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New & Used Items Bought
3.5,4.5, 5.5, 6.1, 8.1, 9.0, 10.0, 11 & 13 meter C&K band earth
stations, some complete with electronics. In addition, over 150 brand
names of new and used satellite, computer, fiber optic, telephone switches
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FOR SALE AT CLEARANCE PRICE OF ONLY $775,000

Large inventory of name brand satellite communications equipment.
incloded are large €C-Band Antennas, Time Division Multiple Access (TDMA)
nodal units and central hub contreller, numerous site tramsmitters, test
equipment, equipment shelters, and much more. All equipment carefully
packaged ready for immediate shipment from Sovuthern California.

ORIGINALLY COST OVER $4 MILLION

This inventory was in service for only one year by the U.S. Defense
Department. All equipment is of known manufacturers, meets current
transmitting criteria and is in like-new condition.
Iinvenfory lists and details available from:

INTERNATIONAL ASSOCIATION OF SATELLITE USERS & SUPPLIERS
P.O. Box DD, McLean, Virginia 22101
Yelephone (703) 759-2094
Fax (703) 759-5094
Telex or E-Mdil 650-338-5074
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' Space Shuttle Communications
S A e' ' I te By Kirk Kleinschmidt, NTOZ

Technologically, the shuttle-support
communication system comprises one
of the most advanced communication
systems anywhere. Besides (assuming
you’re a taxpayer), you pay for it, so you
might as well switch off the Nintendo
everynowand thenandsee “what’sup.”
Cover photo courtesy of NASA.

See story starting on page 10.
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Countdown to Liftoff |

By Rachel and Harry Baughn

Ever wonder whatit would be like to see a shuttle launch for the first time? In this story by Monitoring
Times editor Rachel Baughn and husband Harry, you will get a bird’s-eve view of the launch of STS- |
65 last July and some scanner frequencies for your radio that were heard during the launch from
Kennedy Space Center. See story on page 18.

NASA TV

| By Steve Handler

NASA TV provides you with a front row seat to the
world of space and space travel. Broadcasting on
Spacenet2, NASATV offers educational programs and
live coverage of space shuttle missions. Tune in to this
story starting on page 22 and find out about programs
that are “Out of this World.”

Asian Satellite Television

By George Wood

Notlongago, if you wanted to watch satellite TV in the Pacific rim and Asia, your choices were limited
to the Intelsat satellites. Now, things have changed and are continuing to change at a rapid pace.
Check out the International TVRO starting on page 32 for an inside look at Asian Satellite TV.
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From the Editor. . .

Thesingle most consistentspace event
that is guaranteed to light up the phones
in the editorial offices of Satellite Timeshas
always been space shuttle missions. The
most consistent question during these
calls always revolves around one theme,
“How can I hear space shuttle
communications?”

This issue’s cover story by
Kirk Kleinschmidt will help
answer your questions about
space shuttle communications.
Kirk will explore the intricacies
of NASA’sshuttle communica-
tions system and provide you
with the frequencies to hear
shuttle activity.

Our second story this issue
deals with another type of
shuttle monitoring, listening to
aspace shuttlelaunch from the
Kennedy Space Centerin Florida on your
scanner. MT editor, Rachel Baughn and
her husband Harry, will also share with
you a unique opportunity to witness a
orbiter launch from the eyes of a first
time observers.

Most space enthusiasts will agree that
the space shuttle is one of humankind’s
greatest technological achievements. As
we watch an orbiter propel into space, it
is easy to forget that a successful launch
and ensuing mission demands the dedi-
cation of thousands of the bestand bright-
est people and somewhere between 350
million and a billion dollars to accom-
plish.

Have you ever wondered what hap-
pensbchind thescenesbetween launches?
On Sunday. November 13, from 9:00 -
11:00 pm (EST/PST) and midnight-2:00
am (EST/PST), The Discovery Channel
(TDC) presents a close-up look at just
whatit does take tosend the space shuttle
into space and then return it safely to
earth with the world premiere of The
Space Shudttle.

Utilizing rare behind-the-scenes foot-
age, the program travels from the
Kennedy Space Center to the Johnson
Space Center in Houston, taking you on-

4 SATELLITE TIMES

VINL|IN K
By Lanry Van Hom
Managing Editor

board a G2 aircraft as astronauts practice
shuttle landings; into Mission Control
after a successful launch to observe the
unique “bean feast” ritual; and onto the
runway 20-minutes after the return of the
shuttle Endeavor 1o examine first-hand

the effects of space travel on man and
machine.

To puta human face on
space travel, TheSpaceShuittle
offers an intimate look at
several celebrated astro-
nauts, including Story
Musgrave, one of the oldest
active astronauts, and USAF
Maj. Eileen Collins, who will
be the first female astronaut
to pilot a shuttle mission
(STS-631in February, 1995).
There will be interviews
from those who toil unsung
behind the scenes, from Tip
Tallone, who is responsible forall aspects
of spacecraft preparation before a mis-
sion to Rayelle Thomas, who oversees the
shuttle’s plumbing system.

There will be repeats of the broadcast
on Saturday, November 19, from 8:00 -
10:00 pm (EST/PST) and 11:00 pm - 1:00
amn (EST/PST), on Sunday, November
20, from noon - 2:00 pm (EST/PST), and
on Saturday, November 26, from 4:00 -
6:00 pm (EST/PST). Many cable compa-
nies offer the Discoverychannel as part of
their basic packages and satellite dish
owners can catch TDC-East on Galaxy 5,
transponder 12 (EST feeds) and TDC-
West on RCA Satcom C4, transponder 21
(PST feeds).

I hope each of you as an opportunity
to watch this exciting program that cap-
tures the excitement of our space shuttle
prograin like no other has ever done.

Finally, Iwant to include some of your
comments, positive and negative on the
premiere issue of Satellite Times. 1t would
appear that ST has been well received.
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B [ just received the premiere issue of
your new magazine, Satellite Times. 1 am
very pleased with what I saw in the maga-
zine. It provides very useful information
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which was hard to find before. The article
on“DBS: It’s Here” even answered a ques-
tion my wife had asked me just a few days
ago. She saw asign in front of a television
dealership stating that “DSS is coming
soon”. My wife asked me what ‘DSS” was
and after I read your article, I had the
answer for her.

I am enclosing a check for my sub-
scription to ST. Since the house my wife
and I now own has a satellite TV system,
your magazine will be awelcome resource
of information. I would like to extend my
congradulations to you and your staff for
such a wonderful magazine. Monitoring
Times has been and what Satellite Times is
and will be are two great magazines. Ed-
ward P. Taylor-Virginia
B [ just received a sample copy of your
magazine, Satellite Times,and I must con-
fess 10 being quite disappointed. You
mention that the articles should have
“broad appeal in a Reader’s Digest sort of
way.”

If this is the first issue, I sure hope it
doesn’t get more complicated later on! I
am an Advanced class amateur, a CPA, a
computer literate who is definitely not
stuck on the shoulder of the Information
Superhighway, and a shortwave listener
of fifteen yearsand I can’t figure out what
the Hell these articles are about! I think
I'll spend my money on something else,
thank you. Chris Black-Oregon
B Congradulations on getting the new-
est Grove publication out on time. As a
TVRO owner with SCPC capability, 1
found the center section, “Satellite Ser-
vices Guide”, very useful and informative.
I do have one suggestion that I would like
you to consider. How about making Satel-
lite Times a monthly magazine like Moni-
toring Times. Tim Dobbins-I'lorida
B [ have read through the first issue of
Satellite Times and like it very much. My
subscription hasalreadybeensentin. Gus
Stellwag- New York
B [ am glad that Bob Grove has the
foresight and courage to launch Satellite
Times. 1 wish you success. Armando P.
Pasquini-Mexico
B Excellent Magazine! Don Henry-Canada
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SWAGUR Enterprises
Box 620035 - Middleton, W | 53562-0035
Voice - Fax Phone 608-592-7409

The SWAGURSAT dllows the owners of ICOM R7000 & R7100 receivers to recelve WEFAX
images in full resolution (.e. 40 KHz). The SWAGURSAT is in use dll over the word. 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 dallows you to 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 (525.00 foreign) shipping & handling.

SWAGUR-AVP 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
OC which is supplied to the LNA through ifs feed line (coax). Itis 2-5/8 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 & handliing.

SWACUR-HORN. - C. This feed hom was developed to be used with a satellite dish. It
receives circularty polarized signals, like those sent by orbiting satellites. It also receives
linearty polarized signals. You can atfach your own Low Noise Amplifier (INA) or purchase
one from us. The feed hom measures approximately 6-1/8 inches in diameter by 5-1/8
inches long. It has a single "N" connector on ifs back plane. Why spend a lot of money
on a combiner, lossy connectors and matching sections when receiving the polar orbiters
or GOES satellites? The cost of the SWAGURHORN - C is only $120.00 plus $8.75 US
(625.00 foreign) shipping & handling.

SWAGUR-DISHES, Our satellite dishes range in size from 2 feet to 10 feet. The dishes are dll
painted, spun solid aluminum. They can be purchased with or without a mounting ring
attached. We also supply polar mounts and struts 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 handling depends upon dish size.,

SWAGUR-HOODS.  Our camera hoods dlow 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 info the camera lers. 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 fo $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
capturing system. The cost of the new PCMCIA (credit card) plug-in card and software for
laptop computers is $495.00. This card will also work with desktop computers if you use
the buss adapter board.  The original WeatherfAX card for desktop computers s still
available for only $445.00 which includes the software.,

SPECIAL OF THE MONTH

The INMARSAT Special. One feed horn, one LNA, one 4 foot dish with polar mount

and feed horn mounting struts. Price . % This offer expires December ], 1994
 PheSatt




TELECOMMUNICATIONS
INDUSTRY BOOMING

The world-wide satellite telecommu-
nications industry, fueled by consumer
demands for more and better video and
audio links, is booming. The number of
satellites launched by entertainment and
business corporations continues to in-
crease. Many launch services are booked
through the remainder of this century.
Engineers are developing new technol-
ogy that promises to boost business com-
munications beyond imagination. Career
specialties are emerging in satellite pro-
duction and ground control. Thedemand
for putting new and better satellites in
orbit is creating a growing market for
launch services. This trend is expected to
increase and set the pace for an industrial
space race in the 21st century.

In the U. 8., companies to watch in-
clude Hughes Aircraft Space and Com-
munications Group, Space Systems/Loral
which has European connections, and
Martin Marietta Astro Space. Hughes is
developingsatellite-based tele-imaging for
the medical field, video telephone and
conferencing for the corporate world,
and CAD/CAM data transmission.

Internationally, there are numerous
companies pursuing satellite communi-
cations projects, including Alenia, Alcatel,
Aerospatiale, British Aerospace, Deutsche
Aerospace, Matra-and Marconi, and Spar.

NASA STRUGGLING
TO LEAD WAY

While the industrial space program is
soaring, NASA continues to struggle with
stringent funding and political maneu-
vering by Congress. NASA requested $50
million for development of small space-
craft technology which appears to the be
wave of the future in carth imaging and
telecommunications. Congress wants to
give themonly $12million on the premise
that private industry should pick up much
of the tab because telecommunications
corporations would benefitfrom the tech-
nology.

NASA projects that would be affected
include two earth imaging satellites about
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By Wayne Mishler, KG5BI

the size of a console television set that
would electronically remove cloud cover
while photographing the earth. Perhaps
more important, the projects would blaze
a trail to new technology, new commer-
cial markets, and new approaches to con-
tracting. The idea is promising but too
uncertain for industrial leaders who are
looking to the government to bear the
financial risks involved in research and
development.

LOW ORBIT BIRDS ARE
WAVE OF FUTURE

Soon you’ll be able to
speak with orsend computer
data to somecone on the
other side of the world
through asatellite using a
hand-held mobile phone
that fits in your pocket.

Low Earth Orbit
(LEO) and Medium
Earth Orbit (MEO)
satellite networks
willlet us enjoy glo-
bal mobile telephone service with voice
and data transmission by 1996, says the U.
S. Department of Commerce. These flex-
ible networks will also provide two-way
electronic mail using hand-held comput-
ers, communications for rescue opera-
tions, recovery of stolen vehicles, mari-
time communications, and more.

There are several LEO/MEO global
telephone projects underway today.
Motorola will be encircling the earth with
66 such satellites, linking pocket phones,
computers, pagers, and fax machines. The
Orbital Communications Corporation will
be operating a network of 36 LEO satel-
lites and several ground support stations
worldwide. TRW plans on placing MEO
satellites in orbits that kecp them above
the horizon and reduce shadows of earth
structures.

NEW TECHNOLOGY IMPROVES
PHONE SIGNALS
Smart handheld phonesautomatically

selected the best link among several satel-
lites in recent tests by the International
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Maritime Satellite Organization
(Inmarsat). This seems to solve the prob-
lem of interference caused by the shad-
owing effect of trees and buildings.

The Inmarsat system will employs a
dozen or so satellites in intermediate cir-
cular orbit (ICO). Theintentis for twoor
more of the satellites to be accessible to a
user at any given time. Circuitry in the
system’s handsets combine signals from
all available satellites, resulting in stron-
ger, clearer reception.

In the tests, staged at Ipswich, En-
gland, two aircraft flew overhead trans-
mitting separate signals generated by spe-
cial equipment, simulating orbiting satel-
lites. On the ground, a handset operated
by researchers automatically switched it-
self to the best signal. The tests were
repeated several times with the handset
located in outdoor urban and rural envi-
ronmentsand inside buildings with equal
success.

Inmarsat plans to use this new tech-
nology to provide users worldwide with
handheld telephone, fax, computer data,
and otherservices. Set-up costisexpected
to be abowt $2.4 billion.

LONG ARM OF LAW EXTENDS
REACH BY SATELLITE

Beware: satellite images may now be
used against you in court.

In one recent case, satellite cameras -
-capable of zooming in on aspot less than
half the size of a city lot - detected land-
use violations in Florida. The resulting
photographs were used by the South
Florida Water Management District to
documentthecase. The defendantsettled
out of court, repaired damages, and paid
a $650,000 fine.




Surveillance by satellite has proven to
be less expensive and less time-consum-
ing than conventional types.

FCC APPROVES U. S.
COMPANIES FOR DBS SERVICES

The Federal Communications Com-
mission has approved nine U. S. compa-
nies to launch and operate direct broad-
cast satellite (DBS) systems in this coun-
try. Local distributors are already adver-
tising this service, which fora monthly fee
gives subscribers hundreds of television
channels by satellite using an 18-inch an-
tenna dish.

Approved are the Advanced Commu-
nications and Direct Broadcast Satellite
corporations of Washington, the Cont-
nental Satellite and Hughes Communica-
tions Galaxy corporations of California,
the Directsat corporation of Virginia, the
Dominion Video Satellite corporation of
Florida, the EchoStarSatelliteand Tempo
Satellite corporations of Colorado, and
the U. S. Satellite Broadcasting Cor-
poration of Minnesota. Numerous
other companies are entering the
DBS market.

The first DBS satellite, Hughes
DBS-1 satellite, went into orbit in
late 1993. Thesecond DBSsatellite
(DBS-2) was launched in August f
of 1994. There are plans to launch
several others by 1996. Three geo-
synchronous orbital slots are
available with a combined ca-
pacity of more than 1,000 chan-
nels through digital compres-
sion technology.

DBS has been in operation in Europe
for several years, and is the market is
growing in other nations of the world.
About 5 million householdsin Japan have
DBS. That nation’s Ministry of Posts and
Telecommunications says the number will
grow to 20 million by 1998.

HAMS HAVE ACCESS TO EARTH
IMAGING SATELLITE
NASA will launch South Africa’s first

satellite with amateur radio capabilitiesin
January of 1966. The Stellenbosch Uni-
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versity Satellite (SUNSAT) will transmit
high-resolutionsstereoimagesofthe earth
and will carryamateur radio equipment

enabling hams to contact the satellite
in orbit which will make it a popular
educational tool for school children.

UNIQUE QSL CARD AVAILABLE
TO HAMS AND SWLS

Amateur radio operators and short-
wave listeners may have an opportunity to
get QSL. cards from the Toronto VHF
Society (VEBONT) which will be trans-
mitting via satellite during the four-day
1994 EME Contest this fall.

Hams who wish to participate in
the contest must send an EME contest
entry to the ARRL, which is sponsoring
the contest. SWLs need only send recep-
tion reports to the club which will re-
spond with QSLs. Send ham QSL cards
and reception reports with self-addressed
envelope to Dennis Mungham, VA3SO,

RR 3, Mountain Ontario, Canada
KOE 1S0O.

VE3ONT will
be on the air November 26 and
they will transmit on 144.100 MHz and
listen for callers hetween 144.1 to 144.110
from 0538 to 1645 UTC. They’ll be oper-
ating those same frequencies again No-
vember 27 from 0646 to 1713 UTC.

They’ll be using the 46m Algonquin
Park dish (grid square FNO5xw) with a 9-
degree lower elevation limit, which may
reduce chances for ham stations with
fixed antennasin eastern North America.

Hamsshould call them onafrequency
in their listening range, noton their trans-
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mit fre-
quencies. Use
an antenna with cir-
cularpolarizationif possible.
A 100-watt signal transmitted from
a directional antenna should be more
than enough to work them on 144 MHz.

KIRTLAND AFB BECOMES
SATELLITE CONTROL CENTER

Kirtland Air Force Base at Albuquer-
que, New Mexico, may soon become a
center for controlling U. S. research sat-
ellites worldwide. The project has been
allocated an annual budget of $120 mil-
lion. Two new laboratory buildings are
being builtat Kirtland which is preparing
for the arrival of several hundred scien-
tists, researchers, and workers who will
operate a control center similar to but
smaller than NASA’s Johnson Space Cen-
ter mission control.

Controllers will direct the movements
of research satellites around the world
from computer terminals at the Kirtland

center. Scientists at Phillips Labo-
ratory at Kirtland will work with
other teams in developing, testing
and evaluating the performance of
new satellites. The Rocket Systems
Launch Program Office will direct
launch services for the military. The
Space Test and Small Launch Ve-
hicle Programs Office will manage
the Pegasus system of launching sat-
ellites on rockets fired from aircraft.
The Space Test and Evaluation Direc-
torate will monitor and testsatellites in
orbit.

OLDEST RADIO STATION GOES
SATELLITE

One of the world’s oldest radio pro-
grams about international broadcasting
is now being relayed to Europe by satel-
lite. Weekday broadcastsareat 1615, 1730,
2130 and 2230 UTC. There is also a week-
end broadcast at 2030. The broadcasts
are being carried by Astra 1B, transpon-
der 26 (Sky Movies Gold), 19.2 degrees
east, 11.597 GHz with audio subcarrier
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7.74 MHz. You’ll also find them on Tele-
X and Sirius, 5 degrees east, 12.475 GHz
and 11.938 GHz with audio subcarrier
7.38 MHz.

In other European developments, Sky
reports changes on its Astra transponder
47. It’s going from a preview channel to
weekend sports encrypted in videocrypt
free to subscribers.

Sky says it’s adding more channels
effective September 30. Programming
may include a travel channel. Expect an
increase in subscription fees.

EUTELSAT CARRIES ALGERIAN
TV AND RADIO PROGRAMS

Algerian television and radio programs
are to be carried by Eutelsat beginning
August 20, beamed at North Africa, Eu-
rope, Russia and the Middle East. A
ground station for the project was being
prepared in mid-August, and broadcast
negotiations were being completed be-
tween Algerian TV and Telecom Hol-
land.

Theannouncementappeared on tele-
vision screens tuned to Eutelsat, located
at 16 degrees east, with transponder fre-
quency 11680 MH: (horizontal polariza-
tion) and subcarriers 6.65, 7.02 and 7.20
MHz.

BRAZIL SATELLITE IMPROVES
TELECOMMUNICATIONS

Brazil has a new domestic communi-
cations satellite. Brasilsat-B1, operated by
Embratel, is to improve telephone, televi-
sion signals and computer data transmis-
sion. Another Embratel satellite, Brasilsat-
B2isscheduled to be launched in Novem-
ber.

Brasilsat-B1 replaces an earlier satel-
lite launched in 1985. It has 28 C-band
transponders, and an X-band transpon-
der for use by the military.

INDIA INCREASES SATELLITE
FOOTPRINT

India plans to lease transponders on
three satellites scheduled for launch next
year. They are the U.S. PanamSat (PAS-4)
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and Hong Kong Apstar-1 and Asiasat-2.
The intent, sources say, is to establish a
footprint reaching from the Middle-East
to China.

PAS-4 is to be positioned over the
Atlantic Oceansomewhere between 8 and
72 degrees east and may be linked with
three others to establish a service known
as the “satellite highway.” By leasing a
transponder on any of the linked satel-
lites, India could reach all parts of the
earth covered by the combined footprint.

Apstar-2, 77 degrees east, and Asiasat-
2, 100.5 degrees east, cover a large foot-
print in Asia.
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IRAN: HEAVENLY BIRDS CARRY
DEMONIC MESSAGE

While telecommunica-
tions shrinks distance, so-
cial and cultural barriers
for most of the world, Ira-
nian clergy proclaims it
as a cultural onslaught
against the Islam religion.
In a sermon broadcast by
the Voice of the Islamic Re-
public of Iran in mid-August,
the Ayatollah Mohammed
Emami-Kashani, spokesman for Iran’s
Guardian Council, warned that telecom-
munications programming would inflict
psychological and spiritual blight on the
youth of Iran, draining life from them,
and making them mentally unbalanced.
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“Just as the West has plot-
ted againstus through culture,
we must confront the satellite
with culture. Let the young
people see the treachery par-
ents (who let their children
watch satellite television) are
committing. Whatacrime they
are committing against their
own children!”

Meanwhile, the people of
Tehran's Ekbatan district
clashed with agents confiscat-
ing satellite dishes. Residents
battled with agents and en-
countered police whoopened
fire and arrested several pro-
testors.

Saudi Arabia earlier this
summer banned satellite dishes and gave
residentsone month togetrid of any they
owned. However more recently the Arab
News reports that Muhammad Ali is urg-
ing Islamic entities to support an interna-
tional Islamic satellite television channel
to counter Vatican satellite programming.
Stand by for Islamvision.

k-—,-—-.-——

TAX ON SATELLITE DISHES?
SHHH...DON'T TELL CONGRESS!

The Moroccan parliament this sum-
mer approved a tax on satellite dishes in
that country. The tax will be equivalent to
about $500 dollars in U. S. currency.
Opposition to the tax says it will give the

governmentleverageincontrol-
ling programming,
claiming that
Morrocans with low
incomes will no
longer be able to
receive news from
abroad.

SRI RADIO
HEARD
ON ASTRA BIRD

The new Swiss Radio Interna-
tional continuous broadcast service
in English is being heard from the
Astrasatellite, 19.2 degreeseast, tran-
sponderfrequency 11332 MHz, with




subcarrier frequency 7.56 MHz. In addi-
tion, the satellite’s 7.38 MHz subcarrier
continues to carry radio programs in Ara-
bic, English, French, German, Italian,
Romansch and Spanish.

SATELLITE SYSTEMS MAY END
DANGER OF “FRIENDLY FIRE”

The U. S. Navy is hoping for a special
Christmas gift this year: success in its
testing of a new satellite system that
could save lives in combat by
tracking and identify-
ing friendly forces at

for the enemy and acciden-

tally gunned down by so-called
“friendlyfire.” Development of

this technology is progressing,

and tests are scheduled to begin in
December.

Experts say this technology could have
prevented the accidental downing of U.
S. helicopters by U. S. F-16 fighters in
Iraq. There is hope that it will prevent
similar tragedies in the future.

The technology, dubbed SABER, em-
ploys special satellite beacons that broad-
cast two-way positional telemetry to mo-
bile sites on the ground. SABER is a mili-
tary acronym for Situational Awareness
BEacon with Reply.

SABER uses data from existing Low
Earth Orbiting (LEO) navigational satel-
lites. It derives positional information
from this data, tags this information with
unique identification codes, and imposes
these codes on unused portions of satel-
lite down-link frequencies, which broad-
cast the codes to transceivers connected
to computer terminals at mobile ground
installations.

The transceivers allow commanders
to control the beacons by radioing com-
mands back to the transmitting satellites.
The beacons can be selectively activated,
deactivated, polled, or varied to reduce
detection by hostile forces while updating
commanders on the positions of their
troops. The terminals can be based at
mobile command posts on the ground, in
the air, and aboard ships. They give com-
manders continuous real-time pictures of

&
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risk of being mistaken )
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where  friendly
troops are posi-
tioned.

The idea grew out of
tests at the U. S. Army Ar-
mor School at Fort Knox,
Kentucky. In the tests, four bea-
cons were transmitted from mobile
ground vehicles toasatellite down-linked
to desktop computers in a field tent. The

computers identified and tracked the
vehicles continuously throughout the

exercise.

Building on those tests, the Navy
begandevelopingandimproving
the concept. The Navy’s
version will use geosyn-

chronous satellites.
There are plans to

&, use thousands of
beacons to track

the large num-

bers of tanks, ships, aircraft, and other
war platforms that would be deployed
during a war.

The Naval Air Warfare Center devel-
oped a way to transmit beacons under the
noise level of satellite transponders. This
allows large numbers of beacons to be
broadcast without interfering with tran-
sponder operation.

Sources: Albuquerque Journal, Aviation Week
& Space Technology, Toronto VHF Society,
BBC Monitoring Service, U.S. Naval Space
Command
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hen discussing the shuttle electronics and communi-
B cations systems, it’s easy to get in over our heads. An

Her in-depth treatment of the topic could (and does) fill
thousands of pages. In this article we’ll look at the system from
a listening enthusiast’s point of view: a system overview, how it
work—and how to listen in! And don’t worry, techno-junkies,
there’s plenty for you, too.

System Overview

Although we’ll get into more detail later on, here’s a look at
the shuttle’s main communications systems and requirements:.
Telemetry on the orbiter’s conditions, configuration and pay-
loads is a prime contender. The shuttle’s 2500 monitored data
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By Kirk Kleinschmidt, NTOZ

US space shuttles have been lifting off
for more than a decade, and unless
something akin to the Challenger
disaster catches our eye, it's safe to say
that shuttle missions are almost
becoming routine for the masses. But
before you relegate the world’s premier
orbiter to ho-hum Boeing 747 status,
let me remind you that shuttle commu-
nications—audio, video and more—
are fun and easy to listen in on, and
they’re unlike any other communica-
tions you'll likely intercept.

Technologically, the shuttle-support
communications system—including
NASA’s sophisticated tracking and data
relay satellite system—comprises one
of the most advanced communication
systems anywhere. Besides (assuming
you're a taxpayer), you pay for it, so
you might as well switch off the
Nintendo every now and then

and see “what’s up!”

pointsadd up toalotof data!; commandsfrom ground controllers
are sometimesrequired to reconfigure systems aboard the shuttle
or tocommandvarious functions; documentationand other graphi-
cal matter needs to be exchanged with astronauts; and let’s not
forget about two-way voice traffic between the astronauts and
carth! But that’s not all: Among other systems, there’s a micro-
wave rangingsystem to fix the shuttle’s exact position, a ranging
system to assist orbital docking or “orbital matching” maneuvers,
and a UHF AM system for linking astronauts who are outside the
shuttle in spacesuits during extra-vehicular activities (EVA).
NASA uses several radio svstems to transfer data back and
forth. Exact frequencies are listed in the “Shuttle Frequencies”
sidebar. The most basic system is a UHF AM simplex svstem. The
UHF link operates directly between the shuttle and the various
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ground-based tracking stations (or between the shuttle and
astronauts who are outside the shuttle or in an open cargo bay).
Because the shutile orbits the earth aboutonce every 90 minutes,
direct UHF links to the shuttle are infrequent and fleeting (the
UHF system handles a lot of launch and launch-preparation
trathic).

The shuttle’s S-band microwave data link (a phase-modu-
lated system used for voice, telemetry and computer-to-com-
puter linking) can also talk directly 1o ground stations, as can the
S-band FM downlink. The S-band system can also link directly to
Air Force satellite earth stations during military missions so the
department of defense can talk to its payloads. The S-band
svstem is also used to talk 1o pavloads that the shuttle astronauts
may have just launched, and to the telemetry computers in the
spacesuits of astronauts who are EVA. There are about a dozen
ground stations worldwide that make up the soon-to-be-obsolete
(orconsolidated) spaceflight tracking and data network (STDN).

Handling radio traffic while the shuttle is in orbit (ever since
STS-9 in 1985) is the responsibility of NASA’s orbiting switch-
board. the tracking and data relay satellites that make up the
tracking data relay satellite system or TDRSS (pronounced “tee-
dris”™).

TDRSS now has tive geosynchronous satellites (four working,
one spare) that cover about 90% of the shuttle’s orbit. These
satellites use sophisticatec S-and K-band wideband links to relay

data (digitized audio, video and data) bewween the shuttle and
the TDRSS ground terminal in White Sands, New Mexico. From
White Sands. data is passed to NASA’s worldwide telephone,
microwave and satellite communications net (NASCOM), which
links every involved NASA facility (and many others).

Before we look at each svstemn, let’s take a short ride on the
shuttle and examine how and when some of the shuttle commu-
nication systems are used.

A Quick Ride

Getting the shuttle and its communication systems to orbit is
no small feat. At rest on the launch pad at Florida’s Kennedy
Space Center, a typical space shuttle (mated to its re-usable
booster) weighsin ata healthy 4.5 million pounds. Getting things
off the ground requires a lot of power—more than 14 mitlion
newtons of thrust.

Atlift-off (after a typical three-day countdown) from Florida’s
Kennedy Space Center (the usual launch facility), the shutie’s
S-band system talks to ground controllers through the Merriut
Island, Ponce de Leon and Bermuda STDN tracking stations
(“local” STDN stations that support Kennedy launches). Once
the shuttle can no longer be “seen” by the Bermuda station,
ground controllers route shuttle communications (§- and K-
band) through the nearest TDRSS bird, which relays everything
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Listening to Shuttle Communications

Because of the technology involved, you inight think that
listening to the shutte is difficult or expensive. In truth,
listening in could hardly be easier. NASA and friends provide
avariety of ready-made audio and video monitoring opportu-
nities. Hardware requirements range from an inexpensive
shortwave or Amateur Radio receiver, to a backyard satellite
TV systemi—even your local cable TV system! Here are the
details:

NASA TV

The service that provides the juiciest shuttle coverage is
also one of the easiest 10 receive. NASA TV (formerly called
NASA Select) produced its first broadcast on July 1, 1991, and
was started as a way to keep journalists and others interested
parties supplied with reai-time shuttle video and audio.

NASA TV broadcasts live “launch 1o landing” shuttle com-
munications—video and audio from the shuttle and from
various ground-based control centers (it's the juicy stuff that
comes down in digital form via TDRSS). Pre-mission briefings
and other items of interest to the media are also covered.

When the shuttle is not in orbit, NASA broadcasts a repeat-
ing four-hourschedule of “Discovery Channel™-style programs
on aeronaulics, space exploration and space sciences. Pro-
gramming gets underway each day at noon Eastern Time.
(OKay, I confess: NASA TV isinteresting. I often have it on in
the background in my office.)

To receive NASA TV, wune your C-band satellite TV svstem
to satellite S2, channel 9, 6.8 audio. Ifyou don’t have your own
dish, chancesare fair that your local cable TV company carries
NASA TV, especially during shuttle missions (at press time
there’s at least one cable system in every state that does so).

For more information on NASA TV, write to NASA TV,
NASA Headquarters, 300 E St NW, Washington, DC 20546. (
Also see the story in this issue on NASA Select TV-editor)

The Goddard ARC

Members of the Goddard Space Flight Center’s Amateur
Radio Club (the Goddard ARC, WASNAN) volunteer their
time to “rebroadcast” shuttle audio from launch to landing
during each shuttle mission (it’s the saine audio that’s broad-
cast by NASA TV).

If you have a shortwave or ham radio receiver that can tune
SSB signals on any HF ham band, you can probably hear the
Goddard station, located in Greenbelt, Maryland. During
shuttle missions, try these frequencies (upper or lower side-
band, as appropriate), listed in MHz: 3.86, 7.185, 14.295,
21.395, 28.65 and 147.45 MHz FM (local).

SAREX

Did you knowthat most of the astronauts who flyaboard US
shuttles are ham radio operators? ‘ep, it’s true. The ham
astronaut craze started more than a decade ago with the
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Shuttle Amateur Radio Experiment (SAREX), sponsored by
NASA, the American Radio Relay League (ARRL, the na-
tional organization of ham radio operators), and the Radio
Amateur Satellite Corporation (AMSAT, an organization of
volunteer space scientists and members that designs, builds
and orbits Amateur Radio satellites).

The idea was to take a small 144-MHz hand-held Amateur
Radio transceiver aboard the shuttle so astronauts (in their
free time) could talk to hams on earth—especially those
assisting children at designated schools around the world.

The idea was a smashing success, and now, more than 10
vears later, shuttle astronauts routinely talk to students and
hams all over the globe. It’s turned into one of NASA's high-
visibility PR programs and it gets kids thinking about space
sciences careers. Some missions have even used ham radio
visual modes such as slowscan and fast-scan TV, and all
present SAREX-equipped missions maintain a packet (ham
radio digital mode) “robot” that works hams automatically
“kevboard to kevboard.”

When the shuitle is in range. you can listen to the action
on the 2-meter ham band. Try these frequencies (in MHz):
FM voice uplink channels: 144.91, .93, .95, .97, .99 (if vou're
a ham and can legally transmit!): FM voice downlink: 145.55.
When the packet robot is active, the uplink is on 144.49 MHz,
with a downlink on 145.55 MH7 (the only 2-meter downlink
from the shuttle).

Ifvou hear orwork the astronauts from the shuttle, vou can
send vour log information to ARRL and receive a QSL card
confirming reception. New cards are often designed for each
SAREX mission—thev’re very collectable!

For more information about SAREX and how vou can
participate (or to claim your shuttle QSL. card), write or call
ARRL, Educational Activities Department, 225 Main St,
Newington, CT 0611 1; tel 203-666-1541.

The next scheduled SAREX mission is the 14-day STS-67,
scheduled (o lift off January 12, 1995, with four ham astro-
nauts aboard. Veteran ham Ron Parise, WA 1SIR, will be flying
on this lengthy Endeavouwr mission. Why not listen in?

Computer Resources

For information about shuttle launches, missions and
SAREX, and satellite (shuitle) tracking software for your
desktop PC, uy the following computer bulletin boards:

The ARRL maintains a five-line BBS that features satellite
tacking software and regularly updated SAREX mission bulle-
tins (in addition to thousands of ham radio-related files). To
reach the system, dubbed Hiram after the ARRL’s founder,
have your computer call 203-666-0578 (8N1, up to 14.4 kbits/
s).

There’s also lots of interesting siuff on NASA’s Spacelink
BBS. Try it at 205-895-0028.

If you subscribe 1o CompuServe, GEnie, or one of the other
popular computer services, you can prowl around their ham
radio and satellite TV areas as well.
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to the White Sands ground terminal and on through the NASCOM
network. During the switch-over, computers in the orbiter and
on the TDRS first adjust their respective antennas to peak the §-
bandsignal. Once that’s done and the S-band link is reliable, the
cargo bay doors are opened and the computer activates the K-
band system, which is harder to “aim” but can transfer more and
varied data.

As the shuttle goes round and round the earth, its communi-
cations are routed to White Sands via the nearest TDRS . When
the shuttle is behind the part of the earth that TDRSS can’t see
{NASA’s “zone of exclusion”), the
shuttle orbits “on its own™ or relies
on quick links with the older ground-
based STDN stations. TDRSS is de-
signred to cover at least 90% of the
shuttle’s orbit, limiting the shuttle’s
“out of range” time to 15 minutes or
less of each 90-minute orbit. Remem-
ber: TDRSS orbits at 22,300 miles
compared to a typical low-earth-or-
bit of 160-200 miles for the shuttle.
TDRSS can “see around corners” (the
curve of the earth as viewed from the
shuttle), requiring only swo TDRSS
birds to support the system.

TDRSS can also relaysignals from
shuttle-launched payloads to NASA
or to the military. If astronauts work-
ing outside the shuttle (fixing the
Hubble Space Telescope, for ex-
ample) need to talk directly toscien-

§-Bend Quadrant
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The landing process works roughly in reverse, except during
the dramatic reentry period when radio communications are
wiped out. When the shuttle is approaching its landing strip and
flying like an airplane, telemetry and voice communications go
direct—there’s no further need to relay via satellite.

Now that we’ve taken a quick spin, let’s ook at the compo-
nent systems in a bit more detail.

Shuttle Communications Systems

As mentioned earlier, the shuttle communication system
handles the formidable tasks of ferrying telemetry, command
and control signals, voice, video and other data between the
shuttle and its ground controllers.

This system is divided into several subsystems: S-band (FM
and PM), K-band, UHF, payload communications, audio and
closed-circuit TV. The orbiter's on-board systems distribute
audio, video and datasignals throughout the craft and its various
payloads (to communication panels, headsets, microphones,
computers and so on.

Unless manual control is selected, and to allow the astronauts
maximum flexibility, the shuttle’s computer system selects and
peaks antennas, chooses transmitters and records and processes
data. A built-in security system can transmitdata “in the clear” or
encrypted.

Shuttle Signal Processing

Sending and distributing telemetry data, voice, video and
graphics through the shuttle’s various radio systems is the job of
two network signal processors (NSP). One is primary, the other
a backup.

The NSP receives one or two audio voice channels from the
shuttle’s audio control system (depending on whether the data
link is in high- or low-speed mode) and converts them to digital
data. Time-division multiplexing is used to mix the digitized

The Shuttle is Loaded with Antennas!

Rrvana o o

$-8end Ouadrant Antenna No. &

tists on the ground, their UHF com-

munications are relayed to TDRSS
via the shuttle. Thanks to extensive
computerization, the whole system
is virtually seamless.
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audio with the other telemetry and data streams prior 10 trans-
mission.

The reverse happens when signals are received from the
ground or via TDRSS. Incoming command data is decoded and
routed to the shuttle’s computer, while “mixed-in” digital voice
signals are decoded, converted to audio and routed to the audio
distribution system. The system is similar to the second-genera-
tion cell phone systems now being tested.

The S-band System

Theshuttle’s S-band system (two complete systems operating
between 1.7and 2.3 GHz, one using phase-modulated FM [PM],
the other using standard FM) isareal workhorse. The PM system
transmits and received data from ground controllers (directly or
through TDRSS). Each system has redundant backup transmit-
ters and receivers 10 allow for flexibility and for emergencies.

The S-band forward link frequencies (designating communi-
cations going to the shuttle, from the ground or via TDRSS) are
2,106.4 MHz (primary) and 2,041.0 MHz (secondary). Two
forward-link frequencies allow two shuttles to orbit simulta-
neously.

S-band return-link frequencies (designating communica-
tions going from the shuttle to the ground, directly or via
TDRSS) are 2,287.5 M1z (primary) and 2,217.5 MHz (second-
ary). Again, two return-link frequencies allow for multiple orbit-
ers.

In highspeed mode, the PM forward link operates at 72
kbits/s (two air-to-ground voice channels at 32 kbits/s each and
one 8 kbits/s command channel, plus two-way Doppler and two-
way ranging signals). In slow-speed mode, the system operates at

Shuttle Frequencies

System Frequencies
S-band, phase modulated data
forward link 2,106.4 MHz primary;
2,041.0 MHz secondary
return link 2,287.5 MHz primary;

2,217.5 MHz secondary

S-band, FM data

return link only 2,250.0 MHz
K-band, FM data, via TDRSS

forward link 13.775 GHz

return link 15.003 GHz
UHF AM simplex voice

primary 296.8 MHz

secondary 259.7 MHz

emergency 243.0 MHz

EVA only 279.0 MHz

Note: direct monitoring of the shuttle’s UHF simplex channels is possible,
but because most shuttle communications go via TDRSS, and because
overhead shuttle passes are so short, reception is challenging at best.
Receiving (and decoding) the S- and K-band downlinks is probably
impossible because of the narrow spot beams used in transmission and
because of the high-tech multiplexed encoding.
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32 kbits/s (one 24-kbits/s two-way voice channel, an 8-kbits/s
command channel, plus Doppler and ranging signals). Two-way
ranging does not operate through TDRSS.

The S-band PM return link has more horsepower to carry
shuttle telemetry:. It’s 192-kbits/s system supports two 32-kbits/
s voice channels, one 128-kbits/s telemetry link, plus (wo-way
Doppler and two-way ranging signals. A low-speed mode drops
one voice channel and halves the telemetry data rate.

The S-band FM system is used only to downlink data (from
seven sources, one at a time) directly to STDN ground stations.
Redundant transmitters are used; the frequency is 2,250.0 MHz.

Systems downlinked by the S-band FM system include three
space-shuttle main-engine interface units (SSME), orbiter video,
operationsrecordersand payload recorders (analogand digital).
The system’s maximum data rate is 1,024 kbits/s. The S-band FM
system does not operate through TDRSS and is used primarily for
launch, lift-off, ascent and landing.

The K-band System

The shuttle’s high-performance K-band system operates from
13 to 17 GHz and is used exclusively to communicate vis TDRSS.
The K-band antenna system is housed in the shuttle’s cargo bay,
limiting its use 10 periods when the shuttle is in orbit and the
payload bav doors are open.

When the K-band antennas are deployed, the shuttle’s com-
munications processors use the K-band system (which uses a
digital modulation system similar to the S-band system, but can
handle much more data) to route signals between the shuttle and
the ground via TDRSS. If the K-band link is lost, the system
defaults to using the more robust S-band links.

The K-band forward-link frequency is 13.755 GHz; the return-
link frequency is 15.003 GHz. Asmentioned, the wideband mutlti-
channel data system can handle lots of data. The maximum data
rate exceeds 50 Mbits/s, compared to 1 kbits/s for the S-band
system.

One interesting feature of the K-band system is its “ejector
seat.” Because the cargo bay doors must be closed prior to
reentry, if the K-band antenna can’t be returned to its “stowed”
position, a blade chops the cables and releases the antenna
mounting clamp, banishing the dish and its electronics to space!

The K-band system can also function as a search radar for
finding space-borne objects, closing with them, matching orbits
and even docking. Various modes offer radar ranges from 100
feet 10 300 miles.

The Payload Communications System

This system transfers information to and from payloads and
the shuttle using RF and hardwire links. Payloads need to be
activated, checked out and commanded. Primary usersare NASA
and the DOD. Others users include various satellite consortiums,
industry and foreign governnents.

After going through the shuttle’s communications proces-
sors, payload system signals can be routed 10 earth via TDRSS or
via the S-band system.

