programs.

birds vs. the six-bit analogue binary code
next to the image of a Meteor satellite. The
edge-code of Meteor 2 series correlates well
with the solar illumination at the sub-satel-
lite pointon Earth and varies from 10, when
the solar elevation is above 75 degrees to
the maximum of 63, when the solar eleva-
tion is about 8 degrees. This binary code is
most likely used for an automatic exposure
mechanism for the proper exposure of
imaged pictures. The Meteor 3 series satel-
lites also contains a numerical edge-code
which includes a clock. The top number in
each one-minute fraine advances by one in
successive frames and is a count of the
number of minutes after midnight, Mos-
cow time.

Another Russian remote sensing satel-
lite that can be monitored (usually on
137.400 MHz) and imagery captured by
enthusiasts is the Okean series spacecraft.
The Okean platform became operational
in 1988 and is the first in a series of oceano-
graphic remote sensing satellites. This
satellite’s payload includes:

¢ Synthetic aperture radar (SAR)

® Microwave radiometer/sounder

* Medium and high multispectral scan-
ners

e Visible APT-like imagery (3 channels)
with 200 meter (660 feet) resolution

* Infrared APTimagery (3 channels) with

68 SATELLITE TIMES

July/August 1995

600 meter (1,980 feet) resolution

Aspecialsystem on the Okean platform
called ‘Condor’ permits data collection by
seaor ground-based instrumentsand trans-
missions are also relayed to ships at sea via
the Ekran geostationary satellite system.
The Okean satellites monitor:

¢ All-weather monitoring of sea-ice con-
ditions

* All weather
monitoring of
seaway, storm,
and cyclonere-
gions

¢ Radar and
optical moni-
toringof ocean
surfaces

The Okean
images are of-
ten accompa-
nied by telem-
etry coding
whichis known
as the ‘piano-
keys’ by moni-
tors because it
resembled the
black and

white keyboard and radar bands.

of that instrument. Images that are purely
visible, or a mix of visible /IR, or very rarely
visible/IR/SAR were accompanied by a
numberofsequence telemetry. These num-
bers have caused quite a bit of interest.
Geoff Perry, Max White, and others in the
European Kettering Space Group have suc-
cessfully decoded this telemetry and it ap-
pears to be a relative of the clock informa-
tion telemetry described above for the
Meteor 3 series satellites.

As you can see, the Russians have a
rather active polar orbiting weather satel-
lite program. Keep your receivers tuned to
137.400 and 137.850 MHz and enjoy some
interesting images!

If you would like to see a larger sample
of Russian weather imagery, modem
equipped hobbyists can access the Dallas
Remote Imaging Group library of Russian
satellite photos. Simply dial 214-492-7057
(28.8K) or telnet to 204.77.64.254 2008
(note TCP Port address of 2008) and login
to the BBS. The ftp address is 204.77.64.2.

A View from Above Satellite
Update

GOES-] (GOES 9) was successfully
launched on May 23, 1995 at 0152 from
Kennedy Space Center. It will be stationed
at 90 degrees West longitude during the 3
month checkout period. For more infor-
mation on this satellite and the rest of the
GOES-Next prograin, see this issues cover
feature on page 10.Till next issue, keep in
touch and keep watching the View from
Above. ST
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Sea surface temperature map of the U.S. East coast -
received live from the NOAA 10 polar orbiting satellite. 9%
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Orbcomm Launches
First Two PCS Scatellites

hey are only 104 cm (41 inches) in

diameter and 16.5 cin (6.5 inches)

tall and weigh in at less than 40.5 kg
(90 1bs). Two of them were placed into orbit
on April 3, 1995from Vandenberg Air Force
Base in California and have reached their
planned operating orbit of 728 km (455
miles). These two satellites have made his-
tory in several ways, not the least of which is
the first two operational spacecraft in the
personal communication satellite (PCS)
service. Theyareintended to provide world-
wide two-way data messaging, paging ser-
vice.

These communications spacecraft are
known as Orbcomm 1/2 and they are the
property of Orbital Sciences Corporation
(OSC). OSC has now fired the first shot in
the PCS revolution. These two satellites are
revolutionaryinsize and design andin their
method of launch.

These satellites were launched by the
Pegasus launch vehicle which was devel-
oped by Orbital Sciences and Hercules
Aerospace Company with private capital.
The innovative air-launch approach pio-
neered a full range of technological innova-
tions in rocket design, manufacturing tech-
niques and launch operations making Pe-
gasus more reliable, flexible and affordable
than otherlaunchvehicle. Anew,enhanced
rocket the Pegasus XL is now available for
more mission flexibility. The Pegasus sys-
tem has excellent rapid response capability
for the launch of new spacecrafi or the
replacement of failed satellites.

The Pegasus three stage launch vehicle
is carried under the belly of a modified L-
1011 aircraft. During the April launch, the
two Orbcomm spacecraft (Flight Models 1
and 2) and a third satellite, the MicrolLab-1,
were carried toaltitude of 40,000 feet by the
company’s L-1011 aircraft in the Pegasus
rocket before being released for launch.
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Once released, the Pegasus rocket was al-
lowed tofree fall away from the aircrafi ina
horizontal position for 5 seconds before
the first stage rocket motor ignited. The
three stage launch vehicle followed a lift
assisted trajectory with the use of a small
wing. From thisaltitude the Pegasus vehicle
and its three satellite payload reached orbit
in approximately 12 minutes. The OSC L-
1011 aircraft was 50 miles off the California
coast during the launch.

Initial indications are that Orbital’s pat-
ented Microstar satellite constellation de-
ployment sequence worked as planned.
For this mission, the first Orbcomm satel-
lite was released from the rocket’s third
stage in a southerly direction minutes afier
orbit was achieved. Pegasus then carried
out an attitude adjustment maneuver, re-
aligning itself to face in a northerly direc-
tion for the deployment of the second
Orbcomm satellite. This was followed by
another attitude adjustment maneuver
in preparation for the release of the
MicroLab-1 satellite. Final or-

GPS Antenna (4) —,
Battery

and June and that maneuver placed these
two satellites on opposite sides of the earth
from each other.

The Orbcomm satellite based data and
message communications system will have
many commercial, personal and defense
applications. Some of Orbcomm’s com-
mercial applications will include:

¢ The ability of the trucking industry 10
monitor and determine the location of
cargo shipments

¢ Remote industrial and environmental
monitoring

¢ Security alarm monitoring

* Animal tracking (for researchers)

* Satellite based alarm system for your car
that can track it even if it is stolen.

Medical monitoring, emergency ser-
vices, and search and rescue organizations
will also be able to use the Orbcomm satel-
lite system easily. To take this one step
further, even the military can use many of
these same applications and even some
more specialized services. Ship, transport,
aircraft and tanks can be monitored and
located instantly. Special Forces as well as
military search and rescue operations can
take advantage of Orbcomm’s data burst
communication techniques that lower the
risk of detection behind enemy lines.

“The launch of the first Orbcomm sate}-
lites,” according to Orbital’s President Mr.
David Thompson, “culminates over four
years of hard work and intense dedication
from many people at Orbital. This success-
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ful launch brings Orbcomm’s plans to the
point of final implementation. At the same
time, we are now ready to introduce a
fundamental change in the way people all
over the world live, work and play through
our low-cost, satellite-based communica-
tions network that will work everywhere.”
Mr. Thompson further stated, “this success-

ful launch marks the first time one com-

pany, in this case Orbital, has built all com-
ponents of a satellite system, from the satel-
lites to the launch vehicles to the ground
control system. We are proud of these
accomplishments and the team that has
made them possible.”

The successful launch and testing these
two spacecraft will allow Orbcomm to be-
gin deploying their proposed 26 satellite
system over the next two years. Limited
service to the United States using these first
twosatellitesis expected tostart thismonth.

The Microsat design of these spacecraft
allowsasingle Pegasus XL launch vehicle to
carry what Orbcomm calls an “Eight Pak”
into orbit. It will require three Pegasus XL
launches to get the rest of Orbcomm’s 26
satellite constellation into orbit.

The satellites are considerable larger
once deployed. The solar panels pop-out
and span a total of 20.3 cm (88 inches)
while ahinged VHF/UHF antennaextends
out to 327.6 cm (129 inches). The
spacecraft’s power system will provide 14
volts and this is supplied by two solar arrays.
The digital electronic bus will overate at a
regulated 5 volts. Telemetry, Tracking and
Command (TT&C) will be accomplished
on a discrete VHF frequency at 57.6 Kbps.
Itwillgetfurtherassistance froman onboard

GPS navigation and tim-
ing system.
Telemetry from
both satellites has been
received at Orbcomm’s
gateway Earth stations
(GES) and relayed to
Orbcomm spacecraft

control center (SCC) in Dulles, Va. Three
GES’s are operational in Georgia, Arizona
and New York. A fourth is planned for
Washington state. All three gateway sta-
tions have received satellite 1elemetry from
the two orbiting satellites. Telemetry has
indicated that both spacecraft successfully

Above: Orbcomm hand-held personal
communicator.

At left: One of four Orbcomm Gateway
Earth Stations Is in the Arlzona Desert.

deployed their solar panels and antennas.
Both spacecraft have sent to Earth telem-
etry indicating signal strength, tempera-
tures, attitude control and power levels are
all normal. Initial tests of Orbcomm com-
munications system software indicates
it is also operating as expected.

Since the April launch, both satellites
have suffered anomalies that have prevented
them from communicating with ground
stations. On April 15, SCC personal discov-
ered a problem with the subscriber com-
munications subsystem on the Orbcomm 1
satellite. On May 22, OSC announced that
it had restored the ability to receive trans-
missions from the subscriber unit. The re-
covery of the subscriber communicator re-
ceiver function on Orbcomm 1 was accom-
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plished by sending commands to the satel-
lite that corrected an apparent software
blockage. Additional efforts to restore the
ability to transmit on Orbcomm 1 to sub-
scriber units continues at presstime.

Shortly after launch, Orbcomm 2 devel-
oped a problem with its gateway communi-
cations subsystem, preventing the satellite
from responding to transmission from
ground stations. A software problem ap-
peared to be the cause of this problem. The
problem was resolved on May 13 when the
satellite reset itself and normal communi-
cations was re-established.

According to Orbital spokeswoman
Laura Ayres, “Just one component on each
satellite was at issue, everything else has
worked fine.”

Orbcomm satellites will use uplink fre-
quencies of 148.000 to 149.900 MHz for the
hand held units used by the
customers. The downlink to
these handheld units will
be from 137.000 to 138.000
MHz. The downlink fre-
quencies to the gateway
Earth stations will be be-
tween 400.050 and 400.150
MHz. These satellites will
use either 2400 or 4800 bps
data rates using the stan-
dard X.25 and X.400
(CCITT 1988) protocols.

For those of you who
might be interested in the
third spacecraft thatwas car-
ried into orbit on this Pe-
gasuslaunch, the MicroLab-
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1 was also built by Orbital Science Corpora-
tion and carried two scientific instruments.
Thefirstinstrumentisan Optical Transient
Detector, developed by NASA’s Marshall
Space Flight Center and it is designed to
study lightning patterns around the world.
The second instrument is a Global Posi-
tioning System (GPS) meteorological ex-
periment developed by the University Cor-
poration for Atmospheric Research
(UCAR) for the National Science Founda-
tion and is intended to study the effects of
the Earth’s atmosphere on GPS signals.
Withalittle luck, the world‘s first afford-
able satellite based two-way data messaging
system is just around the corner. There will
probably be, what up to now has been
unthought of applications, that will make
the PCS space revolution even more excit-

ing.

The SCC in Dulles, Va. enables engineers to monitor and
control satellite operations.

AMSC 1 Testing Complete

American Mobile Satellite Corporation
recently announced that in-orbit testing
(10T) has been successfully completed on
its AMSC 1 (MSAT 2) satellite which was
launched on April 7 from Cape Canaveral
Air Force Station, Fla. The spacecraft met
all testing performance expectations, al-
lowingIOT tobe completedahead of sched-
ule. AMSC 1 is positioned at its orbital slot
of 101° West and the telemetry, tracking
and control (TT&C) functions have been
handed over to Hughes Communications
Inc.

At presstime, AMSC was testing the
ground segment located at the Reston, Va.
facility and the mobile terminals in con-
Jjunction with operational testing on the
satellite. In conjunction with this testing a
transmission was sent to the satellite which
caused certain components of the commu-
nications payload to overheat.

The overheating damaged one of eight
output hybrid matrix ports that serve the
spotbeams covering the Eastern and Cen-
tral United States. The other seven hybrid
portsare operating inaccordance withspeci-
fications. The remaining four spotbeams,
covering the Mountain and Western por-
tions of the United States, Alaska, Hawaii
and the Caribbean, were not affected.

Test to date have indicated that, not-
withstanding the loss of this single hybrid
port, the power output in the Eastern and
Central spotbeams will not be significantly
less than specifications. Furthermore, ad-
Justments in the operation of the satellite
can be made to compensate for the power
loss. In addition, AMSC believes that the
qualityand the life of the satellite will not be
affected.

“We are pleased with the exceptional
performance of the satellite and the
progression of the testing on the
ground segment and mobile termi-
nals. Everything looks great for the
rollout of our services,” said Brian
Pemberton, President and Chief Ex-
ecutive Officer of AMSC. “We are
excited about the level of enthusiasm
and support our products have re-
ceived in the marketplace.”

Well that about does it for this
issue’s PCS column. Remember, if
you have a question or comment,
send them into our Brasstown ad-
dress. Most of all stay tuned as the
drama of this new PCS technology
continues to unfold in the months to
come...till next time around. gf
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By Jeffery M, Lichiman

A Simple Solcr

Flare Detector

disturbances commonly used are the Sud-
den Enhancement of Atmospherics (SEA),
and Sudden Enhancement of Signal (SES).
When using the SEA method, a simple
receiver tuned to 27 kHz will use the natu-
rally occurring static caused by thunder-
storms as the signal source. Byrecording the
amplitude of these lightning pulse signals,
disturbances due to solar flares will resultin
an increase in amplitude of the received
signal, in most cases, rising rather suddenly
and then decaying slowly as the ion clouds
dissipate back to a normal state.

ne of the simplest

projectsanamateur ra-

dio astronomer can
construct is the VLF (Very Low
Frequency) solarreceiver. This
receiver can be used to moni-
tor Earth’s nearest star—the
Sun and its solar flares. The
receiveritself, lessthe A/ (ana-
log to digital) converter, can be
constructed from a handful of
audio frequency parts at mini-
mal cost.

[
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The SES methodisquite simi-
lar to the SEA method except,
thataknown radiostationis used
as a signal source. By tuning to
the particular frequency, (be-
tween 17 to 100 kHz) the ob-
server may detect ionospheric
disturbances. WWVB-Boulder,
Colorado on 60 kHz is a com-
mon choice amongst hobbyists.

This method of solar storm
monitoring is effective only dur-

Before we go any further,
let’s talk about the structure of
the ionosphere and the effects
of a solar flare. The lowest portion of the
ionized ionosphere is the E layer. The
approximate height of the region of maxi-
mum ionization is 70 miles. Air is fairly
dense at this altitude thus making elec-
trons active due to solar radiation. These
particles do not move over great distances
hefore recombining to form a neutral par-
ticle. The D layer remains fairly active dur-
ing the daylight presence of solar radia-
tion.

During times of violent sunspot activity,
the solar eruptions generate visible and
invisible radiation. Electrornagnetic waves
are emitted during flare activity at frequen-
cies in the radio, microwave, infrared, vis-
ible, ultraviolet and x-rays. Within 89 min-
utes (time it takes the

Handbook)

FIGURE 1: Event Triggering (Courtesy of Radio Astronomy

equatorial lightning storms constantly rage
about the earth’s equator. The noise from
these storms may be heard virtually all over
this planet. The noise is conveyed around the
earth’s curvature with the planet’s surface
and the D layer of the ionosphere behaving
like a waveguide. The lightning pulses can be
easily detected many hundreds of miles away.
The lightning pulses are propagated within
the waveguide area between the earth and
the D layer.

If one has a receiver monitoring the radio
spectrum under 100 kHz and it is connected
to a suitable recording device, these solar
eruptions may be monitored. You can chart
their amplitude and time characteristics.

Two methods of recording ionospheric

ing daytime hours. This is due to
the D layer forming from the
suns energy and then dispersing
at night. Figure 2 is typical of a
daytime WWVB strip chart during which
several solar flare eruptions have occurred.

The effects of a major flare will produce
a sudden rise in recorded energy with a
decay period which typically lasts from 15
minutes to hours or until the D layer regains
its balance.

Anotherpopularactivityin the VLF realm
is monitoring, “whistlers”. Whistlers are be-
lieved to be created by lightning stormsand
are propagated at long distances. They oc-
cur in the 1-10 kHz region. In the past,
NASA (National Aeronauticsand Space Ad-
ministration) has encouraged amateurs to
observe this phenomena. A good article on
whistlers etc. was done by Michael Mideke
for Science Probe magazine, July 1992, called
“Listening to Nature’s Radio.”

speed of light to travel
thedistancefromthesun
to earth}), such an event
will disrupt the D layer.
X-rayflares from the sun
will cause an increase
numberoffree electrons
making the layer a better
conductor and a better
waveguide. This has the
effect of a sudden en-

SUNRISE
EFFECT

i | | t
RUSTRAK RECORDER
1 INCH/HOUR PAPER FEED

Another article on whistlers
was written by ST editor Larry
Van Horn in the December
1992 issue of Monitoring Times
magazine called, “DX-ing the
Planet Earth.” That article is
available for $2.00 andan SASE
from Grove EnterprisesatP.O.
Box 98, Brasstown, NC 28902.

In addition, another area
of interest is, Gamma Ray

SUNSET
EFFECT

hancement of atmo-
spheric noise.

Referring to figure 1, Handbook)
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FIGURE 2: Actual Solar Recording (Courtesy of Radio Astronomy

Bursts (GRB). In ajoint meet-
ing with the GRB investigators
at NASA’s Marshall Space



Sickelsisshownin fig-
ure 3. This receiver
has been used for
solar flares and
Gamma Ray Bursts
detection. Another
simple SEA receiver
used by amateurs is
shown in figure 4.
This receiver uses an
RCA CA3035 and an

FIGURE 3: VLF Receiver.

Flight Center, Hunstville, Alabama (Au-
gust 1993), and the Society of Amateur
Radio Astronomers (SARA) it was discussed
that there might be a radio component of
these bursts. It was felt that some of High
Energy Pulses (HEPS) recorded over the

SK3019.The receiver
is fixed tuned for 40
kHz and is designed to operate on +12
VDC.

One of the problem areas the observer
will have to guard against is, man made
interference. A few types of interference
are prevalent at these low frequencies.

Another form of interference comes from
television sets. The television sets horizon-
tal oscillator operates at 15.734 kHz, and is
of the pulse type. In addition, this oscillator
produces sidebands. If any of us are mar-
ried or have teenagers, the electric hair
dryer can also causes havoc with sensitive
receivers. So as you can see, it would be in
the best interest of the observer to isolate
the receiver as much as possible from inter-
fering noise sources.

The antenna systems used for such a
receiver are quite simple. Figure 5 illus-
trates a longwire antenna which is quite
economical, if one has a suitable area for
construction. The antennashould be placed
on an east-west baseline. This orientation
will allow the antenna to be broadside to
the earth’s equator from which
the above described noise origi-

‘7 12V (16 mA) nates.
:S mc? ?01 C1.2,.3,.4.5. 0.9 11=0.001 MICA The antenna may be 2
e = T T B pended from erected posts,
SHIELOED 3| & = R e house cornersorfromapartment
LEAD-IN = .
(50 OnM) Ca——4 s R3S P42 Re -4 SIEPWRS 15V0g windows to a local tree. The an-
9 - g
1 i, )| = & A4 Kol A o :,";K":;:‘”’ tenna wire and the down lead to
= 3 —~ = € &
- Iy < i | TIG/T [ i the receiver are of the same ma-
] ' P = 100K terial.
ia e cnl 0 cile RE23300 CASE L]
7 ns = B M . When you get started, you
RUSTRAX O= SKI0THACA) c will want to correlate your data.
_ _ Official data on solar flare activ-
_ = ity can be obtainable from the
= R e Space Environment Services
D G ERTrEo 1S Center, 325 Broadway,R/E/SE2,
(QRENIT TURKS) Boulder, Colorado 80303. This

FIGURE 4: VLF Circuit Schematic

years, might be GRBs. For further informa-
tion on GRBs, see Air & Space magazine,
June/July 1993 “The Great Gamma Ray
Mystery” and “Radio Dispersion As A Diag-
nostic of Gamma-Ray Burst Distances” by
David Palmer, As-

Power lines generate 60 Hz signals and
harmonics, which are present everywhere
due to alternating current (AC) power
distribution. Any large carrier of power
will cause problems fora sensitive receiver.

trophysical Journal,
417:1L.25 - L28,
Nov 1, 1993. The
equipment
needed for GRB
observations in-
cludes: a long
wire antenna, a
simple receiver
and a recording

50’longwire antenna

=

Downline

device such as a J

chartrecorderor

A/D converter. L——-v-
A simple 40 To receiver

kHzreceiverbuilt

by a SARA mem- Earth ground

Egg insul.

Support as high as possible

To readout

ber, fromadesign

by Robert M. FIGURE 5: Antenna Set-up
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bulletin lists times and intensi-
ties of a week'’s solar flares.

I would like to thank the following indi-
vidualsfor theirhelpand information: Terry
Littlefield, KAISTC of Communications
Quarterly, Joseph Carr (Winter 1994 of Com-
munications Quarterly), and Carl Chernan,
WAS3UER. Information was also used in the
preparation of this column from the Radio
Astronomy Handbook by Robert M. Sickels
(Deceased) published in 1992. ST

RADIO ASTRONOMY

RADIO TELESCOPES, AMPLIFIERS,
MODULES, BOOKS AND ACCESSORIES

For Your Radio Astronomy Supplies

CATALOG -$1.00

Jeffrey M. Lichtman
190 Jade Cove Drive

Roswell, GA 30075  (404) 992-4959
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By Todd D. Dokey

New GPS Product Guide
Released

re you looking for some GPS equip-

ment, books or software. Then you

need to get the new Navtech GPS
Store catalog. I have just received a copy of
their Spring 1995 catalog and it is chock full
of interesting GPS products. I will cover
some of the more interesting prod-
uctsin theirnewcatalogin this
edition of Navigation
Satellites.

Cambridge Aero
Instruments has pro-
duced the Secure GPS
Data Recorder and Navi-
gator. Originally designed
forsportaviation to provide
guidance and trip tracking,
the system is now being used
in marine applications and ve-
hicle tracking systems.

This compact system has a 10
channel GPS receiver in a tamper
proof box which producesa digitally
fingerprinted record to encode each
trip. The fingerprint assists in prevent-
ing forged records. The tracking data
include latitude, longitude, time and
speed overground.

This GPS tracking system can even sense
when your vehicle has stopped moving and
shutitselfdown. It canreportoverviews, detail
views and scaled map overlay information
which can be downloaded to a PC by a stan-
dard serial data cable and software (included).
Data can be logged for 16 hours (at 4 second
intervals and up to 32 seconds). There is also
a real time tracking option when using op-
tional transceivers.

If this is not enough for you, try using
MultinavVehicle Attitude Determination soft-
ware. Multinav is a collection of programs in
the C programming language that allows you
to accurately reduce the data from a mult-
antenna system to calculate roll, pitch and
azimuth of the vehicle in motion. According
to the literature, accuracies of a few arc min-
utes have been obtained in a marine environ-
ment. Not bad.

Do you have a 486DX 33 or faster com-
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puter? You can use it to experiment with GPS?
The GPSBuilder 2 by GEC Plessey might be
what you are looking for! The kit consists of a
12channel GPS development kit
that includes software and uses
the new second generation
GP2010 low power RF
downconverterandincludes
filters and a GP2021 12-
channel correlator run-
ning by PC control.
The main display
screen shows channel
status (continuously
updating view of all
the correlation
channels) and
the coordinates.
Other infor-
mation that
can be dis-
played in-
: cludes the satel-
- lite status, processing
. and task status, differential
. correction status, and the control
" of the data collection (all by function
keys!)