The UHF AM System

The shuttle’s UHF is mostly a “low-tech” backup system
providing audio communications with “outdoor” astronauts and
STDN ground stations. It’sasimplex system (259.7 MHz primary,




296.8 MHz secondary) that al-
lows only one “person” to trans-
mit at a time. The system can
aiso send and receive on the
UHF emergency frequency
(243.0 MHz) and has one fre-
quency that onlyworks between
the orbiter and EVA astronauts -
(279.0 MHz).
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The Space Flight
Tracking and Data
Network (STDN)

NASA’s STDN was first set
up to track and communicate
with preshuttle spacecraft, in-
cluding those of the Apollo pro-
gram. Comprising abouta dozen
ground-based tracking stations
scattered around the globe, the
STDN includes a main terminal
at White Sands (where the
TDRSS terminal is housed) and
is administered by NASA’s net-
works division, headquartered
at the Goddard Space Flight
Center in Greenbelt, Maryland.

STDN sites worldwide are connected by NASA’s comprehen-
sive NASCOM network, but because STDN sites can cover only
about 20% of each shuttle orbit, the STDN is being made
obsolete by TDRSS. Eventually, the STDN will be consolidated to
aminimum level (it’s still required to launch and land shuttles).

In the 1970s, NASA scientists concluded that a satellite-based
communication system could better handle space communica-
tions (and at a much lower cost compared to enlarging and
maintaining the STDN).

A new era in space communications began with the STS-6
launch of TDRS-1in 1983. The Tracking and Data Relay Satellite
System was born!

The Tracking and Data Relay Satellite System
(TDRSS)

TDRS is a space-communication network that provides com-
munications, tracking, telemetry, dataacquisition and command
services for the space shuttle and many other low-earth-orbiting
spacecraft. “Customers” other than the shuttle include the Gamma
Ray Observatory, the Hubble Space Telescope and, if and when
launched, the space station Freedom. NASA estimates that more
than 70 billion dollars in space missions will depend on TDRSS
before the end of the decade.

Functionally, TDRSS consists of a constellation of five satel-
lites (two working, one spare, and two partially functional birds
used for special projects) and a ground terminal located at White
Sands, New Mexico (a second terminal is being built nearby to
eliminate the possibility of a single critical failure).

TDRSS doesn’t “process” client communications in either
direction;.rather, TDRSS operates as a “bent-pipe” repeater,
simply relaying signals to and from client spacecraft and the

171°W
TDRS-3
BACKUP

e

62° W
TDRS-6
BACKUP

85°E
TDRS-1
{Compton GRO)

41°W
TORS-4

2

Compton GRO
Remole Tracking Station
Tidbinbilla, Australia

White Sands, NM
Ground Terminal Complex

TDRSS and its White Sands ground terminal. Note that the older TDRS-1 is parked over the
Indian Ocean and is controlled through an auxilliary site in Austrailia.

White Sands terminal. All data and signal processing is done
there (for NASA missions) or at an outside client’s own facility
(linked to the White Sands terminal by NASCOM or a similar
network). This eliminates the need for TDRSS to interpret and
“handshake” with potentially encrypted client data or to waste
time processing proprietary signals.

TDRSS is designed to handle 24 client spacecraft simulta-
neously, including the space shuttle! Its multiple-band data links
can provide service at up to 300 Mbits/s—that’s the equivalent of
passing the entire contents of 300 14-volume encyclopedias every
minute! Compare that to the average 14.4 kbits/s home com-
puter modem!

In addition to providing S- and K-band data links (described
earlier), TDRSS can also relay C-band signals in the 4-6 GHz
range.

TDRSS Hardware

To reduce costs, TDRSs are built around three modules:
equipment, communications and antenna. The equipment
module houses the components that keep the satellite function-
ing: attitude and positioning controls, the power supply system
(solar, 1850 watts with a 10-year lifespan) and thermal controls
(heating and cooling). The payload module handles all commu-
nications, and it’s loaded with transmitters, receivers and com-
puters. The antenna module features seven complete systems:
twosingle-access dishes; a multiple-access array; aspace-to-ground
link; C- and K-band antennas and an S-band omnidirectional
antenna.

In orbit, a TDRS looks like a giant, double-ended fly swatter
with dual, 16-foot parabolic dish antennas (the fly swatters are
the solar panels!). These dishes, used by the satellites’ single-
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TDRS Stcatus Report

Here’s a brief look at the deployment history and present status of the five
presently orbiting TDRS birds. Although there are five satellites total, only
three are fully functionat (two main birds and one spare):

Spagecraft  Launch Date Status Lacation
TDRS-1 April 1983 Partialty functional 85° east
TDRS-2 January 1986 Destroyed in Challenger
accident

TDRS-3 September 1988  Partially functional 171° west
TDRS-4 March 1989 Fully functional 41° west
TDRS-5 August 1991 Fully functional 174° west
TDRS-6 January 1993 Fully functional 62° west

accesssystems, unfurl like giant umbrellas when deployed. They're
mounted on flexible gimbals that let them track client spacecraft
or aim at ground stations below.

The reflecting surface of the very expensive 16-footers is gold-
clad, molybdenum wire mesh, woven into a thin cloth and
stretched taut by 16 ribs made from fine quartz cords. The entire
structure, including the mesh, ribs, a dual-band feed and a
deployment mechanism weighs only 50 pounds. Imagine own-
ing a 50-pound, 16-foot dish antenna! (then imagine paying for
it....)

A 6.6-foot dish antenna is used for the normal space-to-
ground link.

TDRS Tricks

TDRSS’s multiple-access systemsstretch the limits of modern
communication systems. For multiple-access service, the
multielement S-band phased array (30 helix antennas per TDRS)
is used to multiplex signals between a TDRS and multiple-client
spacecraft on a single downlink channel. In other words, TDRS
uses most of its helix antennas to talk o its client satellites in
orbit. It then takes all of its client signals and uses 12 of its helixes
to transmit every client signal in one frequency-division multi-
plex (FDM) beam to the White Sands terminal.

At White Sands, signals from each helix are received at the
same frequency, demuliiplexed, and the various data streamsare
distributed to their proper channels.

This “hands-oft” approach by NASA ensures data integrity for
the systein’s many users.

“Most of the demodulation is done at White Sands,” says
Goddard TDRS Project Manager Charles Vanek, “but the actual
data is not decoded there. It goes (0 the user, and the user takes
care of decoding it. It could be encrypted, or it could be in clear
text. We don’t know, and we really don’t care!”

According to Vanek, “TDRSS works very well, and I think our
users believe it works very well. TDRSS users have a very high
satisfaction level.”
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TRW technicians inspect TDRS-6 before it is shipped
to NASA for launch on Space Shuttle Endeavor. Photo
courtesy of NASA.

The multiplexing happens in real time, for forward and
reverse links! Equipment at White Sands can discriminate be-
tween 30 sets of simultaneous data signals.

The White Sands Terminal

The first thing you’d notice about the White Sands terminal
1s a trio of 60-foot K-band dish antennas anchoring a large
antenna farm and a sprawling complex of buildings. Located in
New Mexico because of the desert’s minimal rain and weather
conditions (good for trouble-free satellite communications),
each TDRSS ground terminal (one is a backup) sports an
incredible amount of gear.

Phil Liebrecht, the Associate Chief of NASA's Networks
Division, says his people are in the midst of upgrading the facility.

“We're just starting initial operations with a new ground
system...we've got somewhere in the neighborhood of 200 racks
of transmitters, reccivers, computers and other hardware, and
about 260 1echnicians.

“Eventually we’ll transfer operations to the new facility and
take down the older one to upgrade i1s technology to match that
of the new station. When hoth stations are upgraded and avail-
able, we’ll have two 10 three times the capacity we have today.”

The new facility is in the same complex. about three miles up
the road.

The Future

Another TDRS (TDRS-7) is set for launch in June of 1995.
TDRS Project Manager Vanek acknowledges the project’s ex-
pense: “The satellite that we’re launching in June probably costs
200 10 300 million dollars [in 1994 dollars). Ii’s expensive
because it’s quite a complicated spacecraft and it was purchased
one at a time. When you buy something one at a 1ime after the
main build has been finished, you have new start-up costs and re-
tooling costs for practically everything.”

That, Vanek says, is a thing of the past. “We’re in the process




of procuring three more TDRS satellites. and we expect them to
cost considerably less than those purchased one at a time.”

Expensiveasitis, NASA estimates that TDRSS costs about half’
of what it would cost to expand and maintain the older STDN,
and TDRSS goes off the scale when it comes 10 capacity and
flexibility.

space shuttle communications and a sheal of frequencies and
listening opportunities, the next time vyou tune across something
from NASA, TDRSS or the shuttle—even on the evening news—
I trust you'll have a greater appreciation for the technology
involved.

Simply writing this article cleaned out some of my shuttle-
monitoring cobwebs: For e, the space shuttle is no longer on
myv “ho-hum™ list. How about vours®? 8}

Wrap-Up and Thanks

In addition to those quoted in this article, I'd like to thank
NASA for their assistance—especially the "no-nonseuse” admin-
istrative assistant in Houston who put me right through o
“decision makers” while I was bogged down in other “olficial
channels!”

So, armchair enthusiasts. armed with a better perspective on

About the Author: Kirk Kieinschmidt is a freelance writer and photog-
rapher whao recently moved from Connecticut hack to “Minnesota Lake
Country. " He'sinto ham radio (call sign NTOZ), satellites and shortwave
listening. Kirk recently was assistant managing editor for QST maga-
zine, and regularly writes on technology and business topics.

Glossary of Terms

NSP: Network Signal Processors; used by the shuttie to prepare voice,

The following terms have been simplified, so please allow for some ‘
video and computer data prior to transmission to earth.

poetic license for the sake of simple answers

Orbiter: a space shuttle.

Apollo Program: NASA's ‘60s and ‘70s program to explore the moon. Payload: The shuttle's “cargo”; typically a satellite to be launched.

C-band: Radio signals in the 4-6 GHz range. PM: Phase modulation: a modulation system similar to standard fre-

. - . . quency modulation; used by one of the shuttle’s S-band radio systems.
Client Spacecraft: refers to an orbiting spacecraft that is being

controlled from White Sands via TDRSS; usually refers to a spacecraft

Ranging: A shuttle-mounted K-band radar system used to track orbiting
other than the shuttle.

objects; a system used by grourd controllers to fix the shuttle exact

. position as it orbits the earth.
Commands: Control inputs sent to a spacecraft from ground-based

control centers or human pilots. Return Link: Referring to signals going from the shuttle to the ground

H (directly or via TDRSS).
DOD: Department of Defense; relates to shuttle taunches of military
payloads. S-band: Radio signals in the 1.7-2.3 GHz range.
FM: Frequency Modulation (standard). Single-Access Service: One TDRS antenna talks to a single orbiting

g . L . spacecraft. TDRSs each have two single-access systems.
Forward Link: referring to communications going to the shuttle from

the ground (directly or via TDRSS). Spacecraft: any manmade orbiting satellite; space shuttle.
K-band: Radio signals in the 13-17 GHz range. Space Flight Tracking and Data Network (STDN): A dozen-or-so
networked land-based tracking and communications sites used to talk to
orbiting satellites and space shuttles. The STDN is an older system (once
used for Apollo moon shots) that is being consolidated in light of its better-
equipped big brother, TDRSS. STDN is mostly used to launch and land
shuttles.

kbits/s: abbreviation for kilobits per second; a measure of data transfer
speed between computers.

Mbits/s: abbreviation for megabits per second (“million bits per sec-
ond”); a measure of data transfer speed between computers.

. ) - | TDRS: A single NASA Tracking and Data Relay Satellite
Microwave: Referring to radio-frequency links above 300 MHz.
TDRSS: NASA's Tracking and Data Relay Satellite System; used to
communicate with orbiting space shutties and other client spacecraft,
now and into the next century.

Multiple-Access Service: One TDRS antenna array talks to more
than one orbiting spacecraft at the same time.

Multiplexing: A modulation technique that allows several information
channels to be “mixed together” in one transmitted signal. On the
receiving end, demultiplexing recovers each separate information

Telemetry: computer data on the condition of a spacecraft’s internai
systems.

channel; used by TDRSS when sending data to earth.

NASCOM: NASA’s worldwide voice, TV and data network that links all
involved NASA facilities (and many others).

UHF: Radio signals in the 200-1000 MHz range.

White Sands: Refers to NASA's White Sands, New Mexico, facility that
is home to the TDRSS control center and a NASA network and control
center, among others.
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Inset: Mere minutes remain on the
countdown clock; even now the launch
could be scrubbed. However—as shown
below—it wasn’t.

An Eyewitness
Account of the
Launch of STS-65

By Rachel and Harry Baughn
v 1] Photos by Harry Baughn

TO LIFTOFF

t was all going too smoothly—too
quickly. Surely, something would go
wrong at the last second to stop this
sudden acceleration of time and excite-
ment. I feel the familiar dread and excite-
ment like the first time on a new amuse-
ment park ride the last few seconds before
the point of no return. Another part of my
awareness is imagining—impossibly—
what the individuals encapsulated above
that time bomb must be feeling.

In a scant few minutes, if all goes well,
the Shuttle astronauts will be well on the
way to their adventure—and mine, which
began so unexpectedly the day before..

T-3 hours and counting

Early the morning of July 8 at Kennedy
Space Center, the count-down clock regis-
ters three hours to launch, although more
than five hours remain before the sched-
uled launch at 1:11 pm EDT. The final
inspection team is conducting a final sur-
vey of launch pad 39A, and the close-out
crew arrives to prepare the crew module.

My husband Harry, our friend Steve,
andIare justheadingsouth from Ormond
Beach, studying maps and wondering what
the next few hours are going to bring ...
Will we witness our first Space Shuttle
launch, or will we join the ranks of those
who came, waited, and had toreturn home
with their dream unfulfilled? Knowing
the odds are good either way, we try to
keep our growing anticipation in bounds,
and I busy myself trying out some of the
frequencies we entered into the BC-
200XLT scanner the night before.

We leave our friend at a picnic shelter
at one of the favorite local viewing areas—
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Jetty Park in Port Canaveral. Together
with his lawn chair and cooler he joins
those who came to the Jetty Park’s camp-
ground to wait for the launch. (Half an
hour before launch time, he reported
later, there was barely room to sit on the
grassy knoll.)

Harryand T head back to the #3 gate to
join the growing line of cars. Since
Kennedy Space Center is closed to the
general public while the shuttle is on the
launch pad, the majority of these cars
have car passes (obtained by writing: NASA
Public Affairs, Car Pass, Kennedy Space
Center, FL 32899.) At the intersection,
most of them turn east to view the launch
from the Causeway. Having Press Passes,
we continue north with a smaller line of
rental cars and limousines, carrying re-
porters and observers from all over the
world. The scope of this scientific mission
is truly international, involving the Euro-
pean, French, German, Canadian, and
Japanese space agencies, as well as carry-
ing the first Japanese female astronaut
into space.

The drive seems endless as we pass
through the gauntlet of security checks,
not being able to see our destination in
the low-lying Florida marshes. Finally, the
towering Vehicle Assembly Building or
VAB comes insight, and asign pointsus to
the Press Area—a cluster of small build-
ings off to the side. As we park in the
prickly grass lot of the overflow area, it’s
hard not to feel anxious and inexperi-
enced. We force ourselves to take a deep
breath and take stock of what we want to

Cameras and crews jocky for position—a
process which begins hours before the
launch.

carry,
though
our first
instinctis
not to
waste an-
other
minute.
As we
walk up the slightraise to the press area
with the major network cubicles
perched on the hillside, I have to pinch
myself: are we really here?! Was it just
yesterday that a casual phone call back
to the office in Brasstown to get the
NASA shuttleinformation hotline (407-
867-4636) started the ball rolling?
“Oh,” Bob Grove had said, “it’s a
little late to get clearance for the press
area, but it can’t hurt to try.” And
now—here we are!

T-2 hours and counting

Launch was scheduled for 1:11 pm
, but we arrived around 10:30 am, and
felt thrilled to be standing next to the
enormous countdown clock—which
read 1:50—that you see on your TV
screen during every televised launch.

After orienting ourselves, I settle into
the press viewing stands—practically
empty except for photographers jockey-
ing for tripod positions. We introduce
ourselves to some former North Carolin-
ians now working in the Florida press, and
two reporters from Radio France Interna-
tional, who hammed it up for the camera.
But, my job is to check the activity on the
scanner. Harry heads off with his camera
to find his own action.

HARRY: Well, with Rachel checking the
frequencies, my adrenalin is up, and I'm eager
to see the network broadcast hooths. To the right
sude of the grandstand where Rachel is are
individual buildings occupied by NBC, ABC,
CBS, CNN, and trailers belonging to Voice of
America and several independents. Walking
behind the network buildings reveals an impres-
stve satellite dish farm.

Each building has a set of outside metal
steps leading (o the second (studio) floor and the
roof. The first floor is filled with technicians
and broadcast equipment. Climbing to the roof
of the CBS building brought into view ongoing
news inlerviews, (win antennas on the cameras
Jor the wrreless mikes, the Vehicle Assembly
Building to our left, and, straight ahead over
the newsman’s shoulder, The Columbia, poised
on the launch pad. What a thrill!
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Engrossed in copying scanner traffic, | don’t
see the monitor showing NASA Select, or
even Harry taking this picture!

On each rooftofr is an arvay of antennas for
communications between engineers and cam-
era crews. Some antennas are just for listening;
lo our surfrrise as we later reviewed the pholos,
there was a Grove Enlerprises Scanner Beam!

While Harry 1s exploring the Network
booths, lam working the Bearcat Scanner
for all it is worth. CBS newsman Bill
Harwood—who told us he had been cov-
ering the Cape for CBS for 15 years—uses
a PRO2006 to hearall the available traffic.
If Thad had one along, there are electrical
outlets and phone lines in the stands.

Although monitors are carrying NASA
TV throughont the press area, providing
background information and audio from
the astronauts, I am soon lost in the world
of routine communications crackling from
my scanner’s speaker. Although all eyes
are on the astronauts, this extravagant
show is obvieuslv backed up by an enor-
mous supporting cast.

The Securityfrequenciesare extremely
active with all they have 1o do in dealing
with the pubiic. There is a minor wreck,
and astalled car. Patrols make an effart to
account for the occupants of any parked
vehicle that is empty. Security gates that
report persons requesting entrance with-
out passes are told: “Find out who they
are, what they’re doing there, and their
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need to enter.” The message becomes
increasingly short and unsympathetic af-
ter T-30 minutes.

I soon lock out the Press Public Rela-
tions channel, which consists mainly of
endless pages for reporters to call their
offices. The timing/photo and camera/
recording channels are also dispensed
with, as TV crews race (o resolve wiring,
focus. and audio problems to get the per-
fect shot or link-up. Although their fren-
zied activity is a new world to me, it’s not
what I came to hear today.

On the other hand, on such a signifi-
cant day for so many, it is truly a study in
contrasts to listen to the drawling mainte-
nance (“Gator”) channel, sending some-
one down to check hvdraulic fuel levels in
a piece of equipment, trying togeta truck
started, or asking someone the number of
hours overtime they worked the night
before.

T-1 hour and counting

An hour before the launch, GSA per-
forins a sweep of all the gates. In two
minutes, the area is declared clear, and
taunch support savs, “Fall back, (name).”
Security reports thatat T-55 the Causeway
is full—no more spectators will be admit-
ted.

The main concern is still the weather.
The NASA weather coordinator reports
stratocumulus clouds with no moisture,
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no bases under 2600 fi., and 110/2 take-
off winds. They are worried about some
turbulence to the South, toward Patrick
AFB. A plane is dispatched to fly into the
cloud for a visual assessment.

Convoy Command Launch reports,
“Convoy will be deployed momentarily” ai
T-37. He announces Runway 22 as the
slated runway for an abort landing site.
Someone reports that GSCand NCC com-
munications had experienced difficulties,
so they been linked with KSC. “No prob-
lem,” comes the reply.

T-22 minutes and counting

On the 173.5625 fire/emergency/res-
cue channel is heard the order for the
close-out crew to fall back. Thisis followed
by a visual verification of the number and
configuration of the departing crew.
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Range Safetv/Emergency Egress reports
on 173.6625, “Clearing the pad,” at the
ten-minute build-in hold at T-20. Even
now, launch depends on the awaited
weather report.

Fire Chief Bob calls to verifv that Site 2
is on the pad. The fire truck had already
been called into place earlier. Medical/
emergencyon 173.6625 performsan EMS
radio check and reports that the DOD
surgeon is now on duty. The aircraft sent
1o investigate the clouds to the south re-
ports at T-13 that at the 17,000 level there
is no moisture in the cloud.

With an inexorable rush, the count-
down continues—QOh no! At T-5 minutes,
173.5625 announces the count will not he
holding at T-5. Air Force Security tells
Units 2 and 3 to now take cover if they
haven't already. 1 don’t feel ready for
this. ..

Left: Radio communications were
everywhere, especially during set-ups
such as Darrall Johnson is doing with the
CNN crew.

Below, large photo: Networks broadcast
from the roof of their studios, or outdoors
in front of the studios, or in air conditioned
comfort behind the big glass windows.
Below, left inset: Mark Kramer, special
events producer for CBS, takes a call in
the calm after the storm.

Below, right inset: Have dish, will travel . . .




T minus 2 seconds

There is no time to savor the moment,
as suddenly the clouds begin to billow
underneath the Shuttle Columbia as the
main engines ignite.

T-00 and Liftoff

At T-00,aflash of fire isseen, and as the
craft begins to lift silently skyward, the
ears finally verify what the eyes have al-
ready witnessed: sheer POWER.

After the endless countdown, time fi-
nally pauses. The crowd, necks craned
and barely breathing again, is still held in
suspense. I had expected the physical force
of the sound, but itis higher pitched than
I had anticipated. Though deep, it does
not reverberate in the chest so much as it
“breaks” the air with such force the air
cannot hold it. The sound holds everyone
spellbound.

Then, with the spontaneous release of
applause and a few whistles from the gath-
ered crowd, only a graceful white trail
remains to mark the tremendous power
that broke the bonds of Earth with seven
of its most adventurous children.

Aftermath

Five or ten minutes after the launch,
Convoy Command Launch asked for per-
mission to travel down the runway. A little
later theyreported “Control G5 returning
10 quarters.” Fire/back-up asked what
equipment was wanted to maintain the
runway. Then Range Safety reported i
was ready to work inspection; the safety
and environmental health team headed
out to perform an inspection of the pad.

Fifteen or twenty minutes after the
launch, the surgeon reported he was leav-
ing the area, and shortly afterward, so did
the fire crew. It was almost time for us to
go, 100, but first, Harry took me for a tour
behind the media scene.

Meet the Press

HARRY: Nex! to the actual launch was the
excitement of being alongside CNN, CBS, NBC,
ABC, and so many others, watching and listen-
ing to their operations. Having a press pass sort
of opened doors Lo the club-house—once I got up
the courage. \Wandering in and out of the major
network stucios wasn’t a problem; and commu-
nications?! Brother! Every technician with ev-

Freq Agency
125.65 Wx
*143.80 Coast Guard
148.485 Timing/photo/status
*165.1125 Command Post
163.4625 Cape Security
162.6125 Launch Support (Alpha)
164.00 Radiation Monitoring
164.75 Cap Nat'l Park Service
165.1875 Visual Surveiflance
170.15 Base Comm/Press Support
170175 Rail/Truck Ops
170.350 NASA PR
170.40 GSA
171.15 Maintenance/Fuel
171.2625 Camera/Recording
171.80 Utility/Parking
*173.025 Air Force Security
*173.125 Air Force Command Post
173.175 Air Force Security
173.4375 Medical/Emergency/Rescue
173.5625 Fire/Emergency/Rescue
173.6625 Range Safety/Emerg.Egress
173.6875 Security/Astronaut Escort
173.7875 Fire/Back-up
407.325 Convoy Command Launch
*407.475 Crane Ops
416.50 Range Safety
*121.50 FAA Traffic, Rerouting
* No activity heard on these frequencies

ery network carried a Motorola radio. There
were more rubber duckies around than at a
carnival game booth.

Inside the communications booths each net-
work listens in on the others. Mark Kramer,
special events producer at CBS News, sat at a
desk flanked by speakers labeled ABC, NBC,
CNN, and NASA. At the same time he had an
earphone connected to a satellite link o his
producer in New York and another in Califor-
nia, so they could react to the competition’s
moves. In addition to all of the above, his other
ear was listening to the direct link between the
astronauts and NASA. It is understandable
why asking him questions dwring the heat of the
launch was met with a glare—or so his col-
leagues found oul.

After a brief conversation with Steve
Sonnenblick, head CNN engineer and well
familiar with our sister publication, Monitor-
ing Times, we reluctantly started to leave, need-
ing to pick up our friend at Jetty Park. Leaving
the grounds we conti nued to monitor security as
they went through their routines of ensuring all
visitors were escorted off the grounds. Passing
back through gate #3 brought the surprising
view of commandos in black outfits, well armed,
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wearing flak vests labeled “NASA SWAT
TEAM." But they were only directing traffic
today.

It was about 2 pm when we finally left
the traffic behind, and we suddenly real-
ized we were ravenously hungry. As we sat
in the fast-food restaurant, it seemed very
odd to be surrounded by other late-
lunchers—workmen, mothers and chil-
dren, retirees—leading their everyday
lives. Didn’t they notice anything differ-
ent about us? For several hours we had
been lifted out of the ordinary, trans-
ported to anotherworld,and we were only
slowly coming back to Earth.

For the seven members of Space Shuttle
Mission STS-65, already well into their
heavy schedule of research for the Inter-
national Microgravity Laboratory, it would
be another 15 days before that happened
for them. Then they—as we have—can
finally savor all they have been through—
the unforgettable sights and sounds that
will last a lifetime. Sy
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It's

t's nearing the last day in the flight of
a space shuttle mission and viewers of
NASA TV have been able to see and
hear the mission live. NASA TV will also be
there live when the shuttle returns to
earth and lands.

NASATV (also known as NASA Select)
is broadcast by the National Aeronautics
and Space Administration and transmits
on SPACENET 2, Transponder 5 (TVRO
Channel 9) utilizing horizontal polariza-
tion with a center frequency of 3880 MHz.
Programs that are available range from
educational programs to live broadcasts
of shuttle missions.

A regular program schedule is broad-
cast on NASA TV. A complete advance
guide to those programs is published by
NASA TV and is printed in several of the
satellite TV program guides such as Onsat.

In addition, throughout the broadcast
day, NASA airs billboards with upcoming
programs and events list. NASA program-
ming is scheduled during weekdays in
four hour blocks and each block is re-
peated three times a day. The first block is
broadcast from 12:00 to 4:00 pm Eastern
Time and these programs are repeated
starting at 8:00 pm and Midnight Eastern
Time. On weekends the schedule is more
flexible and is different each weekend.
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By Steve Handier

Typically at 12:00 pm, a 15 minute
program called NASA Today airs with cur-
rent news about NASA and on-going pro-
grams. The balance of the four hour block
consist of a rotation of aeronautics pro-
gramining, historical and human space
flight programming, space shuttle mis-
sion highlights, educational programming
and managementimprovement program-
ming.

As mentioned before, NASA TV also
broadcasts all space shuttle missions live.
Typically they pick up the launch count-
down several hours prior to thescheduled
launch time and then broadcast the mis-
sion live, around the clock, until after the
Shuttle lands.

Launch control for the space shuttle is
handled by the Kennedy Space
Center(KSC) in Florida prior to and dur-
ing launch sequences. NASA TV broad-
casts video of the space shuttle at the
launch site and audio of the pre-launch
and launch communications, including
launch control and shuttle communica-
tions.

After the shuttle clears the launch
tower, the Mission Control Center or MCC
at the Johnson Space Center or JSC in
Houston takes control of the space shuttle
operations. When the cameras at the
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Kennedy Space Center loose visual sight
of the space shuttle, NASA TV then
switches to live video of the MCC at the
Johnson Space Center. During this time,
NASA broadcasts the audio of the shuttle-
to-ground and ground-to-shuttle commu-
nications as well as the NASA TV narra-
tion of the space flight.

NASA TV also provides you with a
frontrowseatforall of the television video
downlinked from the space shuttle. Other
activities broadcasted on NASA TV in-
clude routine press conferences from
space by the shuttle crew, payload experi-
ment coverage, and launch/recovery of
satellites from the space shuttle cargo bay.

During the STS-64 Mission on Septem-
ber 16, 1994 viewers were treated to the
complete untethered space walk shuttle
astronauts Mark Lee and Carl Meade, the
first to take place in more than 10 years.
This space walk used a new system called
SAFER or Simplified Aid For Extravehicu-
lar Activity Rescue (which cost approxi-
mately seven million dollars. It is less ex-
pensive and lighter than the older MMU
(Manned Maneuvering Unit) that were
used during other shuttle missions.

Specialized activities onboard space
shuttlessuch assatellite launches, spacelab
missions, and scientific experiments may




be controlled from other NASA facilities,
such as the Goddard Space Flight Center
(GSFC) in Maryland, the Marshall Space
Flight Center (MSFC) in Alabama, or the
Dryden Flight Research Center (DFRC)
in California. When NASA facilities other
than the Mission Control Center take con-
trol of these specialized operations, NASA
TV broadcasts directly from their facilities
rather than the Jonson Space Center.

From time to time, when there are no
on-orbit activities in progress (i.e-during
sleep periods), the camera at JSC focuses
on the mission control world map, which
shows the orbital progress of the space
shuttle, together with TDRS (Tracking
Relay and Data Satellite) and ground sta-
tion coverage plotted on this world map.

NASA Press conferences are also car-
ried live on NASA TV. Several weeks be-
fore and after each shuttle mission a pre-
flight and post-flight press conference is
broadcast on NASA TV.

Starting on flight day 2 of a space
shuttle mission, mission status briefings
by a flight director or mission operations
representative and whenappropriate, rep-
resentatives from the payload team, will
occur atleastonce a day. Reporters gather
at NASA centers around the country and
are linked via NASA TV to the press con-
ference site at the Johnson Space Center.
Reporters located at the other NASA fa-
cilities are able to ask questions along with
the reporters at the Johnson Space Cen-
ter.

Members of the media usually assign
only one reporter to cover a shuttle mis-
sion. It is impossible for that reporter to
follow all the activities aboard a space
shuttle, 24 hours a day during the mission.
NASA TV has a daily program to help the
media keep track of the story. Narrated by
Ron Navas, NASA’s Mission Updateis broad-
cast once a day and provides reporters

withaudioand video excerpts of thatday’s
shuttle's activities.

Like the media, we can’t follow a mis-
sion for a full 24 hours. A program you
might want to watch is called, Flight Day
Highlights and it will give you a chance to
catch up on one whole day of shuttle
activities in a narrated, capsule form.

For readers in Hawaii and Alaska,
Spacenet 2 doesn’t provide the best of
signals to your areas for NASATV. During
the STS-68 mission in October, a two-hour
package of daily highlights was played
each flight day on Galaxy 6, channel 19 at
103 degrees westlongitude. This program
of daily mission highlights began onlaunch
day and continued through to the shuttle
landing. This satellite is worth checking
on future missions for this NASA broad-
cast. You should also consult a current
mission TV schedule for specific times
and channel for this service. (See below
for information on the Comstore mission
TV schedule.)

Late last year there was some concern
that NASA TVwould be removed from the
airas partof budgetcutsat NASA. ANASA
officialacknowledged thatearlier this year
NASA did consider dropping the TV cov-
erage, but after consideration the NASA
TV broadcasts will continue for the fore-
seeable future.

One major change that NASA TV did
undergo this year was the switching of it’s
broadcast from SATCOM F2R to the
SPACENET satellite on January 8, 1994.
In addition to SPACENET 2, Channel 9,
NASAalsoleases Channel 5on SPACENET
2 and during the prelaunch, launch, and
landing of the space shuttle. Most of the
time that video consist of multiplexed
video signals rendering it somewhat use-
less to watch, however some clear video
can sometimes be viewed.

If you do watch the NASA TV network
and find the program-
ming interesting, you
may wish to write to
NASA. This is one way
that you can see your
tax dollars directly at
work and let the offi-
cialsat NASA knowthat
you wish them to con-
tinue to provide this
service. You can direct
your letters to Direc-
tor, NASA TV, NASA
Headquarters, Mail
Code P2, Washington,
DC20546. In addition,

Photos courtesy of NASA
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if you wish to hear the launch status re-
ports prior to the space shuttle launch you
may telephone the Johnson Space Center
at (713) 483-8600 for a recorded message.

Also the NASA TV schedule of pro-
gramming is available electronically. If
you have a modem check in on Comstore,
the mission TV schedule bulletin board
service. Call (713) 483-5817 and follow
the prompts to access this free service.

Now with your NASA TV schedule in
hand, how about moving that dish over to
Spacenet 2, channel 9 and catch some
great programming that is simply, “out of
this world” on NASA TV. §1
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hen we go satellite sleuthing we go

looking for a known satellite signal

or maybe we find one and spend
some time trying to figure out what it is. Once
we think we know what it is, we can then add it
to our list of “satellites monitored”, and go on
to the next unknown signal. Spending time
listening to a signal from AoS (Aquisition of
Signal) to LoS (Loss of Signal) can result in a
much better understanding of that satellites’
condition and capabilities. Monitoring the fre-
quency before AoS and after LoS can also
contribute veryimportantcluestoaspacecraft’s
internal state of being. How it sounds when it
comesonand whatchanges in the signal, ifany,
it makes during the pass can give indications of
how it is handling life in space. Paying atten-
tion to what happens before, during and after
you lose the signal can tell us volumes about
that satellite.

For instance, our last column, Gary Davis
from Philadelphia asked: “I sometimes hear a
satellite that has normal down Doppler sud-
denly go up in frequency before LoS, and
sometimes [ lose it before my computer pro-
gram predicts LoS. How come?”

Good questions Gary, here's how these
seemingly impossible things become common
place in satellite monitoring.

When we talk about ImHoTeps, we are
talking about very old satellites. They maybe 15
to 35 years old. That’s a long time to stay alive
inthe hostile environmentof near-Earth space.
Temperatures can reach 250 degrees below
zero on outside parts of the spacecraftin shadow
and 250 degrees above zero where the sun hits.
And don’t forget that this changes in a 90-105 minute cycle every
day,yearround. Throwin astream of high energy cosmic particles,
alittle bit of solar flare stuff, an occasional micro-meteoroid and it’s
awonder that anything on an old satellite still works at all.

The batteries are usually the first to go (just like down here on
Earth). They are normally designed to work for 2-5 years, but the
constant cycling and nearly equal discharge/charge times would
soon kill even the Energizer Bunny.

Without batteries to provide power to the transmitter (and
whatever other electronics may still be working), only the sun’s
energy picked up by the solar cells can supply enough electrical
current to start it working. And the sun has to be shining on those
solar cells for them to make electricity, right? Atsome time during
it’s orbit (not necessarily at night for us listening down here on the
ground) the Earth gets between the spacecraft and the sun. That
is called an eclipse. When a satellite goes into an eclipse, no sun
means no electricity and that means no radio transmissions.

During different times of the day and during different times of
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Incredibly, the 29-year-old satellite TIROS 10 was heard this summer in the northern
hemisphere during times of peak sunlight activity. It was deactivated 27 years ago.
Photo courtesy of NASA.

theyear, these satellites maygo into eclipse while theyarestill within
range of your listening station. Once the satellite is eclisped, power
is greatly reduced, then there is barely enough voltage to operate
the transmitter, the oscillator becones unstable, and the frequency
may change erratically. This is why, for exaniple, you could hear a
satellite frequency going up, when itskould be going down making
it sound like the Doppler has reversed. This time it really is the
satellite frequency changing and not the Doppler effect. Often
there is a little battery capacity still available or perhaps the solar
cells may get fitful bursts of the sun as they are shadowed by other
paris of the spacecraft. When this happens the carrier may move
around cansiderably.

Use your computer prediction program to look for passes that
are within range of you while going into or coming out of eclipse.
Ifthe range circle for the satellite tonches the terminator line when
it is on the dark side of the terminator then the satellite is in
sunlight. Don’t forget, the range circle indicates how mush of the
earthisseen from the satellite. If the satellite can see the terminator




“When we talk about InHoTeps, we are talking about very old satellites. They may
be 15 to 35 years old. That's a long time to stay alive in the hostile environment of
near-Earth space. Temperatures can reach 250 degrees below zero on outside parts
of the spacecraft in shadow and 250 degrees above zero where the sun hits. ”

then it can see the sun and would be in
sunlight. (see Figure 1)

The second part of your question
Gary, has to do with the same phenom-
enon. When thesatellite goesintoeclipse
and is still in range of your ground
station, the signal will disappear before
your predicted LoS. If you notice that
AoS is late or LoS is early, you should
examine the orbit carefully to see why.

Right nowisagood time for those of
you located at latitudes greater than 40
degrees (north or south) to notice this
aspect of seasonal eclispe.

Transit 5B5 (Intl Designator: 1964-
083D, Catalog Number: 965) is a par-
ticularly good object to observe these
effects during the coming “winter”
months. Listen for it on 136.655 MHz.
Transit 5B5 transmits signals multi-
plexed 5,10,15 & 20 kHz above and

Transit 5B5
Catalog Number: 965
International Designator: 1964-083D

Launched shortly after midnight UTC on December 13,
1964 from Vandenberg Air Force Base, California on an
US Air Force Thor missile booster with an Able Star
upper stage.

Shape is an octagon (8 sided) approximately a half meter
in diameter and a little less than that long. It had a mass,
whenitwas launched, of about 73 kg (163 Ibs). The outer
surface of the satellite was covered by solar cells.

Mission: to provide a highly accurate navigation system
for the new Polaris submarine fleet to locate themselves
prior to launching an IRBM. The US Navy named it
TRANSIT after the surveyor’s aid.

Initial orbit: Period-106.3 minutes, Inclination-89.8
degrees, Apogee- 1084 km, Perigee-1025 km

below the center frequency (see Figure
2). As it loses and regains sunlight,
these subcarriers come and go. You
can getafecling forhowmuch sunlight
it is getting and the charge on the
batteries by how many subcarrriers it is
transmitting and how strong they are.
Pay careful attention to the different
sounds you hear on the different
subcarriers as vou tune above and be-
low the center frequency. They alter-
nate between what sounds like signal-
ing tones and what sounds like digital
data. If you have a spectrum analyzer,
this is a very interesting bird to watch!
Anotherinterestingsatellite to observe
for eclipse effects is ISIS-1 (Intl Desig-
nator: 1969-009A, Catalog Number:
3669) wransmitting on 136.410 MHz. It
transmits only a carrier, but the space-
craftexhibitssome very unusual behav-

—

VISIBILITY CIRCLE -~

FIGURE 1: Satellite Transit 5B5 Tracking Data
UTC 09:04:0 (5:04 am) Nov. 11/11/1994; Flint, M! Tracking Station
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Another interesting satellite to observe for eclipse effects is ISIS-1. .. It
transmits only a carrier, but the spacecraft exhibits some very unusual behavior
when going into eclipse. It also does some fascinating things when it comes out of
eclipse and first hits the sunlight.

iorwhen goingintoeclipse. Italso does
some fascinating things when it comes
outofeclipseand first hits the sunlight.
Try listening in and let us know what
you think is happening. If we receive a
lot of responses with vour ideas, maybe
we can come to i consensus as to what
is happening with ISIS-1. This bird
doestakealot of very close monitoring
to do a careful analvsis of it’s current
performance. The more detailed ob-
servations we make of it, the more we
can learn about it. Be sure to let us
know what you hear and what you
think is happening.

For the opposite effect, namely
when the spacecraft has received sufli-
cientsunlight to charge up the batter-
ies to nearly full voltage, dead equip-
ment may return to life. This summer
in the northern hemisphere, TIROS
10 (Intl Designator: 1965-051A, Catalog Number: 1430) was heard
at times of peak sunlight actually transmiuing APT-like signals.
This is absolutely amazing for an ancient weather satellite that was
launched more than 29 vears ago, deactivated over 27 years ago
and long forgotien by it’s creators. Tiros 10 has now circled the
Earth almost 151,000 times! Those of you in the southern hemi-
sphere should listen on 136.235 MHz and you may hear TIROS 10
during your summer solar season. For those of you north of the
equator, mark on your calendar for next summer a reminder 10
look for TIROS 10.

The response 1 have been getting indicates there are a lot of
individuals and groups of 2 or 3 moni-
toring what you can of satellite trans-
missions. People like Don in Troy and
hisbuddyDonin Northville. Or Donald
in Lancaster and Don in Titusville.
Good grief! Are all of you out there
named Don? Finally, here is Dan in
Hawthorne, Bob in Newport News
and... (hm-m-m-m) Don in Huson,
Montanna. Definitelysome kind of con-
spiracy here.

All of you said the same thing, that
you didn’t know there was anyone else
out there doing what you have been
doing. Well there are. By the way ladies,
testosterone is not required for this
hol)by, onlya radio. By the way, we do
have a BBS (517 743-5077) for this
pursuit thanks to the nice folks at
CNELSS, but the word was hard to get
oul.

Deita) booster.

241 kg (530 Ibs).

and the US.

(280 Ibs) before launch.
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ISIS-1 (International Satellite for Ionospheric
Studies)
Catalog Number: 3669

International Designator: 1969-009A

Launched January 30, 1969 from Vandenberg Air Force
Base, California on a TAID (Thrust Augmented Improved

Shape was a cylinder about 1 meter in diameter and approxi-
mately 1 1/4 meters long covered with over 11,000 solar
cells. Itis spin stabilized and had a mass at launch of about

Mission: to conductionospheric studies on behalf of Canada

Initial orbit: Period-128.4 minutes, Inclination-88.4 degrees,
Apogee- 3526 km, Perigee-575 km

TIROS 10 (Television InfraRed Observation
Satellite)
Catalog Number: 1430

International Designator: 1965-051A

Launched July 2, 1965 from Cape Canaveral, Florida on an
Air Force Thor booster with the Altair upper stage.

Shape was a cylinder approximately .56 meter in diameter
and a little over 1 meter long. It had a mass of about 127 kg
Mission: to return cloud cover images to aid in weather

analysis and prediction. Deactivated on July 3, 1967.

Initial orbit: Period-100.7 minutes, Inclination-98.6 de-
grees, Apogee- 837 km, Perigee-751 km

Thanks to Satellite Timesthe word is
getting out.

Wirite, modem, fax, (Rene from
Edmonton, Alberta, you can use asled
dog) or whatever it takes, and let oth-
ers know what you are doing and let’s
compare notes from all those inter-
ested in satellite sleuthing. (For those
of you residing in cyberspace, you can
e-mail to cness@free.org) Just be sure
togetittomeso I can get the word out
through you column in your maga-
zine!

Some of youare quite experienced
in traffic intercepts off the military
birds. How about passing along what
you have been hearing and where.
Others have been successtul in decod-
ing some telemetry. Let us know how
youdoitand what vou have found out.
There are thousands of satellites up
there and they transmit volumes of information each and every
day. Take pen or keyboard in hand and send us some of vour
experiences hearing these satellites. We’ll pass them along to the
other interested readers here.

Looking for something in particular? Ask away and if I don’t
know the answer, I sure know where to ask others for ideas. We
finally have a publication dedicated to our favorite pastime and it
covers a lot of other fascinating aspects of satellites as well.  don’t
know about you, but I have been looking for a magazine like this
for years. Now that we have one and it’s all ours! Let’s use it!

Finally, Phil “Rocky” Lewis from New Baltimore, Michigan has
checked in with a question. Rocky has
been a military and ute listener from
his monitoring location off the end of
onc of the runways of Selfridge ANGB
foralotofvears. Rockvsays, “You have
said that the batteries of most satellites
last only a few years. I think I heard a
20+ year old spacecraft transmitting
all through the eclipse period when it
issupposed to be in darkness. Can the
batteries on this bird be that good? If
so, what kind are they and where can
I get some for my radios?”

It sounds like you have a real puz-
zler there Rocky, but we are all out of
room for this issue. Your question will
have to wait until next time.

Hm-m-m-m, ljustheardsomething
on 137.720 from my PRO 2004 scan-
ner. A really weird signal. Wonder
what was that? St




Use ycur computer prediction program to look for passes that are within range
of you while going into or coming out of eclipse. If the range circle for the satellite
touches the terminator line when it is on the dark side of the terminator then the
satellite is in sunlight.

TIROS 10 in earth orbit.
Photo courtesy of NASA.
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The New Digital

n the lastissue of Satellite Times I explored
the new direct-to-home (DTH) small-dish
digital broadcasts. These compressed digi-
tal video (CDV) signals will forever alter
DTH satellite television. While direct
broadcastsatellite (DBS) services were origi-
nally conceived in 1977, neither the financial
will or technology was available at that time. Instead, a grass-roots
large-dish G-band industry evolved. Now timesare changing. Both
(-band and the newer Ku-band systems will use CDV technologies.
‘The birth of DBS has been, at best, fitful. Attempts at creating
a commercially successful DBS broadcast venture in the early
1980s by companies like Satellite Television Corporation (STC), a
subsidiary of Comsat, United States Communicatons Inc. (USCI),
United States Broadcasting (USSB) and Crimson Satellite Associ-
ates failed. The early 1990s saw a re-emergence of new DBS
providers. Twovenuures, Skypix, a Seattle-based company, and Sky
Cable, a partnership of Hughes Communications, NBC, Rupert
Murdoch’s News Corporation and Cablevision Services, were
launched and soon thereafter were aborted. The climate today is
quite different.

Current DBS Players in North America

Nine groups have filed for DBS licenses with the Federal
Communications Commission, but only six intend to build and
operate direct-to-home television broadcast systems.
One DBS system is now operational, the DirecTv/
USSB venture. PrimeStar Partners also operates a
“quasi-DBS” system that operates in the 11.7 to 12.2
GHz FSS (Fixed Satellite Service) range. DBS is
defined as transmission of television programming
atspecifically assigned frequencies, namely the 12.2
to 12.7 GHz DBS band.

ASCENT PHASE
INERTIAL GUIDANCE

g

5

\

DirecTv and USSB

DirecTyv, a Los Angeles based subsidiary of GM
Hughes Electronics and USSB (United States Satel-
lite Broadcasting, Inc.), a unit of St. Paul, MN based
Hubbard Broadcasting. are both using DBS-1,aHughes
high-powered satellite positioned at 100.8°West to deliver
their DBS services. This first 120-watt per transponder Ku-
band spacecraft waslaunched December 17,1993 and began
operations in April, 1994.

The second DBS satellite, DBS-2 was launched on August 3,
1994, placed at 101.2"West, and began operations in mid-Septem-
ber, 1994. DB3S-3, which mayserve as an in-orbitspare, will be ready
for launch in early 1995. A fourth spacecraft, DBS4, is also in
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By Dr. Frank Baylin

TV—The Players

planning stages. DirecTvwill use DBS-2,-3
and 4 exclusively.

The DBS-1/2 satellites carry a total of
32 transponders that can potentially transmit a
total of up to 200 or more digitally compressed
channels. If co-located in the same orbital slots
as DBS-1/2, DBS-3 and/or DBS4 could also be
used to effectivelyincrease the power of the signal and either lower
dish size or increase the amount of programming transmitted.

These Hughessatellitesare designed to be upgraded to deliver
high definition television (HDTV) when itisintroduced, perhaps
as early as 1997. HDTV delivers a much higher resolution, wide-
screen (16:9 aspect ratio) television picture, closer to the resolu-
tion of feature films as seen in movie theaters than to standard TV.
To accomplish this technical feat, the twenty four 120 watt tran-
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The birth of DBS has been, at best, fitful. Attempts at creating a
commercially successful DBS broadcast venture in the early 1980s by companies
like Satellite Television Corporation (STC), a subsidiary of Comsat, United States
Communications Inc. (USCI), United States Broadcasting (USSB) and Crimson
Satellife Associates failed.

sponders would be run in parallel to pro-
duce up to twelve 240 watt circuits. By
using this higher wattage, transmissions
would allow the use of receive dishes as
small as 12 inches in diameter. Another
option option of going to a higher wattage
downlink would be to keep the dish size
constant resulting in greater immunity to
rain fade of the downlinked signal.
These DBS state-of-the-art satellites
employ a single feed for each downlink
dish. Itisshaped todeliver adistribution of
power throughoutthe continental United
States that permits use of 18 inch receive
dishes in all locations. To accomplish this,
more power must be delivered to locations
such as Florida and other areas where
rainfall and thus attenuation of the down-
link signal (i.e. rain fade) can sometimes
be quite high. Ifa convention satellite had
been employed, receive dish sizes would
have had to be larger in Florida and other
areas where the satellite footprint would
have been weaker or rain fade higher.
USSB purchased five transponders on
DBS-1. Both DirecTv and USSB offer pay-
per-view movies, sports and cducational
programs. However, only USSB offers the
Time Warnerchannels 1 iIBOand Cinemax,
and Viacom’s Nick at Nite, MTV and
Showtime. Marketing spokesmen for USSB
believe that many consumers who sub-
scribe to DirecTv will also purchase some

USSB programming. In addition, USSB
does offers some subscriber supported
channels perceived as complimentary to
DirecTv.

The DSS System

Thomson Consumer Electronics created the digital satellite
system (DSS) for both DirecTvand USSB. Itis marketed under the
RCA brand name and consists of an 18-inch slightly oval dish. feed
and menu-driven satellite receiver for $699, notincluding installa-
tion. The standard system, the DS1120RW, consists of a metal dish,
asingle output LNB and a 30-button remote that can control most
televisions. The advanced system, the DS2430RW' that retails for
$899, features a reinforced plastic dish, a dual-output LNB and a
39-button remote capable of controlling three componentsas well
asthe DSSreceiver. Polarityis selected by changing a voltage which
sent from the receiver to the LNB. LHCP (left-hand circular
polarity) is selected when +18 VDC is applied and RHCP (right-
hand circular polarity) with +13 VDC.

RCA'’s DSS receiver is a sophisticated consumer device with a

RCA's DSS receiver is a sophisticated consumer device with a processing power that
rivals a personal computer.

processing power that rivals most personal computers by a factor
of ten. It receives, decompresses and decodes a digital signal to
deliverlaserdisc-quality videoand CD-quality audio. Most errors in
the input data stream are corrected by a process known as forward
errot correction. In combination with a smart card, it processes a
complex authorization and security control data stream as well as
stores details about pay-per-view choices and habits. To facilitate
this process the receiver can receive and transmit data via a
telephone line. The DSS design incorporates an on-screen listing
of pragramming.

The receiver is designed to decode MPEGI, the current digital
compression standard, as well as MPEGII, a new emerging multi-
media standard. DirecTv and USSB will upgrade their encoders
in late 1994 or early 1995 to effect this change. No consumer
modifications in the consumer receiver will be required.

These DSSreceivers use “channel mapping,”a processwhereby
uplinkers can move various programs from frequency to fre-
quency as well as statistical multiplexing that assigns less or more
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Nine groups have filed for DBS licenses with the Federal Communications
Commission, but only six intend to build and operate direct-to-home television
broadcast systems. One DBS system is now operational, the DirecTv/USSB venture.

bandwidth to each program without any change being
noticed when a subscriber tunes between programs. This
“consumer transparent” process thus allows a program
such as the Discovery Channel, to remain on the same
channelnumber on the DSSreceiver even thoughits uplink
carrier frequency has been changed or it has been assigned
less bandwidth because less video compression is needed.

PrimeStar Partners

PrimeStar Partnersisajointventure of satellite operator
GE Americom and a consortium of six major cable TV
operators including Tele-Commmunications, Inc., Viacon
Cable and Time Warner. This venture transmitted the first
quasi-DBS broadcasts consisting of eleven analog video plus
six audio channels in the 11.7 to 12.2 GHz FSS band via
Satcom K1 orbiting at 85° West. Dishes as smull as three feet
in diameter receive broadceasts from 14 transponders pow-
ered at 47 watts each.

PrimeStar has just completed an upgrade and now provides a
77-channelservice, 70 video plus 7 audio programs, using General
Instruments (GI) DigiCipher I digital compression technologies.
By early 1995, PrimeStar expects to upgrade allits customers to the
DigiCipherIl,atechnology thatis compatible with the multimedia
MPEGIIstandard. Subscribers will upgrade to this DigiCipher Il by
replacing a "side-car” module that contains a new circuit board.

This broadcaster is in a unique position given that it has an
option to lease and operate twosatellites being created byanother
DBS operator Tempo. Not surprisingly, one of Primestar’s CATV
partners, TCl, isalso Tempo’s parentcompany. Each of these new
satellites will carry thirty two 107-watt, 27 M1z bandwidth, 150
channel capacity transponders that will allow the use of much
smaller receive dishes. These new satellites are capable of being
switched to sixteen 200-watt transponders, similar to the configu-
ration on Iughes DBS spacecraft. The Tempo DBS satellites will
be positioned at either 76°West, 79° West or 75°West and 78° West.

PrimeStar is targeting those households with access to poor
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quality over-the-air receptionand little or no cable TV service. The
strategy is clearly not to compete head-on with cable concerns,
essentially the parents of PrimeStar, but to fill-in under served
areas.

Consumers actually can lease their Primestar dishes and elec-
tronics from a local cable TV company. Subscribers wishing to
purchase equipment can do so for an installed price of $999. By
comparison, the installed price for the advanced DirecTv/USSB
FSS system is approximately $950, assuming an installation price
of $150.

The PrimeStar Receiving System

The Primestar 300D receiver incorporates DigiCipher I tech-
nology and interprets compressed digital video signals received
from a 36 10 40 inch offset parabolic dish. Two coax cables from
the Ku-band LNB are connected to the receiver, one for vertical
and the other for horizontally polarized signals. The 300D is
connected to atelephone jack so thatsubscribers can use the built-
in Impulse Pay-Per-View function. A 23-button remote control
drives a complete set of on- screen menus that efficiently lead a
subscriber through all functions. Like the DSS receiver, it uses
both channel mapping and statistical multiplexing to transpar-
ently accomplish its task of providing laserdisc<quality video and
CD-quality audio signals. The receiver is designed to decode
MPEG I compressed digital signals. Sy

Dr. Frank Baylin, president of Baylin Publications, has served the industry
as author 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 a new book “Miniature Satellite Dishes: The Digital
Television Revolution " available for $20 plus 4 s/h. Interested readers can
also obtain a free catalog from his company by writing Baylin Publications
at 1905 Mariposa, Boulder, CO 80302 or by calling 800-483-2423.




It doesn't get much faster than this. —-

¥

Imagine possessing EVERY
LICENSEE on the FCC Master
File, all on ONE DISK! You can
sort through fields like: CITY,
SERVICE, STATE, CALLSIGN,

Not only can you browse through
all that data, but you can ask for
specific searches, fitting YOUR

Through cooperation with a
leading computer programming
company, Grove has now
incorporated a mapping program
into the CD-ROM. What this
means for you is that when you
are looking for a station, and you
have found it listed, but you can't

DOING BUSINESS AS, picture where it is, the Grove FCC
ANTENNA HEIGHT, OUTPUT e b ity e
POWER, COUNTY and MORE' advanced mapping system and

plotting your requested station on
a map! Complete with major
roadways, cities, state and county
berders, you can SEE what you're
looking for!

Actual program may differ in appearance.

needs. And the searches are FAST!
Using a specialized cross-index, the
program already knows where the
information you are asking for is, so
it just pulls it out and shows it to
you in a matter of seconds!*

To take a step
into the future of radio,
call Grove TODAY.

CD-ROM with mapping: $169.95**
CD-ROM w/o mapping: $99.95%*

CALL NOW!
(800) 438-8155

GROVE ENTERPRISES, INC.
PO Box 98
Brasstown, NC 28902

* Speed depends on computer, hard drive and RAM
** Plus shipping

(704) 837-9200(Outside Canada and US)
(704) 837-221624 hour fax)

(&, IRONE

November-December 1994 SATELLITE TIMES

31



|

atellite broadcasting in Asia really got started with the

launch of China’s Asiasat-1 in 1990. Placed at 105.5

degrees East longitude, this carries 24 C-band tran-
sponders, half of them aimed at North Asia (China, Korea,
Japan, and Taiwan) using the NTSC video format, and the
other halfatSouth Asia (from the Middle East to Indonesia,
but centered on India) using the PAL video format.

While many of the transponders on Asiasat carry state-
controlled television stations from China, Mongolia, Burma,
Thailand, and Pakistan, what created a television revolu-
tionin Asiawas Star-TV. Itstarted with 5 channels, each with
one transponder on each beam. These were Star Sports,
MTYV Asia, the entertainment channel Star TV Plus, split
channelsin Mandarin (to China) and Hindi (to India),and
BBC World Service Television’s 24 hour news channel.

The sudden appearance of uncensored television from
the skies came as a shock to conservative Asian govern-
ments. The Chinese authorities, unaccustomed to dissent
and free speech, complained about unfavorable news cov-
erage on BBC World Service, while parents and religious
leaders in India and Moslem countries loudly condemned
MTV’s sexuality. MTV rapidly became popular with youths
in the Far East. With local announcers and Asia pop, MTV
managed to break the borders and create for the first time
regional stars and celebrities.

Like many Asian countries, India had only a staid state-
controlled televison broadcaster when Star-TV made its
appearance. Suddenly small entrepreneurs around the
country were wiring up neighbors in mini<cable systems,
stringing their wires over telephone polls, and adding
impromptu film channels by feeding Western and Indian
films from VCRs. There were no laws covering cable broad-
casting, and the phenomenon spread like wildfire.

India hastily added a collection of new satellite-based
channels, but they have largely failed, as viewers continue to
prefer the original Star fare.

Star’s only competition initially was Indonesia’s Palapa B2P
satellite at 113 degrees East. This satellite has carried CNN Inter-
national, ESPN, Home Box Office, Australia TV International
from the Australian Broadcasting Corporation, Australia’s Nine
Network,and Hong Kong’s TVB. But Palapa’s footprint is concen-
trated on Indonesia and Southeast Asia, and reception in India
and China is far poorer than from Asiasat.

ENTER RUPERT MURDOCH

Such was the new, but fairly stable world of Asian satellite
television for two years, until Rupert Murdoch’s News Corpora-
tion, owners of Fox Television in the USand Europe’snumberone
satellite broadcaster, Britsh Sky Broadcasting, bought Star-TV in
1993 from the wealthy Hong Kong business family that had started
the venture.

Murdoch sought to intergrate Star into his emerging global
mediaempire. The first to feel the winds of change was BBC World
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NTERNATIONAL -

By George Wood
(SMOIIN/KAG6EBIN)

Service Television. Shortly after Rupert Murdoch gave a speech
announcing how satellite television could go past repressive gov-
ermments to reach viewers directly, China applied pressure on the
media baron. The Chinese market was too important, and with
China due to take over Star’sbase in Hong Kongin 1997, Murdoch
dropped the BBC broadcast from the northern beam, replacing it
with a pay film channel in Mandarin, aimed primarily at Taiwan.
Although at the time he claimed the change was for commercial
reasons, months later Murdoch finally admitted he had made the
move because of Chinese pressure.

Interestingly, Murdoch has just signed a contract with a com-
pany called Chinese News Eurape, which is broadcasting Chinese
programming to Europe during the night on Murdoch’s new Sky
Sports 2 channel on Astra. Thisis in competition with the Chinese
Channel in Europe, carried overnight on another Astra transpon-
der, which is owned by Hong Kong’s TVB. one of Murdoch’s rivals
in the Far East. Alliances and rivalries in Asia seem to be manifest-
ing themselves in Europe.

One month after dumping the BBC from Star. Murdoch




The sudden appearance of uncensored television from the skies cameas a shock to
conservative Asian governments. The Chinese authorities,unaccustomed to dissent
and free speech, complained about unfavorable news coverage on BBC World
Service, while parents and religious leaders in India and Moslem countries loudly
condemned MTV’s sexuality.

chased off MTV, replacing it with his own music video channel,
called ‘V’.

Murdoch has had other plans, however, involving the upcom-
ing Asisat-2, due to be launched in March, 1995 and located near
Asiasat-1 at 100.5 degrees East. This will carry 40 C-band transpon-
ders, as well as 9 other transponders in the Ku-band, which so far
has seen little used in Asia. The chief executive of Star-TV, Gary
Davey, says that Star plans to use digital compression on Asiasat-2
to launch 40 multi-lingual channels over the next 3 years, and
another 60 in the long term.

Right now the company says it plans to launch two Mandarin-
language entertainment and film channels, an Indian film chan-
nel and channels in Bahasa Indonesia, Thai, Tagalog, and
Cantonese languages. All would be on a subscription basis, al-
though it is difficult to see how this would work in some parts of
Asia, where many hot-wired minicable networks function on a
pirate basis, and where collecting payment from these
systems might be very difficult.

Murdoch’s plans to expand his Sky News channel
from Europe have been suspended. when the project
turned out to be far more expensive than originally
thought. Amore immediate projectisbuildingupanews
service for the Fox Network in Europe, Asia would then
follow.

There will be some competition for Staras well on the
new Asiasat. British Telecom has booked 5 transponders,
Australia’s Nine Network another 10. Deutsche Welle
television also plans to use Asiasat- 2 satellite.

APSTAR AND PAS

This summer saw the launch of two satellites that will
offer programming to compete with Star-TV. On July
21st, a Chinese Long March rocket carried into orbit the
Asian-Pacificsatellite, Apstar-1. Programmerson Apstar’s
24 wransponders will include the “Gang of Five” from
Palapa—CNN, ESPN, HBO, Australia’s Nine Network,
and TVB from Hong Kong. Also joining them will be The
Discovery Channel, Reuters Television, and MTV Asia.
Turner Broadcasting is also launching its joint Cartoon
Network/TNT channel (already pioneered in Europe)
on Apstar, with extrasoundtracks in Thai and Mandarin.

But there’s been controversy over Apstar as well.
China, which owns the satellite, tried to place it at 131
degees East, without bothering to register the location
through the International Telecommunications Union
(ITU). The problem is that the US-owned (Tonga-
registered and Russian-launched) Pacificsatellite Rimsat
isat 130 degrees, and Japan’s Sakura 3A isat 132 degrees.
Most of the world accepts two degrees as the minimum
safe spacing between TV satellites to avoid mutual inter-
ference.

After much negotiating, the Chinese have finally
agreed to move the Apstar-1 satellite to 138 degrees, a

position registered by Tonga, but the entire affair has caused a
lot of questions to be asked about what kind of a partner China
wants to be on the world stage.

There’s also concern over the Chinese attitudes towards
censorship. It was Chinese protests that drove the BBC off the
Star northern beam. The Chinese have introduced severe re-
strictions on private dish ownership, and they blocked relays of
CNN 10 hotels and those other institutions in China which still
had permission to receive satellite television on the anniversary
of the Tienamen Square massacre last July. The Apstar program-
ming contractalso gives China the right to censor programming
transmitted on the satellite.

Consequently, a number of Apstar broadcasters are also
booking transponders on the new PAS-2 satellite, which has the
advantage of receiving direct uplinks from North America,
without having to go through Asian uplinkers.

Southern (top) and northern (bottom) footprints for ASIASAT 1
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To be fair, China isn’t the only country with a one-sided attitude towards satellite

broadcasting, restricting reception at home while using satellites to broadcast to

other countries. Singapore and Iran have both banned the use of private dishes,
and both have announced ambitious plans for their own satellite channels.

PAS-2 was launched on July 8th. It’s owned by Panamsat, which

Tobefair,Chinaisn’t the onlycountrywithaone-sided attitude

1s challenging Intelsat’s monopoly on intercontinental relay satel- towardssatellite broadcasting, restricting reception at hoine while
lites. The company’s first satellite, PAS-1, relays a number of  usingsatellitesto broadcast to other countries. Singapore and Iran
broadcasters in both directions across the Atlantic. have both banned the use of private dishes, and both have

The new Pacific satellite started service on August 23rd, and  announced ambitious plans for their own satellite channels.

Turner Broadcasting, MTV, Discovery, ESPN, Country Music

Television, and Home Box Office have all booked transponders. NEW SATELLITES

Launch from French Guiana of PAS-2. Photo courtesy of Arianespace.
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Two new TV satellites were launched into orbit in August
bv an Ariane rocket from French Guiana. Brazil’s Brasilsat
Bl will relay 28 C-band transponders to Latin America,
from 70 degrees West orbital slot.

Turkey’s Turksat 1-Bwas launched to replace the original
Turksat that was lost in a failed Ariane launch in January. It
was placed into position at 42 degrees East at the end of
September. Hopefully, its 22 transponders will gather to-
gethersome of the 9 Turkish channels currently carried on
4 different Eutelsats, and the 4 Turkish TRT broadcasts to
Central Asia currently carried on Intelsat 604 at 63 degrees
East.

According to reports, 10 transponders are aimed directly
at Turkey, 2 cover Turkey and Central Asia, 3 reach Europe
as well as Turkey, and 1 is focused solely on Europe.

A number of Western European broadcasters are also
expected to use Turksat to reach Turkey. CNN had booked
atransponder on the original Turksat, and when it failed to
reach orbit, CNN hastily began relays on the aged Eutelsat
I-F4at 25.5 degrees East. This service may disappear if CNN
moves to Turksat 1-B.

SCANDINAVIAN SATELLITES

Mid-August also saw a major expansion in Scandinavian
satellite broadcasting, and asettlement of the Scandinavian
Star Wars I wrote about last time, largely in favor of the
Swedes. On August 16th, the Kinnevik media empire, which
had concentrated its TV3and TV1000 channels on the Astra
satellites, suddenly launched new multi-program packages
on Sweden'’s Sirius direct broadcast satellite (5 degrees
east), and the new Nordic Intelsat 702 (1 degree west),
which was placed into operation that day.

Kinnevik was one of the original Astra broadcasters, with
its initial general entertainiment channel TV3. Because of
the restrictive Swedish laws on satellite television in the 80’s,
TV3 initially broadcasts from London, where it was covered
under the more tolerant British law. The only exception has
been late-night pormography from the pay film channel
TV1000, towhich the Swedish authoritieshave no objection,
but which is banned in the more puritanical Britain. Those
programs are uplinked directly froin Sweden, after a short
break in transmission.

Kinnevik quickly followed the first channel with separate
TV3services for Denmark and Nornway, as well as TV1000, all
on Astra, and all using the D2-MAC video standard, man-




Arthur C. Clarke wrote . . . about a popular soft drink company somehow putting its
round logo on the surface of the Moon for all to see. It looks like something like that
will actually be happening, courtesy of Murdoch and British Sky Broadcasting. They
plan to launch a satellite next year which will hover over Europe, the size of a full
Moon, and they plan to project the Sky logo onto it.

dated by the European Community, but ignored by virtually every
other broadcaster.

Recently, Kinnevik started a low-budget oldies film channel,
called FilmMax. Because there was no room left on Astra (which
would have cost too much anyway for such a low-budget opera-
tion), Kinnevik put FilmMax on Intelsat 601, at 27.5 degrees West.
This was followed by a number of cable-only channels to Sweden’s
largest cities: an MTV clone called Z-TV, the home shopping
channel TV-G, and a channel aimed at women called TV6.

On August 16th, the Swedish version of TV3, FilmMax, Z-TV,
TV-G,and TV6 allappeared on Sweden’s direct broadcast satellite,
Sirius at 5 degrees East. This satellite (formerly Britain’s Marco
Polo 1) shares the orbital slot with Sweden’s older DBS bird Tele-
X. On the same day another Swedish channel, TV4, which also
operates terrestrial transmitters, moved from its fading Tele-X
transponder to Sirius. Remaining on Tele-X is another Swedish
satellite channel, TV5 Nordic (which is largely owned by ABC
through a Luxembourg-based company called SBS).

Because Sirius’ footprint is centered on Scandinavia, Kinnevik
has largely abandoned D2-MAC on the new satellite. TV3, Z-TV,
and TV-G/TV6 (which share a transponder) are all in clear PAL,
the most common European TV video standard. FilmMax, as a
subscription channel, remains in D2-MAC, as the system is secure
and manysmart cards are already in use. While TV3 will remain on
Astra, FilmMax is leaving Intelsat 601.

Meanwhile, Kinnevik has placed other channels on the new
Intelsat 702, which shares 1 degree West with Norway’s Thor
satellite (the former British Marco Polo 2). TV1000 is now using
this satellite, as is TV3 Norway (unfortunately, both are still
broadcasting in coded D2-MAC). Even though Intelsat 702 has a
wider footprint, TV3 only pays for the right to broadcasts to
Scandinavia. Relays of TV3 Denmark and TV3 Sweden will follow
soon.

Intelsat 702 is gathering most of the Norwegian channels. The
state-owned NRK has moved there from Tele-X, and the private
TV2 has moved from Intelsat 515 at 18 degrees West, as have relays
of Swedish Television’s channels 1 and 2 intended for Norwegian
cable networks (coded in D-MAC, and unavailable to private
subscribers). Another private station, TV Norge, broadcast from
the former Intelsat 512, which occupied 5 degrees West before
702, and it continues on the same frequency.

Meanwhile, the Thor direct broadcast satellite at the same
position continues with a package of CNN, MTV, Discovery/
Children’s Channel, Eurosport Nordic, and the pay film channel
FilmNet. These channels had used the obscure D-MAC standard,
but recently switched to D2-MAC. They have also used a very
uncommon encryption system, called Eurocrypt S. Subscriptions
outside of Norway must have been low. At the end of September,
Kinnevik suddenly announced it had taken over the agency for the
Thor channels, which were adding coding in the more common
D2-MAC scrambling system, Eurocrypt M.

This means that Scandinavians will be able to access the most
popular Swedish and Norwegian general entertainmentchannels,
along with the most popular foreign channels, using relatively

small dishes (70 centimeters) with twin LNBs to catch both satellite
positions, and onesingle smartcard. With all threeversionsof TV3,
at least 17 stations ought to be available, 7 in the clear.

ASTRA SATELLITE CHANGES

There have been a number of changes on the Astra satellites in
the past few weeks. Sky has added three more channels (albeit all
sharing the same transponder): Sky Sports 2, Sky Soap, and Sky
Travel (the later largely an infotainment channel for Sky’s new
travel agency). MTV s sister station VH-1 has just arrived on Astra,
as part of the Sky package. The Learning Channel has joined The
Discovery Channel on its transponder, and Country Music Televi-
sion (CMT) has moved transponders and expanded hours.

But the rest of the European scene will have to wait until the
nextissue of ST By then, either Eutelsat’s new Hot Bird-1, the new
Astra 1D, or both, should be in orbit and possibly operational.
Europeans will have at least 40 more channels of satellite televi-
sion, and a potential new Star Wars developing between Eutelsat
at 13 degrees East and Astra at 19 degrees East.

Finally, there is Rupert Murdoch’s latest antic. Arthur C.
Clarke, the visionary who first proposed communciations satel-
lites, wrote in one of his science fiction stories about a popular soft
drink company somehow putting its round logo on the surface of
the Moon for all to see. Itlooks like something like that willactually
be happening, courtesy of Murdoch and British Sky Broadcasting.
They plan to launch a satellite next year which will hover over
Europe, the size of a full Moon, and they plan to project the Sky
logo ontoit. Fortunately, the 18 million dollar PRstuntwould only
last for a few days.

The most frustrating thing may be that Murdoch will make
everyone in Europe look at his logo, but he continues to refuse to
allow his channels to be seen anywhere outside the British Isles,
despite European Union (EU) regulations on free access to goods
and services in the EU. More about that next time.

I would like to pass along my new Internet address for those
readerswanting to contact me on the Information Super Highway:
wood@stab.sr.se. This address may change form slightly as Radio
Sweden connects to more of the Swedish Radio local network, but
it'sa lot easier to access than the CompuServe addresslisted in the
last issue.

INTERNATIONAL MAILBAG

I did receive a very interesting letter from Paul Brouillette in
Illinois, commenting on my article on international broadcasters
on satellite radio in the premier issue in ST.

Paul says he has “some qualms about what the new means of
delivering international broadcasts maydo to theaverage person’s
access to them.” He says that few people have satellite receivers,
that they are costly compared to shortwave receivers, and are not
portable.

In addition, he says that so far few local radio stations are
relaying international broadcasters, some are available on cable,
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I do think there are a number of parallels between satellite monitoring today and the
early years of shortwave DXing. Satellite TVRO equipment is NOT any more expensive
than some of the quality shortwave receivers you can now purchase.

but cable is expensive, and rebroadcasting
means that third parties can censor pro-
grams for political or business reasons.

Theseareall good arguments, and they
need to be considered by shortwave broad-
casters. | think many shortwave stations
have gotten so excited about satellites, pos-
sibly afraid to be left behind in the rush to
new technology, that they have thrown
themselvesinand neglected or downplayed
shortwave. That’s a mistake. Shortwave will
remain an important means of reaching
listeners, especially in the Third World, for
some time to come.

That’s probably why ST°s sister maga-
zine Monitoring Timesis doing so well. ST'is
a satellite magazine, so naturally we write
about satellites here. But shortwave is still
alive and well.

That said, I do think there are a num-
ber of parallels between satellite monitor-
ing today and the early years of shortwave
DXing. Satellite TVRO equipment is NOT
anymore expensive than some of the qual-
ity shortwave receivers you can now pur-
chase. You can buy a Galaxy 5-only set-up from Radio Shack for
around $500. That'll give you the World Radio Network (and a lot
of scrambled TV channels). Twice that will get you a motorized
system, with access toavastarrayof radioand TV, many in the clear,
for just about what a modern DX machine costs. Here in Europe
you can buy an Astra system for as little as £200, around $300.
Shortwave receivers are even more expensive here than in the US.

Satellite receivers aren’t portable, but neither were shortwave
receivers until around 20 years ago. I fondly remember my Sony
ICF- 5900, which was such a break-through in the late 70's, and it
wasn’t even digital. The modern satellite receiver is no less por-
table than the shortwave receivers during and after World War
Two, when listening to shortwave had its greatest breakthrough.
Justasmodern technologyimproved and shrunk shortwave receiv-
ers, satellite receivers will be portable within a few years. When the
new direct satellite audio services go into operation, our kids or
grandkids will probably think that portable receivers to listen to
digital satellite radio are about as exotic as Walkmans were to us.

There is a trend among international broadcasters to want to
reach “ordinary people” or even “opinion-makers” rather than
“hobbyists” as shortwave listeners are considered to be. The
problem is that people with satellite receiving equipment use it to
watch TV, and it is often only a small number of “hobhbyists” who
listen to satellite radio. I think it has come as a cousiderable
surprise to the heads of some stations that when they’ve switched
to these new high-tech satellites they are still only reaching those
“weirdo hobbyists”.

Hence, the importance of rebroadcasting to international
broadcasters. Presumeably “ordinary people” listen to local FM
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stations or subscribe to cable. Rebroad-
casting may be limited right now, but it is
bound to grow, especially as more and
more stations discover the World Radio
Network or the availability of BBC World
Service radio. In some areas there may be
a handful of NPR or other non-commer-
cial outlets. They can’t all broadcast “All
Things Considered” at thesame time. Some
of them are going to pick up on carrying
some alternative programming, now that
it is available.

But it is true that stations can pull the
plug. There was a graphic example of this
a few months ago. For years the British
government banned radio and television
stations from carrying the voices of mem-
bers of the Irish Republican Army or its
political wing Sinn Fein. The ban was re-
moved in September. While it was in effect
the BBCand otherstations gotaround this
by having actors voice the comments of
IRA spokespeople.

A similar ban was removed in Ireland
some monthsbefore the British ban ended,
and Ireland’s RTE radio then carried an interview with the Sinn
Fein leader Gerry Adams. RTE is relayed by the World Radio
Network, which is uplinked from London. In order to follow then-
British law, WRN bleeped out Gerry Adams’ voice. Gettingan actor
to voice the remarks in a live broadcast would have been impos-
sible. Since WRN relays RTE to North Americaas well as to Europe,
this meant that a broadcast from Ireland to North America,
neither of which censor the IRA, was censored anyway.

Since Radio Sweden is also a WRN broadcaster, I find this very
disturbing. Afewyearsagowe read sectionsofthe book “Spycatcher”,
which had been banned in Britain, live over the air. Should a
similar incident happen again, we would be censored as well.

That’s why broadcasters to Asia are interested in using Rimsat
rather than China’s Apstar. Dictatorships and closed fundamen-
talist societies are terribly frightened by the potential of satellite
broadcasting to circumvent their control. This has happened in
India, and the resuit has been liberalization. In China, Singapore,
Malaysia, Iran, Saudi Arabia, and other countries, the authorities
are trying to introduce or enforce dish bans to protect themselves.

I don’t think that position will be tenable in the long run, and
we are bound to become aglobal society. That means liberation for
some, but possibly irreparable damage to local culture and cus-
toms for others. BBC news to China may be liberating, MTV to
India or Burma may be cultural imperialism and deeply damaging
to the fabric of village society. DirecTV may be a much-needed
alternative to the high-price monopolies of the cable companies,
or itimay be a Deathstar to Canadian culture. Who's to say what's
right? Now, there’s no turning back. §p




Satellite Lcaunch Schedules

By Laary Van Hom

Space Transportation System (STS-NASA)
Space shuttles are launched from Cape Kennedy, Florida.

Mission  Launch Date/ Inclination ~ Mission Mission/Cargo
Number Qrbiter Altitude Duration Bay/Payloads
STS-66  November 1994/ 57.0/164 1 Atlas-03/Crista
SPAS-01/
Atlantis* SSBUV A-04/
Escape-11
STS-67  February 1995/ 28.5/190 1442 Astro-02/GAS(2)
Endeavor**
STS-63  February 1995/ 51.6/170 8 Spacehab-03/SPTN
204/
Discovery™** CGP/ODERACS-02/
CONCAP I

*Crew Assignment: COR Lt. Col. Donald R. McMonagle, USAF; PLT Maj. Curtis L. Brown Jr,
USAF; MS(PLC) Ellen Ochoa, Ph.D.,

MS Jean-Francis Clervoy (ESA-France); MS Scott E. Parazynski, MD; MS Joseph R. Tanner
**Crew Assignment: COR Stephan S. Oswald; PLT Maj. William S. Gregory, USAF; MS(PLC)
Tamara E. Jernigan; MS John M. Grunsfeld, Ph.0.; MS Lt. Cdr. Wendy B. Lawernce, USN, PS
Samuel T. Durrance; PS Ronald A. Parise

***Crew Assignment: COR Car.James D. Wetherbee, USN; PLT Maj. Eileen M. Collins, USAF;
MS C. Michael Foale, Ph.D.; MS Bernard A. Harris Jr, MD; MS Col. Viadimir G. Titov (Russian

Cosmonaut); MS Janice Voss Ford, Ph.D.

U.S. Expendable Launch Vehicles

Launch Launch Launch Payload
Date Vehicle Site
November 1994  Delta |l Cape Canaveral
AFS, FL WIND
Arianespace
Aricne rockets are launched from French Guicma.
Launch Launch Launch Payload
Number Date Vehicle
Flight 70 November 1994 Ariane 44L Brasilsat B2 and
(Eutelsat Il F6 or
Telecom 2C)
Flight 71 December 1994 Ariane 42P Panamsat 3

Note: The Arianespace launch manifest is still very tentative at press time due to the
investigation and restart of their launch program following the Ariane Flight 63
mishap.

List of Abbreviations and Acronyms

AFS Air Force Station

Astro-02 Astronomy. Program designed to obtain ultraviolet (UV) data
onastronomical objects usinga UV telescope flying on Spacelab.

Atlas-03 Atmospheric Laboratory for Applications and Science. Series of
Spacelab flights that measure long term visibility in the total
energy radiated by the sun and determines the variability in the
solar system.

Brasilsat B2  Brazilian geostationary satellite launched for Embratel. Will be
located at 70 degrees west when operational.

CDR Commander. Member of the Shuttle flight crew in command of
the flight.

CGP Cryo Systems Experiment GLO-11 Payload. Cryogenic system
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for cooling focal plane optics for space-based scientific instru-
ments. GLO-1I provides observations of earth’s thermosphere,
ionosphere, and mesosphere energetics and dynamics and
shuttle surface glow.

Consortium for Materials Development in Space (Complex
Autonomous Payload)-I1. Investigates materials surface reac-
tions to exposure to atomic oxygen flow in earth orbit for high
temperature super conducting films and for materials degrada-
tion/reaction samples.

Cryogenic Infrared Spectrometer Telescope for Atmosphere. A
U.S./German joint aeronomy payload intended to explore the
variability of the atmosphere and to provide measurements that
complement those provide by the UARS spacecraft.

Medium class expendable launch vehicle

Experiment of the Sun for Complementing the Atmospheric
Laboratory for Applications and Science (ATLAS) Payload and
for Education-1l. Tocollect solar data with solarimaging and UV
solar irradiance experiments. The data will be correlative with
the co-manifested Atlas-03 solar experiments for the under-
standing of the upper atmosphere photochemistry.

Get Away Special. Alternate name for the Small Self-contained
Payload (SSCP) program, providing standard canisters to
accommodate low-cost space experimentation.
Geostationary communications satellite, part of the Eutelsat
constellation of satellites. Will be located at 13 degrees east
when operational.

International Solar Terrestrial Project

Mission Specialist. A member of the Shuttle flight crew prima-
rily responsible for Orbiter subsystem and payload activities.
National Aeronautics and Space Administration

Orbital Debris Radar Calibration Spheres Project. Releases
radar dipoles into earth orbit for purposes of calibrating ground-
based radar.

Geostationary communications satellite launched for Panamsat.
Will be located at 43 degrees west when operational.

Payload Commander. A member of the Shuttle crew having
overall crew responsibility for planning, integration and on-
orbit coordination of payload mission activities.

Pilot. A member of the Shuttle crew whose responsibility is to
pilot the Orbiter.

Dedicated materials processing mission emphasizing research
in microgravity conditions.

German Shuttle Pallet Satellite. Demonstrate the utilization of
the MBB platform and systems as a carrier for science experi-
ments.

Shuttle Pointed Autonomous Research Tool for Astronomy
(SPARTAN). X-ray astronomy. medium energy survey mis-
sion, using retrievable free flyer.

Shuttle Solar Backscatter Ultra-Violet Experiment A. Series of
flights to measure ozone characteristics of the atmosphere.
Platform has avionics and power connection with the orbiter.
Space Transportation System (NASA Space Shuttle)
Geostationary communications satellite launched for France
Telecom. Will be located at 3 degrees east when operational.
Geostationary communications satellite launched for Shinawatra
Satellite Co, Ltd. Will be located at 78.5 degrees east when
operational.

Upper Atmosphere Research Satellite. Satellite to study chemi-
cal processes acting within and upon the stratosphere, meso-
sphere, and lower thermosphere.