Other development kits advertised in the
catalog include the Oncore nade by Motorola
and the 10<channel GPS “Black Box” by
Magellan. The Oncore system includes an 8-
channel GPS receiver, an active patch an-
tenna with magnetic mount and feedline,
power and data cables, PC controlling soft-
ware (with manuals), a complete technical
manual and more. This Kits is the standard
issue for the evaluation of Motorola Oncore
OEM (original equipment manufacturer)
boards and Motorola requires you purchase
one of these kits prior to the purchase of a
GPSreceiverboard (there are two parts to this
kit -the test kit, and the receiver kit).

The 10-channel “Black Box” from
Magellan is of interest because it dumps its
data not only in NMFA standard, but also in
ASCII and others by the RS-232 serial data
standard. This “Black Box” is ready to take
differential GPS code fromacorrection source

at48000r9600 baud. The fact thatitisinabox
makes it water resistant. The 10channel kit
includes an external active antenna with 30’
of coax, power and data cables and mounting
hardware.

There are also electronic compasses avail-
able which (in some cases) can be interfaced
to that GPS handheld receiver you are build-
ing in your garage. Precision Navigation
offers the Vector-2x compass module. The
Vector-2x uses a 2-axis magnetometer (that
apparentlyused to be proprietary for the U.S.
military). It is a low power unit (5 volts at less
than 10 mA) using a 10 Hz sampling rate
when running in continuous mode. The sys-
tem is easilyadded to existing projectsand has
a data clock that can run in either master or
slave modes. The 2 degree accuracy with 1
degree of resolution is not bad at all for
$46.95!

The higher resolution, higher accuracy
(higher priced) TCM2 can also output com-
pass information and has the added bonus of
including pitch, roll, and temperature read-
ings. It uses a proprietary triaxial magnetom-
eter system and a biaxial electrolytic incli-
nometer,and hasnomoving parts! The TCM2
outputsdata atabout 16 times per second but
uses less than 12 mA. It can be user config-
ured and programmed, is tolerant of rugged
environments and has built in distortion de-
tection. All of these systems are in different
price ranges, so l am sure there is one that will
suit you!

Many of you have seen satellite tracking
software I am sure. Much of this software is
devoted to the amateur radio hobbyand then
there is the software devoted to the visual
tracking of justaboutanythingyou can getthe
orbital elements for. Quick Plan by Trimble
Navigation is designed to help you plan your
GPS projects.

Quick Plan lets you calculate the visibility
of the satellites and graphs the data so you
know beforehand whatto expectandwhen to
expect it. This enables the GPS developer to
quickly look up the availability of satellites
and cutoff elevations, etc. Quick Plan runs on
a PC or compatible 386 or higher system with
coprocessor, VGA monitor and Windows 3.1.

If that software is not enough for you, the
you ought to try the FieldPack Designer and
FieldPack Mobile by All Points Software? How
would you like to be able to design you own
database system that noncomputer people
can operate and use in the field to collectdata
and digital images? The Designer lets you
incorporate your own forms or databases and
integrate them with text, data, GPS coordi-
nates and even digital images! FieldPack De-
signer is icon-driven and requires no pro-
gramming experience! Now you can set up
electronic forms to suit your needs in the
field.

FieldPack Mobile is the software used by
the person in the field to collect the data and
use your personalized forms and screens.




FieldP’ack Mobile can be loaded onto alaptop
or pen based portable computer system with
a GPSreceiverand a digital camera! The data
can be corrected to within 1 to 5 meters and
software for use with differential systems is
also available.

And now the real good news! GPS
handheld receiver prices are falling!

Magellan’s Trailblazer leads the pack with a
price tag of $299.00. Thisis closely followed by
the Trailblazer XI.and Meridian XL at $349.00
The newMagellan 10channelsensoris nearby
at $495.00! All prices are subject to change.
You can learn more about these and other
GPS productsyoushould contact the Navtech
GPS Store (Navtech Book & Software Store),

2775 S. Quincy Street, Suite 610, Arlington,
Virginia 22206. (703) 931-0500. If you are
interested at all in GPS books, software, map-
ping, receivers, data, classes (the list goes on)
contactthem fora catalog or furtherinforma-
tion right away! Oh yea, be sure to tell them
Satellite Times sent you.

And Now for the Wedather...

he National Weather Service has for

some time been working to bring its

older weather radar system up to
speed with newer technology. A new system
has now been developed by Unisys Corpora-
tion and is called NEXRAD for Next Genera-
tion Weather Radars (the WSR-88D radar
system). This innovative system provides a
greater detail of data which permits users of
the information to produce more accuraie
weather forecasts.

Unisys Corporation and Marta Systems
came together in order to offer a more ad-
vanced weather information system utilizing
advanced doppler weatherradarsystems. The
system uses data from NEXRAD and couples
it with a data imagery management system to
provide economic advanced imagery to gov-
ernment, private, industry and emergency
management end users. The NEXRAD ra-
dars are connected directly to the server sys-
tem at Marta Systems by dedicated lines pro-
viding imagerv in the shortest possible time.

Marta Systems has now developed a Win-
dows based software package that incorpo-
rates manyuseful featuressuch asimage zoom-
ing, animation, and napping. The mapping
feature can incorporate weather data with
radar ranging rings onto city, county, state,
local or topical map information (such as
water, airway, highway, administrative bounc-
aries, railways, etc.) all of which can be user

NEXRAD

Information

¢ National Mosaic, 4x4 km (based upon
Composite Reflectant)

*  Composite Reflectivity, 4x4 km, 16 dato
levels, 460 km range.

o Reflectivity (4 tilts) Tx1 km, 16 data levels,

230 km range.

Layer Composite Reflectivity (3 layers)

Ecﬁo tops

Surface rainfall accumulation, 1 hour run-

ning fotal or 3 hour total once per hour.

Storm total rainfall.

Hourly digital rainfall array.

Vertical integrated liquid (VIL).

Radial velocity (4 tilts) 1x1 km, 16 dato

levels, 230 km range.

*  Velocity azimuth display (VAD) Winds (time
vs. height).

selected and overlaid at will. Windows com-
patible color printer support is also available
with this system.

NEXRAD datais accessed by the user over
amodemand thesoftware automatically gives
on screen updates of the weather imagery
data overlaying it with a current map display.
The advanced animation features permit the
user to show the direction, the speed and
intensity of the storm, and also provides the
user with the ability to pause, speed up, or
slow down the animation.

The software, called WinPUP also sup-
ports the animation of weather data while
new data is being downloaded from the host
computer and will automatically update the
screen with the new imagery, while eliminat-
ing the oldest images. The system also sup-
ports animation of NEXRAD National Mo-
saic Reflectivity pictures which gives you a
dynamic national outlook of radar imagery.

Some of the information and resolution
data are listed in Table 1.

WinPUP can run completely unatiended
collecting new data, discarding old, and dis-
playing current information on a map. The
information also can include the latitude and
longitude plus distance between user defin-
able points of interest. Range rings, polar
grid, calendar with Julian date and UTC/
local time capabilities can also be selected.
WinPUP can even save images in the trans-
portable Windows BMP format.

If you are a US. Department of Com-
merce, Department of Defense, or Depart-
ment of Transportation user, there is op-
tional software that allows you a direct con-
nection to the WSR-88D PUPs and RPGs.
WinPUP will soon be available in a Windows/
NT 32-bit version for high-performance ap-
plications.

Marta Systems does notcharge connector
disconnect fees and does not charge extra for
downloading at the highest standard data
rate (they use 14.400 Kbps as their highest
standard data rate at this time). The monthly
fees are applied only in the month you access
their system. The pictures can also he ac-
quired on a per picture basis and there is a
discount for Emergency Management users.

What does this have to do with GPS sys-
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tems? I asked Marta Systems if there was any
plans to incorporate real time GI’S display of
their data for vehicle and personnel tracking
and was told that this was something they are
workingon. Theyalsosaid that theirmap data
could be saved and overlaid with other sys-
tems. My basic impression is, they are really
working on it and will soon develop their
system to allow GPS interface!

Marta Systemsalso supportsweathersatel-
lite imagery, National WeatherService (NWS)
Weather Wire alphanumeric products, light-
ning data and NWS DIFAX charts. If you are
serious about having up-to<late and accurate
weather information, contact Marta Systems
at 15500 W. Telegraph Road, A5, Santa Paula,
California, 93060. 1 would like to thank the
Vice President of Marta Systems for providing
information used in this column.

That’s it for this month. If you have some
GPS questions or topics you would like to see
covered in this column, you can write us care
of the Satellite Times address in Brasstown,
NC. If you want a personal reply, be sure to
include a self address, stamped envelope

(SASE). St

U Satellite Pro~ Earh satellite track-
ing software for high accuracy ephemeris & for
optical & radio tracking (uses USAF SGP4/SDP4
propagation models). Flies up to 200 satellites si-
multaneously, manage database of up to 20,000
satellites; edit, add or delete. Comes with nearly
4,000 NORAD satellite orbital element sets ready to
use. Displays Earth
ground tracks on world
maps (orthographic or
equal area) or zoomed
in closeups. Sky maps
of satellite paths with
stars, planets, Sun,
Moon. Space view of
Earth with satellites, at
variable distance from Earth. Local horizon maps
with satellite path in altitude/azimuth bird's eye
view. Satellite RA/Dec, slant range, range rate,
intersatellite range, phase angles, height, altitude &
sky velocities. AOS time & pass duration. IBM &
compatibles,VGA graphics, harddrive.  $149.95
800-533-6666 for VISA/MC orders, FAX to 412-
422-9930. Zephyr Services, 1900 Murray
Ave. Dept. S, Pittsburgh PA 15217. Thousands of
satisfied customers. Our 14th year. FREE Catalog.
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by Wayne Mishler, KG5BI

Wagons Ho: Internet or Bust

here’s a cloud of trail dust on the

horizon, pilgrim. It’s billowing up from

the heels of the satellite industry.
They're burning daylight and heading for
the Internet. One pioneer, Keystone Com-
munications, provider of telecommunications
for more than 1,000 U. S. and international
clients, and publisher of the North American
and Asian-Pacific Satellite Guides, is already
there. Keystone Satellite Publications Editor
Doug Jessop, designer of the company’s
Internet presence, has carved out an elec-
tronic doorway called the Keystone Home
Page, and the welcome mat is out for anyone
with computer and modem. The URL (uni-
form resourcelocator) address fortheirhome
pageis http://www.xmission.com/~keycom.

By venturing through that doorway, you
enter a wonderland of hyberspace informa-
tion, services and products of the space indus-
try. There’s a section for satellite terms. An-
other for current information on North
American satellites. You can sample a page of
the company’s North American Satellite
Guide, oryou can buy the whole book on-line
using a credit card. Of course you can access
a directory of Keystone offices, and receive
detailed information about the company’s
services including its uplinks, transatlantic
service, transpacific service (Pacific Skylink),
and business and television services as well.

Jessop says “ Using the links is akin to
reading a book, but instead of having to plow
through the whole book to find the juicy
parts, you can simply jump directly to the
points that interest you.”

Keystone also maintains a file transfer
protocol through which you can download
articles related to the satellite industry via
ftp://ftp.xmission.com/pub/users/k/
keycom.

Where in the World Are You?

In Frank Baum’sliterary classic, Wizard of
Oz, the scarecrow got a diploma to prove his
intelligence, the tin man got a ticker to tell
him he was alive, and the lion got a medal to
convince himself he was brave. Dorothy could
have used the GEO location marker to tell
her where in the world she was. It would’ve
made a great conversation piece back home
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in Kansas with Aunty Em after the ruby
slipper trick.

It’s too late for Dorothy, but not for you.
You can get your very own location marker,
a yellow-brass medallion engraved with the
longitude and latitude coordinates of your
home, from Geographic Locations Interna-
tional, 1513 26th Ave. NE, Minneapolis, Min-
nesota, 55418.

The medallion is a beautifully finished
lead-free brass alloy replica of the traditional
geographic survey marker. It bears the in-
scription “Know where you are. Be where
you'reat.” It's only available from GEO. And
itmakes a unique gift for surveyors, amateur
radio operators, space buffs or anyone else
interested in earth measurements.

That’s not all. Betty Risser, GEO presi-
dent, has some other great ideas. Her com-
pany offers the attractive marker mounted
on executive desk sets, book ends, and in a
sun dial, to name a few.

“It makes a bold and classy statement,”
she says. “It’s a great conversation piece that
connects with the history of surveying and
marking geographic sites.”

Not only does GEO guarantee satisfac-
tion, theygive alifetime membership to their

GEO-TO-GOclubincludinga newsletter sub-
scription toanyonewho buysalocation marker
during its first year on the market. Don’t wait
too long to order yours. You can order or get
more information by calling 800-GEO-SITU
(800-436-7488).

New Mobile Satellite Antenna
System Links RVers to DBS
There’s a new DBS antenna system for

recreational vehicles. It’s called the Snow-
bird. It attaches to the roof of any RV, and it

enables RVer’s to receive programming from
DBS satellites.

Travel-Sat, who specializes in satellite TV
reception systems for the recreational
vehicle market, introduced the system at a
Family Motor Coach Association rally in Las
Cruces, New Mexico, this Spring.

The Snowbird system features a 24-inch
antenna dish that folds face down to a
mere 9 1/2-inch travel profile. Itis plated and
powdercoat-finished for durability. and in-
cludes chrome interior hardware that en-
ables users to aim the dish from inside their
RVs.

Travel-Sat says their new product receives
all currentlyavailable and future DBSsatellite
programs, and works well as an add-on for
existing RCA DSS systems. Their salesdepart-
ment will be happy to give you more informa-
tion. You can call them at (800) 276-1692 or
(619) 568-0666.

Russian Space News
Debuts in U.S.

An English language edition of a newslet-
ter that covers the Russian space program is
now available in the U. S.

Russian Space News is the progeny of a
larger Moscow-based magazine of the same
name (in Russian.) The U.S. version is spon-



sored by Tranquest Corporation with
offices in Cleveland, Ohio. It specializes in
space-related news from Russia and the ex-
USSR.

“We receive inside facts on the Russian
space program direct from the source,”

says Tranquest President Charles Radley.

The newsletter receives daily reports
from the Mir space station filed by a corre-
spondent at Mission Control in Kalingrad.
Copies of the Russian edition are flown to
Mir on a regular basis. The newsletter also
covers manned and unmanned launches
from Plesetsk, including crew and launch
manifests. It publishes biographies of crew
members, reports on Russian planetary
probes, and covers news from the Cosmo-
naut training center.

“The Russian edition scooped the world

with the first detailed description of the ~ ¥&%

formerly top secret Russian first and sec-
ond generation early warning satellites,” says
Radley.

The parent publication, entitled Novosti
Kosmonautiki (Russian for Space News), grew
from a six-page newsletter to a 50-page maga-
zine. Radley has similar hopes for the U. S.
version, which currently publishes 24 to 30
pages 26 times a year. A three-month sub-
scription (six-issues) sellsfor $75. The price of
an annual subscription is $175.

Radley invites inquiries. You can get more
information about the newsletter and
order a subscription by telephoning (800)
929-8953. Tranquest has three Internet e-
mail addresses: cfr@tranquest.com,
rsn@tranquest.com, and mail-
server@tranquest.com. The newsletter’s
Internet FTP archive is located at
ftp.wariat.org/pub/tranq.

Orbitron SX-6 antenna features
durability, eye-appeal

Large satellite dish antennas and land-
scaping rarely compliment each other, but
the Orbitron SX6 combines small size (69-
inch diameter), attractive design, and solid
engineering. It sits well on the lawn and
provides reliable C and Ku band operations
unavailable on fixed DBS systems. It features
high-gain reception, compact sectional de-
sign, sturdy construction, quick assembly, and
inexpensive shipping via UPS or container.

The sturdy construction of the SX6 re-
duces signal loss caused by wind vibration.
The reflector bolts solidly to steel channel rib
supports. The ribs are integral parts of the
mount. The hub design, says Orbitron, is
unique to the industry. The conventional
polar mount has oilite bronze azimuth pivot
bearings with a one-piece axle. All of this adds
tostrength and stability necessaryforantenna
alignment.

The SX6’s feed system is supported by
four legs attached to the dish frame. The

antenna has a [latitude range of zero to 67
degrees, and a declination range of zero to
eightdegrees. Thespecial “T" lock ribdesign
supports the fine mesh reflector with uni-
form pressure, assuring a smoath, even sur-
face and preventing panel blowout. All parts
are black powder coated with a thermoset
resin which Orbitron says resists corrosion in
any environmernt.

If you are looking for an attractive, func-
tional satellite antenna system. you would do
well to check this oneout. For more informa-
tion, call Orbitron ar (608) 588-2923.

For Hams in Space
(and Elsewhere)

The 1995-96 Hamtronics catalog features
40 pages of kits and wired electronic equip-
ment for amateur radio and industrial users.
You can get one by calling the company at
(716) 392-9430, or by writing to Hamtronics,
Inc.;65-GMoul Rd.; Hilton. NewYork; 14468-
9535. Be sure to say you heard about the
catalog from Satellite Times.

The new catalog features several new
products. A new R100 series of professional
VHF FM receivers was announced for the 50,
72, 144, 160 and 220 MHz bands. For 137
MHz weather satellite reception,a newR138
fourchannel wde-bund FM recewver is intro-
duced (reviewed in ST Test this issue—edi-
lor), along with an AS-138 Scan Adapter to
allow automatic tape recording of WeFax
signals while away from your receiver.

Other new receivers include the RWWV
receiver, which give you access tothe 10 MHz
WWV time and frequency standard broad-
casts withoutinvesting in an expensive multi-
band HF receiver. There is also a new R120
VHF aircraft receiver, and an R150 four-
channel monitor receiver for VHF FM.

For repeater users, amateur radio and
industrial, the caralog offers a new CWID-2
module thatgenerates continuous wave (CW)

July/August 1995

Morse Code identification for radio repeat-
ers, beacons and base stations. Their COR-
6 repeater controller module gives voice
station identification instead of CW.

There is also a new line of custom-
designed RF-tight enclosures for transmit-
ter and receiver modules. These are avail-
able in various kits, with connector holes
pre-punched to accept components, pro-
vided with the kits.

These new products add to the previ-
ous line-up of electronic equipment by
Hamtronics, which has been in the elec-
tronics manufacturing business for more
than three decades.

Woodhouse Enters Antenna
Market

Woodhouse communication of Plainwell,
Michigan, debuted a newline of specialty VHF
antennas at the Dayton Hamvention this year.
They also offer an antenna for weather satel-
lite reception.

The new company’s series of amateur
radio antennas for 144, 220 and 440 MHz
offer exceptionally heavy construction. Booms
are made of 17 OD, thick-wall tubing for extra
strength. Elements are made of 3/8” solid
metal rods that pass through the boom. All
components are made of 6061-T6 aluminum,
and are held together by stainless steel hard-
ware. This is quality construction.

Of course a transmitting antenna only
works if it takes power from the transmitter.
Feedpoint impedance is crucial. Woodhouse
antennas combine a unique matching trans-
former and conservative design to provide full
band coverage with low standing wave ratio
and good pattern response.

In the weather satellite reception depart-
ment, Woodhouse offers the APT-4X4 de-
signed toreceive 137 MHz with circular polar-
ization. Thisantennaalso uses heavy construc-
tion techniques and durable materials. It ze-
roes-in on NOAA and MET APT imaging
signals, and incorporates selectivity and gain
for clean, noise-free images — even on satellite
passes with nine-degree elevation over the
horizon. Woodhouse assures us that this an-
tennaprovidesatotal East/Westviewing range
of up to 4,000 miles.

If you need a special antenna that
Woodhouse does not stock, let them know.
They just may be able to build one for your
special need. The offer custom antennas.

You can get in touch with the company by
writing Woodhouse Communication;

P.O. Box 73; Plainwell, Michigan. Telephone
them at (616) 226-8873. ST

If you have a new product, book, or service to
announce in Satellite Times, send it to What'’s New,
% Wayne Mishler, P.O. Box 41, Beaver, Arkansas
72613-0041.
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By Dr. T.S. Kelso

Orbit Determincation

p tonowin thiscolumn, we've talked

about orbital models, sources of

data, and some of the complexities
involved with predicting the motion of arti-
ficial earth satellites. The goal here is to get
ahandle on theamountoferrorthatcan be
expected in a particular calculation. After
all, the art of celestial mechanics has been
refined for centuries and, with the advent
of computers, we'd like to think we can
depend upon those calculations to be accu-
rate. That way, when we're watching or
listening for a satellite to pass overhead, we
won't be wondering if we missed the pass
because of a bad calculation.

Besides knowing what data to use with
which models, the next most important
part of the process is to understand is how
orbital element sets are generated. An un-
derstanding of this process will help to
answer two questions: How often are the
orbital element sets updated and (most
importantly) how often do I have to update
my data? Aswith everything else in this field
of study, answering these questions will
require a bit of work.

To begin with, let’s assume that we al-
ready have a basic orbit for our satellite of
interest. After all, the overwhelming major-
ity of satellites tracked every day have been
on orbit for some time and we are really
interested in how we update the orbital
clement sets for these objects. We will save
adescription of the process of how todeter-
mine an initial element set for a satellite
orbit for a future column.

To update any existing orbital element
set, observations must first be collected.
NORAD, which hasresponsibility for track-
ing all man-made objects in earth orbit,
uses the Space Surveillance Network (SSN)
to collect these observations. This network
iscomprised of radar sensors for near-earth
tracking (below approximately 6,000 kilo-
meters altitude) and optical (actually,
electro-optical) sensors for deep-space ob-
jects (above 6,000 kilometers altitude).
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These sensors are geographically distrib-
uted around the world to provide global
coverage.

Typical observations from a radar site
might include azimuth, elevation, range,
and range rate while optical sensors pro-
vide angles only (azimuth and elevation or
right ascension and declination). Each
observation is time tagged as it is collected.
If you are not familiar with some of these
measurement types, don’t be concerned -
the specific measurement types won't he
important to this development and we’ll
cover these terms in detail when we talk
about coordinate systems in our next col-
umn.

Of course, since there are thousands of
objects orbiting the earth, knowing which
observations are associated with which ob-
ject is no trivial task. NORAD must first
process the observations to correlate them
with the appropriate object or determine
that the observations represent the track of
a previously untracked (or lost) object.
Once a set of observations has been associ-
ated with a particular satellite track, how-
ever, the mathematical process of updating
the element set can begin. The process
used is known as the method of differential
corrections. Here’s how it works.

As the differential corrections process
begins, there are several things we know.
The first is the initial two-line element set,
the second is our time-tagged set of obser-
vations, and the third is the orbital model
we want to use (SGP4, in this case). In order
to determine whether our current two-line
element set must be adjusted, we must be
able to compare it directly to the set of
observations we’ve collected.

While we don’t know how to convert
observations directly into an element set
(afterall, that’s the goal of this process), we
do know how to convertan elementsetinto
asetof predicted observations. Togenerate
these predicted observations, we use the
current two-line element set with the SGP4

orbital model to generate the satellite’s
expected position and velocity and then
transform this information into expected
observations for the particular viewing ge-
ometry of the sensor. Now, we can calculate
the difference of the actual and expected
observations. As might be expected, our
goal is to minimize this difference (in real-
ity, the sum of the squares of the differ-
ences).

So far, this process sounds simple
enough. But how do we know which ele-
ments to change and by how much to make
the overall difference smaller? Well, as it
turns out, we can use some basic calculus to
answer this question. Let’s say we have one
element, x(ourindependentvariable),and
one observation, y (our dependent vari-
able). Also, let the transformation from
element to observation be given by the
transformation function

y=fix).