Ultraviolet

Satellite to measure solar wind input to magnetosphere. Part of
the ISTP program.
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Geostationary Satellite Locator Guide By Larry Van Hom
This guide shows the orbital locations of active geostationary satellites at publication 38‘1 SR CONRIN et (L[?ENS THRESATELLITE
deadfine. Current launch developments can be followed in ST's Space Launch
Report column. Satellite location information was supplied to Satellite Times by
NASA's Goddard Space Flight Center-Orbital Information Group. Satellite back- 21821 1991-087A Raduga 28 (Russia) 350E  Gov/Mil (C)
ground information was supplied by Phillip Ctark, Molniya Space Consuitascy; Dr. 20953 1990-102A Gorizont 22 (Russia) 39.7E  Dom/Gov (C/Ku)
Nichols Johnson, Kaman Sciences Corporation; G. Davidson-UAE; NASA NSSDC/ 23010 1994-012A Raduga 31 (Russia) 445E  Gov/Mil (C)
WDC-A, Goddard Space Flight Center; U.S. Air Force Space Command and the U.S. 21038 1990-116A Raduga 1-2 (Russia) 48.8E  Gov/Mil (C)
Naval Space Command. 22981 1994-008A Raduga 1-3 (Russia) 48.9E  Gov/Mil (C)
22245 1992-082A Gorizont 27 (Russia) 52.6E  Dom/Gov (C/Ku)
: 19687 1988-109A Skynet 48 (UK) 531 Mil (P/C/Millimeter)
Radio Frequency Band Key 21016 1990-112A Raduga 26 (Russia) S37E  Gov/Mil (C)
14421 1983-105A Intelsat 507 56.9E ilnt FSS/Mar (L/C/Ku)
P band 230 -1,000 MHz 11622 1979-0988 DSCS Il E15 (USA) 57.0E  Mi-IOR reserve (C)
L-band 1,000 - 2,000 MHz 20667 1990-056A Intelsat 604 599E  IntFSS (C/Ku)
S band 2,000 - 4,000 MHz 14675 1984-009A DSCS Il A2 (USA) 60.0E  Mi-IOR primary (P/C)
C band 4,000 - 8,000 MHz 20315 1989-087A Intelsat 602 62.8E  IntFSS (C/Ku)
X band 8,000 - 12,500 MHz 20918 1990-093A Inmarsat 2 F1 64.4E  Intl Mar (L/C)
Ku band 12.5-18 GHz 15629 1985-025A Intelsat 510 65.0E  IntFSS (C/Ku)
K band 18- 26.5 GHz 13636 1982-106A DSCS Il F16 (USA) 65.1E  iMil-IOR reserve (C)
Ka band 26.5 - 40 GHz 13505 1982-097A Intelsat 505 656  ilnt FSS/Mar (L/C/Ku)
Millimeter >40 GHz 20499 1990-016A Raduga 25 (Russia) 69.9E  iGow/Mil (C)
. 20083 1989-048A Raduga 1-1 (Russia) 70.0E  iGov/Mil (C)
Service Key 22963 1993-002A Gals 1 (Russia) 704E  Dom BSS (Ku)
. N 22787 1993-056A USA 95 (UFO-2) 71.2E  iMi-IOR primary (P)
BSS Broadcasting satellite service 20410 1990-002B Leasat 5 (USA) 71.5€  iMil-IOR reserve (P)
Liong Domestic 11621 1979-098A DSCS Il D14 (USA) 72.0E  iMi-IOR reserve (C)
FSS Fixed satellite service 08882 1976-053A Marisat 2 72.7€  iintl Mar (PL)
Gov Government 22027 1992-041A Insat 2A (India) 7398 Dom (S/C)
ot International 22931 1993-0788 Thaicom 1 784E  Reg (C/Ku)
Mar Maritime 21759 1991-074A Gorizont 24 (Russia) 79.5E  Dom/Gov (C/Ku)
Met Meteorology 20693 1990-061A Cosmos 2085 (Russia) ~ 80.0E  Data Relay (Ku)
Mil Rl 21111 1991-010A Cosmos 2133 (Russia) ~ 80.3F  Mil-Early Warning
Mob Mobile 20643 1990-051A Insat 1D (India) 828E  Dom BSS/Met (S/C)
Reg Regional 22836 1993-062A Raduga 30 (Russia) 85.0E  Gov/Mil (C)
13969 19830268 TDRS 1 (USA) 85.3E  iGov (C/Ku)
“I" indicates inclined orbit, orbital inclination greater than 2 degrees 18922 1988-014A PRC 22 (China) 87.5E  Dom (C)
22880 1993-069A Gorizont 28 (Russia) 904 Dom/Gov (C/Ku)
12474 1981-050A Intelsat 501 91.5€  ilntFSS (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) 20263 1989-081A Gorizont 19 (Russia) 96.0E  iDom/Gov (C/Ku)
20473 1990-011A PRC 26 (China) 97.9E  Dom (C)
18952 1988-018B Telecom 1C (France) 0.0E  Dom/Gov/Mil (C/Ku) 22210 1992-074A Ekran 20 (Russia) et Bub o)
21140 1991-0158 Meteosat § (MOP 2) 0.1E Met (L) 19683 1988-108A Ekrgn 19 (Russsa)‘ 99.1E iDom BSS (P)
19919 1989-027A Tele X (Sweden) 4.9E Reg BSS (KU) 21922 1992-017A GO.I'IZOHT 25 (Russm) 103.0E Dom/Gov (C/KU)
20193 1989-067A Sirius/Marcopolo 1(BSB R-1) 5.0 Reg BSS (Ku) 20558 1990-030A Asiasat 1 1055E  Reg (C/Ku)
22921 1993-076A USA 98 (NATO 4B) 6.3E  iMil (C) 20570 1990-034A Palapa B2R e Sei(C)
22028 1992-0418 Eutelsat || F4 6.9E Reg (KU) 20771 1990-077A BS-3A (YUI’! 3A)(Japan) 109.4E  Dom BSS (KU)
22557 1993-013A Raduga 29 (Russia) 115 Gow/Mil (C) 19710'1988-111A PRC 25 (China) fadis I L0 ()
22269 1992-088A Cosmos 2224 (Russia) ~ 11.8E  Mil-Early Warning 17706 1987-029A Palapa B-2P 11288 Reg (C)
19596 1988-095A Raduga 22 (Russia) 13.0E  iGow/Mil (C) 14985 1984-049A Chinasat 5 (Spacenet 1) 1154E  Dom (C/KU)
21055 1991-003A ltalsat 1 (ltaly) 133 Dom-Telephone (S/Ku/ka) | 21964 1992-027A Palapa B4 |l 1)
21803 1991-083A Eutelsat Il F3 16.0E Reg (KU) 21132 1991-014A Rad_uga 27 (Rqssua) 128.0  Gov/Mil (C/KU)
15383 1984-113B Arabsat 1D (Anik DZ) 17.5E Reg FSS/BSS (C) 22907 1993-072A GOI’lZOﬂT 29 (lesat 1) 129.6E Dom/Gov (C/KU)
19688 1988-109B Astra 1A 196E  Reg BSS (KU) 19765 1989-004A Gorizont 17 (Russm) 134.3E  iDom/Gov (C/KU)
22175 1992-066A DFS 3 (Germany) 235E  Dom BSS (Ku/Ka) 23185 1994-043A Apstar A1 (China) 137.9E  RegFSS (C)
19331 1988-063B Eutelsat 1 F5 24.7E Reg (KU) 20107 1989-052A Gorizont 18 (Russ;a) 13958  iDom/Gov (C/KU)
18351 1987-078B Eutelsat 1 F4 (ECS 4) 26.3F  Reg (Ku) 20217 1989-070A GMS 4 (Himawari 4) 1402E  Met (PL)
21894 1992-0108 Arabsat 1C 26.8E  Reg FSS/BSS (S/C) 23108 1994-030A Gorizont 30 (Rimsat ) 142.7€  Reg (G/Ku)
20706 1990-063B DFS 2 (Germany) 2856 Dom BSS (Ku/Ka) 20923 1990-094A Gorizont 21 (RUSSIB) 144.5E  Dom/Gov (C/KU)
20041 1989-041B DFS 1 (Germany) 33.9E  Dom BSS (Ku/Ka) 19874 1389-020A JCSAT 1 (Japan) 150.0E  Dom (Ku)
18316 1987-070A ETS V 150.1E  iReg (L/C)
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0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE 0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE
NO. (DEG) NO. (DEG)
20402 1990-0018B JCSAT 2 (Japan) 153.9E  Dom (Ku) 16482 1986-003B Satcom K-1 (USA) 85.1W  Dom (Ku)
18350 1987-078A Optus A3 (Aussat K3) 155.9E  Dom (Ku) 16276 1985-109D Satcom K-2 (USA) 81.0W  Dom (Ku)
22253 1992-084A Superbird A (Japan) 158.0E  Dom (Ku/Ka) 15235 1984-0938  SBS 4 (USA) 77.1W  Dom (Ku)
22087 1992-054A Optus B1 (Aussat B1) 160.0E  Dom/Mob (L/Ku) 14133 1983-059B  Anik C2 (Argentina) 76.1W  iDom (Ku)
21893 1992-010A Superbird B (Japan) 162.0E  Dom (Ku/Ka) 12309 1981-018A Comstar D4 (USA) 76.1W  iDom (C)
16275 1985-109C Optus A2 (Aussat 2) 163.9E  Dom (Ku) 19215 1988-051A Meteosat P2 (ESA) 76.1W  iMet (L)
12046 1980-087A OPS 6394 (Fitsatcom F4)(USA) 20873 1990-091B Galaxy 6 (USA) 742W  Dom (C)

171.5E  iMil-POR res. (P-Bravo) 13651 1982-110B SBS 3 (USA) 74.1W  iDom (Ku)
22871 1993-066A Intelsat 701 174.0E  Int FSS (C/Ku) 15642 1985-028B Anik C1 (Argentina) 72.0W  Dom (Ku)
20202 1989-069A DSCS 111 B9 (USA) 175.0E  iMil-WPAC primary (P/C) 14328 1983-094A Satcom F2R (USA) 72.0W  Dom (C)
15873 1985-055A Intelsat 511 177.0E  Int FSS (C/Ku) 16650 1986-026B SBTS 2 (Brazil) 70.0W  Dom (C)
21814 1991-0848 Inmarsat 2 F3 178.1E  Mob-POR (L/C) 12855 1981-096A SBS 2 (USA) 69.8W  iDom (Ku)
16117 1985-092C DSCS 111 B5 (USA) 180.0E  Mil-WPAC reserve (P/C) 15385 1984-114A Spacenet 2 (USA) 69.3W  Dom (C/Ku)
14786 1984-023A Intelsat 508 179.9  ilnt FSS/Mar (L/C/Ku) 15561 1985-015B SBTS 1 (Brazif) 65.1W  Dom (C)
09478 1976-101A Marisat 3 177.9W  ilntl Mar-POR (P/L/C) 21940 1992-021B Inmarsat 2 F4 54.2W ilntl Mob-AOR-W (L/C)
15236 1984-093C Leasat 2 (USA) 177.4W  iMil-POR primary (P) 19121 1988-040A Intelsat 513 53.1W  Int FSS (C/Ku)
12994 1981-119A Intelsat 503 1771W  iInt FSS (C/Ku) 20203 1989-069B DSCS 11 B10 (USA) 52.5W  Mil-WLANT primary (P/C)
21639 1991-054B TDRS F5 (USA) 174.4W  Gov (C/Ku) 14077 1983-047A intelsat 506 50.1W iInt FSS (C/Ku)
19548 1988-091B TDRS F3 (USA) 171.4W  Gov (C/Ku) 22314 1993-003B TDRS F6 (USA) 46.3W  Gov (C/Ku)
18631 1987-100A Raduga 21 169.9W  iGov/Mil (C) 19217 1988-051C PanAmSat 1 (PAS 1) 451W  Reg (C/Ku)
23175 1994-040A PanAmSat 2 (PAS-2) 164.7W  Reg (C/Ku) 16116 1985-092B DSCS 11l B4 (USA) 42.5W  Mil-ATL reserve (P/C)
23132 1994-035A USA-104 (UFO-3)(USA)  162.9W  iMil-POR primary (P) 19883 1989-021B TDRS F4 (USA) 41.1W  Gov (C/Ku)
21392 1991-037A Satcom C5 (Aurora [1)(USA)138.9W  Dom (C) 23124 1994-034A Intelsat 702 38.1W  IntFSS (C/Ku)
20945 1990-100A Satcom C1 (USA) 135.9W  Dom (C) 20523 1990-021A Intelsat 603 34.6W  IntFSS (C/Ku)
22096 1992-057A Satcom C4 (USA) 135.0W  Dom (C) 20401 1990-001A Skynet 4A 34.1W  Mil (P/C)
22915 1993-074A DSCS 11 B14 (USA) 135.0W  Mil-EPAC primary (P/C) 13083 1982-017A Intelsat 504 31.5W  iInt FSS (C/Ku)
23016 1994-013A Galaxy 1R (USA) 132.9W  Dom (C) 22723 1993-048A Hispasat 1B (Spain) 30.1W  Dom (Ku)
22117 1992-0608 Satcom C3 (USA) 131.4W  Dom (C) 22116 1992-060A Hispasat 1A (Spain) 30.1W  Dom (Ku)
13637 1982-106B DSCS 11l A1 (USA) 130.0W  iMil-EPAC reserve (P/C) 21765 1991-075A Intelsat 601 27.5W  Int FSS (C/Ku)
21906 1992-013A Galaxy 5 (USA) 1251W  Dom (C) 19928 1989-030A Raduga 23 (Russia) 25.6W  iGov/Mil (C)
16649 1986-026A Gstar 2 (USA) 125.0W  Dom (Ku) 21653 1991-055A Intelsat 605 24 6W  IntFSS (C/Ku)
15826 1985-048D Telestar 30 (USA) 123.1W  Dom (C) 23168 1994-038A Cosmos 2282 (Russia) 24.2W  iMil-Early Warning
19484 1988-081B SBS 5 (USA) 123.0W  Dom (Ku) 22112 1992-059A Cosmos 2209 (Russia) 23.8W  Mil-Early Warning
16274 1985-109B Morelos B (Mexico) 116.8W  Dom (C/Ku) 20253 1989-077A USA 46 (Fitsatcom 8) 22.7W  iMil-AOR primary
13652 1982-110C Anik C3 (Canada) 114.9W  iDom (Ku) (P-Charlie/K)
17561 1987-022A GOES 7 (USA) 112.7W  Met (L) 21989 1992-032A Intelsat K 21.6W  IntFSS (Ku)
21726 1991-067A Anik E1 (Canada) 111.1W  Dom (C/Ku) 12089 1980-098A Intelsat 502 21.5W  iint FSS (C/Ku)
22911 1993-073A Solidaridad 1 (Mexico) ~ 109.3W  Dom (C/Ku) 15391 1984-115A NATO lII D 212w iMil (P/C)
14365 1983-098A Galaxy 2 (USA) 107.3W  Dom (C) 20168 1989-062A TV Sat 2 (Germany) 19.3W  Dom BSS (Ku)
21222 1991-026A Anik E2 (Canada) 107.3W  Dom (C/Ku) 19621 1988-098A TDF 1 (France) 19.0W  Dom BSS (Ku)
14234 1983-077A Teistar 301 (USA) 107.1W  Dom (L/C/Ku) 20705 1990-063A TDF 2 (France) 18.9W  Dom BSS (Ku)
03029 1967-111A ATS 3 (USA) 105.9W  iExp 19772 1989-006A Intelsat 515 182W  Int FSS (C/Ku)
08697 1976-017A Marisat 1 105.7W  ilntl Mar-AOR (P/L) 21047 1991-001A NATO IV A 17.9W  iMil (P/C)
20946 1990-1008 Gstar 4 (USA) 105.1W  Dom (Ku) 20391 1989-101A Cosmos 2054 (Russia) 15.9W  iTracking & Relay WSDRN
08747 1976-023B LES 9 (USA) 104.5W  iMil (P/C) (Ku)
15643 1985-028C Leasat 3 (USA) 104.4W  iMil-CONUS reserve (P) 21149 1991-018A Inmarsat 2 F2 15.6W ilntl Mob-AOR-E (L/C)
15677 1985-035A Gstar 1 (USA) 103.1W  Dom (Ku) 10669 1978-016A Ops 6391 (FitSatCom 1)(USA)
22930 1993-078A DBS 1 (USA) 101.3W  Dom BSS (Ku) 15. iMil-AOR reserve (P-Alpha)
21227 1991-028A Spacenet 4 (USA) 101.1W  Dom (C) 15386 1984-114B Marecs B2 15.2W  ilnt! Mar (L)
17181 1986-096A USA 20 (Fitsatcom F7)(USA}100.3W  Mil-CONUS primary (P/C) 20659 1990-054A Gorizont 20 (Russia) 14.4W  iDom/Gov (C/Ku)
22796 1993-058B ACTS (USA) 100.0W  Exp (Ka) 18384 1987-084A Cosmos 1888 (Russia) 14.0W  iData Relay
22694 1993-039A Galaxy 4 (USA) 99.1W  Dom (C/Ku) 21789 1991-079A Cosmos 2172 (Russia) 13.3W  Data Relay
08746 1976-023A LES 8 (USA) 97.6W i Mil (P/C) 22009 1992-037A DSCS 11 B12 (USA) 12.0W  Mil-ELANT primary (P/C)
22927 1993-077A Telstar 401 (USA) 97.0W  Dom (C/Ku) 22041 1992-043A Gorizont 26 (Russia) 10.8W  Dom/Gov (C/Ku)
20872 1990-091A SBS 6 (USA) 95.0W  Dom (Ku) 22912 1993-073B Meteosat 6 (ESA) 9.3W  Met(L)
15308 1984-101A Galaxy 3 (USA) 93.5W  Dom (C) 19876 1989-020B Meteosat 4 (MOP 1)(ESA)  8.3W  Met (L)
19483 1988-081A Gstar 3 (USA) 92.9W  iDom (Ku) 21813 1991-084A Telecom 2A (France) 8.0W  Dom/Gov (C/Ku)
22205 1992-072A Galaxy 7 (USA) 91.0W  Dom (C/Ku) 21939 1992-021A Telecom 2B (France) 51W  Dom/Gov (C/Ku)
23051 1994-022A GOES 8 (USA) 90.1W  Met (L) 16101 1985-087A Intelsat 512 1AW Int FSS (C/Ku)
22988 1994-009A USA 99 (Milstar 1) 90.0W  Mil (P/K) 20776 1990-079A Skynet 4C (UK) 1.0W  iMil (P/C)
18951 1988-018A Spacenet 3R (USA) 86.9W  Dom (L/C/Ku) 20762 1990-074A Thor/Marcopolo 2
15237 1984-093D Telestar 302 (USA) 85.2W  Dom (C) (BSB R-2) 0.8W  Reg BSS (Ku)
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Satellite Radio Guide By Robert Smathers
French Canadian audio information service
CLASSICAL E2.21 6.46 (N)
Classical Music E1,9 6.32 (N) French language audio service E1,21(Ku) 6.55
KUCV-FM, Lincoln, Neb. E1,24(Ku) 6.55
(Nebraska Public Radio) 53, 2/4 5.76/5.94 (DS) French language rock station £2,20 7.72/7.83 (DS)
Superadio Classical Collections G5,21 6.30/6.48 (DS) E1,13(Ku) 7.72/7.83 (DS)
WFMT-Chicago, Il G5,7 6.30/6.48 (DS) French music E1,21(Ku) 6.12/6.20 (DS)
WQXR-New York, N.Y. F4,15 6.30/6.48 (DS) E1,24(Ku) 6.12/6.30 (DS)
Irish Music (Sat 1430-0000 UTC) 53,3 6.20
La Nueva Cadena Radio Christiana
CONTEMPORARY (Spanish) F2,5 5.96
CHIN-AM/FM, Toronto, Ontario, Canada Los Grandes Groupos-Mexico (Spanish) SD1,5 6.80
(Muttilingual) E2.20 6.83 RAI Satelradio (ltalian) F1,15 7.38
E113(Ku) 6.83 Radio Sedeye Iran (Farsi) $3,15 6.20 (N)
CKRW-AM, Whitehorse, Yukon, Canada Radio Sonora-Mexico (Spanish) SD1,6 6.80
(Adult Contemporary, oldies) E1,18 5.41,6.80 Radio Tropical (Haitian Creole) S2,11 7.60
In Store Contemporary $3,18 5.78,5.96,6.48 | UPS (Spanish news/music) , F1.20 8.30
Superadio Light and Lively Rock G5,21 5.96,6.12(DS) | WLIR-AM, Spring Valley, N.Y. (Ethnic) 52, 1 7.60
VOCM-AM/FM, St. Johns, Newfoundland, Canada WNTL-AM, Indian Head, Md. USA (Arabic)  G6,10 6.80, 6.20
(Adult Contemporary) E112 6.20 WNWK-FM, Newark, N.J. USA (Ethnic) 52,1 8.30
WVTY-FM, Pittsburgh, Pa. USA XEL-AM, Mexig:o City, Mexig:o (Spanish) SD1,5 7.38
(Adult Contemporary) F2.16 732 XEW-FW, Mexico City, Mexico (W-FM 96.9) SD1,7 7.38
XEWA-AM, Monterrey, Mexico
(Spanish, Super Estelar) M2, 8 7.38
COUNTRY XEX-AM/FM, Mexico City, Mexico
CHON-FM, Whitehorse, Yukon, Canada E1,12 5.40 IEparishi LarSmpes) M2,14 =
CISN-FM, Edmonton, Alberta, Canada
(Country 104) E1,18 7.53/7.62 (DS) JAZZ
In Store Country 53,18 6.12 -
Superadio American Country Favorites 65,21 5.04/7.74 (DS) | KLON-FM, Long Beach, Caiif. G5, 2 5.58/5.76 (DS)
Transtar i1l Radio Network $3,9 5.76/5.94 (DS) | Superaudio New Age of Jazz G5.21 7.38/7.56 (DS)
WOKI-FM, Oak Ridge-Knoxville, Tenn. G3,15 6.20
WSM-AM, Nashville, Tenn. G5,18 7.38,7.56
WSM-FM, Nashville, Tenn. F4,24 7.38 NEWS AND INFORMATION
Business Radio Network F4,10 8.06 (N)
C-SPAN ASAP (Program Schedule) F3,7 5.58
EASY LISTENING C-SPAN I ASAP (Program Schedule) F4,19 5.58
CHFI-FM, Toronto, Ontario, Canada CJAD-AM, Montreal, Quebec, Canada E1,2 6.525 (N)
(Soft Adult Contemporary) E1,8 5.41/558 (DS) | CNN Headline News G5,22 7.58
E1,6/10/12/14)  6.80 CNN Radio News S3,9 5.62
Horizon E1,22 7.62 (N) G5, 5 7.58
In Store Easy Listening 53,18 6.32,7.22,7.40 GST2-2,6(Ku) 630
Superadio Soft Sounds G5,21 558/5.76 (DS) | WCBS-AM, New York, N.Y. G4.20 7.38
United Video Easy Listening F4,8 5.895 (N)
WZEZ-FM, Nashville, Tenn. (Soft Adult
Contemporary, The Wave) G313 6.20 RELIGIOUS
Ambassasor Inspirational Radio §3,15 5.96, 6.48 (DS)
Brother Staire Radio G5, 6 6.48
FOREIGN LANGUAGE CBN Radio Network G5,11 6.30/6.48 (DS),
Antenna FM (Greek) 63,9 5.88,6.20 6.12
CBC Radio-French (East) E1,20 5.38/5.58 (DS) o . C3,1 6.20
E1,20 7.38/7.58 (DS) Chnsnaq Music Service 52,23 6.20, 7.60
E1,10(Ku) 5.38/5.58 (DS) |BN. Ra_d|o Net\{vork . F1,20 7.38
CFGL-FM, Laval, Quebec (French) E2,5 7.62 Praise in the Night (occ audio) 83,5 6.48
CITE-FM. Montreal. Quebec Canada Religious music (easy listening) G7,14 7.78
(French, Soft Adult Contemporary) £2.5 5.78 KILA-Las Vegas, Nev.
CJMS-AM, Montreal, Quebec Canada (SOS Radio Network) F4,8 7.38/7.56 (DS)
(French, Adult Contemporary) E1,9 758 Salem Radio Network 53,15 5.43,6.34
CJVB-AM, Vancouver, British Columbia, Canada _ , 3,17 5.01
(Ethnic) E1,15(Ku) 6.12 Sqllq Gospel (go$pel quIC) . G7,14 7.58
CKAC-AM, Montreal, Quebec Canadat Trinity Broadcasting radio service G5, 3 5.58/5.78 (DS)
(French, Adult Contemporary) E2,5 6.44 Trinity Broadcasting radio service
Fareign language/music $3,15 576 (Spanish, SAP) . G5,3 .96
WROL-AM, Boston, Mass. (occ spanish) S3,3 6.20
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Satellite Radio Guide
ROCK KNOW-St Paul, Minn. (Minnesota Public
Radio/BBC overnight) F4,10 8.26 (N)
CFMI-FM, New Westminister, British Colombia, Canada KSKA-FM, Anchorage, Alaska
(Album Rock, Rock 101) E1,22 6.80 (Variety/Fine Arts) F5,24 7.38/7.56 (DS)
CFNY-FM, Toronto, Ontario, Canada KSL-AM, Salt Lake City, Utah F1,6 5.58
(FM-102) E1,2 6.12/6.30 (DS) KUCV-FM, Lincoin, Neb.
CHOZ-FM, St. John's, Newfoundland, Canada (Nebraska Public Radio) S3,2 5.76/5.94 (DS)
(0Z-FM) £2,20 5.76/5.96 (DS) Media One (Jazz and World Beat) T2,15 7.48
CILQ-FM, Toronto, Ontario, Canada Network One radio service F1,11 7.48
(Q-107) E1,2 5.76/5.94 (DS) Omega Radio Network G3,17 5.80
CIRK-FM, Edmonton, Alberta, Canada Peach State Public Radio (Georgia) T401,14(Ku) 5.40/5.58 (DS)
(K-97) E1.18 7.80 (N) Radio syndicated show feeds E1,2 7.54
Rock Radio Network E1,27(Ku) 6.12/6.30 (DS) Seltech Radio Syndicated service E1,2 5.40/5.58 (DS)
Superadio Prime Demo G521 5.22/5.40 (DS) Skylink Discussion channel G1,15 5.80
Startalk Radio Network
(talk/nostalgia music) G3,11 7.38
SPECIALITY FORMATS Talk America $3,9 6.80
CFRN-AM, Edmonton, Alberta, Canada The Weather Channel (occasional audio) G3,13 6.80
(Oldies) £1,18 6.435 The Weather Channel (background music) ~ C3,13 7.78
Georgia Radio Reading Service T401,14(Ku) 576 USA Radio Network 83,5 540,578,
In Store Oldies $3,18 5.20,5.40,7.58 | 394
In Touch (reading service) F5,24 6.48 Ll
Nebraska Talking Book Network $3,2 6.48 S313 S.01(Ch 1),
Superaudio Big Bands o = 5.20(Ch 2)
(Sun 0200-0600 UTC) 65,21 5.58/5.76 (DS) United Video background music service F4,8 5.90
Superadio Classic Hits (oldies) G5,21 8.10/8.30 (DS)
Superadio In Touch (reading service) F4,10 7.87 (N)
Voice Print (reading service) E1,13 7.44 (N
Yesterday USA (nostalgia) 6317 il ENJOY THE BEST AND LATEST IN
67.14 576 SATELLITE TRACKING
FINALLY... Full-featured, state-of-the-art |
T computerized satellite operation of Yaesu and
VARIETY Emoto rotators has never been easier or less
AEN Michael Reagan (0100-0700 UTC) F3, 1 6.20 expensive with the SATTRACKERO FAST
American Urban Radio S3,9 6.30/6.48 (DS) - Paralic] data processing (not serial like oth-
Cable Radio Network F3,23 7.24 (N) ers) fast enough for low earth orbit LEO Sats
CBC Radio E113 5.40, 5.58 and digital weather satellites! Compatible
CBC Radio (occasional) £1,20 578 with ALL popular tracking software: RealTrak, Instant Track, etc., Full
CBC-FM, Atlantic E113 6.12/6.30 (DS) support and fully upgradable. EASY - SAT TRACKER® will run with
CBC-FM, Eastern £1.13 5.76/5.94 (DS) laptops and notebooks! Calibration and set-upis quick & easy! Noexternal
CBM-AM/FM, Montreal, Quebec, Canada power needed - SAT TRACKER® gets its power from the rotator’s control
(Fine Arts/Variety) £1.20 6.12 box. SAT TRACKER® is completely plug-in-and-play with models for
CBU-FM, Vancouver, British COlUmbia, Canada both Emoto and Yaesu AZ/EL rotators. AZ-only mode allows full-featured
(Variety) £1.22 5.76/5.94 (DS), computerized AZ-only control with compatible Yaesu & Emoto rotators.
7.42 Get the best...Get SAT TRACKER®!
CFWE-FM, Edmonton, Alberta Avsilable at Your Favorite Dealer Today!
(Variety Music) E118 7.875(N) COMBINETHE EV700D5X EMOTO ROTATOR & SATTRACKER®
E1,14(Ky) 6.45 FOR THE ULTIMATE IN STATE-OF-THE-ART SATELLITE
CBKA-FM/MBC Radio, La Ronge, Saskatchewan, TRACKING & ANTENNA CONTROL!
Canada (Multilingual) E1,18 7.71 (N) Emoto's original heavy duty AZ/EL rotator -
CJRT-FM, Toronto, Ontario, Canada the very best AZ/EL bargain in it's class!
(Fine Arts/Jazz-nights) E1,26(Ku) 5.76/5.94 (DS) +Large Machined Steel Gears +Adjustable Centering Mast Clamp <Preset
CKER-AM, Edmonton, Alberta, Canada and Computer Control « Friction Braking
(Adult Standard, Ethnic-night) E1,18 7.42 (N) e ot ion Lo S,
CKNM-FM, Yeilowknife, NWT, Canada E1,14 5.41 using 7 conductor wire * Super heavy-duty,
(Country/Ethnic) E1,18 7.92 Hfor long, trouble free service life.
CKUA-AM/FM, Edmonton, Alberta, Canada PLEASE SEE AD ON PAGE 61 FOR MORE DETAILS.
(Variety) ) E1, S(Ku) 5.76/5.94 (DS) Electronic Distributors Co.
For the People Talk Radio F1,2 7.50 325 Mill S N.E. Vi VA. 22180
Interstate Radio Network E1,2 5.22 25 Dil' SEneEt R eI, TV A,
KBVA-FM, Bella Vista, Ark. G4,6 5.58/5.76 (DS) Ph.:703-938-8105 FAX: 703-938-4525
Call Your Favorite Dealer Today!
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Single Channel Per Carier (SCPC) Services Guide By Robert Smathers
1383.000 Occ audio 1427.800  Occ audio
Spacenet 2 Transponder 12 (C-band) 1382.800  Independent Broadcasters Network 1421.700  Data transmissions
; ; ; ; 1377.900  Occ audio 1418.250  Data transmissions
1202300 LSy Radio Mart, Spanish broadoast service 01377660 KUSC.FM (91.5), Los Angeles, GA—fne arts, 1417.800  Data transmissions
National Public Radio (NPR) affiliate 1417.500  Data transmissions
1377.000  KUSC-FM (91.5), Los Angeles, CA—fine arts,
Galaxy 6 Transponder 3 (C-ban National Public Radio (NPR) affiliate
140:::0 S — (m WAd) = 1376.700  Radio Labio Network—spanish language Galaxy 4 Transponder 2 (C-band)
Y X , oeattle, —e sports rogrammin o]
talk radio, Seattle Seahawks NFL radio network 1375.400 ﬂs/g Radio Ngetwork }zggggg m:gfmm;?;ogs Moraaniton W=kbet
1405400  Sports Byline USA (occ audio)—sports talk/ 1374100  Northwest Direct—news/talk radio/Oregon State : el g i )'s DIganiown. cs
KQED-FM (88.5), San Francisco, CA--NPR football 1462000 v;:% FMe ;% / 9‘” R oraiean W
affiliate (ooc audio)/Indy Racing Network {occ ! IVAQ-FM (101.9), Morgantown, 6s
audio) Virginia Metro News
1404600  Talk America radio network Satcom K1 Transponder 12 (Ku-band) 1399.000  Occ audio/Texas Tech football/Oklahoma State
1404.400  WLW-AM (700), Cincinnati, OH—talk radio ) football
Cincinnati Bengals NFL/Univ of Cincinnati 1313.100  Customized IGA spots 1398.800  Progressive Farmers Network )
i 1398.400 WBNS-FM (97.1), Columbus, OH—oldies, ID -
00 A e etwork “B-97"/Ohio Network/Ohio State football
: . ) guineats Spacenet 3 Transponder 1 (C-band) 1398.200  Occ audio/lowa State footbal
1403.800 WTMJ-AM (620), Milwaukee, Wi—talk radio, 1398000 Okiah News Network/Univ of Oklah
Green Bay Packer NFL/Univ of Wisconsin 1437.200  Associated Press (AP) 3 radio network d foofb :"”“’ ewsieorkinivioluCanoma
football radio networks 1435.000  Associated Press (AP) 2 radio network 4 . ]
: ; - i 1397.600  Ohio Network/Agri Broadcasting Network
1403.200 m:%tg[j ?izcmg Network (occ audio) plus other 1433.400  Associated Press (AP) 1 radio network (Ohio)WBNS-FM (97.1), Columbus, OH—
i o oldies, 1D - “B-97"/Cleveland Browns NFL radio
1402.800 232%5 State News Network plus other occ Spacen et3Tra nder 13 (c-han d) neMorWOhio State football
1402.200  Data transmissions 1207.900  Wisconsin Voice of Christian Youth (VCY) 1397.400  Ohio Network/WKNR-AM (1220), Cleveland,
1400.800 WBAL-AM (1080), Baltimore, MD—news/talk : AL s OH—sports talk
radio, Univ of Maryland football radio network America Radio Network—refigious 1397.200  Occ audio/Univ of Tulsa football/Oklahoma State
1398300  WGN-AM (720) (r‘.‘r{ﬂca g0, IL—talk radio 1207.650  Wisconsin Voice of Christian Youth (VCY) football
e " ’ g b America Radio Network—religious
1398.000  Dpano Dears ML radio neork alragio 1207:450  Wisconsin Voice of Christian Youth (VCY)
T S i 0 e © [00iSE] Faglo America Radio Network—refigious Galaxy 4 Transponder 3 (C-band)
1397.800  WDBO-AM (580), Orlando, FL—news/tally B e C 1405000  Mutual Broadcasting System—some syndicated
Tampa Bay Buccaneers NFL {occ audio)/Florida 1206.700 Data Transmission talk shows and news cuts
State Univ football 1206‘550 ABC-Satellite Music Network—aduft 1404.800  KOA-AM (850)/KTLK-AM (760)—news/talk,
1397.600  Univ of Florida football/occ audio ’ contemporary, Starstation Denver Broncos NFL radio network/Univ of
1397.200 WTMJ-AM (620), Milwaukee, Wi—talk radio, 1206300  ABC-Satellite Music Network—adult Colorado football
Green Bay Packers NFL/Univ of Wisconsin ’ contemporary, Starstation 1404.600  ABC Information network programming/Penn
football radio networks ¥ ok State football
1994700 SunRado Netvark ) D e MAuske neqwrk—moderT COUNY. 144 400 Univof South Carolna ootball
1394500 WSB-AM (750), Atlanta, GA—talk radio, Atlanta 1 : ; - 1404.000  ABC Information network programming,
Falcons NFL/Univ of Georgia football radio 1205.850 éggms;t%lg;imgf’g:o!::w ork—modern country, Tennessee Radio Network farm news
networks -~ . .  traditi ; 1403.800 WNTL-AM (1030), Indian Head, MD -
1393.600 Florida’s Radio Ngtwork plus other occ audio Loteled ?oBrg];atseg':gm’s'c Network—tradftional music multicultural grogramming
1393.400  WGN-AM (720), Chicago, IL—talk radio, _Qatalli ; o traditi . 1403.500  International Broadcasting Network—Lutheran
Chicago Bears NFL radio network, Interstate 1205490 Q)Br?n;a (gg::l:';:’ sic Network—traditional music religious programming, Home Front program
Radio Network plus other occ audio - ! " (Sat 10a-2p)
1393200  Occ audio e et uevo Radle s 1403000 Minesota Public Racio Network
1393.000  James Madison Univ football/Occ audio 1204250  Wisconsin Voice of Christian Youth (VCY) 1402.400 KNOW-FM (95.3), St. Paul, MN—fine arts,
1392.700 WGN-AM (720), Chicago, IL—talk radio, ’ America Radio Network—religious Minnesota Public Radio (occ audio)
Chicago Bears NFL radio network, Interstate 1203550  Salem Radio Network—religious 1402.100  KNOW-FM (95.3), St. Paul, MN—fine arts,
Radio Network Y : ol Minnesota Public Radio
1392300  Occ audio Foan e x:mx_[:::g:gﬂ: 1401.800  BBC World Service
1391600  XEPRS-AM (1090), Tijuana, Mexico—spanish y . f 1398.500  WBAP-AM (820), Ft Worth, TX--talk radio, ID-
| ; L . 1203.000  ABC-Satellite Music Network—urban o )
language programming, ID-"Radio Express ' contemporary, The Touch Newstalk 820
1391.200  Miami Dolphins NFL radio network/Occ audio 1202.800  ABC-Satellite Music Network—urban 1398.300  KRLD-AM (1080), Dallas, TX—talk radio, Texas
1390.600  Occ audio : Radio Network
1390400  Occ audio N e —golden oldies 1398.000  ABC Radio News (Standard) Occ audio
1389.700  Occ audio, data transmissions (burst) : format, Pure Gold 1397.800  KTRH-AM (740), Houston, TX—news/talk radio,
1389.500  Data transmissions (burst) _Gatoll : ; Houston Oiters NFL radio network
138,000 Onie o1 One St Rado NetwarkWINS-AM LS e el 1397500  Minnesota Talking Book Network
(1010), New York City, NY--news (occ audio)/ _Qatalli . 1397.300 WFBC-AM/FM (1330/93.7), Greenville, SC—
Florida A & M football 1201000 gy SR NSk gptmodern rock, newsftalk/oldies, Clemson University sports
1387.750  Data transmissions N " i flagship
1987500 KWKW-AM (1330, Los Angeles, CA—spanis 1ECEN g MRENTGCINGT—TRiaffI(R 1396.900  Spanish Information Servics (SIS) radio network
language programming, Spanish Information ¥ " . . (Spanish)
Service, ID-"Radio Lobo" s SR el i 1396.700  ABC Radio News (Standard), Tennessee Radio
1386.700  Michigan News Network/Central Michigan : Network plus other occ audio/Florida States
football Univ football
1386.500  WJR-AM (760), Detroit, MI—talk radio Galaxy 4 Transponder 1 (C-band 1396.400  Georgia Network News/Univ of Georgia football
1385.800 WMAQ-AM (670), Chicago, IL—news Y P B, ( ) 1396.200 WCNN-AM (680), Atlanta, GA—all sports talk
1385.100  For the People radio network 1444.450  Data transmissions radio
1384.800  KFMB-AM (760), San Diego, CA—news/talk 1443.800  Voice of Free China (ISWBC) 1396.000  WHUR-FM (96.3), Washington, DC—urban
radio 1443.600 WYFR, Oaklan.d,‘ CA "Family Raqlo Network” contemporary
1384200  KMPC-AM (710), Los Angeles, CA—sports talk (ISWBC)—eligious programming/talk 1395.800  ABC Radio News (Standard), Occ audio/Univ of
radio, L.A. Rams NFL radio network 1443.400  Voice of Free China (ISWBC) ) Kentucky football
1383.400  KFRC-AM (610), San Francisco, CA—adult 1438.300  WWRV-AM (1330), New York, NY—Spanish 1395.500  American Public Radio - Monitor Radio
standard religious programming/music, 1D-"Radio Vision programming
1383.200  KDKA-AM (1020}, Pittsburgh, PA—news/talk Chr]stlana de 1"18"1?0'0"3'" 1395.100  National Public Radio (Channel 12)
radio 1428.100  National Public Radio (NPR) feeds
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1394.600

1394.400
1394.000

1393.000
1392.600

1392.300
1392.000
1391.700
1391.400

1391.100
1388.900
1388.400

1388.100
1387.800
1387.500
1387.200
1396.800
1386.200

1385.800
1385.400
1385.000
1384.700
1384.300
1383.700
1383.400
1383.100
1382.900
1382.600
1382.300
1382.000
1381.800
1381.600
1381.400
1377.700
1377.400
1377.100
1376.800

1376.000

WHAS-AM (840}, Louisville, KY--adult
contemporary.Univ of Louisville football
National Public Radio (Channel 11)

National Public Radio (Channel 10), American
Public Radio carrying Monitor Radio
programming

Univ of Minnesota football

National Public Radio (Channel 9), American
Public Radio

National Public Radio (Channel 8)

Occ audio

National Public Radio (Channel 7)

Weak carrier of Cadena Radio Centro (CRC)—
probably a backhaul channel for CRC
Associated Press (AP) radio network—news
Data transmissions (burst)

KSJV-FM (91.5), Fresno, CA—spanish
programming, 1D - Radio Bilingue (network
serving stations in several western states)
National Pubtic Radio (Channel 6)

Data transmissions (constant)

National Public Radio (Channei 5)

National Public Radio (Channel 4)

Nationa! Public Radio feeds

KSJV-FM (91.5), Fresno, CA—spanish
programming, ID - Radio 8ilingue (network
serving stations in several western states)
National Public Radio (Channel 3) and occ U.S.
Naval Observatory Master Clock

U.S. Naval Observatory Master Clock and
National Public Radio (Channel 2)

National Public Radio feeds

National Public Radio (Channel 1)

KOA-AM (850), Denver, CO/KTLK-AM (760),
Denver, CO--newsftalk, Denver 8roncos NFL
radio network/Univ of Colorado football
Mutual Broadcasting Network/Independent
Network News (INN)

KRLD-AM (1080), Dallas, TX—talk radio, Texas
State News network

Mutual Broadcasting System and VSA Radio
Network—Ag news

Minnesota Radio Network/Minnesota Viking NFL
radio network/Univ of Minnesota football
Soldiers Radio Satellite (SRS) network—U.S.
Army information and music/Army football
Motor Racing Network (Occ audio)

Univ of Tennessee football/Occ audio
WHO-AM (1040), Des Moines, IA—talk radio/
Univ of lowa football

Alabama Radio Network

Occ audio/Baylor football

Minnesota Public Radio network

Data transmission (packet burst/tones)
In-Touch—reading service for blind

Alabama Information Network (Alanet)/Auburn
football

Kansas Audio Reader Network

Galaxy 4 Transponder 4 (C-band)

1387.500
1387.100
1385.100
1384.800
1381.800
1379.000

1378.800
1378.600
1378.100
1377.800

1377.500
1377.300

1376.000
1375.600

Dakota Sports network/Dakota News network
Mutual Broadcasting System

Mississippi Radio Network auxiliary channel
Mississippi Radio Network

Data transmissions

Louisiana Network/New Orleans Saints NFL
radio network/ Louisiana Tech football
WWL-AM (870), New Orleans, LA--talk radio/
Louisiana Network

Arkansas Radio Network/Univ of Arkansas
football

Data Transmissions

Bible Broadcasting Network—religious

Bible Broadcasting Network—religious
WWL-AM, New Orleans, LA—talk radio,
Louisiana Network/Tulane Univ football/S.W.
Louisiana football

Data Transmissions

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

Galaxy 4 Transponder 1 (Ku-band)

973.200 Data transmissions

971.100 Data transmissions

969.000 Data transmissions

968.400 Data transmissions

966.900 Data transmissions

959.700 Oldies music

959.500 Oidies music

959.200 Satellite Music Network, Real Country—country
and western music

959.000 Satellite Music Network, Real Country—country
and western music

958.800 Data transmissions

958.000 Data transmissions

957.900 Occ audio

957.700 Russian-American Radio Network—foreign
language audio service

957.500 Russian-American Radio Network—foreign

language audio service

Anik E1 Transponder 11 (C-band)

1246.000  Radio Canada International

1245500  Canadian Broadcasting Company (C8C) Radio -
Yukon service

1243.800  Data transmissions

Anik E1 Transponder 13 (C-band)

1206.000  Canadian Broadcasting Company (CBC) Radio -
southwestern Northwest Territories service
1205.500 Canadian Broadcasting Company (CBC) Radio -

southwestern Northwest Territories service -
Occ carrier

Anik E1 Transponder 14 (C-band)
1166.000

Canadian Broadcasting Company (C8C) Radio
eastern Northwest Territories service

Anik E1 Transponder 17 (C-band)

1126.000  Canadian Broadcasting Company (CBC) Radio -
northern Northwest Territories service
1125500  Canadian Broadcasting Company (CBC) Radio

Newtoundland/Labrador service

Anik E1 Transponder 19 (C-band)

1086.000 Canadian Broadcasting Company (CBC) Radio -
Quebec/Labrador service
1085.500  Canadian Broadcasting Company (CBC) Radio -

C8Q-FM (101.7), Thunder Bay, ON—fine arts/
variety

Anik E1 Transponder 21 (C-band)

1024.300
1019.000

Weather Conditions/Warnings
CKRW-AM (610), Whitehorse, Yukon
Territory—adult contemporary/oldies.