Now, let theactual observation be y and
the predicted observationbey, =f(x, ). From
calculus, we know that we can approximate
the derivative of our transformation at x, as

X, —X » X, —X P dx

Yo=Yy Ya—J(x,)
Solving for our “actual” value of the
element yields
dr |
—_— \x = x

5 =5, 0,1 |

This is a basic Newton iteration for
finding a root of a function. For it to work
well, our initial value of the element must
be “close™ to the actual value. Each time we
calculate a new actual value, we repeat the
process by replacing our predicted value
with the actual value until the difference in
the predicted and actual elements between
successive calculations is small.

We are still missing one part, however,
in making this processwork. The partwe're
missing is how to calculate the derivative of
the observation with respect to the element
(in other words, the rate of change in the
observation with respect to a change in the
element). If our transformation function
fix) were simple enough, we could calcu-
late this value analytically (well, at least
some of us could). However, for our real
problem, our transformation function takes
the values from a two-line element set, runs
them through the SGP4 orbitalmodel, and
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then transforms them for the sensor view-
ing geometry and coordinate system. Cal-
culating this derivative analytically would
be extremely difficult, if not impossible.
Instead, we will numerically estimate the
derivative by using the same approxima-
tion as we did above. That is, we take our
initial value of element and some small
difference to produce this equation.

H)_ S(x+A)—fx) _ fx+B0)-f(x)
ax (x+Ax)—-x Ax

UINCe we Nave an esumare o e aenva-
tive at the point of interest, the process of
updating the element is relatively easy. It is
important to note here the dependence on
the orbital model chosen in the transfor-
mation function. For the NORAD two-line
orbital element sets, the orbital model is
SGP4. Using another model would gener-
ate different elements because that model
would produce a different “best track”
through the observations. Therefore, to
get the best fit for the NORAD two-line
element sets, the SGP4 orbital model must
be used.

In reality, the process of updating the
NORAD two-ine element set has many
orbital elements and observations, so the
full differential corrections process must
use a multidimensional Newton search.
But the basic approach is still the same.
Oncethe process has converged, thatis, the
difference between the observed position
and the calculated position is within some
small tolerance, we have a new elementset.

Does this mean thata new elementset is
issued by NORAD? The answer to thisques-
tion is no. A new element set is issued only
when the position predicted by the current
element set differs from that predicted by
the new element set by more than a certain
amount. In the case of the NORAD two-line
elementsets, that amount is five kilometers
(with a 90 percent confidence interval).

So how often are the element sets up-
dated? Well, that depends upon the satel-
lite and its orbit. For near-earth satellites,
atmospheric drag can change an orbit in
ways that aren’t modeled in SGP4, requir-
ing more frequent updates. Also, satellites
which maneuver frequently, such as Mir or
the USSpace Shuttle, will also require more
frequent updates since, again, SGP4 is un-
able to model these changes. You can geta
rough idea of how often youneed toupdate
your element sets by looking at how long it
takes NORAD to issue consecutive element
sets for the objects you are interested in. If
they issue one element set a week, that

means that it takes roughly a week before
the orbit has changed enough torequirean
update. Of course, if you don’t need this
level of accuracy for your application, then
you won’t need every update. Five kilome-
ters is less than a second’s error at orbital
velocity.

Seperate Element Sets for
Docked Spacecraft?

Now that we have seen how and when
orbital element sets are updated, let’s ex-
plore why NORAD issues separate element
sets for objects which are docked together
and why those element sets are not identi-
cal. A good example of this practice is with
the Mir space station. The Mir complex is
actually made up of many objects: the Mir
core, Kristall, Kvant-1, Kvant-2, and an as-
sortment of Soyuz and/or Progress mod-
ules. Each of these objects was launched
individually and tracked by NORAD before
docking with the space station. Some of
these objects will subsequently undock. As
such, NORAD maintains separate tracks of
each object.

Of course, when these objects are physi-
cally locked together, the observations col-
lected for one object could be used for
updating the elements for all objects. But
that’s not necessarily how it works. Since
NORAD has to track over 7,000 objects
every day, the process is automated. Now,
since all observations have error and each
object started with its own independent
elementset, the elementsetsgenerated will
remain in tolerance for differing periods of
time. Howlongwill depend on the site used
to collect the observations, the viewing ge-
ometry, changes in atmospheric density or
spacecraft attitude, maneuvers, and so on.
As such, updates to separate components
of a docked structure will be updated at
different times.

Okay, so even if NORAD tracks each
object separately and maintains separate
element sets, why are the element sets dif-
ferent? To understand the answer to this
question, you need only look to our last
column. Remember, only ideal orbits de-
scribe true ellipses and have constant or-
bital elements. Real orbits experience both
periodic and secular (trending) effects in
their elements. Because of this, orbital ele-
ment sets with different epochs will have
different values (and different associated
errors) for the remaining orbital elements.

Now, you might think that a single ele-
mentsetwouldresultin noerror. However,
the error is still there —a single element set
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just seems more consistent. Actually, mul-
tiple element sets provide the advantage of
redundancy - protecting you from the oc-
casional bad element set.

Well, we covered alot of territory in this
column. Ifyou feel a bitlost, don’tfeel bad.
Remember, when we started, I promised to
address issues for the novice to the profes-
sional. If you have questions, you are more
than welcome to send them to me at
tkelso@afit.af.mil. I'll do my best to help
fill in any gaps.

For our next column, we’ll finally start
into the discussion of the various coordi-
nate systems used in satellite tracking. Our
goal will be to develop an understanding of
the various terms used and the importance
of each coordinate system. The end result
will be to develop methods to transform
orbital elementsinto thingslike lookangles
(azimuth and elevation or right ascension
and declination) for visual observations
and tracking or latitude, longitude, and
altitude for plotting on a map or working
withsatellite imagery. Until then, keeplook-
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By Ken Reitz, KC4GQA

Getting Started in TVRO
Cheaply

y virtue of the fact that you’re read-

ing this magazine, you already have

akeen interest in the satellite moni-
toring hobby. If you’re like me, you're
probably doinga little background reading
before jumping in, wallet first into the vor-
tex.

It won’t take too many trips to the satel-
lite showrooms before your initial enthusi-
asm is dampened by high sticker price
anxiety. But before you give up on your
dreams I may have some good news foryou.

First, let’s examine your requirements.
If your interest in TVRO is primarily enter-
tainment of the cable kind, let me steer you
quickly to one of three small dish satellite
broadcasters where you're just a toll free
number away from HBO, CNN etc. If your
interest in satellite technology goes a litile
deeper, then DSS isn’t for you..

Getting the Full View

Who wants a portable AM/FM radio
when, for a few dollars more, you can get
AM/FM and several bands of international
shortwave stations? Why settle for
mundane cable fare with those
drearymonthlybills when program-
ming from around the world can
be purchased for almost the same
price? You will be amazed at how
cheaplyyou can getinto this hobby
just by paying attention and nosing
around.

You don’t have to be a techno-
geek to put together a satellite TV
system. But, you will need some
rudimentary knowledge of how
things work. I'd like to think that
you’ve been getting this magazine
since the premierissue. Ifyou have,
you already have a good idea about
how geostationary broadcasting sat-
ellites work and how their signals
are received. If you haven’t been
with $T'since the beginning don’t
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worry, I'll quickly bring you up to speed in
just a few short paragraphs.

The Basics

There are roughly 40 satellites transmit-
ting in the C-band and/or Ku-band which
are visible from most of North America.
This gives us potentially 600 channels of
programming, about half of which are
unencrypted and in the clear. To view these
channels you’ll need two basic compo-
nents—the dish assembly and a receiver.
Either of these two components can be as
sophisticated as you like, but as the system
gets more complicated, the cost goes up. If
you keep it simple, you'll keep it cheap.

As discussed in the previous two col-
umns, the dish assembly (and by assembly
I’'m referring to the actual parabolic reflec-
tor, feedhorn support, mount, pole and
actuator motor) is the key. You just can’t
find used dishes and piecing one together
from junk is time consuming. Besides, the
prices offered by most mail order compa-
nies for new dishes represents a good bar-

Not a thing of beauty, but it is a functional C-band antenna
and it cost about $100. Hook this up to a $25 dollar satellite
receiver, point it at Galaxy 5, and you have music from
across America and around the world 24 hours a day! Oh,
by the way, you can get video too! (photo by Ken Reitz)

gain. For example, Skyvision offers a Kaul-
Tronics 6-foot C/Ku-band dish with a polar
mount for roughly $250 delivered. A new
actuator arm (the dish motor) will cost
roughly $100 new.

The next step is to put a feedhorn and
LNB on the feed support. Now we can start
looking for bargains. You should be able to
find a nice used C-band feedhorn for about
$25 and a fair (60 to 80 degree) LNB for
about the same price. An all-in-one direct
burial ribbon cable which carries the power
to the actuator motor, the feedhorn servo
motor and the LNB will cost you about 70
cents per foot.

Now all you need is a receiver. Good
used receivers can be found from $25 to
$150. The more expensive receivers will
have more capabilities, such as built-in ste-
reo processors and dish motor drives. Total
cost of your satellite system is now a little
over $500 or roughly $1,000 to $2,000
cheaper than the dealer’s showroom price!
For that price you've gotten a brand new
dish, actuator and cable, a decent quality
feedhorn, LNB, and receiver. Such asystem
should give you years of operating pleasure
and open a whole new world of video and
audio which will keep you occupied for a
long time.

Where’s That Scalpel?

Suppose you're a real bargain hunter?
Can this price be improved on? You bet! It
is possible to geta used dish with mountand
feed supportjust for the asking. First, cruise
your neighborhoodfor olderlooking dishes
which are pointing into the ground, have
nofeed horn, orare obviously unused. The
owners may have finally gotten cable out to
their location and are no longer interested
in satellite TV. Perhaps they just putin one
of the newer small dish systems.
Either way, they’re in the market
for someone to remove that old,
ugly dish from the front yard.
Make an offer, it never hurts to
ask. You might even get paid for
doing the removal!

Haunt your local satellite TV
dealer. Dealers doing alot of busi-
ness and often take old equip-
mentasa trade-in onanupgraded
system. This old gear may be in
perfect working order, but the
customers may have wanted the
latest integrated receiver
descrambler (IRD) with all the
latest bells and whistles. Reluc-
tant to trash even old gear, deal-
ers are often eager for offers, any
offers! Don’t be afraid to be ridi-
cules. Offer $15 for a stripped
down, low-end receiver and you




mightjust walk away with it. Using the above
techniquesit’s quite possible to have a com-
plete satellite system up and running for
under $100!

What To Avoid

First, avoid over priced dealers. Using
theYellow Pagesforseveral citiesin myarea,
I surveved all the local dealers on their
inventory of used equipment. It became
quite apparent that some dealers were con-
siderably out of touch with what the used
gear was really worth.

Second, avoid flea markets or hamfests.
Individuals selling at such markets have no
reputation to protect and you're not likely
to ever see them again. Unless they can
demonstrate that the units are in working
condition or the price is so cheap that you
feel you won’t mind throwing the money
away, forget this venue. There are a lot of
great bargains on the back room shelves of
America’ssatellite TV dealers to hassle with
flea markets and hamfests.

Third, there is a limit to how old equip-
ment can be and still be useful. In the early
days of the satellite TV industry the low
noise amplifier (LNA) and the
downconverter were (wo separate compo-
nents. Today, they’re in one unit known as
a low noise block downconverter or LNB.
The old downconverter changed the 4 GHz
microwave signals to 70 MHz and the com-
panion satellite receivers tuned to this 70
MHz frequency.

Modern TVRO receivers tune from 950~
1450 MHz and the conversion down from
microwave frequencies is done at the LNB
which does the work of both the old LNA
and downconverter. These relicsof old were
known as 70 MHz systems and are virwally
useless today. The reason they are useless is
that 70 MHz downconverters are very difli-
cult to find and represent an outinoded
standard. Besides, 950-1450 MHz LNBs are
so cheapit’s not worth trving to keep one of
the older systems going. Also, the two sys-
tems are not interchangeable. Don’t buy a
70 MHz receiver/LNA/downconverter sys-
tem!