Note: This transponder also has 62 other carriers consisting
of data transmissions and 6 blank audio carriers.

$BS5 Transponder 2 (Ku-band)

1001.000  Wal-Mart In-store Network

1009.800  Sam’s Club Office Supplies In-store Network
1010.200  Sam’s Club In-store Network

1010.600  Wal-Mart In-store Network

RCA C5 Transponder 3 (C-band)

1404.800  RFD Radio Service
1404.600  Wyoming News Netwark/Univ of Wyoming
football

November-December 1994

1404.400  KNHN-AM (1340) Kansas City, KS—news/talk
radio, 1D - “CNN 1340 Voice of the Heartland"/
Kansas State football

1400.600  Brownfield Network plus other occ audio/
Indiana Univ football

1400.400  Brownfield Network plus other occ audio

1400.200  Occ audio

1400.000  Brownfield Radio Network plus other occ audio/
Purdue Univ football

1396.600  Kansas Information Network/Kansas Agnet/S.W.
Missouri State football

1396.400  Nebraska Ag Network/llinais Univ football/
Nebraske football

1396.200  KMOX-AM (1120}, St. Louis, MO—news/talk
radio, Missouri Network/Univ of Missouri
footbail

1395.700  WIBW-AM (580), Topeka, KS—news/talk radio,
Missouri NevKansas City Chiefs NFL radio
network/Univ of Missouri football

1390.000  Occ audio

1387.300  WPTF-AM (680), Raleigh, NC—news/talk radio

1387.100  KMOX-AM (1120), St. Louis, MO—news/talk
radio, Missouri Network (occ audio), Univ of
Missouri football

1386.900  Brownfield Network - Farm—Ag news/Kansas
football

1386.200  Radio lowa/lowa football

1384.600  North Carolina News Network and Capitol
Sports Network/Washington Redskins NFL radio
network

1384.400  Occ audio/Duke Univ football

1384.200  Occ audio/East Carolina football

1384.000  Occ audio

1383.600  Occ audio

1383.400  Occ audio/North Carolina State football

1382.900  Missouri Network/Univ of Missouri football

1382.600  North Carolina News Network

1382.300  Virginia News Network/Univ of Virginia football

1378.700  Radio Pennsylvania Network/Philadelphia Eagles
NFL radio network

1378500  Radio Pennsylvania Network/Washington
Redskins NFL radio network

1378.300  Radio Pennsylvania Network/Villanova football

1374600  National Association of Broadcasters (NAB)—

Occ audio and various sports radio network
broadcasts (Occ audio)

RCA C5 Transponder 9 (C-band)

1281.000  Armed Forces Radio and Television Service
(AFRTS) 2

1280.700  Armed Forces Radio and Television Service
(AFRTS) 1

RCA C5 Transponder 21 (C-band)

1045.000  Occ audio

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

1043.400  CNN Radio Network

1043.200  Unistar Radio—Today's Hits, Yesterday's
Favorites

1042.800  Unistar Radio—Original Hits

1042.600  Unistar Radio—Original Hits

1042.400  Unistar Radio—Good Times and Great Oldies

1042.200  Data Transmissions

1042.000  Unistar Radio—Good Times and Great Oldies

1041.800  CNN Radio Network

1034.400  Unistar Radio—Hits from 60s, 70s, 80s, and
Today

1034.200  Data transmissions

1034.000  Unistar Radio—Hits from 60s, 70s, 80s, and
Today

1033.200  Unistar Radio—Country/Western

1032.800  Data Transmissions

1032.400  Unistar Radio—Country/Western

1029.000  Occ audio
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a4

Spacenet 2

Satcom F2R

Galaxy 6 (G6)

Telstar 302

Spacenet 3

Galaxy 7 (G7)

Galaxy 3 (G3)

Telstar 401

Galaxy 4 (G4)

Spacenet 4

Anik A1

(52) 69 deg (F2) 72 deg 74 deg (T2) 85 deg (S3) 87 deg 91 deg 93.5 deg (T1) 97 deg 99 deg (54) 101 deg 107.3
| Exxxtasy (Adult) >
SC New York Data SCPC/FM2 (AP) | BBC Breakfast [V2+]/Movie Data Metro l}]
[V2+] Channel America W Transmissions services ‘ News/o/v L Greats SCPC services Transmissions (Fren
Network/VTC/o/v
EESAY on o VA Education Sat | ¢ FoloN SSRIEmBIrE (none) SCPC services Daia (non
(Spanish) [V2+] Network/on (NETV) (V2+] Transmissions
Madison Square J
USIA Worldnet Garden 2 WSBK Ind Boston Data Parmount Data Da
™v [V2+])/NHK SCRCISICES oy [V2+] Action PRV [V2+] Transmissions feeds/oNv SCRCEeqlces Transmissions Transmi|
teeds/on
Nebraska
Canal de Canales Data FOX news feeds Data CBC New
SUR (Spanish) o oy VESN/onv E“““;’:"&?}‘\‘;’)‘ Y EX{Eas) Transmissions | (occ Leitch] | SCPCS8MVICeS | ¢ cmissions [ETIR(E
NASA Contract NHK New York KTVT Ind Dallas Data
Channet [Leitch] [datniStreetiny feeds B0 st V2l (V24) FXiWast QRRIEurovideg oy Qo Transmisslons (Fren
Data Merchandise Univision feeds Barr’y“:'alreualn Data Buena Vista TV s ational RNBCSRRGICs Datj
¢ (Entertainment TV X\ {none) on Christian Angeles (PT24W)
Transmissions-G (MET) {SA MPEG-DVC] SHoppIor;:]NESN/ Transmissions feeds Network (Rel) V2l Transmi
Satellite City —
Data Data Best of NASA FOX feeds [occ Data Dat
Transmissions Skyvision o Homs Transmissions Select/on TV Asla [V2+] Leitch] L Transmissions Transmi
Shopping/on
Phoenix Las Vegas TV KDMOD-ABC oba
Data WPLG ABC Data Telemundo [GI
on on Grayhound Park Network PBS X i Seattle (PT24W)
Transmisslons Miami [V2+] Transmisstons [Leitchl/o/v [V2+l/on Digicipher] (V24)
Antenna Satellite R
! MuchMusic U.S. WPiX Ind New W FOX teeds [occ Data Da
Rl Uinid Sve {BMAC] [v2e] HBO 3 East V2el | "y tuza) % (v2+1/Satellite Leitch] % Transmissions Tran:m1
Market USA
WUSA CBS ESPN WABC-ABC New WFLD-Fox
Data Arab Network of Data q FOX feeds [occ Da
; Washington VESN/on on internatioan! [B York (PT24E) Chicago (PT24)
Transmissions-G v2e] America (ANA) Transmissions MAC] Leltch] (V24) v2e) Transmi
Home Shopping Estacion Keystone
£ Phlltlaz‘l?pma Club Spree Tran;):ltlasslons o Ciiiifeeds Montel! — I A?&:::;:i]s @ o Tranf:l‘;
(HSC) (Spanish rel)/on (Rel)
Unjversity KPIX-CBS San
- - o on put . T (YR W e twork-Or Gene | A8 Newsone o | Francisco cTv (
B : Scott (Rel) | (PT2aW) [V24]
— - —_— — ——
Data Ind Fllm SCPC/FM2 Video Catalog FDX feeds East Data
Transmissions UutdooriChannef Channel [V2+4] EEDAIZeT services oVIBIIAC] Channel (VCC) [occ Leitch) on Transmissions o
WRAL-CBS
Data WBZ NBC Boston | Cornerstons TV HBD 2 West FOX feeds West Data
Transmissions [v2+] WPCB-TV (Rel) [V2+) CNN [Leitch} Familynet o {occ Leitch] “"""“r"‘,g]n“) Transmissions N
The Cupld ol
Data NPS Preview Midwest Sports Network (Aduit) KTLA Ind Los VI [V2e] Video Catalog Prostar Sports orld Harvest TV Data M
Transmissions Channel Channet [V2+} v2+] Angeles [V2+] Channel (VCC) [BMAC] (Ret) Transmissions o
' Data VESN/oNv/TV CNN ESPN Exxxtasy Promo Data
SSN KBL [v2+] on Erotica (Adult) International (B MAC)/o/v International [B Channel/ABC CBS West [VC1] CTV (Gy
Transmissions R fLestci MAC] feeds/oN Transmissions
e Y N
Data Tokyo BS New All News FM2/WEFAX Shop at Home Data
Transmissions 9Y York feeds Channet [V2+4] services DubaiiTy, {SAH) ABCfeads/oy CBS East [vC1] Transmissions o
N.C. Open
American Ind. ABC feeds CBS feeds Data
(none) Network on oy 3ABH CBolleeds/ony [Leitch}/o/v {eUABG [(VC1l/o/v Transmissions —
feeds/ov
|
Data l NHK New York SSN Sportsouth Data TV Nort|
Transmissions ! feeds oy oy {V2+] R L Via TV Shopping N ERSIESSHLGL Transmissions Canada
Am;‘t;t(i“:o&rces NHK Tokyo . O dearing LajGadnalde Ay ABC feeds 3 Data Newfound
Television feeds/oy | V%S ‘["',';‘:’]‘ Fesd M""’“":‘S)“a"'s" on i oV on {Leitch) CBS East [VC1] g ERErRNT (N
Service [B MAC]
New England | ssNPro Am America’s
Cable News on o Clnemax 3Bt | sponts (Pass) BET Jazz Collectanies ~ FXLIZEIEYERY  Wemer =~ | Data V5 (F
(NECN) (V2e) Network (ACN) i !
Belmont Park WXIA-NBC
s Data ABC West Data
Newsport (V2+] Horse Racing (B on The Talk Channel onv Attanta (PT24E) 5DT]
MACI/o/v Transmissions [Leitch] (v2el Transmissions
;C New Engiand o Data Worship TV (Rel) Showtime 2 r::mNsHso";:s on Access ABC feeds Dstrich-Emu Data o
fv2s) Transmissions P [V2+) (HTS) l32+] America/on [Leitch] TV/RAl/oN Transmissions
= Pimlico Track World
SC New York CcBS Data
on Horse Racing VESN/onv (none) on Collectables on CTV (
Plus-oN [V2+] {Leitchl/o/v Network (WCN) ‘ Newspath/feeds | Transmissiosn
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Satellite Tramsponder Guide

By Robert Smathers

Solidaridad 1
(SD1) 109.2
deg

felesat A2 (E1) Morelos 2 (M2)

111 deg

Telstar 303
(¥3) 123 deg

Galaxy 5(G5) Satcom C3 (F3)

125 deg

131 deg

133 deg

Galaxy 1R (G1) Satcom C4 (F4) Satcom C1 (F1)
135 deg

137 deg

PPV o/v [V2+]

MPEG])

[Digital Audio)

(Spanish)

American Movie
tsdla Oisney East Family Channel | Comedy Central
ch) {fione) T i VAU (7 (v2+] West [V2+] West (V2+] c'ass:\‘fzif"'c’
" scre services ITREH TVN 2 PPy [v2e] | PIYDOY (Adult) | The Learning S IO BTl KUSA ABC
Network [Oak] V2+] Channel 3 [G) Digicipher} Denver [V2+]
(Spanish) [SA
MPEG]
SCPC services |  Data SCPC TVN 3 PPV [V24] Bro:t;icnal;yllnu Vieweris|GHulCEl N F o corelv) (o e eelERE Iy SRR MAIGES
ssions (Rel) PPV [V2+] [v2+] Denver [V2+]
ood
: (none) Data SCPC TUN G PPV [V2+] | SciFilvze | HIENMS West al de Litetime £251 | S¢ pacitic v2e)
0
treal Classic Arts Deutsche Welle KOVR Fox
n) XHIMT canal 7 Oata SCPC TVN § PPV [V2+4] CNN {V2+4] VISN/ACTS (Rel) STaNoace TV (German) Denver [V2+]
i, + =l
WDIV NBC WTBS Ind Atlanta Madison Square KMGH CBS
sions (BlEray Detroit [0aK] WIEHATER] v24] J CouRiI) ZRlislc Garden 1[V2+] | Oeaver [V2+]
1l S —— | —
. 'WGN Ind Chicago Disney West SSN Primeticket
Rions XEQ-TV canal 9 Data SCPC TUN 7 PPV [V24] V24 C SPAN1 V24] Bravo [V2+] [v24]
o (none) ing. TVN 8 PPV [V24] | HBO West [v2¢) | 3VE Fashion ca"’”’['\‘lg‘f]'“’“"‘ Prevue Guide NBC East
The Weather q Encore Analog
3 TVN 9 PPV/CVS Music Choice ESPN2 Blackout
o Network ESPN [V2+] B QVC Network  LUUITIER EENEEN
ssions (Engtish) V2+]) {digital audio] [V2+}/SAH in 1/as)
h Mexican ‘ Home Shopping America‘s Home Shopping
ssions Parliament Detroit [0 (none) MOR Music Club 2 Talking Club 1 SSN HSE [V2+]
b CBC-North Data Family Channel Prime Network |Eternal Word TV exaq |
Esions {none) Pacific feed Transmissions East [V2+] [V2+4] Network (Rel) The Box Network One ‘N1° |
Data B B [ Data Discovery West The History Nustar (Promo
v} Transmissions Detroit [0a Tr issi [v2+] Channel Callievison Channel) o I
e orld TVN PPV ofv The Weather Encore [G} Travel Channel I
1 {none) 02 V2+l/on CNBC V241 | crannel (v2s) Digicipher] v24) SC Chicago [V2+]
p—
New England
Oata : ESPN Blackout Cable Health KCNC NBC
Transmissions Detroit [0a o ESEN2([ved Spon[svr;i;work [V2+}/SAH Club Denver [V2+]
je -
SC
0 CBFT CBC Oata Showtime East Shop at Home | WWOR Ind New
ol HBO East [V2+] Ohio/Florida/Cinc
Digicip (French) T vV24] SAH/oN S (72 innati [V2+)
Data o) Cinemax West Turner Classic Request TV 1
joen) Transmissiosn S (Done) [v2+] MTV West [V2+] | o0 ies [v24) v2+] Newsport [V2+]
.= The New | SSNPrime |
{none) CBC feeds/o/v ?ﬁ:ﬁﬁi{f, TNT [v24] M”é’;:f;:f;l‘;"' inspirational | MTVEast [V2+] | Network Rocky
Network (Rel) Min [V2+]
" SSN Prime
CITV Ind Nickelodeon HBO Multiplex Viewer's Choice JUERILICRINTTS
P vee {aone) Edmonton {0ak] {fote) TNNitvZel ISTCR I (G) Digicipher) (Gl Digicipher] Midwest
[V2+)/STEP/o/v
frern Mullivision [GI Spice 2 PPV Showtime/MTV Cinemax East
Digicipher] e (Adutt) [vze] | USAEast[VZe) TS [v2+] CISEAZ EozNet
Splce/TVN 10
and TV CBMT CBC Jones Intercable Showtime West International
) {1one) ( ) W BET {GI Digicipher} (fenc) v24] Channel [V2+]
i i I , Prime Ticket
TVN PPV ov Comedy Central Oiscovery East
rnch) (none) SCPC services v2+) MEU East [V24] USA West [V2+] v24) Nglworks [GI
igicipher)
Caliente Jai T
Alai/Caliente BCTV CTV Nostalgia Movie Channel SSN PSNW
greyhound Vancouver [0ak] SCOLA CNN/HN [V24] Americana TV Channel West (V2+4] [V2+)/STEP/o/v
racing
CBC-North TVN PPV opv E! Entertainment Unid user KWGN Ind
(Hoas] Attantic feed (v2+}/orv ASEyZE] v [digital] GHUITN2 Denver [V2+]
=+
‘ Showtime/Movie  Digital Music
d) (none) ; [VILBrovie N/ TuN Channet [SA Express Radio UL AL CMT (V2+] SISO

v24)
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International Shortwave Broadcasters via Satellite

By Larry Van Hom
BST SERVICE/PROGRAM
WORLD RADIO NETWORK ONE SCHEDULE 0000 National Public Radio (NPR) Al Things Considered
North American Service Schedule 0130 NPR Rhythm Review (Mon-Fri & Sun)
NPR Piano Jazz (Sat)
Galaxy 5, Transponder 6 (WTBS), 3.820 GHz. 0230 Radio Netherlands - Hilversum
Vertical Polarization, Audio Subcarrier 6.80 MHz. 0330 NPR/BBC Topical Tape Features {(Mon-Fri)
NPR Living on Earth (Sat)
All broadcast are daily unless otherwise indicated. NPR Horizons (Sun)
0400 YLE Radio Finland - Helsinki
utc SERVICE/PROGRAM EDT/PDT 0430 Radio Vatican
0000 Radio Sweden - Stockholm 2000/1700 0500 Central Europe Today - Budapest (Mon-Fri)
0030 Kol Israel - The Voice of Israel 203071730 Radio Canada International (Sat & Sun)
0100 YLE Radio Finland - Helsinki 2100/1800 0530 BBC Europe Today (Mon-Sat)
0130 Radio Netherlands - Hilversum 2130/1830 Topical Tapes - International Call (Sun)
0230 Blue Danube Radio - Vienna 2230/1930 0600 NPR All Things Considered
0300 YLE Radio Finland - Helsinki 230072000 0800 Radio Australia - Melbourne
0330 Vatican Radio 233072030 0900 Radio Korea - Seoul
0400 Radio Canada International - Montreal 0000/2100 1000 Radio Moscow International (Mon-Fri)
0430 BBC Europe Today (Mon-Sat) 0030/2130 Topical Tapes - International Call (Sat)
BBC International Call (Sun) 0030/2130 Topical Tapes - Science Magazine (Sun)
0500 Deutsche Welle - Germany 0100/2200 1030 Radio Netherlands - Hilversum
0600 Radio Canada International - Montreal 020072300 1130 Kol Israel - The Voice of Israel
0630 Swiss Radio International - Berne 0230/2330 1200 NPR Morning Edition Part 1 (Mon-Fri)
0700 Radio Australia - Melbourne 0300/0000 NPR News Features (Sat & Sun)
0800 Radio Korea - Seoul 0400/0100 1300 NPR Morning Edition Part 2 (Mon-Fri)
0900 Radio Moscow International (Mon-Fri) 0500/0200 NPR Weekend Edition (Sat & Sun)
Topical Tapes-Intl Call (Sat) 0500/0200 1400 Radio France International - from Paris
BBC Science Magazine (Sun) 0500/0200 1500 YLE Radio Finland - Helsinki
0930 Radio Netherlands - Hilversum 0530/0230 1530 Radio Vlaaderen !International - Brussels
1030 Kol Israel - The Voice of Israel 0630/0330 1600 Radio Australia - Melbourne
1100 Radio Australia - Melbourne 070070400 1700 Blue Danube Radio - Vienna (Mon-Sat)
1200 Radio Telefis Eireann (RTE) - Dublin 0800/0500 United Nations Radio (Sun)
1300 Radio France International - Paris 0900/0600 1730 Radio Netherlands - Hilversum
1400 YLE Radio Finland - Helsinki 1000/0700 1830 Radio Telefis Eireann (RTE) - Irish news from Dublin (Mon-Fri)
1430 Radio Vlaanderen - Brussels Calling 1030/0730 Radio Telefis Eireann (RTE) - News & Sport from Dublin (Sat & Sun)
1500 ABC Radio Australia 1100/0800 1900 NPR Talk of the Nation Part 1 (Mon-Fri)
1600 Blue Danube Radio - Vienna (Mon-Sat) 1200/0900 C-SPAN Journal - Washington (Sat)
United Nations Radio (Sun) 1200/0900 NPR Living on Earth & Horizons (Sun)
1630 Radio Netherlands until 1655 UTC (Mon-Fri) 1230/0930 2000 NPR Talk of the Nation Part 2 (Mon-Fri)
Radio Netherlands until 1730 UTC (Sat & Sun) 1230/0930 NPR Afropop Worldwide (Sat)
1700 Radio France International (French) (Mon-Fri) 130071000 NPR Piano Jazz (Sun)
RTE - News at 1730 (Sat & Sun) 1300/1000 2100 Radio Sweden - Stockhoim
1800 Radio Australia - Melbourne 1400/1100 2130 BBC Europe Today (Mon-Fri & Sun)
1900 Kol Israel - The Voice of Israel 1500/1200 Topical Tapes - International Call (Sat)
1930 Radio Vlaanderen - Brussels Calling 1530/1230 2200 NPR All Things Considered
2000 Radio Sweden - Stockholm 1600/1300
2030 BBC Europe Today (Mon-Fri) 1630/1330 WRN One schedules are subject to change. European listeners should listen to
Topical Tapes - International Call (Sat) 1630/1330 WRN for details, on Astra 1B or turn to page 222 of MTV text. All programs in
BBC Europe Today (Sun) 1630/1330 English uniess otherwise noted.
2100 RTE - Both Sides Now (Mon-Fri) 1700/1400
Radio Telefis Eireann (RTE) (Sat & Sun) 1700/1400
2300 BBC Newsdesk - London 1900/1600 C-SPAN AUDIO SERVICES
2330 RTE - News from Dublin (Mon-Fri) 1930/1630 .
C-SPAN Audio 1
215 i m:xz f‘sﬁs)" ft(Sat 13282 ggg Satcom C3 (F3), Transponder 7 (C-SPAN 1), 3.840 GHz

European Service Schedule
Astra-1B, Transponder 22 (MTV Europe), 11.538 GHz
Vertical Polarization, Audio Subcarrier 7.38 MHz

All broadcast are daily unless otherwise indicated, time zone is British Standard
Time.
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Vertical Polarization, Audio Subcarrier 5.20 MHz

All broadcast are daily and taped unless otherwise indicated.

utC SERVICE/PROGRAM EDT/PDT
0000 Radio Havana Cuba(Live) 2000/1700
0100 Radio Japan (Live) 2100/1800
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0200 Classical Music 2200/1900
0300 Deutsche Welle - Germany (Live) 2300/2000
0400 China Radio International (Live) 0000/2100
0500 Classical Music 0100/2200
0530 Radio Austria International (Live) 0130/2230
0600 Voice of America (Live) 020072300
0700 Classical Music and schedule information

until 1030 except Thursday and

Friday 0800 - 0900 UTC 0300/2400
0800 Paris Rendezvous until 0900 UTC (Thu) 0400/0100

Israel Magazine until 0900 UTC (Fri) 0400/0100
1030 Radio Korea - Seoul (Live) 0630/0330
1100 Radio Japan - Tokyo (Live) 0700/0400
1200 Open House (Mon) (Live) 0800/0500

As It Happens - Canadian Broadcasting Corp

(Tue-Fri) (Live) 0800/0500

Classical Music (Sat & Sun) 0800/0500
1300 Classical Music and Schedule Information or

Historical Speeches Programs (Mon/Thu/Fri

until 1600 UTC, Tue-Wed until 1700 UTC 0900/0600

Paris Rendezvous, Sweden Today,

Israel Magazine (Sat until 1500 UTC) 0900/0600

Radio Canada International - Sunday Morning (Live)

(Sun until 1600 UTC) 0900/0600
1500 Classical Music (Sat until 1700 UTC) 1100/0800
1600 Weekly C-SPAN Radio Journal

(Mon until 1700 UTC) 1200/0900

Paris Rendzevous (Thu until 1700 UTC) 1200/0900

Israel Magazine (Fri until 1700 UTC) 1200/0900

Classical Music (Sun until 1700 UTC) 1200/0900
1700 Voice of America Worldwide English Service

until 0000 UTC (Live) 1300/1000

C-SPAN Audio 2

Satcom C3 (F3), Transponder 7 (C-SPAN 1), 3.840 GHz
Vertical Polarization, Audio Subcarrier 5.40 MHz

BBC World Service in English is broadcast continuously 24 hours a day on this
audio subcarrier.

DEUTSCHE WELLE

Satcom C4 (F4), Transponder 5 (Deutsche Welle TV), 3.800 GHz
Vertical Polarization

The following subcarriers carry Deutsche Welle programming and other foreign
language programming:

7.02 7.22 742 758 7.78 7.95 8.30 MHz

RADIO FRANCE INTERNATIONAL

Spacenet 2, Transponder 2 (GEMS TV), 3.740 GHz
Vertical Polarization, Audio Sub-Carrier 5.80 MHz

RFI broadcast can be heard in a variety of languages throughout a 24 hour period.

VOICE OF AMERICA (United States
Information Agency)

Voice of America transmits in a variety of languages on the following audio
subcarriers and satellites.

NTSC Baseband Subcarrier Freguencies

Primary Television Audio (USIA Worldnet)6.80 MHz

Channel 1 5.94 MHz

Channel2  6.12 MHz

Channel3  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

PAL 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

Satellites

Eutelsat Il F1, 13.3 degrees east, Transponder 27, 11.163 GHz, PAL system
Intelsat 510, 66.0 degrees east, Transponder 38, 4.1775 GHz, PAL system
intelsat 601, 27.5 degrees west, Transponder 14, 3.995 GHz, PAL system
Intelsat 601, 27.5 degrees west, Transponder 21, 3.742 GHz, PAL system
Spacenet 2, 69.0 degrees west, Transponder 2H, 3.760 GHz, NTSC system
Intetsat 508, 180 degrees west, Transponder 14, 3.974 GHz, PAL system

ARMED FORCES RADIO AND TELEVISION
SERVICE (AFRTS)

Spacenet 2, Transponder 20 (AFRTS), 4.100 GHz
Vertical Polarization, Audio Sub-carrier 7.41 MHz

AFRTS Radio Service can be heard on this transponder carrying a variety of radio
network news and sports programming for servicemen, their families overseas and
sailors aboard Navy ships.

WORLD HARVEST INTERNATIONAL RADIO,
WHRI-South Bend, Indiana

Galaxy 4, Transponder 15 (World Harvest TV Network), 4.000 GHz
Horizontal Polarization

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

7.46 and 7.55 MHz WHRI programming relayed to shortwave broadcast transmit-
ters in Indianapolis, Indiana for transmissions beamed to Europe and Americas.
7.64 MHz KHWR programming relayed to a shortwave broadcast transmitter in
Naahlehu, Hawaii for transmissions beamed to the Pacific and Asia.
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Amateur Satellite Frequency Guide

The Radio Amateur Satellite Corp.

Satellite

OSCAR 13
(AO-13)
(Note 1)

OSCAR 10
(A0-10)
(Note 2)

RS 10/11
(Notes 3,)

48&5

RS-1213
(Notes 3, )
6&7

UoSat 11
(UO-1ly

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

DOVE
(D0-17)
(Notes 10
&12)

WEBERSAT
(W0-18)
(Note 12)

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

JAS-Ib
(FO-20)
(Note 12)

48 SATELLITE TIMES

Mode

B (u/V)

Bens

S (u/Ss)

Ben

B (uV)

Ben

A (vIA)

Ben

K (h/A)

Ben

Bens

(a]

[b.c]

(a]

(a]

JA
Linear
Ben

JD [a]
Dgtl

Frequencies

Dn 145{.828 8|38 8‘48 858 868 8718 8!88 8|98 908 918 9‘28 938 948 9?8 968 14?.978
Up 435570 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
Up  435.601 610 620 630  435.637
2400.650
Dn 145.825 835 8!45 8?5 865 875 8185 895 905 91‘5 9125 935 945 9155 965 145.975

| l | 1 i l l l ] ]
Up 435179 169 159 149 139 129 119 109 099 089 079 069 059 049 039 435029
145.910
Dn 29.360 370 380 390 29.400 29.403

. 4 ! ; . Robot ——
Up 145.860 870 880 890  145.900 145.820
29.357
Dn 29.410 420 430 440 29.450 29.454

’ + ' Robot I

Up 21.210 220 230 240 21.250 21.129
29.408
Dn 145.826 435.025 2401.500
Up  None
Dn  437.025 (Sec) 437.050
Up 145.900 145.920 145.940 145.960
Dn 145.825 2401.220 ot
Up None
Dn  437.075 437.100 (Sec)
Up  None
Dn 437.125 437.150 (Sec)
Up 145.840 145.860 145.880 145.900
Dn 4351.800 8.10 8?0 830 840 8§0 8160 870 8§0 890  435.900
Up 146.000 990 980 970 960 950 940 930 920 910 145.900
435.795
Dn 435.910
Up 145.850 145.890 145.910
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Amateur Satellite Frequency Guide

CUIDE

The Radio Amateur Satellite Corp.

Satellite ~ Mode

OSCAR 21 B (wV)
(RS-14) Linear
Trans. #1
Dgtl
(Notes 11
&12)
Bens
Trans. #2 B (uV)
Bens
OSCAR 22 [c)
(U0-22)
KITSAT A [c]
(K0-23)
KITSAT B [c]
(KO-25)
: (ac)
(10-26)
EYESAT [ba)
(AMRAD
(AD-27)
POSAT [c)
(P0-28)
(Note 13)
(b]
ARSENE
(Note 14)

Dn

Frequencies

145.852 860 870 880 890
Il ] ! J_

990 9'10

920 930 145.932
1 - ] !

Up
Dn

+~

435.102 094 084 074 064

054 044

034

024  435.022

145.983

Up

435.016 435.155 435.193

145.819

Dn

145|.866 8170 8[80 890 900

435.041

145.952

910 9?0

145.983
9?0 940 1451.946

Up

145.800

Dn

435.123 119 109 099 089

145.838  145.948

435.120

Up

Dn

145.900 145.975

435.173

Up

Dn

145.850 145.900

435.175 436.500

Up

Dn

145.870 145.980

435.820 (Sec.)  435.867

Up

Dn
Up

Dn

145.875 145900 145925 145.950

436.800
145.850

435.250 435.280

Up

Up & Dn
& FM voice

145.925 145.975

145.550

T T

079 069

059

049  435.043

NOTES

1

AD-13 carries a 70 cm trammitter for Modes J and L. However, this
transmitter failed in mid-1993 and has been inoperative singe.

The AQ-10 beacon Is an unmodulated carrier. This satellite has suffered
computer darage making it impossible to orient the satellite for optimum
service or solar illumination. In order to preserve it as long an possible, do
not transmit to it when you hear the beacon FMing.

RS-10/11 and RS-12/13 are each mounted on common spaceframes, along
with comunication and navagation packages.

RS-10 has been in Mods A for some months, but also has capabtiity for Mode
T (21.160-21.200 Uplink, 145.860-145.900 Downlink), Mode K (21.160-
21.200 Uplink, 29.360-29.400 Downlink) as well as combined Modes K/A and
K/T using these same frequency combinations.

RS-11 is currently turned off. If activated, It has capability for Mods A
(145.910-145.950 Uplink, 29.410-29.450 Downink), Mode 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 combinations,

RS-12 has been in Mode K for some months, but also has capability for Mode
A (145,910-145.950 Uplink, 29.410-29.450 Downlink), Mode T (21.210-
21.250 Uplink, 145.910-145.950 Downlink) an well as combined Modes K/A
and K/T using these same frequency combinations.

RS-13 is 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
Uplink, 29.460-29.500 Downlink), Mode T {21.210-21.250 Uplink, 145,960~
146.000 Downlink) as well as combined Modes K/A and K/T using these
same frequency combinations

Transmitters on both AO-16 & LU-19 are currently using Raised Cosing
Mode,

AO-16 users are encouraged to select 145.900, 145.920 and 145,940 for
uploading and 145.960 for directory and/or file requests.

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.

The AO-21 RUDAX supports a number of digital modes. Recently, it has been
used in a “bent pipe” DSP experiment which permits conventional FM signals
to be processed and retransmitted as conventional FM signals. This provides
a single channe! “repeater-like” capability. This Mode is periodically
interrupted for telemetry and other digital transmissions, somtimes including
digitized voice.

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)

. P0-28 Is available to amateurs on an intermittent, unscheduled basis

. Arsene has experienced failures of both 2 meter and S Band downlinks
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ATELLITE SERVICES

Ku-band Satellite Tremsponder Services Guide

By Robert Smathers

Spacenet 2 (S2) 69 deg
21 11900 TV ASAHI[Leitch]
22 11980  Occasional video

SBS 2 (SBS2) 71 deg (Inclined Orbit)
(Occasional video on all transponders)

SBS 3 (SBS3) 74 deg (Inclined Orbit)
(Occasional video on all transponders)

SBS 4 (SBS4) 77 deg (Inclined orbit)
(Occasional video on alf transponders)

Satcom K2 (Kzg 81 deg
117, NBC-East

2 1758 5 Data Transmissions

3 11788  NBC-Pacific (Spot Beamed
to West Coast)

4 118175 Cyclesat

5 11847  NBC-Contract Channel

6 11876.5 Occasional video

7 11906  NBC-Contract Channel

8 119355 North American Chinese TV
Network [Oak]

9 11965  NBC-Mountain

10 119945 (none

11 12024  NBC-Contract Channel

12 12053.5 FM2 Services

13 12083  NBC-NBC NewsChannel

14 121125 Occasional video

15 12142  NBC-Contract Channel

16 12171.5 (none)

Satcom K1 (K1) 85deg

1 172 (none)

11758 5 Primestar DBS [Digicipher

3 11788  Primestar DBS |Digicipher

4 11817.5 Primestar DBS {Digicipher

5 11847  Primestar DBS [Digicipher

6 11876.5 Primestar DBS [Digicipher

7 11906  Primestar DBS [Digicipher

8 119355 Primestar DBS {Digicipher

9 11965  Primestar DBS [Digicipher

10 119945 Primestar DBS [Digicipher

11 12024  Primestar DBS [Digicipher

12 12053.5 Primestar DBS |Digicipher

13 12083  Primestar DBS [Digicipher

14 121125 (none)

15 12142 rimestar DBS Digicipherl

16 12171.5 Primestar DBS [Digicipher|

Spacenet 3R (S3) 87deg

117 (none)

20 11820 none

21 11900 none

22 11980 none)

23 12060  Oregon Educational Network
(West Spot Beam)

24 12140  NYNET #SUNYEEd Net/NY
Lottery feeds (East Spot
Beam)

Galaxy 7 (K7) 91 deg

1 Occasional video

2 11750 none)

3 11750 ompressed Video

4 11780  Occasional video

5 11810 none

6 11810 none

7 11840  FIL SAT - Philipino
programming

8 11870 none)

9 11870 none)

10 11900 ccasional video

11 11930  Occasional video

12 11930  Asian American TV Network

13 11960  Occasional video

14 11990  Occasional video

15 11990  The Asian Network (TAN)/
Occasional video

16 12020  (none)

17 12050  Westcott Communications/
FETN/ASTN [B-MAC}/ANTN

18 12050  Occasional video

19 12080  Occasional video

20 12110  (none)
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21
22

23
24

12110
12140

12170
12170

(none)

BBC 9PM News (PAL)/
Occasional video
(none)

(none)

GSTAR 3 (GST3)93 deg (Inclined Orbit)

N —

11791
11852
11913
11974
12035
12096
12157
11744
11805
11866
11927
11988
12049
12110
12171

SCPC Transmissions
(none)
Occasional video
Occasional video
Data Transmissions
(none)
1D Channel
(none)
Data Transmissions
(none
(none

none)

ata Transmissions
(none)
1D Channet
(none)

SBS 6 (SBSS) 95 deg

- © @~ DN EBWN =

19

Telstar 401 (T401

2
3

N

©© o ~N owv;

Gala
1

11717
11749.5
11774
11798.5
11823
11847.5

11872
11896.5

11921
11945.5

11963
11994.5
12019
12043.5

12075
12092.5

12110
121415

12174

Occasional video
SCPC Transmissions
Occasional video
Occasional video
Occasional video
Comsat Video Enterprises [B-
MAC] (half-transponders)
Occasional video
Comsat Video Enterprises [B-
MAC] (half-transponders)
(none})
Comsat Video Enterprises [B-
MAC] éhalf-transponders)
CONUS Communications
(half-transponders)
CONUS Communications
(half-transponders)
CONUS Communications
half-transponders)
ONUS Communications
glalf transponders)
ccasional video
Massachusetts Educational
Network/Occasional video
Occasional video
Comsat Video Enterprises [B-
MAC] (half-transponders)
Occasional video

97 deg

SCPC Transmissions

11743 National Tech University
(Digital Video)

11790 %t;uth Carolina Educational

11798  ABC Affiliate and Network
feeds (half-transponders)

11845  PBS [Digicipher)

11855  SERC/PBS Regionais/
Stations (half-transponders)

11902  PBS Educational Services
(half-transponders)

11915  PBS Stations/Regionals and
Backhauls

11957.5 PBS Digital Video/SCOLA
[Digicipher} and VSATs

11980.75 Louisiana Public TV feeds
[Digicipher]

12040  Occasional video (half-
transponders common)

12046  (none

12095  (none

12108  Georgia Public TV (half-
transponders)

12147  ABC Affiliate and Network
feeds (half-transponders)

12167  ABC Affiliate and Network
feeds (half-transponders)

4 (K4) 99 deg
11720 SCPC Services

November-December 1994

11750
11750
11780
11810
11810
11840

11870
11870
11900
11930

12 11930
13 11960

14 11990
15 11990
16 12020
17 12050

18 12050
19 12080
20 12110
21 12110
22 12140
23 12170

— - D O NODNBWN

—_

Oata Transmissions

FM2 Services/MUZAK
FM2 Services

(none)

(none)

National Weather Networks/
Occasional video
Occasional video
Occasional video
Occasional video
Occasional video (half-
transponders common)
Channel One/Occasional
video

WMNB (Russian)/Occasional
video

Occasional video
Occasional video

FM2 Services

CBS Newsnet and Affiliate
feeds (half-transponders)
Occasional video
Occasional video

(none)

Occasional video
Occasional video

CBS Newsnet and Affifiate
feeds (half-transponders)

Spac1enet 4(S4) 101 deg

740 (none)}
20 11820  Occasional video
21 11900  (none)
22 11980  Occasional video
23 12060  (none)
24 12140 ccasional video

GSTAR 1 (GST1)103 deg

2 11791
3 11852

4 11913
5 11974
6 12035
7 12096
8 12157
9 11744
10 118056
11 11866
12 11927
13 11988
14 12049
15 12110
16 12171

Data Transmissions
(none)

Occasional video/[BMAC
Service]

(none!
Data Transmission

(none}

Healthcare Satellite [B-MAC]/
Video Compression

(none
Data
(none)
Occasional video
(none)
Occasional video
none

none

none

ransmissions

GSTAR 4 (GST4) 105 deg

2 11791
3 11852

11913
11974

4
5

6 12035
7 12096
8 12157
9 11744
10 11805
11 11866
12 11927
13 11988
14 12049
15 12110
16 12171

Data Transmissions
Data Transmissions
CNN Newsource (Primary)
Leitch]/some feeds in clear

ccasional video
Sears Teleconference
Network [BMAC]
Occasional video
CNN feeds/Occasional video
Occasional video
Data Transmissions

none)

ccasional video
Occasional video
Occasional video

none)

NN Newsource (Secondary)
(none)

Anik E2 (A1) 107.3 deg
(Data transmissions have been noted on four

5 11839
6 11865

transponders, all others have
no activity except as noted
below)

Occasional video
Occassional video
(Continental Beam})

Solidaridad 1 SD1 109.2 deg
(No video has been seen on any Ku

transponder)
Anik E1 E1 111 deg
1 Oata Transmissions
2 1 1 743 Telesat Services
3 11778  Partial Channel Services
4 11804  Partial Channel Services
5 11839  CBC Newsworld feeds
6 11865  NovaNet FM2 Services
7 11900  Video Compression Services
8 11926  Digital Video Services
9 11961  Alberta Access
10 11987  CBC Parliamentary Channel
11 12022  The Family Channel [Oak])
12 12048  CBC Newsworld
13 12083  MuchMusic
14 12109  SuperChannel [Oak)
15 12144  Knowledge Network
16 12170  Saskatchewan Cable
Network
17 11730 (none
18 11756  (none
19 11791 (none}
20 11817  (none)
21 11852  Radio Quebec
22 11878  Quatre Saisons
23 11913  Canal Famille (V2+)
24 11939  Musigue Plus
25 11974  LaChaine
26 12000 TV Ontario (English)
27 12035  Super Ecran (V2+)
28 12061  Ontario Legislature
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 deg (Inclined Orbit)
(This sateflite rarely has video transmis-
sions)

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

SBS 5 (SBS5) 123 deg

1 11725  Occasional video

2 11780  SCPC Services

3 11823  (none

4 11872  (none

5 11921 none

6 11970 ata Transmissions

7 12019  Occasional video

8 12068  Occasional video

9 12117  Occasional video

10 12166 1D Channel/MegaBingo/
Occasional video

11 11748  Data Transmissions

12 11898  Occasional video

13 11994  Occasional video

14 12141  Cal State Chico/Occasional

video

GSTAR 2 (GSTZ) 125 deg
Data Transmissions

2 11791 Data Tranmissions

3 11852  Data Transmissions

4 11913 Occasional video

5 11974  SCPC Transmission

6 12035  CNN International [Leitch)

7 12096  Occasional video

8 12157  (none

9 11744  Data Transmissions

10 11805  Bluffs Run Greyhound
racing/Occasional video

11 11866  Data Tranmissions

12 11927  Occasional video

13 11988 (nonez

14 12049  CNN Airport Channel

15 12110  Occasional video

16 12171 Occasional video/CourtTV
backhauls (haif-
transponders)




TRVICES GUIDE

Amateur cond Wedather Satellite Two Line Orbital Element Sets

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

OSCAR 10
114129U 830588 94254.05030619 -.00000192 00000-0 10000-3 0 3080
214129 26.8972 308.5366 6028238 209.9975 94.5175 2.05881264 56585

Epoch
Year  Epoch Day Period

l1c'l’]°g #|Iotl. Desig. J- Fraction Decay Rate J Not used
1 1412901 830588 |9 254.05030619‘- 000019 /00000-0 100000-30  3080!

6028238

< S >

209.9975

- > e

2 14129J ]-26.8972\ 308.5361 94.5175 \2.05881261 F6585

Mean Motion
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 RADIO SATELLITES

OSCAR 10 (A0-10)

1 141290 830588 94254.05030619 -.00000192 00000-0 10000-3 0 3080
214129 26.8972 308.5366 6028238 209.9975 94.5175 2.05881264 56585
UOSAT 2 (UO-11 or UOSAT 11)

114781U 84021B 94259.55664486 .00000118 00000-0 27826-4 0 7312
214781 97.7853 270.0022 0011805 343.5640 16.5180 14.69245619563726
COSMOS 1861 (Carries RS-10/11 or Radio Sputnik 10/11)

1 18129U 87054A 94259.06060329 .00000027 00000-0 13079-4 0 9577
218129 82.9205 261.6689 0012780 126.3312 233.9016 13.72341388362378
OSCAR 13 (A0-13)

119216U 88051B 94255.03141595 -.00000341 00000-0 10000-4 0 9639
219216 57.7390 231.5483 7231710 350.0805 0.9547 2.09725791 16330
0SCAR 14 (UO-14)

120437U 90005B 94260.24520782 .00000021 00000-0 25048-40 314
220437 98.5872 343.7577 0010412 283.6457 76.3562 14.29855283242741
OSCAR 16 (AO-16 or PACSAT)

120439U 90005D 94261.20697721 .00000006 00000-0 19484-4 0 8296
220439 98.5961 346.0402 0010748 281.6298 78.3679 14.29909137242893
OSCAR 17 (DO-17 or Dove)

1204400 90005E 94260.73242676 .00000023 00000-0 25767-4 0 8302
220440 98.5967 345.9264 0010797 282.1116 77.8842 14.30049101242843
OSCAR 18 (W0-18 or Webersat)

120441U 90005F 94260.77940046 .00000008 00000-0 20293-4 0 8327
220441 98.5964 345.9670 0011387 282.6574 77.3334 14.30022831242854
OSCAR 19 (LO-19 or Lusat)

120442U 90005G 94261.24106417 .00000014 00000-0 22526-4 0 8280
220442 98.5972 346.7038 0011669 280.6449 79.3421 14.30120276242933
JAS 1-B (FO-20 or Fuji Oscar 20)

120480U 90013C 94261.38526384 -.00000024 00000-0 11456-4 0 7264
220480 99.0514 35.6582 0541300 128.3652 236.7383 12.83227663216082
INFORMTR-1 (OSCAR 21, A0-21 or RS-14)

121087U 91006A 94260.98935951 .00000094 00000-0 82657-4 0 5131
221087 82.9371 74.0296 0034792 183.1054 176.9892 13.74544644182336
COSMOS 2123 (RS-12/13 or Radio Sputnik 12/13)

121089V 91007A 94261.15456134 .00000038 00000-0 24598-4 0 7304
221089 82.9220 302.5081 0028116 207.6788 152.2863 13.74046397181416
UOSAT-F (U0-22 or Oscar 22)

121575U 91050B 94260.74803762 .00000001 00000-0 14773-4 0 5345
221575 98.4283 333.3428 0008359 19.5123 340.6381 14.36931313166370
KITSAT A (K0-23)

122077V 920528 94260.60791282 -.00000037 00000-0 10000-3 0 4273
222077 66.0822 86.4803 0015420 264.9756 94.9498 12.86287179 98678
ARSENE

1226540 930318  94262.03583661 -.00000123 00000-0 00000+0 0 2809
222654 2.0483 94.8577 2912797 191.9219 161.1305 1.42202795 2536
EYESAT 1 (A0-27)

122825U 93061C  94261.24026932 -.00000005 00000-0 15790-4 0 3275
222825 98.6472 336.0840 0008396 304.1084 55.9297 14.27634336 50963
ITAMSAT A (10-26)

122826U 93061D 94260.72390188 .00000004 00000-0 19414-4 0 3258

Inclination |

E ricity| | Argument Mean
al

Catal
AR of Perigee Anomaly

Right Asc.
of Node

222826 98.6476 335.6251 0008768 305.0158 55.0188 14.27739247 50893
POSAT 1 (P0-28)

122829U 93061G 9426170111181 - 00000006 00000-0 15528-4 0 3192
222829 98.6438 336.6264 0009543 287.0663 72.9463 14.28040464 51040
KITSAT B (KO-25)

122830U 93061H 94261.20397519 00000014 00000-0 22905-4 0 3320
222830 98.5472 332.3546 0010765 265.5648 94.4296 14.28063452 50973

WEATHER SATELLITES

GOES 2

110061U 77048A 94260.35497615 .00000056 00000-0 00000+00 4125
210061 11.3663 44.6035 0003347 48.4783 255.3119 1.00263821 8033
METEQSAT 2

1125440 81057A 94253.98803825 -.00000120 00000-0 10000-3 0 7832
212544 69164 57.5984 0028978 74.8703 320.5764 0.98723667 9346
GOES 6

114050U 83041A 94258.39095117 .00000027 00000-0 10000-3 0 2715
214050 5.8011 60.0089 0004114 4.4268 302.0081 1.00239075 13683
NOAA 9

115427V 84123A 94263.01527987 .00000087 00000-0 70556-4 0 9598
215427 99.0385 314.5670 0014840 314.8507 45.1457 14.13643521503651
NOAA 10

116969U 86073A 94263.02515500 .00000029 00000-0 30645-4 0 8562
216969 98.5109 269.1403 0014208 54.2218 306.0280 14.24905526416005
GOES7

117561U 87022A 94262.92727716 -.00000064 00000-0 10000-30 214
217561 1.7549 74.7860 0003587 6.7953 138.3676 1.00275887 10927
METEQSAT 3

119215U 88051A 94262.90075196 -.00000274 00000-0 10000-3 0 9954
219215 1.9358 71.7317 0000525 145.3712 31.4602 1.00274198 10860
METEOR 3-2

119336U 88064A 94262.97609623 .00000051 00000-0 10000-30 3267
219336 82.5351 256.6002 0019486 28.5740 331.6422 13.16968727295730
NOAA 11

119531U 88089A 94262.95645693 .00000057 00000-0 55597-40 7773
219531 99.1814 254.2289 0011081 225.9536 134.0727 14.13016606308528
METEOSAT 4

119876U 89020B 94254.64862269 -.00000092 00000-0 10000-3 0 646
219876 0.6234 66.6103 0001544 80.0363 69.1286 1.00273730 223
GMS-4

120217U 89070A 94252.78998623 -.00000304 00000-0 10000-30 768
220217 0.4234 73.9969 0000796 43.0049 295.7048 1.00260882 18946
METEOR 3-3

120305U 89086A 94263.03587926 .00000044 00000-0 10000-3 0 1483
220305 82.5526 204.3932 0008185 54.8090 305.3739 13.04413649235264
METEOR 2-20

120826U 90086A 94262.53810013 .00000035 00000-0 17796-4 0 8389
220826 82.5206 70.9087 0013824 138.2251 221.9964 13.83589113200809
MOP-2

121140U 910158  94259.64119213 -.00000031 00000-0 00000+0 0 7903
221140 0.2230 347.6471 0003154 193.4178 45.5836 1.00277521 7963
METEOR 3-4

121232U 91030A 94260.58744253 .00000050 00000-0 10000-3 0 7360
221232 82.5399 104.2812 0012941 320.4884 39.5272 13.16464714163513
NOAA 12

121263U 91032A 94263.01484327 00000076 00000-0 53443-4 0 1855
221263 98.6104 288.6774 0012755 326.3804 33.6561 14.22448320173984
METEOR 3-5

1216550 91056A 94259.46092658 .00000051 00000-0 10000-30 7414
221655 82.5470 52.2714 0013254 334.4993 25.5475 13.16833816148470
METEOR 2-21

122782U 93055A 94260.60958337 .00000017 00000-0 22009-50 3377
222782 82.5444 133.2096 0023099 331.1116 28.8772 13.83014568 52867
METEOR 3

122969V 94003A 94260.25680870 .00000051 00000-0 10000-3 0 1016
222969 82.5622 351.2943 0016548 38.3204 321.9062 13.16724165 30963
GOES 8

123051V 94022A 94262.13484399 -.00000204 00000-0 00000+00 1811
223051 0.2502 265.8464 0003200 314.3284 95.9962 1.00266921 1230

Information and updated two line orbital element sets for amateur, weather, TVRO and
other satellites are also available on-line on several bulletin board systems worldwide or
directly from NASA’'s Goddard Space Flight Center via Internet Telnet at the following
address: 0ig1.gsfc.nasa.gov.
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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 July, August, and September
1994. The format of the listing is as follows:

Firstline: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 apo-
gee. Insome cases where asatellite hasmanoeuvred, 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 mass indicates that the mass has been estimated, and 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 8. Clark and published by Molniya Space
Consultancy, 30 Sonia Gardens, Heston Middx TW5 OLZ United
Kingdom

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Jul 1/1225 1994-036A Soyuz TM-19 7,150 kg*
1994 Jul 1.57 51.62 deg 88.46 min 190 km 207 km
1994 Jul 3.70 51.65 deg 92.52 min 396 km 400 km

Two manned spacecraft, carrying Yuri I Malenchenko (com-
mander) and

Talgat A Musabayev (flight engineer) to the Mir Complex:
Musabayev is a Kazakh cosmonaut. Docked with the Mir Complex
1994 Jul 3.58 (1355 UTC). Cosmonauts are scheduled to remain
in orbit (with V'V Polyakov launched
aboard Soyuz TM-18) until November 1994. Third stage (Block I)
of Soyuz launch vehicle in an orbit similar to the first one quoted
above. Launched from Tyuratam.

1994 Jul 3/0800 1994-037A FSW 2-2 2,600 kg*
1994 Jul 3.56 62.95 deg 89.67 min 174 km 343 km
1994 Jul 9.16 62.96 deg 89.60 min 173 km 337 km

Second tlight of second generation Fanhui Shi Weixing (“Re-
coverable Test Satellite™) satellite, launched for remote sensing
and microgravity experiments, the latter involving plants (white
lotus, rice, watermelon and sesame seeds) and animals. The re-
entrv module was recovered 1994 Jul 18.15 (0335 UTC(), after
which time the designator 1994-037A was uansferred to the
equipment module which remained in orbit. Second stage of CZ-
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2D launch vehicle in an orbit similar to the first one noted above.
Launched from Shuang Cheng Tzu.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Jul 6/2359 1994-038A Cosmos 2282 3,000kg*
1994 Jul 12.86 2.28 deg 1,44290 min 35,756 km 36,083 km
1994 Jul 22.93 2.29 deg 1,435.96 min  35,755km 35813 km

Second generation early warning satellite in the Prognoz
series, stationed over 335 deg east. Should remain operational for
about 5years. Third stage of the ’roton-4 launch vehicle left in the
following orbit: 51.65 deg, 88.28 min, 186-193 km. Fourth stage
(Block DM-2) is in an orbit similar to the first one listed above for
the satellite. Launched from Tyuratam.

1994 Jul 8/1643 1994-039A Columbia (STS-65) 103,710 kg
1994 Jul 8.75 28.45 deg 90.55 min 300 km 304 km
1994 Jul 22.56 28.47 deg 89.39 min 241 km 249 km

Carried seven astronauts on IML-2 mission (International
Microgravity Lab): Robert D Cabana (commander), James D
Haisell (pilot), Richard ] Hieb (payload commander, mission
specialist, MS-1), Carl E Walz (MS-2),

Leroy Chiao (MS-3), Donald A Thomas (MS4) and Chiaki
Naito-Mukai (payload specialist, first Japanese woman in space).
Mass of IML-2 was 9,610 kg (remained in orbiter’s payload bay).
Mass quoted above is that projected for landing which took place
Jul23a1 1038 UTC. Launched from and landed at Kennedy Space
Center.

1994 Jul 8/2305 1994-040A PANAMSAT 2 2,920 kg
1994 Jul 14.87 0.05 deg 1436.39min  35648km 35937 km
1994 Jul 8/2305 1994-0408 BS-3N 1,210 kg
1994 Jul 30.86 0.19 deg 1,436.20 min 35,777 km 35,800 km

PANAMSAT 2 is « communications and video satellite, built by
Hughes and operated by PanAmSat in Greenwich, Connecticut
(USA). Mass given above is at launch. The nominal lifetime is 15
years. Initially located over 195 deg east, but to be operated over
191 deg east.

BS 3N isa direct broadcasting satellite, built by Martin Marietta
Astro Space and operated by MM Astro Space for Nippon Hoso
Kyokai and Japan Broadcasting Inc, Tokyo. Mass given above is at
launch: on station it is 699 kg and the dry mass is 575 kg, location
is 110 deg east. Nominal lifetime is 7 vears.

Third stage of Ariane 44L.launch vehicle leftin the following orbit:
7.49 deg, 653.34 min, 364-36,762 km. Launched from Kourou.

1994 Jul 14/0513
1994 Jul 16.90

1994-041A Nadezhda 4
82.95 deg 104.68 min 954 km

825kg”
1,005 km




Civilian navigation satellite, incorporating COSPAS-SARSAT
search and rescue transponders, co-planar with Nadezhda 2.
Operational lifetime is expected to be about 4 years. Second stage
of the Intermediate Cosmos launch vehicle is in an orbitsimilar to
the satellite. Launched from

Plesetsk.

Launch Date/Time int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Jul 20.73 1994-042A Cosmos 2283 6,500 kg™
1994 Jul 20.85 67.11 deg 89.50 min 169 km 330 km

Yantar fourth generation, close look photoreconnaissance
satellite, expected to remain in orbit for about two months.
Satellite should release data return capsules during its mission,
with the main re-reentry module returning to Earth after 60-65
days. Third stage of Soyuz launch vehicle was in an orbit similar to
the one listed above. Launched from Plesetsk. Launch time
quoted above is in decimals of a day in the absence of an official
figure.

1994 Jul 21/1031
1994 Jul 28.19

1994-043A
0.05 deg

APSTAR 1
1,436.00 min 35,651 km

1,383 kg
5,919 km

APSTAR 1 is a Hughes HS-376 satellite bus, launched for the
APT Satellite Company Ltd of Hong Kong for communications.
Mass quoted above is at launch: design lifetime is 12 years. Initially
located over 137 deg east, but to be operated over 131 deg east.
Third stage of Chinese CZ-3 launch vehicle wasleftin the following
orbit: 25.92 deg, 771.34 minutes, 529-42,436 km. Launched from
Xi Chang.

1994 Jul 29.40 1994-044A Cosmos 2284 6,500 kg™
1994 Jul 29.45 70.34 deg 88.19 min 195 km 274 km
1994 Jul 30.20 70.38 deg 89.41 min 214 km 277 km

Cometa fourth generation topographic and mapping
photoreconnaissance satellite, expected to remain in orbit for 40-
45 days with the main re-reentry module returning to Earth. Third
stage of Soyuz Jaunch vehicle left in an orbit similar to the first one
listed for the satellite. Launched from Tyuratam. Launch time
quoted above is in decimals of a day in the absence of an official
figure.

1994-045A
74.03 deg

1994 Aug 2/2000
1994 Aug 2.89

Cosmos 2285
104.98 min 974 km

825 kg*
1,013 km

Satellite launched into an orbit typical of the original Parus
navigation satellites, except that the orbital inclination of 74 deg
has not been used for the series since the early 1970s. Purpose of
this flight is therefore unknown. Second stage of Intermediate
Cosmos launch vehicle in asimilar orbit to the satellite. Launched
from Plesetsk.

1994-046A
69.97 deg

1994 Aug 3/1439
1994 Aug 5.20

APEX (P90-6)
11495min 363 km

261 kg
2,544 km

Advanced Photovoltaic and Electronics Experiment (APEX)
launched to determine long-term effect of harsh radiation and
plasma environments.

Planned operating lifetime is 3 years, with the minimum goal

of 1 year. Launched by B-52 departing Edwards Air Force Base Aug
3at 1325 UTCand carrying a three stage Pegasus launch vehicle:
third stage of Pegasus is in an orbitsimilar to the one quoted above
for APEX.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Aug 3/2357 1994-047A DBS 2 2,860 kg
1994 Aug 12.98 0.04 deg 1,436.50 min  35,775km 35,813 kg
1994 Aug 4.00 Atlas-2A 2nd stage 1,815 kg
1994 Aug 4.27 26.90 deg 700.24 min 202 km 39,284 km

DBS2 (Direct Broadcast Service) isa communications satellite,
using a Hughes HS-601 satellite bus. Mass of the satellite is that
given at launch. Satellite deployed over 258259 deg east and
carries a SpaceArc time capsule. Expected operational lifetime is
12 years. Second stage of Atlas-2A launch vehicle left in the
following orbit: 26.90 deg, 700.24 minutes, 202-39,284 km.
Launched from Cape Canaveral.

1994 Aug 5.05 1994-048A Cosmos 2286 1,900 kg*
1994 Aug 6.09 62.89 deg 709.47 min 565 km 39,379 km
1994 Aug 8.55 62.89 deg 717.40 min 569 km 39,767 km

Oko early warning satellite, co-planar with Cosmos 2196.
Expected operational lifetime is four years. Third stage of Molniya
launch vehicle discarded in an orbit with the following param-
eters: 62.83 deg, 91.99 minutes, 218-526 km. Molniya fourth stage
isin an orbit similar to the first one quoted above for the satellite.
Launched from Plesetsk. Launch time quoted above isin decimals
of a day in the absence of an official figure.

1994 Aug 10/2305 1994-049A BRASILSAT B1 1,765 kg
1994 Aug 20.00  0.44 deg 1,436.06 min  35723km 35,849 km
1994 Aug 10/2305 1994-0498 TURKSAT 1B 1,779 kg
1994 Aug 21.67 0.09 deg 1431.67 min  35619km 35781 km

BRASILSAT Bl is a telecommunications satellite, built by
Hughes Space and Communications for Embratel in Rio de

Janeiro, Brazil. Mass quoted above is that at launch. Expected

operational life is 12 years. Satellite initially located over 299 deg
east, but the planned operational location is 290 deg east.

TURKSAT 1B is launched for telecommunications, television
anddata transmissions, built by Aerospatiale Espace & Defence
for the Turkish Ministrv of Post and Telecommunications. Mass
quoted above is at launch. Planned lifetime is 10 years. To be
deployed over 42 deg east.

Third stage of Ariane 44LP launch vehicle was left in an orbit
with the following parameters: 6.92 deg, 658.22 minutes, 354
37,021 km. Launched from Kourou.

1994 Aug 11/1528 1994-050A Cosmos 2287 1,300 kg*
1994 Aug 27.02  64.88 deg 675.46 min 19,112km 19,134 km
1994 Aug 11/1528 1994-0508 Cosmos 2288 1,300 kg*
1994 Aug 28.67  64.82 deg 675.81 min 19,013km 19,171 km
1994 Aug 11/1528 1994-050C Cosmos 2289 1,300 kg*
1994 Aug 22.45  64.84 deg 675.58 min 19113km 19,139 km*
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Three Uragan satellites in the GLONASS navigation series.
First launch to use the third orbital plane scheduled for the
GLONASS system. Lxpected operation lifetime is 5 years for each
satellite. Proton third stage discarded in the following orbit: 64.80
deg, 87.67 minutes, 135-183 km. Proton fourth stage is in an orbit
similar to the satellites. Launched from Tyuratam.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Aug 23/1431 1994-051A Molniya 3-46 1,750 kg*
1994 Aug 23.66  62.79 deg 701.02 min 593 km 38,932 km
1994 Sep 1.99 62.79 deg 717.90 min 605 km 39,756 km

Communications satellite, co-planar with Molniya-3 38. Ex-

pected to remain operational forabout three vears. Third siage of

Molniya-M launch vehicle discarded in an orbit with the following
parameters: 62.83 deg, 92.37 minutes, 216-566 km. Fourth stage in
an orbit similar 1o the first one quoted above for the satellite.
Launched from Plesetsk.

1994 Aug 25/1425 1994-052A Progress M-24 7,250 kg*
1994 Aug 25.85  51.65 deg 88.54 min 183 km 222 km
1994 Aug 30.80  51.65 deg 92.48 min 394 km 398 km

Unmanned cargo freighter, carrying supplies to the cosmo-
nauts aboard the Mir Complex. Planned docking for August 27
was aborted when the spacecraft was 150 metres from the Mir
Complex: a second docking on August 30 also failed. A third
docking on September 2, controlled manually by cosmonaut
Malenchenko from inside the Sovuz TM-19 spacecratt, was suc-
cessful. Third stage of Soyuz launch vehicle was in an orbit similar
to the first one noted above. Launched from Tyuratam.

1994 Aug 26/1200 1994-053A Cosmos 2290 13,000 kg*
1994 Aug 26.56  64.81 deg 89.55 min 212 km 293 km
1994 Sep 6.43 64.81 deg 90.09 min 209 km 348 km

First use of Zenit launch vehicle to place a probable
photoreconnaissance satellite into orbit. Zenit second stage was
discarded in an orbit similar to the first one noted above for the
satellite. The rocket stage was seen to be tumbling rapidly in orbit
(more than 100 rpm) two weeks after launch, and once might
speculate whethersuch behaviour is connected with the break-ups
of the Cosmos 2227 (1992-093B) and Cosmos 2237 (1993-016B).
Launched from Tyuratam.

1994 Aug 27/0857 1994-054A USA 105 4,500 kg*

No orbital data announced (probably geosynchronous). No
details of this classified Department of Defense launch. Pavioad
might be an ELINT satellite. Titan-4 third stage might have been
left in a geosynchronous transfer orbit or possibly entered geosyn-
chronous orbit before the payload was deployed. Launched from
Cape Canaveral.

1994 Aug 27/2310
1994 Sep 6.02

1994-055A Optus B-3
0.87 deg 1,474.96 min 36,666 km

1,700 kg*
37.422 km

Third launch of Australian Optus-B satellite by the Chinese.
Payload isa Hughes HS-601 bus: satellite owned by Optus Commu-
nications Pty. Planned design life is 1 3-14 years. To be located over
156 deg east.
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Second stage of CZ-2E launch vehicle discarded in an orbit with
the following parameters: 27.85 deg, 97.48 minutes, 190-1,086 ki:
third stage (US STAR-63F motor) discarded in 24.07 deg, 700.66
minutes, 383-39,124 km orbit. Launched from Xi Chang.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1994 Aug 28/0750 1994-56A Kiku 6 (ETS 6) 3,800 kg*
1994 Aug 28.57  28.43 deg 638.96 min 248 km 36,144 km
1994 Aug 31.69  13.08 deg 845.96 min 7,796 km 38,707 km

Kiku 6 (also called ETS 6, Engineering Test Satellite, before
launch) was planned to demonstrate the technology base for a
large-scale domestically built geosynchronous orbit satellite, de-
velopment of advanced satellite communications and technolo-
gics and the more general development of the satellite’s equip-
ment in orbit. Failure of apogee kick motor prevented planned
placement into geosynchronous orbit over 153.8 deg east and the
mission had 1o be abandoned. H-2 second stage discarded in an
orbit with the following parameters: 28.55 deg, 562.97 minutes,
150-32,263 km: this orbit has an apogee nearly 4,000 km below the
geosynchronousaltitude -it is nclear whether this was intentional.
Launched from Tanegashima.

1994 Aug 29/1738
1994 Aug 29.78

1994-057A DMSP 2-7 (USA 106) 823 kg
98.92 deg 101.95 min 843 km 859 km

Block 5-2 Defense Meteorological Satellite Program satellite.
Orbital injection is performed using a Star-37S, built into the
satellite. Expected operational lifetime is four years. Launched by
an Atlas-E from Vandenburg.

Satellite Launch Report Update
(Previous Launches)

1985-025A  Orbital data issued for INTELSAT 501 at the end of
July indicated that the satellite has been re-located
over 64 deg east.

TDRS 3 was re-located over 188 deg east during 1994
July 27-29.

Sovuz-TM 18 with cosmonauts Afanasvevand Usachyov
undocked from the Mir Complex 1994 jul 9 and
landed 1994 Jul 9 at 1013 UTC.

SROSS C2 performed aseries of manoeuvres to lower
its orbit during early July 1994: the following orbital
data refers to these manoeuvres (the first orbit is pre-
manoeuvre):

1988-0918

1994-001A

1994-027A

1994 Jul 2.09, 46.04 deg, 98.27 minutes, 433 ki, 919 km
1994 Jul 2.43, 46.04 deg, 98.20 minutes, 433 km, 912 km
1994 Jul 3.52, 46.04 deg, 97.81 minutes, 433 km, 875 km
1994 Jul 4.80, 46.04 deg. 97.41 minutes, 432 km, 838 km
1994 Jul 5.88, 46.04 deg, 96.87 minutes, 432 km, 785 kim
1994 Jul 6.81,46.04 deg, 96.11 minutes, 433 km, 712 km
1994 Jul 7.01, 46.00 deg, 95.61 minutes, 429 km, 667 km
1994 Jul 7.14,46.04 deg, 95.19 minutes, 432 km, 623 km
1994-031A  Progress-M 23 released a Raduga recoverable capsule
which was recovered 1994 Jul 2.
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NASA Selects Two small
Explorer Missions for
Development

WO new science missions

10 study the Sun and the

evolution of galaxies, both
aboard small, relativelyinexpen-
sive spacecraft, were unveiled re-
cently by Dr. Wesley T. Hunt-
ress, NASA Associate Adminis-
trator for Space Science.

The firstof the newlyselected
missions, the Transitional Re-
gion and Coronal Explorer, or
TRACE, will observe the Sun to
study the connection between
its magnetic fields and the heat-
ingofthe Sun’scorona. Dr. Alan
Title of the Lockheed Palo Alto
Research Laboratory, Calif., is
the principal investigator. His
team will include 13 otherscien-
tists from the United States, Swe-
den, the United Kingdom and
the Netherlands. TRACE is
scheduled for launch in 1997.

The second spacecraft, the Wide-Field
Infrared Explorer, or WIRE, is scheduled
for launch in 1998 on a mission to study the
evolution of galaxies. WIRE will use a cryo-
genicallycooled telescope and arrays of
highly sensitive infrared detectors for the
studies. WIRE was proposed by Dr. Perry B.
Hacking of NASA’s Jet Propulsion Labora-
tory, Pasadena, Calif., with co-investigators
from the California Institute of Technol-
ogy, Cornell University, Ball Aerospace Sys-
tems Group, and
JPL.

The two newly announced missions are
part of NASA’s Small Explorer (SMEX)
Program, which provides frequent flight
opportunities for highly focused and rela-
tively inexpensive science missions. Small
Explorer spacecraft weigh approximately
500 pounds (227 kilograms). Each mission
is expected to cost approximately $50 mil-
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lion for design, development and opera-
tions through the first 30 days in orbit.

The missions will be launched by Pe-
gasus, an expendable launch vehicle owned
and operated by Orbital Sciences Corp.,
Loudon, Va., under contract to NASA. The
TRACE and WIRE missionsjoin three other
Small Explorer missions already in devel-
opment or operation.

SAMPEX, the Solar, Anomalous and
Magnetospheric Particle Explorer, was
launched July 3, 1992 and has been success-
fully investigating the composition of local
interstellar matter and solar matenial, and
the transport of magnetospheric charged
particles into the Earth’s atmosphere.

The Submillimeter Wave Astronomy
Satellite, or SWAS, is scheduled for launch
in June 1995 on a Pegasus rocket to be
released froman L-1011 at NASA Goddard
Space Flight Center’s Wallops Flight Facil-
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ity in Virginia. SWAS will for the first time
directly measure the amount of water and
molecular oxygen in interstellar clouds.
SWAS also will measure carbon monoxide
and atomic carbon, which are believed to
be major reservoirs of carbon in these
clouds.

FAST, the Fast Auroral Snapshot Ex-
plorer, is scheduled for launch one month
after SWAS, in July 1995, from Vandenberg
Air Force Base in Lompoc, Calif. FAST will
probe the physical processes that produce
aurorae, the displays of light that appear in
the upper atmosphere at high latitudes.

NASA Selects Mars Pathfinder
Landing Site

NASA has selected an
ancient flood plain on Mars
as the landing site for the
1997 mission of Mars Path-
finder, one of the first in a
new generation of small,
low cost spacecratt.

Eons ago, when water
flowed on Mars, greatfloods
inundated the landing site,
located on a rocky plain in
anareaknown todayas Ares
Valiis. The site is 527 miles
(850 kilometers) southeast
of the location of Viking
Lander I, which in 1976
became the first spacecrafi
toland on Mars. Pathfinder
will be the firstspacecraft to
land on Marssince the twin
Viking landers arrived al-
most 20 years ago.

The spacecraft, scheduled to arrive at
Marson July4, 1997, will parachute down to
Ares Vallis at the mouth of an ancient
outflow channel chosen for the variety of
rock and soil samples it may present.

The purpose of the new Pathfinder
mission is to demonstrate an inexpensive
system for cruise, entry, descent and land-
ing on Mars, said Project Manager Anthony
Spear and Project Scientist Dr. Matthew
Golombek of NASA’s Jet Propulsion Labo-
ratory (JPL), Pasadena, Calif.

The lander, carrying a microrover, will
aerobrakein the upper Martian atmosphere
using an aeroshell and a parachute. Just
before impact, airbags will inflate to cush-
ion the landing. The microrover will then
roll outto examine the rocks and soil nearby.

Both lander and rover will carry scien-
tific instruments and cameras. The lander
will make atmospheric and meteorological



observations during descent and function
as a weather station on the surface, as well
as a radio relay station for the rover.

The constraintson the landingsite loca-
tion have to do with engineering consider-
ations, Spear said. Since the spacecraft are
solar-powered, the best site is one with
maximum sunshine and in July 1997, the
Sun will be directly over the 15 degrees
north latitude region of the planet.

The elevation must be aslowas possible,
Spear added, so the descent parachute has
sufficient time to open and slow the lander
to the correct terminal velocity. The land-
ing will be within a 60- by 120-mile (100- by
200-kilometer) ellipse around the targeted
site due to uncertainties in navigation and
atmospheric entry.

Ares Vallis, which meets the engineer-
ing constraints, was chosen after a work-
shop earlier this year that involved the
invited participation of the entire Mars
scientific community. More than 60 scien-
tists from the United States and Europe
attended.

The Ares Vallis site also is a “grab bag”
location, according to Golombek, located
at the mouth of a large outflow chanuel in
whicha wide variety of rocks are potentially
within the reach of the rover. Even though
the exact origins of the samples would not
be known, he said, the chance of samipling
avariety of rocks in a small area could reveal
a great deal about Mars.

The rockswould have been washed down
from highlandsata time when floodsmoved
over the surface of Mars. Several potential
sites were listed where ancient flood chan-
nels emptied into Chryse Planitia, having
cut through crustat units and ridged plains
where the water would have picked up
material and deposited it on the plain.

Other sites that were considered in-
cluded Oxia Palus, adark highlands region
thatcontains highland crustand dark wind-
blown deposits; Maja Valles Fan, a delta fan
which drained an ancient outflow channel;
and the Maja Highlands, just south of Maja
Valles. All of the sites were studied using
Viking orbiter data.

Both the Pathfinder lander and rover
have stereo imaging systems. The rover
carries an alpha proton X-ray spectrometer
that will enable examination of the compo-
sition of the rocks. The imaging system will
reveal the mineralogy of surtace materials
as well as the geologic processes and sur-
face-atmosphere interactions that created
and modified the surface. The instrument
package also will enable scientists to deter-

mine dust particle size and water vapor
abundance in the aunosphere.

New Data Brighten Debris
Outlook for Space Station

Recent results from powerful radar
measurements of orbital debris are good
news for the International Space Station.

NASA has just completed the third vear
of a campaign measuring and monitoring
the orbital debris environment using the
Haystack Orbital Debris Radar. The Hay-
stack Radar is operated for NASA by the
MIT Lincoln Laboratory, Lexington, Mass.
This powerful radar can detect debris ob-
jects that are as small as a pea (about 1/4
inch in diameter) orbiting 400 miles out in
space.

The orbital debris population measured
by Haystack has been compared with pre-
dictions of the orbital debris environment
based on the NASA “Engineering Model”.
This model was developed using measure-
ments and data on the debris environment
collected prior to 1988. The measure«! or-
bital debris population differed from
NASA's predictions over all altitudes that
were studied using the Haystack Radar.

At low altitudes (250-400 miles) the
measured debris population was below pre-
dicted levels. Thus, this measurement cam-
paign brings good news to the Interna-
tional Space Station. According to George
Levin, NASA’s Orbital Debris Program
Manager, Washington, D.C., engineersand
scientists believe there are three major rea-
sons why their earlier predictions overesti-
mated the Space Station debris population.

"The first reason for this improvement
in the orbital debris environment is the
success of NASA's Orbital Debris Mitiga-
tion Program. Since 1987, following the
explosion of an orbiting 3rd stage rocket
belonging to the European Space Agency
(ESA), NASA has made a concerted effort
to inform other spacefaring nations of the
hazards to spacecraft resulting from these
types of explosions. As a result of these
efforts ESA, Japan, China and Russia have
alljoined NASA in modifving the designs of
their launch vehicles and their satellites to
minimize the possibility of future acciden-
tal explosions in space,” said Levin.

A second reason for the improvement
in the environment in this region of space
can be traced to the major economic and
political upheaval that occurred here on
Earth during the last decade.

The end of the cold war saw a dramatic
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reduction in Russia’s military space pro-
gram. In previous years many intentional
explosions of satellites on orbit were attrib-
uted to the Russian military space program.

The testing of anti-satellite weapons by
both the United States and Russia is be-
lieved to be another military space activity
which contributed 1o the low-Earth orbital
debris population during the early to mid-
80’s. The cessation of these antisatellite
tests by both the United States and Russia
has helped to reduce the growth of orbital
debris.

A third reason for the improvement in
the low-altitude space environment also
can be attributed to these same economic
and political changes. The world-wide
launch rate has fallen almost 40 % in the
last nine vears (from 129 launches in 1984
to 79 launches in 1993).

Levin explained that, “The forces of
nature play a large role in affecting the
debris environment in low-Earth orbit.
Objects in these low (250-400 mile) orbits
are affected by changes in the solar cycle.
During the peak of the solar cycle the
density of the atmosphere increasesat these
altitudes. Thisincreased densityacts toslow
down the orbiting debris objects, causing
them to re-enter the atmosphere. Thus,
much of the debris injected into the pro-
posed Space Station orbit during the early
to mid-80’s reentered during the unusually
strong peak associated with the last solar
cycle.”

Of increasing concern to NASA is the
orbital debris population measured by the
Haystack Orbital Debris Radar at higher
altitudes (500-650 miles). In these orbits
debris was found to be greater than NASA's
predictions. Objects in these orbits are not
significanily attected by changes in solar
activity. Thus, the lifetime of debrisin these
orbits can exceed 1000 vears. The long
orbitallife at these high altitudesalso means
that debris in these orbits will not pose a
hazard to the Space Station. However, these
orbits are important for scientific, Earth
observation, weather and communications
satellites.

NASA Administrator Daniel S. Goldin
hasdirected NASA engineersand scientists
10 focus increased atiention on these or-
bits. NASA must first understand the cause
of the increased debris population in the
500-650 mile altitude regime. Only then is
it possible to determine the actions re-
quired to control the growth of debris in
this economically important area of space.

St
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By John A. Magliacane, KD2BD

The Gentle Art of Listening

he best waytolearn inoreaboutanew

mode of radio commumnications is to

actively monitor communications
taking place via that mode. Some of the best
Amateur Radio operators spent many vears
as SWLs, gaining valuable knowledge and
experience through their monitoring ac-
tivities. The same can be said for those
involved Amateur Satellite communica-
tions.

One of the common misconceptions
about Amateur Satellite monitoring is that
the signals generated from Orbiting Satel-
lite Carrying Amateur Radio or OSCAR
satellites are too weak to be heard without
an elaborate recciving station. While all
low-earth orbiting OSCAR satellites oper-
ate with transmitter powers below those of
commercial Very High Frequency (VHF)
satellites such as the NOAA or METEOR

FIGURE 1

UoSAT-OSCAR-11 on board computer
status message transmitted using FSK
ASCII at 1200 bps on 145.825 MHz FM.

** UoSAT-0SCAR-11 0BC **

Diary Operating System V3.2

Date: 6 /8 /93 (Friday)

Time: 23 :35 :43 UTC

Auto Mode is selected Spin Period: + 5251
Z Mag firings: 0+

SPIN firings: 0-

SPIN firings: 39 SEU count 24026 RAM
WASH pointer at D028 WOD commenced 6 /
8 /93 at 0 :0 :9 with channels 0,10 ,20 ,30
Last Command: 109 to 0, 0 Attitude controt
initiated, mode 1
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series of weather satellites, many frequency
modulation (FM) beacon transmitters car-
ried on Amateur satellites can be easily
heard onahandheld VIHF-FM receiverwith
a simple antenna.

The Technological Paradox

New semiconductor technologies are
providing the communications field with
quieter and more sensitive receivers every
day. It would only seem logical that with
“hotter™ receiver performance, the effec-
tive radiated power levels of OSCAR satel-
lite downlink transmitters should be de-
creasing. In reality. the opposite has actu-
allv occurred. OSCAR satellite downlink
signal levels have been increasing as new
satellites containing high efficiency, gal-
linm arsenide solar cellsand state-of-the-art
high density storage batteries are built,
launched, and placed into operation. These
technological improvements make higher
OSCAR satellite output power levels pos-
sible while still maintaining an acceptable
powerbudget. Betterreceivers coupled with
stronger satellite signals, and the use of
narrowband FM downlinks are making
OSCAR satellite monitoring easier than
ever before.

Two of the easiest OSCAR satellites 10
monitor with very simple ¢quipment are
DOVE-OSCAR-17 (DO-17) and AMSAT-
OSCAR-21 (AO-21). Both satellites trans-
mit 5 kHz deviation narrow-band FM down-
link signals that are easily received on low-
cost portable or mobile VHF-FM receivers.
A 2-meter handheld transceiver or a scan-
ning receiver can be used to receive signals
from these satellites even though they orbit
many hundreds of miles above the earth’s
surtface.
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FIGURE 2

Sample of packet radio transmissions
made by DOVE-OSCAR-17 on 145.825
MHz FM.

DOVE-1>TIME-1 <Ul>:PHT: uptime is 096/
12:01:24. Time is Thu Sep 15 02:03:03
1994

DOVE-1>TLM <Ui>:00:59 01:57 02:8B
03:2B 04:5F 05:58 06:6C 07:3A 08:72
09:62 0A:A4 0B:B9 0C:E7 0D:DC OE:01
0F:28 10:D2 11:78 12:00 13:1C 14:8D
15:AA 16:7F 17:86 18:88 19:8A 1A:87
1B:86 1C:8E 1D:86 1E:FF 1F:6B 20:EB
DOVE-1>TLM <UI>:21:A4 22:1A 23:02
24:01 25:1E 26:03 27:00 28:02 29:00
2A:01 2B:00 2C:00 2D:14 2E:00 2F:A7
30:D6 31:A8 32:01 33:00 34:CA 35:AA
36:B2 37:B1 38:C8

DOVE-1>STATUS <Ul>: 80 00 00 1E 3C 18
CC 02 0090 00 02 OC OF 3C 05 OF 31 01
0A 52

DOVE-1>BRAMST <Ul>:11th September
1994 12:20 UTC Work continues on new
software. Voice experiment continues: 90
Secs TLM — DAC Test (8 Tones) —
Voice S Band is still off till further notice.
73 Dove Command Team (vk7zbx)

Non-Human Voices from
Space

DOVE-OSCAR-17 suffered a hardware
malfunction after launch that has made
controllingand programming of the space-
craft very difficult. Despite the difficulties
controllers have been having with DOVE-
OSCAR-17, the satellite has been on the air
with as niuch as 4 watts of power, transmit-
ting telemetry using the AX.25 packet ra-
diocommunications protocol,and making
digitized voice transmissions using FM on a
carrier frequency of 145.825 MHz.

If you tune into DOVE's beacon on this
frequency, you may be able to hear non-
human voices {rom outer space as well as
bursts of packet radio telemetry. You prob-
ablvwon’t make the eleven o’clock news or
the supermarke ttabloidsfor receiving these
voices from the vacuum of space on your
receiver, but you can sure dimpress your
friends!

Actually, transmitting stored voice mes-
sages is the primary mission objective of the



DOVE-OSCAR-17

DOVE-OSCAR-17 satellite. “DOVE”, an
acronvm for Digital Orbiting Voice En-
coder, transmits speech using a Votrax SC-
02 speech synthesis chip. Voice can also be
transmitted by converting a short digital
audio program to an analog signal after
having been digitized and uploaded 1o the
satellite by a D€)-17 control station. The
satellite’s beacon tramsmits with as much as
4 waltts of output power and has a very
strong signal and is easily heard on even the
simplest of receivers.
DOVE-OSCAR-17isn’tthe only OSCAR
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satellite transmiting FM mode signals on
145.825 MHz. UoSAT-OSCAR-11 (UO-11)
also carries a beacon on this frequency. It
transmits data from many of its on-board
experiments and sensors using 1200 baud
ASCII and audio frequency shift keying
(AFSK) modularion. At 300 milliwaus of
power, itisn’tas strong as DOVE, but it can
be heard with a low-cost recciver. UO-11 is
often mistaken for DOVE by those just
getting their feet wet in Amateur Satellites.
UoSAT-OSCAR-11 also carries a digital
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speech experiment, so
youmay hearsome non-
human voices coming
from this spacecraft as
well.

The UoSAT-OS-
CAR-11 satellite was de-
signed and built by the
Engineering Depart-
ment at the University
of Surreyin England. Its
specchisgenerated bva
National Semiconduc-
or “Digitalker” system
that contains a pair of
ROMs or Read Only
Memory chips. One
ROM generates speech
with an American ac-
cent, while the second
generates speech with a
Britishaccent. ltcanalso
simulate both male and
female voices.

Human and
Not-So-Human
Voices

Another satellite
thatis easily received on
narrow-band FM VHF
receivers is AMSAT-OS-
CAR-21. AMSAT-OS-
CAR-21, also known as
Radio Sputnik 14 (RS-
14), carriesadigital com-
munications c¢xperi-
ment called RUDAK
that has a downlink on
145.987 MIlz. RUDAK
is an extremely flexible
communications tran-

sponder. It is fully pro-
I ; grammable through
sofiware that is up-
loaded to the satellite
fromground controlsta-
tions. At press time. the RUDAK wanspon-
deron RS-14wasactingasa “bent-pipe” FM
transponder, accepting FM uplink signals
in the 70cm Amateur band on 435.016
M1z, and relaying those signals (o the 2-
meter band on 145,987 MHz.

The RUDAK transponder downlink is
also mterspersed with telemetry transmis-
sions that use the AX.25 packet radio proto-
col, as well digitized audio messages and
facsimile images in an APT format similar
to those generated by NOAA weather satel-

Photo courtesv of AMSAT
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lites. The downlink is normally cycled
through FM repeater operation, digitized
audio message, telemetry, and WEFAX
image overa 10 minute period. Astandard,
unmodified packet radio terminal node
controller (TNC) will enable youtodecode
satellite telemetry data and get the latest
operating schedule from the satellite bea-
con.

Tuning for Doppler Shift

A short tutorial on the effects of Dop-
pler shift is in order when discussing the
reception of radio signals from low earth
orbitingsatellitessuch asthe onesdescribecd
in this article.