The Bottom Line

Use yourimagination. Howmuch would
you pay for a radio which receives KLON-
FM (jazz programming from Long Beach,
Calif.), the CNN Radio Network, WFMT-
FM (classical music from Chicago, Ill.),
WSM-AM (countrv music from Nashville,
Tenn.), seven channels of stereo music pro-
gramming on Superaudio, or shortwave
programming from the World Radio Net-
work (see Satellite Services Guide in this
issue)? I paid less than $150. Here’s how.

First, I found a surplus aluminum dish
for $50, Then Ilashed a couple of scrap 2 x
6’s together to hold the dish upright and at
arightangle. I then fabricated a tripod feed
support and mounted my $50 LNB/
feedhorn on it. I then fed the output of the
LNB via a R(:/6 coax to my $25 satellite
receiver. Voila! Later I added a surplus
polar mount with hand crank for $50 and
now my $200 system travels anywhere in the
Clarke Belt and it even picks up video 00!
With the addition of a Radio Shack
Portavision 40 radio I can receive single
channel per carrier (SCP(C)) signals as well!

And now it time to hear about your
stories. What kind of a cheap system have
you put together? Howlowdidyou go to get
acure for this infectious hobby? Send your
own tale of the bizarre to me care of this
magazine and I’ll let your fellow readers in
on your secret. Meanwhile, let’s find out
what’s on the minds of our readers and
reach into the...

MAILBAG

David Uribe, of Brooklyn, NYwould like
information on building his own 15-25 foot
dish. Well, David, I'm not sure why you
need such a big dish, but I’ll guess that it’s
because you would like to try receiving
programming from Europe or South
America. If that is the reason, you may not
need a dish that big. Reports that I have
received indicate that a top grade, 12-foot
dish should do the trick. Orbitron makes a
12-foot model which sells for about $650,
Paraclipse has one for about $950. Both
mauufacturers claim about the same an-
teuna gain for both these models. My guess
is thatit would be impossible to build a dish
that big with that much gain for that little
amount of money. If you are wanting to
watch some of the more exotic program-
ming from overseas, you will also need a
circularly polarized teedhorn.

Itis also possible that you are interested
in doing some Earth-Moon-Earth (EME)
transmissions on the ham bands. If this is
the case, a large parabolic antenna would
be very helpful. Martin Davidoff, in his
book The Satellite Experimenter’s Handbook
(BOK 83 from the Grove Enterprises cata-
log) has several pages devoted to the con-
struction of a large dish, including formu-
lae, diagrams and charts. Also the Angust,
1983 issue of Mechanix lilustrated has a very
detailed article about coustructing a para-
bolic dish antenna with parts you can get
from a building supply house. Your local
library might have this magazine in its ar-
chives.

Theodore Lawryk, of Yonkers, NY
“...would like to install a small clish antenna
and suitable equipment for reception of
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TV programs from Moscow, via Russian
satellite ‘Molniya’.”

Theodore, there are a couple of poten-
tial problems we’ll encounter here. First,
the Molniya satellite is virtually out of ser-
vice now. Second, a small dish antenna will
not be possible from your location to re-
ceive Russian satellite TV direct. Not to
despair though! There are some possible
alternatives which may be of help to you. If
you have a clear view to the East (like 1o the
horizon!), and can put up a large enough
dish (10 feet minimumi), you should be
able to receive the Russian Statsionar-4
(Express) satellite at 14® West. This bird
carries Russian television programming.
The second possibility is to use a Ku-band
antenna (34 feet in diameter), LNB and
receiver. Locate Galaxy 4 channel 13 and
you’ll will receive WMNB “Russian-Ameri-
can TV” which is an assortment of Russian
heritage programs. Also on this channel,
onanaudiosubcarrier, is the Russian-Ameri-
can Radio Network at .18 MHz and 1.35
MHz. The same radio programming can be
heard on SCPC signal from the Galaxy 4
satellite. It’s possible that the Ku-band sys-
tem offered by R.C. Distributing Co. of
South Bend, Ind. will do the job for you.
They advertise here in the pages of Satellite
Times.

Some sources for items mentioned in
this column include:

Skyvision
R.C. Distributing Co.
Grove Enterprises

(800) 334-6455
(219) 2365776
(800) 4388155

Well that’s it for this month. Do you
have a question aboutsatellites, equipment
or whatever? Are you a beginner i this
space stuff and need some help? Then you
should contact the Beginners column via
ST's Brasstown address. We want to hear
from you real soon.

Restores Horizontal
and Vertical
Sync Lines from Distorted
Analogue Video Formats

For Free Information Package on Completed Units and Pricing

(& » Call 219-236-5776 « =&

R.C. Distributing - PO Box 552 - South Bend, IN 46624
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Getting Weather Satellite
Data - Cheaply

By Philip Chien, Earth News

home weather

satellite recep-

tion system is
an excellent thing to
own, but not practical
forsome hobbyists. The
expense, deed restric-
tionsforoutdooranten-
nas, family desires, and
otherreasons may make
owningasystemimprac-
tical or impossible. So
are you limited to see-
ing weathersatellite im-
ages on the evening
news?

Heck no! Actually very few organiza-
tions are equipped receive the actual raw
data from weather satellites. Raw weather
satellite data is first received by NOAA's
(National Oceanicand Atmospheric
Administration) ground station in
Wallops Island Va., and processed
on specialized computer systems.
Thatrefined datais transmitted back
up to the GOES satellite where it’s
available for reception by anybody
with a 1691 MHz WEFAX receiver.
But there are other ways to receive
WEFAX transmissions.

Thereare undeniable advantages
to owning your own weather fac-
simile satellite receiving system,
whether it’s for the geosynchronous
high altitude GOES satellites (typi-
cally a small dish pointed at a fixed
location in the sky) or the low alti-
tude polar orbiting NOAA satellite
(typically a turnstile antenna). You
aren’tdependenton somebody else
to retransmit the signal and can re-
ceive the latest data whenever you

Most of the Eastern hemisphere, imaged by the Japanese GMS-4 spacecraft
on March 31, 1995.

professional television station or NOAA
weather center with a full setup will not be
able to receive data if the satellite isn’t
operational!

Weather facsimile data is also retrans-

INFRARED COMPOSITE FROM 14 MAY 95 AT 21:00 UTC

want it. On the other hand, even a Japanese, U.S., and European weather satellites.
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mitted via shortwave radio by a variety of
stations around the world. Computer pro-
grams are available for several different
types of micros which hook up the output
from a shortwave receiver to your
computer’s audio input or serial port, and
convert the audio tones into facsimile im-
ages. AEA’s FAX III consists of a small
demodulator which hooks up to a PC’s
serial port. It has a pass through connector
to permit you to continue using your port
for other serial devices. An audio cable
connects to your shortwave receiver’s ear-
phone jack to the adapter. The accompa-
nying software program through the pro-
vided serial adapter recognizes the high
and low tones transmit-
ted by the shortwave sta-
tion. It converts these
tonesintobrightand dark
pixelsonyourcomputer’s
VGA monitor that form a
receivedimage. Theseim-
ages can also be saved as
standard PCX, GIF, or TIF
format files and edited
with any program which
manipulatesgraphicalim-
ages.

One step even less
expensive and compli-
cated is RadFax for the
Macintosh. You just put
your Mac’s microphone next to the short-
wave receiver’s speaker, and RadFax trans-
lates the incoming tones into images on
the screen. RadFax is a shareware program
written by Juri Munkki of Finland. All you

(SSEC : UW-MADISON)

A composite Infrared view of the world, created by combining weather satellite images from
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Temperature sensors on worldwide spacecraft produce data which is used to create
false color images of ice and cloud tops. These images were taken on March 8, 1995.

have to do is set the reception speed and
desired resolution and start receiving.

Ham Radio Offers Images

Ham radio is also an excellent way to
receive weather information. Some ama-
teur television transmitters are configured
to permit hams to hook up the transmitter
to local NOAA retransmissions. Weather
satellite dataisalso often available via packet
radio networks. Amateur radio operators
receive the weather satellite images from
any of a dozen different sources, save the
image as a compressed JPEG format file,
and put it on ham packet bulletin boards.
The data is quickly disseminated to other
packet boards where it’s available to any-
body who wants to receive it.

The Interent is the Best Place
for Pics

If you have Internet access there are
many differentsources forweather satellite
data. You can often obtain local weather
forecasts and information via regional
Internet providers, many World Wide Web
sites include forecasts for their local areas,
and there are several FTP (file transfer
protocol) sites which store and archive
weather satellite data and images. One of
the best FTP weather satellite image sites is
explorer.arc.nasa.gov. At this site you will find

high resolution refined weather satellite
images from the U.S. GOES and Japanese
GMSsatellites. Thedirectory /pub/weather
includes subdirectories for the GMS4,
GOES-7, and GOES-8 satellites.

Internet is also an excellent source for
public domain and shareware programs
which let you receive weather satellite data
or manipulate the results.
One of the best sites I've
found image programs is
the FTP site at
oak.oakland.edu. Make sure
you check both the /
SimTel/ and /pub direc-
tories under ham radio
and weather sub-directo-
ries for your particular
computer type.

If you have a program
like Mosaic or Netscape
which accesses the
WorldWideWebone ofthe
best locations to check out
is http:/ /uwww.ssec. wisc.edu/
data/which has much of
the latest weather satellite
imagery available for dis-
play and download. Colo-
rado State University’ssite
http:/ /www.colostate.edu/
Depts/CIRA/rammb/
g8modpgl.html includes
demonstrations showing
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the improvements achieved with the new
GOES-Next series of weather satellites.
NOAA has its own web page, which in-
cludes information on all of the different
NOAA activities and it is located at Attp://
www.noaa.gov/ .

While technicallynotdatafromweather
satellites an excellent source for weather
images from space is the Johnson Space
Center’s earth observation library. Digital
versionsare available of almostevery photo-
graph of the Earth taken on each space
shuttle mission. Earth observationshotsare
typically taken with 70 mm. Hasselblad cam-
eras using color or infrared film. The com-
bination of the shuttle’s relatively low orbit,
the high resolution possible with film, and
having an astronaut personally selectinter-
esting items to view results in incredibly
high quality images. The Space Shuttle
Earth Observation Project library can be
accessed through several different meth-
ods from your home computer.

All earth-looking hand-held photogra-
phy is examined by catalogers for the pur-
pose of determining various facts about the
pictures such as coordinates, country,
prominent features, focal length of the
camera lens, quality of exposure, percent-
age of cloud cover, tilt of the camera,
whether photos are contiguous (stereo
shots), and direction of the camera. This
information is available via Internet at
sseop.jsc.nasa.gov or 146.154.11.34. At the
username prompt type PHOTOSand at the

The western hemisphere, as imaged on May 14, 1995 by
the GOES-8 spacecraft.
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Temperature sensors on worldwide spacecraft produce data which Is used to create
false color images of ice and cloud tops. These images were taken on March 14,
1995. Compare this image to Photo 4 to see how the Earth's weather has changed

over six days.

password prompt type PHOTOS. You can
also reach this site directly via modem
over the phone lines at (713) 483-2500. If
you're calling using a direct-dial phone
line enter SN_VAXwhen you're asked for
which computer youwant to access. Once
you log on to the Johnson Space Center
computer a set of prompts ask you for
what types of images you're interested in
viewing.

In addition, the collected earth obser-
vation images from the first 50 shuttle
missions (STS-1 through STS44) have
been put on a Laser video disk. Approxi-
mately91.500 digital still photos are stored
on the double-sided 12" disk. It's available
for $55 directly from the Johnson Space
Center. You can contact Ms. Bunny Dean
mailcode AP4, NASA Johnson Space Cen-
ter, Houston, TX 77058-3696 or call (713)
483-8625 for more information on order-
ing the Earth Observation Images laser
disk.