In the good old days of short wave listen-
ing, it was soimetimes necessary to keep one
hand on the receiver tuning knob to com-
pensate for receiver drift. Well, regardless
of how stable your satellite receiver is, and
regardless of how stable the transmitted
frequency of the satellite is, the laws of
physics dictate that downlink signals from
DOVE-OSCAR-17, UoSAT-OSCAR-11, or
AMSAT-OSCAR-21 will drift. This drift is
known as the Doppler effect or shift, and
can cause signals from these amateur satel-
lites to shift by as much as 7 KHz as they
zoom overhead at speeds close to 15,000
miles per hour.

The 2-meter downlink and beacon trans-
missionsheard from these satellites will first
appear about 3.5 KHz higher than their
published frequency as the satellite comes

FIGURE 3

Several packet frames generated by
the RUDAK transponder on AMSAT-
0SCAR-21 on 145.987 MHz FM.

RUDAK2>BEACON <Ui C>:++ Hi, this is
the RUDAK-II experiment on AMSAT
OSCAR 21 ++

RUDAK2>BEACON <UI C>: RUDAK-II
Schedule: (down 145.987, up 435.016)
min/10 Beacon Mode n 0.3 FM
Repeater 4 Digital Audio 5..7
WEFAX Picture £ 8.9 AFSK TLM
RUDAK2>WEFAX-1 <UI C>: WEFAX
General Info: Mode : MGCS, Subcarrier
2400Hz, DSB max=white, Start
300Hz(3s), Stop 450Hz(5s), Phasing
signal (5% bl, 95% wh), Sync (1st 40
Pixels), 800x800 Pixels, 4 lines/sec.,
module 267
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over the horizon on an overhead pass.
Using an FM receiver with 5 KHz tuning
steps, it will be necessary to tune 5 KHz
higher than the actual satellite downlink
frequency as the satellite comes into range.

The magnitude of this drift is dictated
by three factors: the speed of light (which is
the same as it is for RF), the relative speed
of the satcllite in relation to the obscrver,
and the RF carrier frequency of the satellite
downlink. The polaritv of the shift is dic-
tated by the direction of travel (is it coming
or going?).

Asthe operating frequencyisincreased,
sois the amount of doppler shift. A beacon
on a low earth orbiting satellite transmit-
ting on 435 MHz can be expected to drift as
much as 20 KHz duringa pass, while asignal
on 10 GHz can shift as much as 500 KHz.

Asthesatellite makesits closestapproach
in the middle of the pass, the distance
between the satellite and the observer on
earth will slow, and for a brief moment, will
stop at the time of closest approach (TCA).
At this point, there wil be no doppler shift,
and the signal received from the satellite
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will be exactly equal to its published fre-
quency.

After TCA, the satellite beginsto recede
and move away from the observer, causing
the the satellite downlink frequency to con-
tinue its downward drift.

For these reasons, it is best to set your
receiver 5 KHz higher than the satellite
beacon frequency as the satellite comes
into range. The receiver frequency should
be shifted down another 5 KHz during the
middle of the pass, and down yet another 5
KHz towards the very end of the pass.

LOS

Well, we’ve come to the end of another
Amateur Satellite column. In the nextissue
of Satellite Times, we will explore the SSB
voice and CW transmissions that can be
monitored from the various OSCAR satel-
lites. We will also show how a receiving
converter can be used ahead of an HF
receiver to monitor VHF and UHF trans-
missions from these satellites. Happy satel-
lite DXing! Sy
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mi /HE (/IEW FROM 7 IBOVE

By Jeff Wallach, Ph.D.
Dallas Remote Imaging Group

Getting Equipped to Monitor
Wedather Satellites

n the last issue of Satellite Times we

presented an introduction to weather

satellite monitoring, a general over-
view of the United States and Russian me-
teorological satellite programs, and two
excellenttutorialsonsatellite sleuthingand
the basic’s of satellite orbital mechanics by
Dr. Theo Pappan and Dr. T.S. Kelso, re-
spectively.

This issue of the View from Above will
focus on the equipment required to start
your own monitoring station and begin
receiving actual weather satellite images!
First, let us whet your appetite with a spec-
tacular image provide by Dallas Remote
Imaging Group (DRIG) member Tom
Loebl, of Hubbardstown, MA. Figure 1
shows a visible light image of Florida taken
by the U.S. polar orbiter National Oceanic
and Atmospheric Administration (NOAA)
9 from 870 km in space. This is a High
Resolution Picture Transmission or HRPT
- 1.0km per picture elementimage showing
some fine detail of the Florida Everglades.

NOAA 9 orbits the Earth from pole to
pole, in a sun-synchronous orbit, approxi-
mately fourteen times per day (orbital pe-
riod of 102 minutes per orbit). This type of
satellite orbit contrasts with the Geostation-
ary Operational Environmental Satellite
(GOES) geostationary orbit, which is rela-
tively fixed in space for a ground observer
(see Figure 2 for a comparison of polar
orbiters vs. GOES).

A Frequently Asked Question

Perhaps the most often asked question
of the beginner in weather satellite moni-
toring is ‘ ...but what will be needed to hear
these signals and display the pictures?...”. A
fairly simplistic answer may be the follow-

ing:
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1. A method to be able to predict when
and where the polar orbiting satellite
will be ‘in view’ of your ground station
(i.e. satellite tracking program).

2. A system capable of receiving the 137
MHz (NOAA polar orbiter) or 1691
MHz (GOES) satellite radio signals.

3. An image display system to view and
print the visible and infra-red (IR) im-
ages obtained from these satellites.

Actually, the answer gets quite a bit
more complex if you want to receive the
very high resolution HRPT and GEOS
Stretched Very high-resolution Infrared
Spin Scan Radiometer (VISSR) imagery at
1.0 km per pixel resolution, but we will

"
. FIGURE 1

i
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cover that in another column.

Figure 3 shows the components neces-
sary toreceive both the lowresolution Auto-
matic Picture Transmission or APT (NOAA
4.0 km per pixel resolution) and GOES
WEFAX or Weather Fax (4.0 km or 7.0 km
IR imagery from GOES) images. In this
issue we will focus on receivers and tracking
programs. Details on image display and
printing requirements for weather satellite
reception will be discussed in future col-
umns.

Satellite Tracking Programs

There are manyexcellentsatellite track-
ing programsavailable that utilize the North
American Air Defense Command
(NORAD) radar observations (Keplerian
element sets). These programs predict the
location of satellites and display their posi-
tion relative to the ground observer. Com-
mercial programs such as Instantrack,
RealTrack, Quicktrak, WINTRAK, etc, may
be purchased from AMSAT (the address
for AMSAT is listed in the Space Interest
Groups column in thisissue of Satellite Times-
ed) and other vendorsat reasonable prices.

These graphically based applications
will display an orthographic or mercator
map of the world, show your location, and
the relative positions of the satellites. It will
give vou Acquisition of Signal (AOS) and
Loss of Signal (LOS) times (remember Dr.
Pappan’s tutorial in the lastissue of ST), the




FIGURE 2

SATELLITE COMPARISON

GOES

POLAR ORBITER

(Geostationary Operational

Environmental Satellite)

Basic Operation Two satellite system covers Maintains 2 satellites in Polar
from North to South America, orbit at all times: Nto S (AM.)
from Pacific to Atlantic locations Sto N (afternoon)

Data Received Visual (VIS) & Infrared (IR) Day: VIS&IR, Night: IR

Direct Readout Data WEFAX APT
Weather Transmission Automatic Picture Transmission

Distance From Earth 22,300 miles 500-900 miles

Image Format Hemisphere/Quadrants 1,700 Mile Swath

Image Timeliness Near Real Time Real Time

Major Misslions

Major Systems Include:

VISSA - Visible Infrared Spin
Scan Radiometer

VAS - Atmospheric Sounder

SEM - Space Environment Monitor

DCS - Data Collection System

1. Earth imaging & Data Collection
2. Space Environment Monitoring

1. SAR - Search & Rescue
2. ERBE - Earth Radiation

Budget Experiment

3. TOVS - Trip Operation at
Vertical Sounder

4. AVHRR - Advanced Very High
Resolution Radiometer

5. SEM - Space Environment
Monitor

6. DCS - Data Collection System
7. SBUV - Solar Backscatter

Ultra Violet Radiometer
Orbit Location Clarke Belt over Equator Polar9° - 112 N>S§ S>N
Pixel Size 8 Km Resolution 4 Km Resolution
Reception Dish (4 feet+) Antenna (omni directional)
RF Signal 1691+ MHz (to down converter) 137 - 138 MHz
Scan Rate 240 lines/min - 4 lines/second 120 lines/min - 2 lines/second
Schedule WEFAX Guide By Prediction
Signal Avallability 24 Hours 101 to 102 Minutes
Spacecraft Velocity 6,800 MPH (24 hour period) 17, 000 MPH (101 minute period)

ground track, and print out predictions for
the next several weeks. Public domain pro-
grams (i.e. - FREE!) may be obtained from
the DRIG Bulletin Board System (BBS) at
(214) 394-7438 and many other satellite
bulletin board systems world-wide. Some of
these public domain programs actually ri-
val many of the commercial programs in
functionalityand performance! These pro-
grams are available for a variety of com-
puter platforms including the IBM PC,
MAC, Commodore, and even UNIX-based
systems.

APT Station Requirements

Some of the general requirements for a
polar orbiter APT station include:

¢ A receiver with frequency coverage of
137-138 MHz. capable of receiving the
FM mode.

¢ Tumnstile, Beam, Discone, or quadrifilar
helix antenna system.

¢ Pre-amplifier designed for 137 MHz to
boost the receive signal  for satellite
(bestresultsifmounted on the antenna).

e Low-loss (Belden 9913) coaxial cable
connected between the antenna/
preamplifier and the receiver.

If you are interested in GOES WEFAX
reception at 1691 MHz, a six foot parabolic
dish and a downconverter to convert the
1691 MHzsignal to a more usable 137 MHz
signal would be required.
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Receivers

The Polar Orbiter satellite images are
downlinked in two major frequency bands.
Low resolution APT - 4.0 km per pixel
resolution images are transmitted in the
VHF range (137 MHz band). High Resolu-
tion Picture Transmission or HRPT-1.0 km
per pixel - is a digital signal transmitted at
1702 MHz and 1698 MHz, requiring much
more sophisticated receiving equipment.
GOES WEFAX is transmitted at 1691 MHz
(4.0 km visible imagery and 7.0 km IR
imagery resolution), and is typically
downconverted to 137 MHz for reception
on the same receiver as the APT signals.

There are a number of commercially
manufactured receivers designed specifi-
cally to receive weather satellite signals.
Both crystal controlled and fully synthe-
sized receivers (137-138 MHz) are available
at moderate prices in the $100 to $300
range. Some of the technical specifications
you should consider include: sensitivity,
selectivity and receiver Intermediate Fre-
quency (IF) bandwidth - which will deter-
mine the ultimate quality of the received
signal and imagery.

An IF bandwidth of 40 kHz is optimal
for the APT imagery. Police scanners and
VHF/UHF communication receivers (i.e -
Icom and Yaesu) will receive the signals just
fine, but the built-in IF bandwidth is typi-
cally either too wide (150 kHz) or too
narrow (15 kHz). To reproduce quality
APT images, the IF bandwidth must be
wide enough to pass the entire signal wave-
form (the white and black upperand lower
peaks of the signal). A narrow bandwidth
will produce a picture with distortion and
loss of resolution. Wide bandwidths will
result in excessive noise on the signal, pro-
ducing a snowy picture.

Vanguard, Quorum Communications,
Wraase, Hamtronics, all manufacture 137
MHz receivers with the proper 40 kHz IF
bandwidth. For a complete listing of ven-
dors, send a 10 x 12 envelope with $ 1.00
postage to: DRIG, PO BOX 117088,
Carrollton, TX., 75011-7088, and we will
send you a booklet showing you how to get
started, with addresses and phone num-
bers of the various equipment manufactur-
ers.

GOES Downconverters simply sit out by
the six foot parabolic dish and take the
1691 MHz signal, convert it to 137.5 MHz,
and then feed this VHF signal directly into
the antenna plug on the 137 MHz receiver.
The rest of the receiving display system will
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WEFAX Antenna System APT Antenna System

Feedhorn

RG-58/U
1681 MHz to 137-138 MHz (cable)
Downconverter
137-138 MHz
Preampilifier
A-B Switch Box "
Apple I1GS (For Dual System) RG-58U
IBM Compatible audio (cable)
or Maclntosh iy Leveé clz\deUSt
RECEIVER
137 - 138 MHz
12 Volt
Power Supply
FIGURE 3

Configuration of Components

beidentical tothe APT imagery (see Figure
4)

If you have a police scanner that covers
137 MHz vou can program in 137.500 or
137.620 MHz and monitor those two fre-
quencies for a while. Eventually, you will
hear the characteristic ‘tick-tock, tick-tock’
fax signal which represents a weather satel-
lite image being received by your receiver.
You don’t have to spend a lot of money to
getstarted in listening for weather satellite
signals.

Over the nextfewcolumnswe will cover,
in detail, the antenna system, signal for-
mats, demodulator cards, display systems,
and image sofiware needed to receive
weather satellites. Finally, Figure 5 is an-
othergreat weatherimage by Tom Loebl. It
is an HRPT image from th¢ NOAA 10
spacecraft and shows some severe thunder-
storms south of Lake Michigan. Note the
shadowsto the west of the stormsindicating
itisa morning pass of the satellite, with the
sun to the East.

Until next issue, turn on those VHF
receivers and get ready to display your own
live imagery from the View from Above!  Sp

64 SATELLITE TIMES November-December 1994




RECEIVE PICTURES LIKE THIS DIRECTLY FROM SPACE ON
YOUR IBM COMPATIBLE PC, LAPTOP, OR NOTEBOOK!

Section of Magnified (zoomed 4X) NOAA 11 APT Image of Great Lakes - Unretouched Photo Directly from SVGA Display

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.

Both versions offer the 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 resolution the NOAA satellites can
provide (2-3 miles) in visible and infrared (simultaneously) with a full 12 minute recording.

Version 6 Software Features Include: Direct Write to Disk (Extended or Expanded Memory not Required but can be used) ® PLL Sampling
(Satellite Images Have Straight Edges—Even from Audio Tape Recordings!) 8 NOAA, Meteor, GOES, Meteosat, HF Fax ® "Point & Shoot"* User
Interface with full Mouse Support 8 1024 by 768 resolution with 256 Colors/64 Shades of Gray with SVGA—VESA Video Cards Supported ®
Zoom up to 8X ® Powerful image Enhancement 8 Animate GOES and Meteosat Images (looping) ® 10 User Definable Enhancement Palettes
® Easy to Use False Colorization ® 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 ® On-Screen "Level Meter® Provides Perfect Exposure Every Time ®
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 8 Clear, Complete 85+ page lllustrated User's Manual ® More...

Minimum requirements: |1BM Compatible Computer with 640 KB Memory and either 1) An 8 or 16 bit slot OR 2) A parallel port (LPT1, LPT2,
or LPT3) ® 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 sateltites)

Please write or call for more details. Products include MultiFAX Demodulators, receivers, antennas and the
new MultiFAX GOES/Meteosat 1691-137.5 MHz downconverter. Demodulators start at $2869.

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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Donald E. Dickerson, N9CUE

Advaonced Communications
Technology Satellite (ACTS)

n this edition of Personal Communi-

cation Satellites we will explore a

satellite with the world’s most ad-
vanced communications technology cur-
rently in orbit, NASA’s Advanced Com-
munications Technology Satellite or
ACTS. ACTS provides for the develop-
mentand flight test of high-risk, advanced
communications satellite technology.

ACTS provides new communications
satellite technology for:

¢ Operating in the Ka-band (30/20
GHz) where there is 2.5 GHz of spec-
trum space available (five times that
available at lower frequency bands).

® Very high-gain, multiple hopping
beam antenna systems which permit
smaller aperture Earth stations.

® On-board baseband switching which
permits interconnectivity between
users at an individual circuit level.

* A microwave switch matrix which en-
ables gigabit per second communica-
tion between users.

These technologies provide for up to
three times the communications capacity
for the same weight as today’s satellites
(more cost effective), much higher rate
communications between users (20 times
that offered by conventional satellites),
greater networking flexibility and on-de-
mand digital services not currently avail-
able from communications systems to-
day. The development and flight valida-
tion of this advanced space communica-
tions technology by NASA’s ACTS will
allow industry to adapt this technology to
theirindividual commercial requirements
at minimal risk. It also will aid the
U.S.industryin competingwith European
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and Asian companies which have, in the
last decade, developed significant capabili-
ties for producing communication satel-
lites and associated ground equipment.
ACTS technologies, which are appli-
cable for a variety of frequency bands, will
potentially lower the cost or technical
threshold so that such new services as re-
mote medical image diagnostics, global
personal communications, realtime TV
transmissions to airliners, direct transmis-
sion of reconnaissance image data to battle-
field commanders and interconnection of

supercomputers will be feasible. Technol-
ogy spin-off is already occurring.

Motorolacurrentlyisadapting the ACTS
Ka-band and on-board switching technolo-
gies for their $3 billion Iridium satellite
system, which will provide global voice/
data communicationsservices. Norris Com-
munications also is proceeding with a Ka
spot beam communications satellite.

ACTS was launched on the STS-51 mis-
sion in July of 1993. It is based on the RCA
4000 series bus satellites, used by some
commercial communication satellites. This
bus was modified to house the apogee kick
motor. ACTS measures 47.1 feet (14 m)
from tip to tip of the solar arrays and 29.9
feet (9 m) across the main receiving and
transmitting antennareflectors. The space-
craft is three-axes stabilized and occupies
an orbital slot of 100 degrees west in the
Clark Belt.

Thespacecraft’ssolar panelsrotate once
perdayto maintain orientation towards the
sun. ACTS also carries a battery back-up
power supply to maintain spacecraft power
during eclipse periods from the sun. Dur-
ing eclipse periods. experimental commu-
nication payloads will not be operated.

Theside of the spacecraft facing earth is
covered with antennas. It has a single 3.3
meter, 20 GHz transmitting antenna; a
single 2.2 meter, 30 GHz receiving antenna

SPACECRAFT ON-ORBIT CONFIGURATION
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TYPICAL ACT
SYSTEM
OPERATING
SCENARIOS

Mobile Voice &
Data Experiments
1-Aero terminal

with dual subreflectors; a one meter
steerable dish and a set of spot beam feed
horns. With this formidabl¢ array of anten-
nas new high-gain multiple beam technol-
ogy is being tested.

Goals for the ACTS satellite program
are as follows:

¢ Iutwill establish a digital network of very
small aperture terminals (VSATS) ca-
pable of transmitting 1.544 megabits
per second (Mbps) in a single satellite
hop.

* ACTS will be used to establish a high
data rate point-to-point network using
microwave switch matrix systems.

¢ ACTS will be used to develop a low data
rate network for personal communica-
tions using ultra-small aperture termi-
nals (USAT).

* ACTS will used to develop a mobile
network capable of high data rates on
Ka-band (20/30 GHz).

To meet these goals, three complex and
highly technical systems had to be devel-
oped. The first was a Multibeam Antenna
(MBA) that can rapidly reconfigure nar-

East Windsor, N.J. A
* S/C Control amet.

LET Propagation
Experiments

10-Recelve

NASA LeRC
Cleveland, Ohlo
+ S/C and Network
&y~ Control

row hopping and fixed spot beam patterns.
The MBA is used to service traffic needs on
a dynamic basis.

The second was the Baseband Proces-
sor (BBP), which is a high speed digital
system that efficiently uses transponder
space for circuit switched messages.

Finallv, the Microwave Switch Matrix
(MSM) had to be developed. It is hoped
that the MSM will be able to route high
volume, point-to- multipoint traffic over
900 MHz of bandwidth while rapidly
reconfiguring the spot beam antenna on
thespacecraft. Thiswillmake the multipoint
routing of high volume TDMA and DAMA
signals possible.

In addition, the contractors and staff at
the Lewis Research Center in Cleveland,
Ohio hope to use the ACTS to develop
advanced algorithms to provide an effi-
cient demand assigned multiple access
(DAMA) system.

Advanced research using ACTS is also
being done on techniquesto correcterrors
in data due to fading and rain attenuation
at 20 and 30 GHz. A forward error correc-
tion (FEC) method is being tested. Later
testwill investigate co-channelinterference
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only terminals

1-Moblle

terminal
2 kbps Control and

Data Acquisition Networks

T 18-T1
- VSAT's
==.1.5 Mbps Voice,

Video & Data
terminais Networks
300 Mbps Supercomputer

and HDTV Networks

between two 27.5 Mbps frequency division
multiplexed (FDM) channels, high defini-
tion television (HDTV) and the mobile
equipment that could be used in autos,
ships and aircraft.

ACTS hasspot beams focused on Cleve-
land, Atlanta and Tampa. Two additional
spot beams will allow for electronic hop-
ping, one for the eastern half of the coun-
try and another for the western half. The
east and west beams use opposite polarity
to help limit interference.

Howwill ACTSrebroadcastsignalsfrom
ground stations? The spacecraft collects
the 30 GHz uplink and pushesitthrough a
low noise receiver. It amplifies and down-
converts the signal to 3 GHz. From here it
is routed through the baseband processor
(BBP) communications mode or the mi-
crowave switch matrix mode.

The baseband processorisa high speed
digital data system which uses a time divi-
sion multiple access (TDMA) format. The
transmitter converts the 3 GHzsignal to 20
GHz. It is then amplified by a traveling
wave tube amplifier (TWTA). The trafficis
then downlinked from the satellite in data
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FUNCTIONAL OVERVIEW OF FLIGHT SYSTEM

bursts of 110 Mbps. Serial minimum shift
keving (SMSK) modulation isused because
of its efficient use of frequency space.
Serial minimum shift keying (SMSK)
modulation is used because of its narrow
characteristics. Traffic is burst to the satel-
liteat 110 or 27.5 Mbps. The length of each
TDMA frame interval is 1 millisecond.
Uplinkand downlink transmissions are syn-
chronized with the hopping spot beam
dwells by burst time plans. Burst time plans
are generated by the master control station
and transmitted to the spacecraft. Changes
in TDMA burst time plans take place at the
start of a specified 75 millisec-
ond superframe command.

MICROWAVE
SWITCH MATRIX
THREE (HBR) THREE
CHANNEL CHANNEL
RECEIVER BASEBAND TRANSMITTER
PROCESSOR
(LBR) 3.3.m, 20-GHz
Steerable 2.0, 5oV Transmitling Antenna
.2-m, z
Antenna Recelving Antenna Spacecralt Bus Croctrc "
Command & Attiudo Power Q’
Telemetry Control ‘ \
C-Band Omni
Fade Beacons Antenna
(20 & 30 GHz)

,— Autotrack

AN

\

'

a 20 GHzsignal in TDMA, FDMA or several
other modulation formats as require. The
switch can make all possible connection
combinations betwecn the 3 uplink and 3
downlink beam antennas. A scanning
method is used in a predeterniined se-
quence of short burst of TDMA. This is
accomplished through a GaAsFET with a
switching timie of 100 nano-seconds.

The NASA master control station for
ACTS is located at Lewis Research Center.
Itis the site of the master baseband proces-
sor. The satellite control station or SOC is
located Martin Marietta Satellite Opera-
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Cloveland
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tions int East Windsor N_J. This station sup-
ports the BBP as well as the Ka-band com-
mand, ranging and telemetry.

The NASA master control station inter-
faces the TDMA signals into the RF termi-
nals for transmission to and from the space
craft. The NASA station employs a 5.5
meter diameter Cassegrain beam waveguide
antenna that operates on both 20 and 30
GHz. Itislinearly polarized but cross palar-
ized to each other allowing simultaneous
operation of both the transmitter and re-
ceiver. The antenna gain is 56.7 dB at 20
GHZ and 60.2 dB at 30 GHz. This antenna
is aimed at the Clark Belt
and can be pointed any-

All network message coor-

ACTS COMMUNICATION SYSTEM

where between 80 and 110

dination is handled by time Multibeam Multibeam degreeswest. From Lewisthe
multiplexing them into the Antenna Feed Antenna Feed spacecraft is at approxi-
Network Network A ’
same trafficbursts usedto carry mately 39 degrees in eleva-
the message. The BBB system E:;:"y : Microwave F—{ : Eg:”y tion.

can service up to 40 different g The Ka-band command,
earthsta'uon perTDMA frame. Allants [——— L= Atlonta ranging and telemetry sys-
It can simultaneously accept 4 tem uses the same antenna.
TDMA signals from east and Cleveland [ a3 bt s, sy = Cleveland  Telemetry and ranging is
west uplink hopping beam Tampa [—— == Tampa used to monitor the
configurations. Baseband spacecraft’s operation and
The microwave switch ma- Wes! . Processor e West the command link is used to

. . . Family . . Family N
trix system is the high volume issue control orders (o the
pointto pointsystem thatcan Sonitls spacecraft. The ground sta-

. i ee ;
downlink to several stations ‘S\:‘et::‘z:‘b;e Antenms tion uses 29.975 GHz to up-
simultaneously. It downlinks Feed Horn Feed Horn link commands, and it trans-
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mits a carrier at all times even when no
commands are being issued.

ACTS has two downlinks, one vertically
polarized on 20.185 GHzand one horizon-
tally polarized on 20.195 GHz. The 20.195
GHz beacon will serve as a back-up to
20.185 GHz. A third beacon is transmitting
on 27.5 GHz. This beacon is used exclu-
sively for detecting rain fade on the uplink
signals.

Rain-fade compensation equipment is
a major system on ACTS. It requires real-
time information on attenuations occur-
ring on the uplink and downlink between
the spacecraft and each ground terminal.
This attenuation is determined by measur-
ing the received signal strength of the
beacons transmitted by the spacecraft. For
satisfactory operation of the rain-fade-mea-
suring equipment, which measures only
the strength of the telemetry carriers, the
frequency-modulated telemetry and rang-
ing put onto the carriers must have a
constant modulation index to preserve a
constant transmitted carrier amplitude.

The horizontal beacon at 20.195 GHz is
received in the same low-noise amplifier as
the baseband processor signals and is
coupled-off and bypass-iltered before
double-frequency down conversion to 70
MHz is accomplished. The vertical beacon
at 10.185 GHz is received by a separate low-
noise amplifier before similar down con-
version. Both are power divided at 70 MHz
and routed on two paths, one to the telem-
etry demodulators, and the other to the
rain-fade measuring equipment.

Propagation studies will be conducted
through NASA’s program office. Equip-
ment will be loaned to various research
centersand universities for monitoring the
beacons, radiometers and low rate data
transmissionsfor determining propagation
effects.

The Defense Advanced Research
Projects Agency (DARPA) is also involved
with this advanced research spacecraft.
DARPA is setting up a ultra high data rate
ground station . It can support two-155
Mbps communication channels that can
communicate independently of each other
to other ultra high data rate stations. These
stations could be interfaced with existing
telephone systems, the synchronous opti-
cal network (SONET) or standard optical
carriers. These stations support experi-
mentation in supercomputer networks,
High Definition Television (HDTV) trans-
missions and the development of hybrid
fiber optic/satellite links.

The Naval Warfare Assessment Center
(NWAC) is working with NASA to design a
shipboard terminal to transmit and receive
data at rates of up to 384kbps. The station
involved in this research is located at Co-
rona, California. They are using a 18-inch
diameter antenna at the research center
and onboard ships.

JPL is working on aeronautical mobile
and land mobile systems. Current land
mobile experiments employ 2.4, 4.8 and
9.6 kbps compressed voice circuits. The

modulation formatis differential phase shift
keying (DFSK). Aeronautical mobile will
use small phased array antennas mounted
on the aircraft for both voice and date
communications. The antenna consists of
multiple stacked aperture-coupled
microstrip patch radiating elements. Each
element will have 5 dB gain and a transmit
power of 1.5 watts. The system will operate
at 20 GHz and the aero terminals will oper-
ate in duplex voice and data between. Sf
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S>TRONOMY

By Jeffery M. Lichtman

Abondoned but not Forgotten
The Rebirth of a Satellite Station

bout 10years ago, AT&T aban-

doned a satellite antenna site

located at Woodbury, Georgia.
This site is located about 65 miles south
of Atlanta. The antennasite is located in
a natural bowl-type valley something
similar to the bowl at the National Radio
Astronomy Observatory in Green Bank,
WV, This peaceful setting offers a natu-
ral block to most types of terrestrial
interference.

The facility was used by AT&T for
satellite uplink/downlink communica-
tions. Originally the antennas were op-
erated in the frequency range of 5.925-
6.425 GHz for transmitting and 3.700-
4.200 GHz for receiving. The 105 foot
diameter antennas have a gain of about
60 dB at 4 Gz and 63 dB at 6 GHz.

Parametric Amplifiers, commonly
known as paramps, were cooled toabout 18
degrees kelvin giving the system the neces-
sary signal-to-noise ratio for operation in
the 4/6 Ghzrange. The cooling system with
this type preamplifier probably cost AT&T
around $75,000 dollars then. Compare that
to the LNAs (Low Noise Amplifiers) avail-
able today that sell in the $200 - $2000
range and have even lower noise figures.

Even more interesting is the drop in
power consumption. The older parametric
amplifier cooling system used as much
power as a home air conditioner. Today’s
modern LNAs only need about 1 watt to
achieve the same or better noise figure.
This AT&T facility was probablyabandoned
for a more economical site closer to At-
lanta.

T'he antennassite has gone unused (ex-
cept by the local bird population) unil it
was acquired by GTRC (Georgia Tech Re-
search Corporation) around 1991. Mr. Ron
Bell, Vice President of GTRC saw the edu-
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The two 105-foot dishes at Woodbury.

cational potential of the siteand decided to
make the old AT&T antennasite part of the
Georgia Tech facilities.

When the site was abandoned, AT&T
left the site inoperative. They removed DC
motors,cablesand powerconnections along
with some of the critical motor contractors
and relays necessary to move the 105 foot
antennas. So for over six years, these two
antennas sat quietly
looking at the sky and
neverrealizing the full w0 v
potential of what they "
could be collecting
from space.

LA BANOPASS  MIK|
80 OEC K 6.45-8.7%GHx
@ GHz

vations at other facilities 1s booked often
years in advance, so it is hoped that the
Woodbury Observatory will soon be an-
other radio astronomy tool available for
scientists, students and amateurs to use.

The Work Begins

Around 1991, Dr. Whit Smith, KJ4SC, a
research engineer and adjunct professor
for the School of Electrical Engineering at
Georgia Tech and a few of his students
began the planning to replace the missing
parts of the antennas with the ultimate goal
of bringing the site back to life. Additional
help would be needed in the way of an on-
site. maintenance and security. Mr. Tim
Gilbert, an independent contractor, was
hired for this task. Gilbert has done a great

Job working at the facility and we witness

noticeable changes each time we visit the
site.

Overthe past threeyears, agreat amount
has been accomplished, from refurbishing
the upper receiver room (50 feet above the
ground) to bringing one antenna back to
life. Dr. Whit Smith has guided his students
through several special projects at the site.
The students have gained real hands-on
experience in building position sensors,
motor controllers, computer interfaces,
LNAs and various receiving equipment.

Aregional group from SARA (Society of
Amateur Radio Astronomers) was become
involved inan advisory capacityin the refur-
bishment of the Woodbury site. This has
been accomplished through the leader-
ship of RFdesign engineerand SARA mem-
ber, Charles Osborne, WD4MBK. He is
employed by Scientific Atlanta’s Satellite
Communications Division. Osborne be-
came acquainted with Dr. Smith through
the Georgia Tech Amateur Radio Club
(W4AQL). Overthe past fewyears, Osborne
has constructed many 4 and 6 GHz receiv-
ing systems. It was through this experience
and his voluntary help that a total power
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receiving system has put in place, for train-
ing and observational projects by Georgia
Tech students and SARA members.

The Woodbury Total Power Radio Tele-
scope constructed by Charles Oshborne con-
sists of a 60 dB LNA with 1.2 dB noise figure
at 6.7 GHz; 100 MHz wide bandpass filter;
Mixer; 7.7 GHz local oscillator; 20 dB post
amplifier; 60 MHz wide bandpass filter; an-
other Mixer; 1.1 GHz local oscillator; 30 dB
intermediate frequency amplifier; variable
attenuator; 70 MHz amplifier with 47 dB
gain; and another variable attenuator. At
this point the signal is fed to a square law
detector and then to a four way splitter
where it is branched out to an Analog to
Digital (A/D) converter, digital readout,
spectral line receiver, and an extra port for
another piggyback receiver or spectrum
analyzer. Figure 1 is a block diagram of the
telescope.

Some professional work has been done
by Dr. Paul Steffes, W8ZI, in the area of
planetaryworkwith Venus and the Magellan
satellite. Dr Steffes recently completed a
TRF (Tuned Radio Frequency) type receiver
operating from 5.8 to0 6.5 GHz. This receiver
consists of the following; a60 dB LNA at 1.1
dB noise figure, 700 MHz bandpass filter, 15
dB postamplifier, whichisfed intoaSchottky
diode detector and a DC amplifier. The
output of the recciver feeds an A/D con-
verter. With 60 dB of gain from the antenna,
this system functions very well as an efficient
collector of radio astronomy signals. Figure
two is a block diagram of Steffes TRF re-
ceiver.

Osborne, Dr. David Moore, KC4YFD, a

seconds

high school physics instructor, and your
editor have observed a few radio objects at
Woodbury. A typical chart recording re-
flectingsome of these observations isshown
in figure 3.

It has always been the dream of Ama-
teur Radio Operators and Amateur Radio
Astronomers to work with large antennas.
Opportunities for group acquisitions of
phased outantennasitesisrare, but thevdo
exist. Many facilities built during the 70s
and 80s have been abandoned, This is be-
cause of newer more powerful satellitesand
fiber optics, which have mmade large anten-
nas unnecessary. 12 GHz satellites make a

10 meter dish equivalent to the much more
costly larger diameter dishes. Interested
groups should inquire about these sites
through your local AT&T or local Bell
division office. You never can tell, a site
might be available in your area.

I would like to thank Mr. Charles
Osborne of Scientific Atlanta and Dr. Whit
Smith of Georgia Tech School of Electrical
Engineeringfor theirinformationand help
with this article.

For those of you interested in the field
of Radio Astronomy, The Society of Ama-
teur Radio Astronomers would be the place
to start. The group is dedicated to educa-
tion and research by amateurs in the field
of amateur radio astronomy. Membership
duesare $20.00 per year for the U.S. $28.00
for Foreign. SARA may be contacted by
writing to: SARA Membership Services, 247
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By Todd D. Dokey

A Look cit Some
Rockwell /Collins GPS
Applications.

ven before the Persian

Gulf War, GPS has

plaved an important
rolein theability of the United
States (o project its forces any-
where on the globe. It was in
that technological war, that
GPS came into it's own as an
effective tool in combat.

There is no other vast-
ness on land which
compares to the -~
oceans of the world, ex-
cept a desert. Such desolation can
present navigational problems simply due
to a lack of reference points. Under non-
combat conditions, one can use the stars
and other similar methods for navigation
across the desert. In combat, thingsare a bit
more urgent, and require the utmost of
speed and precision. Itis in this arena that
GPS permitted the coalition forces to excel
over the Iraqis. Iraqi forces were often
amazed when US troops walked straight up
to theirencampments, campsin which they
surely felt protected in part by the vastness
of the desert.

This hide and seek maneuver was ac-
complished by the use of portable GI’S
receivers. The locations of the camps and
strong points were taken from information
collected by satellites and other means.
The GPS receivers were then used to plota
course across the desert to these points.

Intelligence data can be collected from
many sources and merged into a coherent
“picture” of the threats posed to forces in
the field. The overall “map” can be drawn
using up to date satellite imagervwhich can
be updated and enhanced by other intelli-
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gence information col-
lected by electronic and
photographic surveil-
lance aircraft. These
combined intelligence
data will assist the Penta-

-
gon planners by offer-
ing near real time up-

go  datesoffield conditions
which may influence
strategy.

The up to date tar-
get location data can
then be transferred to thebattefield per-
sonnel where that data can be fed into
aircraft and missile gnidance systems for
precision flight paths to the targets of choice.
Infantry and artillery units can be directed
toward the enemy without wasting toomuch
time uying to find the enemy, in order to
engage him.

It all seems so easy now, but there really
was a time when computerized informa-
ton and GPS did not exist!

In 1974, the Collins Avionics Division
was one of four contractorsinvolved in the
first phase of the GPS development pro-
gram. By 1977 GPSwas enhanced so that it
could successfully be used during condi-
tions of electronic jamming. In 1983 the
first transatlantic flight using satellite navi-
gation was completed using GPS.

InMavof 1985, the Collins Government
Avionics Division of Rockwell International
Corporation was awarded the contract for
the full-scale production of military
NAVSTAR GPS equipment for the Army,
Air Force and Navy.

One of the products Rockwell/Collins
now provides foraircraftiscalled the CDNU

e
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(Control Display Navigation Unit). The
CDNU combines information from com-
munications and navigational sensors (in-
ertial navigation system, doppler, and alti-
tude or heading references) to provide a
centralized point of control to the pilotand
flight crew. It can compute this informa-
tion for any use from flying holding pat-
terns to vertical navigation. It is used in
aircraft such as the CH-47 and C-160.

The CDNU can be configured with soft-
ware and Rockwell has developed a large
library of software to interface this system
for use with a wide variety of aircraft. The
software can be loaded into the CDNU
system and specially configured (¢ven on
the flightline) while the receiver remains in
the aircraft, which eliminates the removal
of the CDNU for upgrade or software
reconfiguration.

The CDNU uses a 16 MHz. Intel 80386
processor in conjunction withan 80387
math coprocessor on a 32-bit data bus. It
uses 1 MB of flash EEPROM for the aircraft
and mission application software. The
“boot”instructions for the 80386 are keptin
a 128K UVPROM and uses 256K of RAM. A
64K nonvolatile EEPROM is used for data
base variables.

In 1993 the PLGR (Precision Light-
weight GPS Receiver) system wasdeveloped
for DoD) (Department of Defense). The
system is a five channel receiver capable of
decoding the civilian and military GPS
codes. The PL.GR is used in vehicles and as
a hand-held unit.

The PLGR is capable of operating in
spite of SA (SelectiveAvailability) modeand
can use DGPS (Differential GPS) in con-
Jjunction with enhanced antispoofing tech-
niques. The PLGR is produced for all four
branches of military service and provides
interfaces for SINCGARS and HAVE
QUICK time synchronization.

The division of Rockwell which pro-
duces this receiver also providesGP’S mis-
sile guidancesystemadditions forthe Navy'’s
Tomahawk Land Auack Missile (TLAM)
and StandofY Land Attack Missile (SI.AM).
The abbreviations are also used for the
Rockwell guidance systems employed in
these missiles.

The TLAM is asmall GPS receiver pack-
age which interfaces with themissile’s origi-
nal TERCOM (terrain contour matching
enroute navigationalsystem). The
TERCOM guidance permits the missile to
hug the ground anddetermine its location
based upon the terrain it follows into the
targetarea. The use of GI’S in the Toma-
hawk missile increases accuracy and re-




duces targeting errors by relieving the de-
pendence on the precision of the missile’s
terrain maps. The TLAM naturally has an-
tijamming capability.

The SLAM is used in the Harpoon mis-
sile. Itis also used toincrease position accu-
racyraising the probability that the targetwill
be within the “seeker field” of view during
“terminal phase” of themissile’s flight. The
SLAM guides the weapon to the target in
conjunction with the missile’s INS (inertial
guidance systems). An inertial guidance
system simply stated determines current
position based upon direction of travel and
speed from pointoforigin. The SLAM GPS
receiver also incorporates antijam technol-
ogy.

GEM (GPS Embedded Module) isa 7
pound “black box” type GPSreceiver which
is part of Rockwell’s MAGR (Miniaturized
Airborne GPSReceiver) contract. The
MAGR receivers are intended for use in
aircraftsuch as the F-14D, F/A-18, AV-8B,
AH-64 Apache and F-16 ADF (just to name
a few).

The GEM can use the NSA certified
PPS-SM (Precise PositioningService Secu-
rity Module). With this feature the receiver
is unclassified, that is to say, it does not
require the need for specially cleared per-
sonnel to deal with its secure encryption
systems. GEM systems are modular, and
built to be integrated into existing and new
aircraft.

Rockwelldoesnotrestrictthe GPSequip-
ment it makes to strictlymilitary applica-
tions. I'he Collins GEO-NET 2000 isalaptop
style terminal which works with mapping
software that can graphically track vehicles
or shipsatseaand display their positions in
real time on the map display which is GIS
compatible. The GEO-NET system is ca-
pable of connecting to VHF, UHF, HF or
SATCOM communicationssystems to trans-
mit precise location data back to the base
system or to other systems in a GEO-NET
2000 network. The data system does not
interfere with voice communications.

Applications include law enforcement
(where it can be used totrack vehicle loca-
tions in real time and also like a MODAT
terminal),maritime (vessel tracking, har-
bor managementor emergencyresponse),
andagriculture (tracking of seed or fertil-
izer dispersement).

Thesystemsupportsspecial remote data
collection hardware likethe GNR (GEO-
NET Remote) data logger forin field work.
The GNR-2000consists of a GPS receiver, a
palmtop computer and special
loggingsoftware. This permitsfield person-

nel to enter specific data regarding a pre-
cise location, which will appropriately inte-
grateinto the overallGEO-NET display map
of information regarding the area.

The GEO-NET 2000 can also transmit
manually entered text messages,sensor data
or other predetermined information for
displayand storagethroughout the network.

NavMaster mission planning software
runs under Microsoft Windows and can
interface to the Trooper or PLGR (Preci-
sion Lightweight GPS Receiver) hand-held
receivers. Planners can use NavMaster to
transferwaypoint and route information li-
braries into the hand-helds for specific ap-
plications in the field.

NavMaster requires at least Windows
3.1, an 80386 processor, 2 MBof RAM (4 is
recommended),a VGA displayand 5 MB of
disk space. Itoptionally will work with
DeLorime XMap (tm) and MapExpert(tm).

Earlier mention was given to military
application of GPS. However,there are other
scenarios for the use of the same technol-
ogy. For example, a fire and hazardous
materialsspill inan industrial park. Thefire
is preciselylocated because the city map has
beenincluded in the communications cen-
ter computer system and paired with GPS
information in the GEO-NET map.

The data regarding the hazardous ma-
terials content of the building is fed into a
GEO-NET system by using a GNR remote
data terminal, if it is not already known.
The data is displayed on a GIS map of the
cityinvolved and it is determined by known
wind pattern data for the city thatan evacu-
ation must take place covering a certain
area.