On the other hand, ifweather on Earth
istoo mundane foryou, howaboutweather
on other plnets? Planetary meteorology
is a fascinating field for space scientists,
and one of the key planetary tasks for the
Hubble Space Telescope. While planetary
probes like the Voyager spacecraft can
give much higher resolution images,
Hubble can produce images over a long
period of time allowing scientists to keep
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track of how a planet’s climate changes
with the seasons. Mars and Venus are the
favorite places for studying planetary me-
teorology, but some scientists are even ex-
amining the much further giant planets of
Jupiter, Saturn, Uranus, and Neptune. On
Internet, the anonymous FTP site stsci.edu
will give you access to publicly released low
resolution .GIF and .JPGformatwidefield/
planetary camera images. ST

SPY ON THE EARTH

See live on
your PC
what
satellites in
orbit see

Capture /ive breathtaking images of the Earth for fun or
proftt.. Zoom in up 10 20X. Send $39 check or M.O. ($45
alr, $50 overseas) for our fantastic 8 diskkette set of
programs {IBM type) that does satelite tracking, image
axquisition, image processing, 3D projections and more.
Direct reception woriwide from the satellites without a
satellite dish. No fees. Schematics included for interface.
For FREE information log-on to our bufletin board anytime
at: (718) 740-3911. For information pack by mail send $5.

VANGUARD Electronic Labs

Dept. ST, 196-23 Jamaica Ave.
Hollis, NY 11423 Tel.718-468-2720

CLOUD TOP

Timestep

The Weather Satellite System

Images available as often as
every 4 minutes.

Full screen color animation
of up to 1000 frames.

Direct temperature readout.

Latitude / Longitude and
political boundaries.

Easy to use mouse operation.

3D Cloud images.

Automatic operation.
HRPT Image of southern Hudson Bay

If you want to see the world's weather right now from anywhere in the world, including
the Americas, Europe, the Middle East, Japan and Australia, then we have a system for
you. Watch local weather systems or track hurricanes and tropical storms. We can supply
simple systems for beginners or advanced HRPT systems for enthusiasts. All component
parts are available separately. Systems and satellites available include HRPT, WEFAX,
APT, NOAA, Meteor, Okean, GOES, Meteosat and GMS. Color brochures available.

Spectrum International Inc. PO Box 1084 Concord Mass. 01742 USA
Tel. (508) 263-2145 Fax. (508) 263-7008

Manufactured by: Timestep PO Box 2001 Newmarket CB8 8XB England
Tel. 01440 820040 Fax. 01440 820281
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Grove is slashing prices on a hmited number of /COM R7100-2
VHF/UHF scanning receivers. Finally, you can have an R7100-2
without reaching beyond your grasp—these are prices that we
never believed we could offer! Hurry and take advantage of these
rock bottom prices!

Retail Price: 51§41»/50

Lost Grove Price: $1499.95

ICOM R7100-2, 1COM’s Ultimate Satellite Monitoring Receiver

High sensitivity and stable SSB reception
are additional perks, as are sensitive. all-mode
squelch and easy pushbutton function selec-
tion. Prices subject to change due to yen fluc-
tuations.

Order SCN15-C

W‘ith the most popular features *For anadditional $55, receive the GRE Super
of the legendary R7000), plus a Converer (CYR3)and get full 25-2000 MHz
few features that listeners coverage—a $94 value from the factory!
wanted, the R7100 is ICOM’s best com-
pact receiver.

The R7100 offers 25-800 and 900-

2000 MHz frequency coverage on a bril-

ACCESSORIES:

ACC 36 UT36 Voice Synthesizer
ACC 72 TVR7100 Video Adaptor
ACC 74 CT17 computer intertace ..... $144.95

$16 UPS

$31 UPS 2nd Day Air
$36 US Priority Mail
$27.50 Canadian UPS;

$61.95

liant LCD readout, selectable tuning steps,
USB/LSB/AM/FM modes with wide and
narrow selectivity switching.

900 scannable memory locations store
frequency, channel number. mode and
search steps; ten search banks with memory
channel lockout, 5 or 12 channel-per-sec-
ond scan speed and scan-resume delay are
also found on this model.

GROVE ENTERPRISES

P.O. BOX 98, 300 S. HYW. 64 W.
BRASSTOWN, NC 23902-0098
1-800-438-8155 (US/CANADA ONLY)

OR 704-837-9200;

(704) 837- 22156 (FAX)

$43.50 Canadian APP

NOTE: Cellular-capable, full-frequency-coverage

model R7100-1 available only to federal, state,
county, city and local government agencies and

cellulor service providers who submit an official
purchase order.

SQN15-G R7100-1: e $1539%
{plus shipping)

BRK 5
BRK 8
ANT 8N

CVR 6

MB23 carrying handle....
MB5 mounting bracket ..
46" extendable whip

Shortwave Scanverter ...

.. $13.95
.. $42.95

$23.95
e $99.95

Instaliation of one or more

accessones
MAN 4
SFT 2
software

... $20.00

Service Manual
Scancat Pro comp.

(Requires CT-17 Interface kit, ACC 74, above)

SPK 3

SP20 speaker

SPK 13 Grove Sound Enhancer

SPL 2

SCPC Splitter

VERY LIMITED STOCK!

DON'T MISS THE INCREDIBLE
OPPORTUNITY TO OWN THIS FINE

ICOM PRODUCT!
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The Hamtronics R138 Weather
Sctellite Receiver

by Jeff Wallach, N5ITU, and Fred Piering

amtronics, of Hilton,
New York, has been
well known in the
amateur radio community
for well designed, easy to ¢
build radio receivers, of
high quality and dura-
bility. One of their
kits, the RI137
weathersatellite re-
ceiver, has been used
by many amateur satellite
sleuthsinterested in copying the imag-
ery from the U.S. and Russians 137 MHz
weather satellites in polar orbit. The Dallas
Remote Imaging Group (DRIG) recently
had the opportunity to evaluate one of their
new, pre-assembled units, and we have pro-
vided our bench and on-the-air measure-
ments of this new generation of weather
satellite receiver for this edition of ST Test.
The Hamtronics R138 is a commercial
grade, fourchannel, crystal-controlled VHF
FM 137 MHz weather satellite receiver. It is
engineered to be optimized for reception
of the polar orbiting weather satellite imag-
ery at 137.400 to 137.850 MHz. It features
wide IF filters (34 kHz wide to accommo-
date the wide deviation used to transmit
Automatic Picture Transmission imagery),
low-noise dual-gate FET RF amplifier and
mixer stages, and an integrated IF strip.
The R138 has built-in multichannel capa-
bility, improved stability through the use of
a double-side PC board, and appears to be
easy to assemble (DRIG received a factory-
assemnbled unit...prior experience with as-
sembling the R137 model would tend to
support this claim). Figure 1 shows a dia-
gram of the R138 receiver in factory as-
sembled form.
The pre-assembled unit comes as a PC
board. The receiver must be installed in
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some type of chassis,
adding  control
knobs for vol-
ume, squelch,
frequency selec-
tion, and connec-
tions for power,
speaker and WEFAX
demodulator input.
The power connections
require +12 to +13.6 volts
at 120 mA peak current. A
well regulated power supply
should be used to prevent dis-
tortion in the receivedsignal. Aloudspeaker
with 8 ohms or higher impedance will be
needed. The antenna connection is typi-
cally a short connection of RG174u to the
PC board, and an 80O-239 jack or BNC on
the rear of the chassis. The channel selector
switch will allow selection of one of the four
frequencies (typically 137.400, 137.500,
137.620, or 137.850 MHz) depending on
the satellite to be received. A squelch defeat
switch and logic circuit to switch on a tape
recorder round out the peripheral require-
ments.

The R138 receiver hasseveral test points
to allow for trouble-shooting and signal
tracing. This is how we did our analysis of
the receiver characteristics, and determina-
tion of the R138’s suitability for weather
satellite imagery.

The tests done by DRIG engineer Fred
Piering shows the actual circuit board to be
constructed of a high quality epoxy, double-
sided board with plated through holes. The
individual components used appeared to
be a very high quality and state of the art
semiconductorsare usedin the design. The
receiver architecture is the prevalent RF
amplifierand mixer (usingdual gate FETs),
bipolar crystal oscillator, followed by a com-

plex integrated circuit that serves as a dual
conversion mixer, IF amplifiers, limiters,
demodulator, squelch and audio output
stages. The receiver employs ceramic filter-
ing at both the first IF stage of 10.7 Mhz and
the second IF stage of 455 khz.

The crystal controlled local oscillator
used in the R138 takes a somewhat uncon-
ventional approach. The typical VHF re-
ceiver used a third overtone crystal that is
subsequently tripled in the following out-
put stage. In the R138, the crystal is a 32 pF
parallel resonant fundamental frequency
crystal (~ 14 Mhz). This stage is followed by
a tripler that employs a tripler input stage
(42 Mhz) with the tripler collector circuit
tuned at the desired frequency of 126.8
Mhz (actually providing a total multiplica-
tion factor of 9). Although not a conven-
tional design, the local oscillator was exactly
on frequency and the local oscillator level
to the mixer input was very robust. The
desired frequency for the supplied crystal
was 126.800000 MHz and was measured to
be 126.800055 MHz, or only 55 Hertz off
frequency. This is very important since
readily available IF filters for 455 kHz are
marginally wide enough, and off frequency
operation will degrade the overall image
quality from the satellite. The second con-
version crystal oscillator was measured to be
10.245220 MHz., or only 220 Hz off fre-
quency. Both of these measurements re-
flect excellent characteristics.

During the evaluation of the R138 re-
ceiver, several important data points were
observed. These data points relate to the
characteristics of weather satellite radio
transmissions. In receiving weather satellite
images from the polar orbiling satellites,
the frequency is in the 137 MHz band with
an FM carrier that is amplitude modulated
(AM) at 2400 Hz with the video informa-
tion. Since the weather satellites are fairly
low powered (~ 5 watts) and fairly wide FM
modulation (~ 17 kHz on either side, plus
doppler shift effect), there are several re-
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ceiver characteristics of interest. These char-
acteristics include:

® Receiver Sensitivity

* IF bandwidth {relative to the required 40
kHz)

e Linearity of the signal

* During our tests, measurements were made
on the factory supplied received, with no
additional tuning or tweaking.

ST Test Results

The bench tests on the R138 receiver
demonstrated the following:

® Receiver sensitivity measured at-120 dBm
{0.224 wV) at +12 S+N/N (against pub-
lished specifications of 0.15 - 0.20 wV)

® -20dB Quieting measured at -117 dBm
(0.32uV) {against published specifications
of ‘about 0.25 wV)

Considering the minor variations in test
equipment calibration and small errors in
attenuators used, this data is in very good
agreement with the published specifications
from Hamtronics. This excellent level of
sensitivity measured on the bench may actu-
ally allow the receiver to be used without a
preamp at the antenna, provided the an-
tenna has modest gain and low loss coax is
used at the ground station. Figure 2 is a data
point plot of R138 Receiver Sensitivity vs. dB
Quieting as measured in the DRIG lab.

Overall modulation bandwidth was mea-
sured at +/- 17 kHz. This is actually barely
adequate for the NOAA satellites (with Dop-
pler shift the bandwidth needs to be at least
+/- 23 kHz for acceptable dynamic contrast
in the imagery). Measurements were made
atboth the-110 dBm and at-100 dBm levels.
At the -100 dBm, the maximum modulation
was measuredatnearly+/-19 kHz, providing
sufficient bandwidth at this level, including
doppler, to capture some acceptable imag-
ery (this was most likely due to the skirt

selectivity of the IF filterat 455 kHz). Figure
3 is a plot of the measured R138 Receiver
Audio Linearity, demonstrating the plot of
receiver deviation vs. audio output.

Analysis of the schematic diagrams and
bench test reveal that the receiver does not
use anyaudio filtering. The use ofa bandpass
or lowpass filter would provide better re-
sults on the bench tests.

On-the-air testing of the R138 receiver
with NOAA APT transmissions provided
some disappointing results (compared with
the expectations from the bench testing) in
the quality of the imagery. Note the excel-
lent dynamic range of the contrast and
detail in the image. Figure 4 shows the first
imagereceived on the R138 from NOAA 12.
As may be seen, the image is very washed out
(asfarascontrast) and ‘wavy’. Furtheranaly-
sis of the schematics revealed a big surprise!
Theaudionetwork between the discrimina-
tor output and the input to the audio out-
put stage appears 10 act like something like
a20 Hzlow pass filter! Thisis resulting from
the RC values used for this network (58K
resister at R24 and 1 uF capacitor in series
with 20K resistor to ground at the volume
control). These values markedly distort the
audio going to the APT demodulator, and
hence the poor imagery observed.

Solderingaone pole R/C network from
the discriminator pin to ground markedly
improved the image as can be seen in Fig-
ure 5. The image is still not up to the quality
of ourlabreceiver, but markedly improved.
The problem with the 20 Hz. low pass filter
would not have been discovered in normal
bench testing, which begs the question as to
whether or not Hamtronics actually did any
imagery capture from NOAA satellites to
testthe R138 receiver. The good news s that
the problem can be easily corrected by
changing the 0.1Mfd capacitor to some-
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FIGURE 5

thing on the order of 0.001 Mfd. in the
audio network described.

In summary, the R138 receiver is amod-
erately priced unit the comes completcly
assembled and is easy to install in a case.
With some very minor modifications by the
manufacturer, this receiver can make an
excellent entryinto the fascinating world of
weather satellite image reception. ST

The author would like to thank Mr. I'red Piering
of the Dallas Remote Imaging Group for conduct-
ing the bench and on-the-air testing of the
Hamtronics unit for ST Test.

Editors Note: Jeff Wallach and Jerry Vogt of
Hamtronics discussed the findings of the R138
review noted above. Jerry was very interested in the
results of the review, and is currently pulting
plans in effect to modify the low pass filter to
imfnove the overall quality of the weather satellite
imagery. That is what we call excellent customer
service and customer focus. With the minor modi-
Sications noted in the review, our team from the
DRIG staff is confident the R138 receiver will
gain as much popularity as the forerunner, the
well known and excellent R137 Hamtronics
wealher satellite rec5eiver kit.

You should also be aware that Hamtronics
has another great product, the AS-138 scan
adapter. The AS-138 will automatically scan for
active weather salellites frequencies, and it in-
cludes a relay to switch on a tape-recorder so you
can monitor passes while you are not in the shack.

I would like to thanks to Jerry Vogt and
Hamtronics for provideng us wuh some great
products for the weather satellite community and
the DRIG test team for their help in this review.

Hamtronics may be contacted at:
65-G Moul Road

Hilton, New York 14468-9535
Voice: (716) 392-9430

Fax: (716) 392-9420
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Satellite Times assumes no responsibility
for misrepresented merchandise.

Ads for Stock Exchange must be received 45
days prior to publication date. All ads must be
paid in advance to Satellite Timnes.

Ad copy must be typed for legibility.

NON-COMMERCIAL SUBSCRIBER
RATES: 3.25 per word — Subscribers only!
All merchandise must be personal and radio-
related.

COMMERCIAL RATES: $1.00 per word.
Commercial line ads printed in bold rype.

1-3/4” SQUARE DISPLAY AD: $25 per
issue. Send camera-ready copy or copy to
be typeset. Photo-reduction 35 additional
charge. For more information on commer-
cial ads, contact Debbie Davis , 704-837-
6412.

accepted. (800) 944-0630.

GE Superradio 111, custom designed with up to four noise-free SCA Channels. Performance guaranteed. Credit Card orders
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FAX (704)837-2216
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reviews to help you choose
the right equipment; advice
to help beginners get started,;
frequency listings so you
know where to tune in; as well
as interesting features, stories
and tips from the experts. The
information in MTis both useful
and timely— appropriate for
beginners and experts alike. Take
the fast lane around the world
and in your own community with
Menitoring Times. Exciting news
and events are out there waiting
to be heard.

orld news happens every
second, and you need the
very best resources to track

events as they unfold. Monitoring
Times magazine provides you with
the information you need to gather
the news and events first hand,
without the corrupting influence
of news media bias. MT can help
you set up your own worldwide
monitoring post to hear any-
thing from where the fire
trucks are going in your
neighborhood to what’s

going on in other countries.
MT provides equipment

GO 0D OO OOOOOOOOGOOCEOOESOONOESOINOEOSIOSIDNLONOGESOIOSIOIOSLONEOIDOEONBSOEOOSNOSEANDOSEDROSOGINOOSEOINOIOAROGOINOGIONESOEONESOS

To subscribe call 1-800-438-8155 (US and Canada); (704) 837-9200 (foreign) or
mail this subscription form to Monitoring Times,
P.O. Box 98, Brasstown, NC 28902.

1Year 2Years 3Years (JCheck/M.O. Credit Card#
O US 2nd Class Mail  $23.95 $4595 $67.95 O Mastercard ~ Exp. Date

O US 1st Class $49.95 $97.95 $145.95 Vi

O Canada $34.95 $67.95 $100.95 -

O Foreign Air Mail ~ $53.95 $105.95 $157.95 (O Discover Card

US Funds Only

o @iMonitoring
Address B -J "”’es
City State Zip Country Published by Grove Enterprises
Signature

July/August 1995  SATELLITE TIMES

91



92

By Bob Grove, Publisher

Listening in Isn't Quite the
Scame Anymore

t was a bittersweet message I received in which I learned that my long-time

colleague, Tommy Kneitel, is relinquishing his position as editor of Popular

Communications magazine. Tommy and I share a unique niche as communica-
tions journalists who have watched tube technology give way to solid state, and
terrestrial links become satellite technology. We have been active, licensed ama-
teurs for decades as Morse, AM, SSB and RTTY modes have obsolesced, supplanted
by sophisticated digital techniques.

More relevant to ST readers, however, Tommy began co-writing CB Horizons
magazine with TVRO legend Bob Cooper in 1961. This was just the beginning of
his flirtation with magazine editing and book writing.

Tommy’s writing style was often conflagrational, although he has mellowed in
recentyears. He loved torespond in printto letter writers ina manner thatleft them
thinking, “what a smart ass,” and the readership begging for more.

Butas Bob Dylan lyricized decades ago, the times, they are a-changin’. No longer
do we hear program feeds on shortwave, clear-text telegrams and newsfeeds in the
HF spectrum, or even feast on boundless unscrambled video beaming down from
the Clarke belt.

Digitization is the new technology, assuring message security and discouraging
uninvited interception. But this added level of privacy brings with it an architecture
that defies home experimentation, relegating technology to giant, funded labora-
tories, not the homebrew enthusiast.

Gone are the days when a young boy can dream of heating up a soldering iron
and building a simple two-way radio from salvaged parts. The construction articles
are gone, the technology is obsolete, the interest has fled, the art has evolved. The
computer is on a chip and so is the radio. The parts houses have given way to
condominiums; surplus components are often esoteric; RF and analog design are
no longer in vogue.

While it is tempting to throw in the towel and submit to the end of an era, the
fact is we are witnessing the birth of a new era of mass intercommunication. There
isabrightlight on the horizon. Personal communications and Internetare the next
logical step. Tommy, pick up your PCS telephone and give me a call, and I’ll be
watching for you on video phone! St
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ANNOUNCING THE NEW MULTIFAX VERSION 7

SOFTWARE WITH BUILT-IN SATELLITE TRACKING!

<«  Section of
zoomed (4X) and
false-colorized
NOAA APT im-
age of North East
US. This SVGA
image created di-
rectly from saved
image file.

Log onto the
MultiFAX BBS
(716-425-8759)
and download
this image
(COL_4X.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
is in operation 24
hours a day and

x
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MultiFAX offers two fully featured weather satellite
demodulators: One model plugs directly into the
expansion slot of your IBM compatible desktop PC, the
other model interfaces to your PC (laptop, notebook, or
desktop) through the parallel port-perfect for “crowded”
computers or portable applications.

= supports up to

14 4KB modems.

Both versions offerthe same powerful capabilities-PLL
circuitry for perfectly straight edges on NOAA, GOES,
and Meteosat images. 4800 8-bit samples per
second-capture ALL the high APT resolution the NOAA
satellites can provide (2-3 miles) in visible and infrared
(simultaneously) with a full 12 minute recording.

NEW Version 7 Software Features include: NEW! Integrated Satellite Tracking including World Map, Schedule Output, and Kansas City
Tracker Support - Direct Write to Disk (Extended or Expanded Memory not Required but can be used) + NEW! Graphic “Oscilloscope”
Tuning/Level Display - PLL Sampling (Satelite Images Have Straight Edges-Even from Audio Tape Recordings!) «+ NOAA, Meteor, GOES,
Meteosat, HF Fax + “Point & Shoot” User interface with full Mouse Support + 1024 by 768 resolution with 256 Colors/64 Shades of Gray with
SVGA-VESA Video Cards Supported + Zoom up to 8X «+ NEW! Easy Image Enhancement with Cursor Keys * Animate GOES and Meteosat
Images (looping) < 10 User Definable Enhancement Palettes - Easy to Use False Colorization + NEW! Enhanced Multiple Unattended Timer
Recording - Visible and IR pictures Recorded Simultaneously - Calibrated IR Temperature Readout and Calibrated Temperature Colorization
+“3D" Enhancement + Binary or GIF Image File Output-Use Your Images with Hundreds of Other Programs « Dot Matrix and Laser Printer
Output » Same High Resolution with Both Systems: 2-3 Miles with NOAA - Stores 3.5 Million 8 Bit Pixels for one 12 Minute NOAA Recording
+ Latitude/Longitude and Map Overlay (US included) + “Split & Join™ Image File Utility-Copy Your Raw Picture Data to Floppies * Reference
Audio tape of actual NOAA, Meteosat, and HF FAX Transmissions + Clear, Complete 85+ page lllustrated User's Manual + More...

Minimum requirements: IBM Compatible Computer with 640 KB Memory and either 1) An 8 or 16 bit 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)

Please write or call for more details on MultiFAX Demodulators, receivers, antennas and the MultiFAX
GOES/Meteosat 1691-137.5 MHz downconverter. Internal demodulator with software: Just $289 plus S&H.

MultiFAX « Route 1, Box 27 » Peachland, NC 28133 « 704-272-9028
MasterCard/Visa FAX: 704-272-9036 BBS: 716-425-8759
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 Dimensions: 9.5 (W), e Built-in * Dimensions: 9.5 (W),  eBuilt-in
3.7(H),9.4 (D), 13.21b  Preamplfier (10 db) 3.7 (H),9.4 (D), 13.21b  Preamplfier (10 db)
* 100 W * High Stability *75W * Fast Squelch Circuit
* 144 MHz ¢ Fast Squelch Circuit * 440 MHz « High Stability
* 99 Memory Channels e Passband Tuning * 99 Memorv Channels o Passhand Tuning
* Direct Digital Synthesis e Notch Filter * Direct Digital Synthesis e Notch Filter
* Lockup Times < 5msec. e Variable Tone Control * Lockup Times < 5msec. ¢ Vanahle Tone Control
* Data Switch e Speech Compressor e Data Switch e Speech Compressor

1C-575H IC-970H
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» Dimensions: 9.5 (W), * Built-in » Dimensions: 16.7 (W), 45 W (2 M), 40W (440 MHz),
3.7 (H), 9.4 (D), 13.4 b Preamplfier (10 db) 5.9 (H), 16.0 (D), 32.01b  (1GW (1.2GHz) Optional)

» 100 W * Fast Squelch Circuit * Multi Band, All Mode * Automatic Satellite

» 28 MHz (10 M)/ « High Stability o 144 MHz/ 440 MHz Tracking
50 MHz (6 M) * Passband Tuning Built-in * 10 Satellite Memories

» 99 Memory Channels e Notch Filter * 1.2 GHz/ 2.4 GHz/ e Simultaneous Receive

» Direct Digital Synthesis e Variable Tone Control 50-905 MHz Rx Opt. * Built-in Power Supply

» Lockup Times < Smsec.  * Speech Compressor * 396 Memories

» Data Swtich

* Dimensions: 9.5 (W), e 116 Memories (10 Satellite) |‘
3.7 €H), 9.4 (D), 11.0Ib e Built-in Satellite Functions
e Dual Band, All Mode e Independent Controls
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e 1 Hz Tuning Resolution ¢ 9600 BPS Packet Operation

Call the Brochure Hotline: {206) 450-6088 or confact ICOM Technical Support in the Hamnet Forum AM-296°1 159.995;,%(-:.-.??(;%";:::;6 I:‘a I ‘ O M ¢
on CompuServe® @ 75540,525 (Infernet: 75540.525 @ compuserve.com) for more information about these products. registered trademark of ICOM, Inc.