The fire department’s HAZMAT team
arrives on scene and relatescloud drift data
to the GEO-NET system. The cloud data is
updated into the system and the locations
of the responding fire and law enforce-
mentunitsare displayed in real time on the
GEO-NET consoles.

The incident commander requests
HAZMAT data on nearby businesses inthe
industrial park as the possibility exists that
the fires may spread.This data has already
been entered into the system and is part of
the GIS mapping database which is sent to
the commander over the GEO-NET data
network. Further catastrophe is avoided
because thesite specific HAZMAT data was
available to the commander.

In law enforcement, individual vehicle
locations can be tracked anddisplayed ona
master map in the dispatch center. This
would permit theautomatic deployment of
the nearest patrol unit (o a crime scene.
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Sincethe city is also on a computerized
map, thelocation of the person making this
hypothetical 911 call is known because of
the ANI (automaticnumberidentification)
of the call.

Watch out criminals! Big GPS brother
can be used against you! Yourmovements
can also be tracked on this mapping system,
which couldconceivably reveal patterns of
movement or relations to unknown associ-
ates. Thisinformation could be used to link
you to your activity. Crime trends can be
examined. This information is useful in
convicting all types of criminals from arson-
ists to car thieves.

Another example would be in tracking
animal or plant species in thewild. Specific
locations of certain plants or habitats could
be determined and their growth (or lack
thereof) could be plotied on a map of the
region. Sensor data or field tests on soil
samples and water quality could be added
to the database. In this way, natural re-
sources from trees to mineral deposits could
be cataloged with greater accuracy. Refor-
estation growth after a forest fire could also
be tracked.

Information from natural disasters 0
man made catastrophes canbe tracked and
better understood with the aid of this tech-
nology. Thiswill hopefully permit better
management of all the issues (strategic,
political,social, economicor demographic)
that concern us. The possibilities are only
limited to your imagination.

Further information regarding GEO-
NET and NavMaster can be obtained by
writing: Rockwell InternationalCollins
DivisionCedar Rapids, lowa 52498. St

U Satellite Pro~.ganh saellite 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
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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

DRAKE RECEIVER FEATURES
IMPROVED RECEPTION

The R. L. Drake Company has devel-
oped new technology for its ESR300e re-
ceiverwhich improves reception of weak or
noisy satellite TV signals. They call it pro-
grammable threshold extension. [t enables
users (o adjust and program the receiver’s
intermediate frequency (IF) bandwidth.
This extends the minimum threshold of
the receiver, permitting quality reception
of marginal signals. Threshold extension
reduces noise in the picture and improves
picture quality with less video distortion.

Programmable threshold extension can
be programmed into memory of desired
channels, or it can be adjusted from the
normal operating mode. Threshold exten-
sion is independently adjustable from one
channel to the next. The opecrator can
choose the setting that reduces noise in the
picture while maximizing picture quality
with the least video distortion for available
signal strength. Threshold extensionis avail-
able for either of two IF bandwidth settings
in the receiver: 27 MHz or 18 MHz.

The Drake ESR3(00e isa programmable
225-channel remote-controlled receiver
capable of multi-standard operation. It fea-
tures less than 4 decibels C/N at maximum
threshold extension, and less than 6 deci-
bels C/N with no threshold extension.
There is advanced noise reduction far its
stereo audio section which employs
companding circuitry compatible with
Wegener audio transmissions. Other fea-
tures include a dual input tuner for mul-
tiple LNB connections, expanded input
frequency range from 950 MHz to 2050
MHz, two SCART connections for multiple
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decoder operation, avideo recorder timer,
and a built-in antenna positioner for use in
motorized installations.

Programmingandoperation of thissen-
sitive receiver is simplified by a series of
selectable, multi-lingual onscreen menus.
‘The receiver also features programmable
video invert selection via the remote con-
trol, allowing the operator to select and
program into memory operating param-
eters on a channel-by-channel basis.

The ESR300e is just one of a diverse line
of products from Drake, a leader in the
communicationsindustrvsince 1943. Their
current product line includes consumer
satellite television equipment, commercial
satellite communications equipment, and
radio communications equipment.

For information on Drake products,
contact Daniel Albrecht, International Sales
Manager, R. L.. Drake Company, P. O. Box
3006, Miamisburg OH 45343, telephone
(513) 866-2421, fax (513) 866-0806.

NEW BOOK EXPLAINS DBS TV

A new book released by Baylin Publica-
tions, entitled Miniature Sat-
ellite Dishes — The
Digital Television
Revolution, covers
allaspects of the di-
rect broadcast satel-
lite (DBS) industry.
Nine chapters delve
into DBS technology,
corporations offering
the service, program-
ming, installation and
more, The book is illus-
trated and written for tay-
men.
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The first three chapters of the book
include an overview of this exciting new
field. They cover the underlying technol-
ogy of satellites and receiving systems. The
writer, Dr. Frank Baylin, explains such top-
ics as digital video compression, bit error
rate, receiver design, and compatibility of
large- and small-dish systems.

Chapter four tells about the origin of
DBS and looks at the companies offering
DBS: DirectTV, EchoStar, PrimeStar, and
USSB. It examines and explains in detail
about their satellites and other systems. It
explains how DBS differs from large-dish
satellite TV and from cable television. It
examines frequency allocations and other
topics.

In subsequent chapters, things like
“DigiCipher” and “VideoCrvpt” (methods
used (0 prolect programming) are ex-
plained. The issue of system security and
related options are studied. Programs re-
layed by DirecTV, PrimeStar and USSB are
examined. So are program packages and
prices offered by the variousvendors. You'll
study astep-by-step procedure forinstalling
home satellite systems such as the RCA DSS
system used by DirecTV and USSB. And
you'll find out how to connect home enter-
tainment components such as stereos and
VCRs to satellite TV receivers.

Thisis essential reading for anyone con-
sidering DBS and its available now for $20
plus $4 shipping from Baylin Publications,
1905 Mariposa, Boulder, CO 80302. A cata-
log of Baylin products is free for the asking.
Theirtelephone numberis (303)-449-4551,
and their fax line is (303) 939-8720.

NEW SATELLITE RECEIVING
STATION DEBUTS

GEOSTAREngineering hasintroduced
a digital high resolution receiving station
for geostationary satellites such as geosta-
tionary operational environmental satel-
lites (GOES) which continuously photo-
graph the earth and broadcast super sharp
images of cloud patterns and other scien-
tific data.

GEOSTAR says their new state of the art
imaging system, the VISSRSAT 2000, is
easier 1o use and more flexible than any
other system available to date, and that it is
easy to install. The system brings sharp
pictures of the earth from satellite sensors
directly to your desktop computer. It re-
ceives, “ingests” and projects on your com-

puter screen GOES data live as satellite
cameras scan the earth’s surface.
GEOSTAR says no licensing or usage




fees are required for ingesting data
directly from the satellite’s instru-
ments, unlike commerciallymarketed
data which is non-digital and rarely
received in real-time.

There are numerous commercial,
institutional and private applications
for the VISSRSAT 2000 in meteorol-
ogy, oceanography, climatology, for-
estry, fishing and agriculture.

The system comes complete with a
12-foot diameter mesh dish, steering
motor with IR remote controller, an inte-
grated downconverter, computer cards,
software, and cables. The price for the
entire package is $3995.

Buyers who already own or have access
toan adequate dishantenna cansave money
by purchasing the system lessantenna. The
antenna that comes with the package is a
3.6-meter aluminum mesh reflector that
provides 41.65 decibels of gain. It employs
a 36-inch polar mount and weighs 288
pounds. The antenna positioner is a 24-
inch Von Weise with reed position sensing.
It operates with the UST 300 pulse control-
ler with infrared remote control, circuit
breaker protection, east and west limitsand
40 satellite position memory. The
preamplifier and downconverter
features a noise figure of less than
.75 decibel.

The system requires an IBM
or compatible PCcomputerwith
386 or greater processor, one
megabyte RAM, VESA compli-
ant SVGA adapter and SVGA
monitor,one 3 1/2inch floppy
disk drive and a hard disk
drive large enough to store
high resolution data. For ex-
ample, asingle sector 1024 x
1024 image requires one megabyte of
storage space on the hard drive. A full earth
disk saved at full resolution requires more
than 200 megabytes of hard disk space.

For information about the system, write
or fax GEOSTAR Engineering, 103 Down-
ing Place Apex, NC 27502, fax (919)-362-
5822 before noon eastern time. Their tele-
phone number is (919) 362-0530.

-
-
Ll
[T,

8y

WRTH LAUNCHES SATELLITE
GUIDE

The 1995 edition of the WRTH Satellite
Broadcasting Guide (by the publishers of
the popular World Radio TV Handbook)
will soon be available with helpful informa-
tion on receiving satellite radio and televi-
sion broadcasts.

It promises to
be even better than the
1994 edition which
explained how to buy,
install, and operate
satellite receptionsys-
tems and exploded
the mysteries of sat-
ellite reception with
more than 160 maps
of satellite tracks
and 150 illustra-
tions of satellite
hardware.

WRTH Satellite Broadcasting Guide is
published by Billboard Books, 1515 Broad-
way, New York 10036, and list for $24.95.
Grove Enterprisesis offering a pre-publica-
tion discount on the 1995 edition until
December31, 1994 of $23.95 and that price
includes free shipping.

GERMAN MAGAZINE COVERS
EUROPEAN SATELLITE
BROADCASTING

Anyone who enjoys satellite broadcast-
ing and reads German should check out
Tele-Satellit, a high-quality magazine cover-
ing satellite and home enter-

tainment in Europe.

With editorial offices in
Munich, Germany, Tele-
Satellit bills itself as Europe’s
satellite magazine. It covers
every facet of television satel-
lite reception including equip-
ment, tracking, and program-
ming for European audiences.

Tele-Satellit is a world-class
magazine with in-depth articles,
eye-catching layout and design,
and four-color printing which ac-
centuates photographs and illustrations.

Send inquiries to Tele-Satellut,
Abonnement-Service, Postfach 20, D-
80452 Munchen, Germany.

POSTER GIVES HELPFUL
SATELLITE INFORMATION

With all the satellites going into
orbit these days, you'd think some-
one would come out with a chart that
shows in a glance the satellites people
use most. Well, someone has. Key-
stone Communications is offering to 2
everyone its popular North American
Satellite Gude poster published annu-
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ally and previously was available only to
Keystone clients.

This eye-catching poster measures 22 x
28 inches and is immaculately printed in
full color. It features the North American
communications satellite arc along with C-
band and Ku-band frequencies, half tran-
sponder formulas, and UTC time conver-
sion tables.

With this poster on your wall, you'll be
ingood company. I’sdisplayed in the media
room at the White House and the technical
operations centers of the PBS and NBC
networks. To get one, send $15 (U.S. resi-
dents) or $18 (Canada residents) to Kev-
stone Communications Poster Department,
P. O. Box 2755, Salt Lake City, UT 84110-
2755.

The poster is a companion piece (o
Keystone’s North American Satellite Guide, a
one-stop reference to North American sat-
ellites that carry video tratlic. The guide is
published six times a year and features one
satellite per page, listing all of thatsatellite’s
technical information. This includes its
position on the arc, down-link polarity,
channel number, ownerorlessee,and more.

The guide is “primarily for professional
broadcasters,” says Doug Jessop, publisher
of both the guide and the poster. “Our
annual poster can be used by professional
broadcasters, home satellite dish owners,
educators, or anyone on the information
super-highway.”

Keystone providestelevision-related ser-
vices for more than 1,000 U. S. and interna-
tional clients every year, including news,
sports, program distribution, and business
clientele. The company uses its own net-
work of owned and leased satellite tran-
sponders, microwave and fiber optics
through its facilities in New York, Washing-
ton D.C,, Los Angeles, San Diego and Salt
Lake City. Sy
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By Larry Van Horn, NSFPW

The Swagursat and OFS
WeatherFAX V5

hen firststarting into the hobby

of weather satellite monitoring,

most beginners use scanningre-
ceivers they have on hand in the shack to
hear and decode satellite imagery. While
therearesomeexcellentscannersand com-
munication receivers in the marketplace
that cover the meteorological 137 MHz FM
band, maost of these receivers do not have
the proper bandwidth to give good dy-
namic range and contrast to the received
imagery.

In this issue of Satellite Times, ST Test will
look atthe OFS "WeatherFAX V5" decoder
and the Swagur Enterprises “Swagursat”
demodulator which, in combination, pro-
duce excellentweathersatellite imagesand
overcome the bandwidth problem for own-
ers of the ICOM R-7000/7100 VHF/UHF
communications receivers.

SWAGURSAT

The Swagursat is a special video de-
modulator unit thatattaches to the Icom R-
7000/7100 receiver 10.7 MHz intermedi-
ate frequency (IF) porton the back of these
two receivers. By emploving the desired
bandwidth for weather satellite reception
and connection to a good decoder/ soft-
ware the Swagursat produces excellent im-
agery from the polar and geostationary
orbiting weather satellites.

The Swagursat comes in a small, com-
pact metal box with a loud speaker en-
closed in the unit. There are three external
connectors: the 10.7MHzIFinputfromthe
R-7000/7100, the 12-volt powerinput (trans-
former supplied), and the output jack to
the weather satellite demodulator card.
There is a volume control on the front
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panel of the unit to control the enclosed
speaker’s volume. Instructions for installa-
tion of the unit are well done, and the
installation itself and operation of the unit
is extremely simple.

There is one important warning that
potential buyers should know about. Since
this unitisso easy toinstalland operate, you
might be tempted to pass on reading the
instructions priortoinstallation. Ifyoudon't
read these instructions, you will miss some
very important information that could ef-
fect the health of your Icom receiver. Take
a few minutes and be sure to read the
warning in the instructions prior (o install-
ing your Swagursat.

Receiver bandwidth should be thought
of as a “window” and it limits the range of
frequencies in the IF that the receiver can

Swagur Enterprises

7240 Hwy Y

Lodi, W1 53555
Telephone/Fax: (608) 592-7409

OFS WeatherFAX

6404 Lakerest Court

Raleigh, NC 27612
Telephone/FAX: (919) 8474545
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respond to. This is an extremely important
specification when you are trying to meet
the 40 kHz IF bandwidth requirement for
the polar orbiting weather satellites, or the
narrow frequency deviation for Meteor or
GOES spacecraft reception.

Weather satellites use a base carrier
frequency that is frequency modulated or
FM (with an impressed Amplitude Modu-
lated-AM tone). This means that the fre-
quency is shifted to transmit the satellite
image and thisdeviation isdifferentamongst
the difterent satellites. NOAA polar orbit-
ing satellites exhibit around 36 kHz of de-
viation, plusanother3kHz (eitherside) for
the Doppler effect giving a total of 45 kHz
of frequency swing. The Russian Meteor
weather satellites have a total bandwidth of
around 30 kHz (deviation plus Doppler
effect). GOES weather satellite reception
requires around 45 kHz of IF bandwidth.
The receiver you pick for weather satellite
reception needs about 40-50 kHz of IF
bandwidth and this is the heart of the
problem.

The more popularscanners (i.e.-ICOM,
Uniden, AOR, Radio Shack, etc) are de-
signed for either 15 kHz (FM narrow for
public safety monitoring) or 150 kHz (FM
wide for broadcasting-FM stations). If the
bandwidth is too narrow (15 kHz), clipping
of the signal occurs resulting in a loss of
dynamic range. If the bandwidth istoo wide
(150 kHz), it will let in more noise and
unwanted signals. Both of these conditions
will degrade the signal-to-noise figure and
produce poor weather satetlite imagery.

The Swagursat Satellite Demodulator
overcomes this problem by providing to the
decoder card in your PC the proper band-
width from the ICOM R-7000/R-7100 re-
ceivers for weather satellite reception.

OFS WeatherFAX V5

The second half of this ST test involves
the OFS WeatherfaxV5decoder card. Once
you have the proper bandwidth out of your
receiver, then you have to take the tones
and convert them into an image. The OFS
Weatherfax V5 is a hardware and software
package that decodes the audio from your
receiver into weather satellite images that
you can display on a monitor or capture in
a file for storage on a hard disk for further
processing later. Shortwave enthusiasts can
even use this package to decode HF marine
fax on a IBM PC computer from your
shortwave receiver.

The OFS package has the capability in
real-time to capture, analyze, print, store




and animate all of the weather satellite
images directly from GOES-WEFAX,
METEOSAT-WEFAX, GMS-WEFAX,
NOAA APT, Russian Meteor APT, HF-FM
Fax and GOES-TAP. The system will cap-
ture full pass images at full resolution. A
typical NOAA pass displays at 34 MB of
image resolution. These images can be
saved to disk using standard TIFF and GIF
file formats. The package allows you to
print grey scale images on most printers
including: laserjet, bubblejet, inkjet, color-
inkjetand 9-and 24-pin dotmatrix printers.

The OFS software has an extensive

toolbox package for processing thesatellite
images you receive. This toolbox has about
every tool an amateur or professional me-
teorologist would ever need or want. Basic
toolsin this toolbox include: zooms, rotate,
reverse, mirror, palette interpolation, his-
togram, and brightness/contrast to name
just a few.
There are some sophisticated advanced
tools thatinclude: temperature calibration,
geopolitical map and latitude/longitude
grid overlays, pixel photometry, cloud cover,
distance measuring, filters, 3-D projections,
and text annotation.

The software has full interactive mouse
support for all menus. There is on screen
help by pressing the F1 key and you can
even start your favorite tracking program
from within WeatherFAX without exiting
to DOS. The program has a perpetual 24-
hour schedule/timer for unattended im-
age capture. Thescheduler/timer worksin
the background mode toallow normal cap-
ture operation. Itautomatically saves either
full or sectored images. For unattended
operation, the images are saved to disk
using a time stamp as the file name.

This hardware/software package will
work on IBM PC/XT/AT or compatible
computerswith VGAorbettergraphicsand
640 KB of conventional memory. For high-
est resolution, a 386SX or better is recom-
mended with SVGA graphics (1024 x 768 x
256 colororbetter),and 4 MB of expanded
memory (The higher the graphics resolu-
tion, the greater the image area displayed
ata time).

The decoder board does use an ad-
vanced design to get rid of AGC gain distor-
tion thatiscommon onsome otherweather
decoders. This board has both AM and FM
decoders (weather and HF fax capability)
and aautomatic gainlock (AGL) thatstatis-
tically sets the optimum signal level. This
digital method provides the high linearity
needed for precise temperature calibra-
tion. The input signal is also controlled by

the keyboard which means there are no
knobs to set up or adjust.

The card also provides straight edges
for NOAA satellites and maintains frame
sync, even in the presence of noise fading
andsignal dropouts. The card has aself-test
feature that verifies correct system opera-
tion. The board itselfisacompact half-sized
card that fits into any computer slot on full
sized and on some laptop computers.

In Operation

Averysimple testsetup was used for this
test of the Swagursat and OFS WeatherFAX
V5 which consisted of an ICOM R-7100
receiver, no preamplifier and a
Antennacraft omni-directional Scantenna.
All test runs were conducted using NOAA
137 MHz polar orbiting satellite signals.

Iwasreallyimpressed with the simplicity
of the Swagursat. This unit did its job ex-
tremely welland delivered a usable product
to the OFS WeatherFAX card and software
even under some difficult, high-noise con-
ditions.

The OFS Weatherfax package was also
equal to the task of decoding and display-
ing NOAA AP T satellite imagery. The capa-
bility of taking the received images and
then using theadvanced toolbox to analysis
the images was particularly impressive.

I also found that having the ability to
overlay geopolitical boundaries on the
NOAA satellite imagery extremely useful.
Unlike GOES-WEFAX imagery which has
political boundaries inserted in the picture
at transmission, NOAA APT images are
raw, straight-from-the-camerapictures. This
feature really helped enhance the viewing
and study of NOAA satellite images.

Both companies offer excellent prod-
uctsupport via fax and voice telephone and
30 day, full money guarantee with no re-
stocking fees.

Criticisms

Hard as [ tried, [ couldn’t really find
fault with the installation, operation, or
construction of the Swagursat or the OFS
WeatherFAX. My biggest criticism looking
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at both units as a whole (Swagursat and
OFS WeatherFAX) was one of economics.
Buyers will incur major league “sticker
shock™ if you put this whole package to-
gether from scratch. So let’s go inside the
numbers...

Complete 137 MHz Weather Satellite
Capability (No 1691 MHz WEFAX)

Icom R-7100 (Grove Price) ........ $1369.95
Swagursat ............co..... ... $228,75
OFS WeatherFAX V5 ... $451.50
Antennas/Preamps/Misc .............. $200.00
Total System Cost ...........c......... $2250.20

What is interesting about the above
figures is that we haven't even factored in
the cost of a computer (1 hope you have
one of those ), butif voudon’thave one,do
not get the cheapest one around. You are
paying top dollar for good resolution and
features, don’t ruin it by attaching this
package to a low end IBM XT or AT com-
puter. To fully use those attributes, a mini-
mumsystem should consist of a 386SX with
SVGA capability and at least 8 MB of RAM.
Anything less and you are wasting your
money across the hoard.

My only other criticism is the advanced
toolbox feature of the WeatherFAX. It is
not with the toolbox itself as much as it is
Knowing what all those great features are
and how to put them to some practical use.
Newcomers will find a whole new world of’
terms in the toolbox menus of the pro-
gram. For instance, there is no standard
reference available for the newcomer to
show or explain what any of the 20 NOAA/
NESDIS image enhancement cuives are or
used for. Maybe one of our budding ST
writers can do an article on weather satel-
lite imagery analysis and interpretation for
a future edition of Satellite Times.

Bottom Line

I really had fun playing with the
Swagursat and OFS WeatherFAX. Stu
Gurske and Jerry Dahl respectively, each
have great products thev can both proud
of. Since l already own a [COM R-7100, the
cost of the two products versus what [ got in
performance and features really didn’t
bother me at all. While there are cheaper
routes to receiving and decoding weather
satellite images, these two products defi-
nitely represent the high end in quality,
performance, construction, features and
operation for weather satellite remote im-
agery reception and decoding. Sy
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By Ken Reitz, KC4GQA

Circles Within
Circles

n the year 1512, Polish astrono-

mer Nicolaus Copernicus com-

mented in a paper he called sim-
ply “Commen-tariolus”, that the Earth
and other known planets revolved
around the Sun. Up until that time, it
was widely believed that the Sun
and planets revolved
around the Earth.
Copernicus’ revelation
soon hecame big news.

There was no Internet 3
on which to post such a %
finding so this informa- -y
tion was slow to make the rounds
among theliterate. Twenty-oneyearslater,
the idea ran headlong into the brick wall of
the Spanish Inquisition and the upshot was
that Italian astronomer Galileo was forced
to denounce Copernicus’ theories thus de-
laying America’s space program by who
knows how many centuries.

Meanwhile, in 1618 while Pilgrims plot-
ted their course to the New World, Johann
Kepler, a German astronomer, published
his Third Law of Planetary Motion which
helped push things along regarding how
orbits are maintained. Sir Isaac Newton
would later put the finishing touches on all
ofthis and the foundation for orbital geom-
etry was laid.

I Thought You Said
“Beginner’s” Column

Well, yes. This is my way of letting you
knowhow orbitalmechanics began. It comes
down to the inquiring minds of the 17th
century to finally figure out what people
through the ages had long observed -
the movement of the stars through our
skies, the existence of our solar system’s
planets and the unavoidable presence of
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Earth’s very first satellite, the Moon.

Infact, the Moon wasactually the earth’s
first communication satellite of sorts, with
the first radio echoes bounced off it’s sur-
face and received on earth in the 112 Mhz
band on January 10, 1946. The first re-
corded two-way earth-moon-earth (EME)
exchange occurred in the 1.2 GHz band
between amateur radio operators W6HB
and WIBU on July 21, 1960.

Now, with literally hundreds of satellites
in various orbits, the only way to keep track
of them or find them in the wide skies above
us is by consulting what are referred to as
Keplerian Element Sets. We have come full
circle, so to speak, with Herr Kepler.

Celestial Dance Partners

Just as the Moon revolves around the
Earth and the Earth the Sun, the whole
Solar System itself is turning within a long
arm of the spiral galaxy we call the Milky
Way. Thanks to the early efforts of Earth-
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bound mathematicians, this whole concept
of orbiting has been declared a complete
success.

Now, on to the business of metal moons
or satellites. As a communications satellite,
the Moon leaves a lot to be desired. To
begin with, it’s too far away (ten times the
distance of our geostationarysatellites) ; the
surface is not radio frequency friendly (re-
liable Earth-Moon-Earth communications
requires a good bit of power and extensive
transmitting and receiving antennas) and
besides it always seems to be in the wrong
place for our communication needs.

New Moons For An Old Planet

With the combined efforts of 17th cen-
tury mathematicians, and our 20th century
rocketscientists and electronics specialists,
the concept of satellite technology wasborn.
The first efforts were, by modern achieve-
ments, primitive. They involved launching

big plastic, metallic- coated balloons or
little metal boxes with builtin tape
~ loops. Not exactly the exotic vi-
S sion of visionary Arthur C.
\\ Clarke who, in 1945, foretold
i the future of geosynchronous

,/ satellite communications.
L It wasn’t until Syncom 2
2 was launched in July, 1963, that
we finally had in orbitareal commu-
nications satellite, by modern standards.
Subsequentgenerationsofsatellites brought
greater and greater technological advances
to the point where today, we are pleased to
announce the placement of high-powered
DBSsatellites with the prospectof 150 chan-
nels or more, which will probably carry re-
runs of 60s, 70s and 80s situation comedies.

Geosynchronous & Polar Orbits

It was discovered early on that, in order
to break earth’s gravitational-pull, Earth-
built objects desiring to have a place in the
sky would have to achieve a certain orbital
velocity. Using even more fancy math calcu-
lations, more exoctic orbits can be achieved.

Satellite orbits usually fall into two cat-
egories: orbits around the Equator and
polar-type orbits. Geostationary satellites
are launched into orbits which scribe the
circumference of the Earth at the equator,
roughly 22,300 milesabove the earth. These
satellites, clipping along at a fast pace with
the rotational direction of the Earth, ap-
pear to be motionless in our sky, hence the
term “geosynchronous or geostationary”.

Othersatellites are launched in a much
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lower orbit, one hundred to
one thousand miles up.
These satellites, with the
Earth rotating beneath, ap-
pear to travel in continuously
changing paths around the
planet circling in a small el-
lipse about the North and
South poles, hence the term
“polar orbit”.

Athird, but less common
orbit, puts the satellite in a
highlyelliptical orbitwith the
low pointclosest to the Earth
(perigee) tvpically being
about250 milesand the high-
estpointaway from the Earth
(apogee) being roughly
24,800 miles. This highly el-
liptical orbit is typical of the
former Soviet Union’s
Molniya (Russian for light-
ning) series of satellites and
is therefore sometimes re-
ferred to as a "Molniya or-
bit”.

Circular Reasoning

I know what you’re thinking: “If these
rocketscientists are sosmart why don’tthey

just have one type of orbitand be done with

it!” Well, there arc good reasons for having
these different types of orbits. Not the least
of these is that it's fun to experiment. Let’s
face it, if you’d given this much time o the
study of higher math wouldn’t yon at least
want to play with it?

Seriously, the basic reason far the differ-
ent types of orbits has more to do with the
mission of the various spacecraft. Our do-
mestic geostationary broadcast satellites are
designed to serve the entire counuy. It’s
therefore advantageous that the satellite
appear stationary over the center of the
country. The broadcast beam from the
satellite covers the northern hemisphere
and network and cable affiliates are happv.
If programming were beamed to low orbit-
ing satellites, ground stations would be re-
quired to constantly shift their receiving
antennasto pick up thessignal. Cable recep-
tion is already bad enough in most places,
imagine how bad it could be with this extra
technological requirement!

Polar orbit satellites offer many advan-
tages over stationary satellites. Spy satellites
need to travel over forbidden territory and
train their sophisticated optics on intcrest-
ing targets. Weathersatellitesare doing the
same, but with much less ominous over-
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in order to track low Earth orbit satellites it's helpful to have
updated information. This information is transmitted for the
amateur radio satellites by W1AW, the headquarters station of

the American Radio Relay League (ARRL). This screen, captured
off radioteletype, shows apogee times and longitudes for two of
the amateur satellites as transmitted by W1AW.

tones. “Ah ha!”, you're saying, “But the
GOES weather satellites are geostationary.
Isn't that a bit redundant? Why have a
satellite that just looks at one side of the
planet?” Well, for one thing GOES gives us
a constant 24 hours a day look at the whole
planetary disk in real time. The problem is
that it does this from 22,300 miles up and
there’s only so much resolution at this
distance. lowever, GOES gives us a full-
time observation advantage not available
with a polar orbitering satellite. The polar
orbiters give us higher resolution from a
very close range, but these satellites only
visit the same area of the planet a few times
every 24 hours.

Molniya-type orbits have the best and
worst of both worlds. Several of these satel-
lites operating together (sometimes called
a constellation) can provide uninterrupted
service just like the stationary birds. This
type of orbit does require the receiving
station to make periodic adjustments to
track thesatellite’s transinitted signal. They
have “footprint” patterns on the globe on
which their signal falls which can connect
the polar regions of earth. This is why they
were invented in the mid 60s by the former
Soviet Union to allow service in the remote
polar regions.

AMSAT or Radio Amateur Satellite
Corporation as it is officially known, has
launchedit’smost recentand sophisticated
satellites into a Molniva orbit. For the first
time ham radio operators will be able to
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havemuch longer contacts with
morereliable communications.
It is a amatewr radio operators
dream, but ten to one they still
only talk about the weatherand
the size of their antennas.

New Vision For Low
Earth Orbiters

Since the dawn of civiliza-
tion (October, 1957 with the
launch of Sputnik I to be exact)
there has been an urge among
the world’s population to take
phone calls from anywhere on
the surface of the planet. Forget
that this could mean that junk
phone artists could hound you
at the most inopportune mo-
ments. Thatyourbrother-in-law,
who still owes vou $500), can call
you up while you’re at the art
gallery contemplatingwhy there
is a Jackson Pollack. That most
of vour calls will be wrong numbers from
equally bedeviled global villagers who can’t
operate the little gadgets any better than
voa can, The fact is that you want these
devices or dozens of the biggest interna-
tianal business players, like Motorola,
wauldn’t be prepared to sink untold bil-
lios of dollars into duplicate services.

Here’s the scheme: Difterent compa-
nies plan to launch between 6 and several
hundred satellites, depending on the
company’s concept, all of which will travel
in (thank God!) the same direction at
roughly 16,000 miles per hour and evenly
spaced so thata satellite in such aconstella-
tian would be in view of any given spot on
the planet at any given time. That means
that with your little Personal Communica-
tians Device (we can’t call them telephones
anymore), you may call your stock broker
and put in an order for more Motorola
stock. Think of it as a terrifically complex
cellular phone network thousands of times
bigger than anything we now have (and you
know how well the current system per-
forms).

There are at least a dozen such start-up
companies lobbying the FCC, even as you
sleep for rights to the spectrum around 1.6
GHy, all together about 50 MHz of our
already disappearing frequency spectrum.
ltshould be obvious that thissatellite thing
has gotten completely out of hand, but
nane of it would have been possible with-
out our complete understanding of heav-
enlv bodies in motion.  §f
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By Chuck Morrison,
Chief Engineer, Grove Enterprises

A Helical Antenna for
FLTSATCOM Reception

eceptionof the FLTSATCOM trans-

missionsin the 240-270 MHz range

using an omnidirectional antenna
will normally vield signals barely above the
noise level on an Icom R-7100 VHF/UHF
communications receiver - just barely
enough to move the S meter. With the
recent international tensions around the
world, I wondered how many interesting
signals I was missing under the noise level.
A gain-type antenna would bring the sig-
nals up and let me hear what I was missing.
I considered many different types of anten-
nas, but based on the characteristcis of the
downlink signal, one design stood out - the
Helical Antenna.

FLTSATCOM Characteristics

The minimum effective isotropic radi-
ated power of the FLTSATCOM satellite is
26 dBW. The average downlink frequency
is 255 MHz, giving awavelength () of 300/
255, or 1.18 meters. The satellites are in
geosynchronous orbit at an altitude (d) of
35680 kilometers. Path loss is given by

L (dB)= 10log, (4m x d/A),

or 171.6 dB. For an EIRP of 26 dBW, the
power at a perfectly omnidirectional 0 dBi
antenna would be 26-171.6 =-145.6 dBW,
or-115.6dBm. Thisis.37 microvoltsinto 50
ohms - a quite weak signal. A receiving
antenna with 10 dB gain would increase
the received signal to -105.6 dBm, or 1.2
microvolts - a signal that should be read-
able on most receivers.
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Helical Antenna Design

A helical antenna provides a high gain
over a wide bandwidth. It is also naturally
circularly polarized, whichisnecessarysince
FLTSATCOM transmissionsare right-hand
circularly polarized. It is relatively easy to
build and forgiving of mechanical inaccu-
racies. The following design information is
adapted from Chapter 19 of the 16th edi-
tion of The ARRL Antenna Book.

The helical antenna is a large coil with
one end fed against a ground plane. The
diameter of the coil should be A/x, the
spacing between turns should be A/4, and
the ground plane diameter or side length
should be A. Antenna gain is proportional
to the number of turns (n) on the helix.
Gain over an isotropic antenna is given by

G (dBi)=11.8 +10log, (n/4).

Afour turn helix shouldyieldagainof 11.8
dBi, which would be adequate.

The input impedance of a helical an-
tennais 140 ohms. There are several ways to
match this to the typical receiver input
impedance of 50 ohms. I used one extra
turn on the helix, with the first half turn
spaced closely to the ground plane. Thisin
effect formed a parallel line transmission
line matchingsection with its characteristic
impedance determined by the spacing. 1
would adjust the spacing experimentally to
obtain minimum antenna VSWR.

Construction

I had been looking for the ideal struc-
tural material to support VHF wire anten-
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nasforalong time. Several years ago, I tried
10 make a 6-meter quad frame out of PVC
pipe. This seemed to be the ideal material,
since it is so easy to work with, and so many
fittings are available. I would just cut the
pipes and put the antenna together like a
tinkertoy. But after I had purchased all of
the materials and brought them home I
made a shocking discovery - that small di-
ameter PVC pipe was not rigid enough to
support even its own weight over any dis-
tance at all.

Not long ago, I was in a home supply
store thinking about a way to build this
antenna. I needed to build a form to sup-
porta 15inch diameter coil, but I wanted it
to be cheap. PVC pipe was on my mind
again. Then I passed the dowel rods. They
were rigid enough, and cheap. But they
were only 3 feet long, which was too short.
If I could connect them together like PVC
pipe, they would work great. I got a few 1/
2 inch PVC fittings and went back to the
dowel rods. It turns out that 5/8 inch dowel
rods make a great fit in 1/2 inch PVC
fittings. This would work well for this an-
tenna.

I first built a 4-foot square frame out of
2" by 2" lumber. Four feetis close enough to
the wavelength of 46 1/2inches. I puta2by
4 from the midpoint of one side of the
frame to the midpoint of the other side. I
drilled two 5/8" diameter holes in the 2 by
4 with their outside edges the required coil
diameter apart, being very careful to keep
the drill bit perpendicular to the frame.
Then I covered the frame with chicken
wire, andstapledittothe wood. Theground
plane frame is shown in Figure 1.

Insert the dowel rod coil form into the
holesdrilledinto the 2by 4. Theyshould be
a snug fit. If they are square to the ground
plane, glue them into place. I did not get
my holes exactlysquare,solreamed out the
holes a littte bit to allow adjustment of the
dowels. When I got them square, I used
some automotive hody putty to hold them
in place. The 3 foot long dowel rods were
not long enough, so I spliced 2 more feet
onto the form with 1/2-inch PVC unions.
Atthe end of the coil form I putadowel rod
cross piece using 1/2-inch PVC elbows.

When the form was completed, I placed
marks on the dowel rods at the places
where the wire would touch them per the
dimensions shown in Figure 2. These di-
mensions are for a turn spacing of A/4 at
255 MHz, with numbers rounded to the
nearest 1 /8inch.Ifiledasmallnotchin the
dowels at these places to help locate the
wire.




FIGURE 1

I used number 12 copperweld wire that
Iobtained ata hamtiest for theradiator. The
wire type should not be too critical, how-
ever, thestiff copperweld wire, alreadycoiled
intoacircularroll, made keeping a circular
coil shape easier. For right-hand circular
polarization, the helix must spiral away
from the ground plane in a clockwise direc-
tion. This is very important, as cross polar-
ization can result in a signal loss of over 30
dB. I wound the wire around the form, and
secured it at each notch on the dowel rods
with a staple.

Underneath the first half wurn of the
helix, I placed a piece of
sheet brass. I secured the FIGURE 2
brass to the chicken wire

and the ground plane
would adjust the VSWR,
sol drilled twosets of holes
through the sheet brass
straddling the first half
turn. I would adjust the
capacitance by running
cable ties through these
holes and adjusting the
= spacing between the wire
and the ground plane.

Performance

I measured the an-
tenna VSWR with a
Hewlett-Packard vector
networkanalyzer. Bytight-
ening the cable ties fully, 1
- could obtain a VSWR bet-
ter than 2:1 from 220 to
280 MHz. Most people do
not have access to such
test equipment, but forre-
ceiving, VSWR is not that
important. Adjusting the
spacing between the first half turn and the
ground plane to less than 1/8-inch should
yield an adequate impedance match.

Using an Icom R-7100 receiver, I con-
nected the antenna and began searching
the sky with the receiver tuned to 250.45,
250.55, and 250.65 MHz. | found two dis-
tinct directions which each yielded signal
maximums. Later calculations and mea-
surementswith a compassverified thatthese
directions were the headings for the
FLTSATCOM satellites at 23° W and 100°
W longitude.

Signals received from the 100° W satel-

lite were stronger, prob-
ably due to the higher

e elevation angle of this
groundscreen by cutting ——5278"  satellitefrom mylocation
tabs from the brass sheet in North Carolina. With
and bending them 24 I the antenna peaked on
through the chicken wire _ 41qer  the 100° W satellite, 1
mesh. At the feed end of tuned the receiveracross
the helix, I mounted a 4., ,. I the 250t0 270 MHz band.
BNC connector through : At least ten signals were
the brass sheet, and sol- —29-3/8" readable, with S meter
dered the center pin to readingsfromS1.51082.
the copperweldwire. The 2312 I I then went back inside
first half turn of the helix \ . and connected the re-
was nearly touching the I ceiver to the omnidirec-
groundscreenandshort-  qy.340 | tional antenna on the
ing, so I wrapped the first < roof of Grove Enter-
half turn with tape. The H——57/8"  prises. The same fre-
capacitance between the . e quencies that had S1.5

firsthalfturnof thehelix ~— —

————— 1 1o 82 signals with the
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helical antenna were just above the noise
floor, with the S meter barely moving at all.
The helical antenna clearly has substantial
gain over our omnidirectional antenna.

Conclusions

There is plenty of room for improve-
ment with this antenna. If more antenna
gain is desired, more turns may be simply
added to the helix. There is no provision
for mounting it for remote rotation; I ro-
tated it by hand until a peak was found and
‘hen propped it up with a board in that
position. It should be fairly easy to build a
frame to point the antenna in one direc-
ton; configuring it for remote azimuth
and elevation selection may be a lot more
difficult.

For satellite monitoring, ground-
mounting the antenna is fine. If it is used
forotherapplications, heightaboveground
may be important. Also, if the antennais 1o
remain outside for an extended period, it
probablyshould be ruggedized and painted
10 protect it from the weather. But for
approximately ten dollars worth of materi-
als and an afternoon’s constrmiction time,
the performance is quite good. It certainly
provides a cheap and dirty way to listen to
the FLTSATCOMs. S

SATELLITE TV

NEW! SMALL DISH DNLY $899
FREE catalog lists a great new smal
dish with 200 channel capacity. Easy
30 minute installation. Beat high

cable prices and get more channels!
Satman Inc.

800-472-8626

The Cable
Alternative

CALL NOW

NEED A COMPUTER?

0 inknlbe el el N T T

==

Now you can buy o computer from a name you know
and frust. LesComm has been building and selling
computers since 1985. The same quality you've come
to expect in our sconners and modifications are
incorporated in our line of computers. And priced
extremely low. Our special this month is a LesComm
45P33, which is a 486-5X33, with o 340 meg hard
drive, 1.44 mb high-density floppy, 4 meg of RAM, 256k
cache, VESA/ISA bus, LB/SVGA, 101 keyboard, 3-button
mouse, Inlite mini tower case with 200 watt power
supply, ond Hyundoi SVGA monitor, $999.00 +
shipping. All units come with a 1 year parts and lobor
warranty. We also custom configure. Call, fox, or write
with the configuration you want, ond we’ll give you o
quote you can't refuse.

LesComm, P.O. Box 81294, Corpus Christi,
TX 78468-1294. (512) 985-2220. Now
with six branches to serve you better.

~
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By Larry Van Horn, NSFPW

Questions or tips sent to “Ask Larry” are printed in
this column as space permits. If you desire a
prompt, personal reply, mail your questions along
with a self-addressed, stamped envelope (no tele-
phone calls, please) to Ask ST, c/o Satellite Times,
P.O. Box 98, Brasstoum, NC 28902.

Q. Could you please give me the addresses
and telephone numbers of the companies
mentionedin the Direct Broadcast Satellite
(DBS) /Digital Satellite System (DSS) ar-
ticle on page 20 of the premiere issue of
Satellite Times? Eric Rambis-Skokie, Illi-
nois

A. The three main companies active in the
DBS/DSS market at this time are:

DirecTV

P.O. Box 92424

Los Angeles, CA 90009

Phone: (800) DIRECTV (347-3288)/
(315) 535-5000

Thompson Consumer Electronics
MS 1-36 600 North Sherman Drive
Indianapolis, IN 46201

Phone: (317) 781-4605

US Satellite Broadcasting Company
(USSB)

3415 University Avenue

St. Paul, MN 55114

Phone: (800) 204-USSB (8772)/
(612) 645-4500

Q. 1 am presently looking for a satellite
receiver for my TV. Should I invest into a
satellite system with 12 foot dish that I can
buy locally or should I purchase the newer
Ku band satellite receiver with the 5-foot
dish or smaller? David Phillips-Columbia,
South Carolina

A. The best all around purchase would be
to go for larger dish with a dual feed sys-
tem (C band/Ku band). You could then get
the best of both worlds. While it will be a
little more expensive than a single band
system, your programming choices will be
unlimited.
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Q. Is there a schedule of Single Channel
P’er Carrier (SCPC) stations not operating
24 hours a day and could you print it in
Satellite Times? John Cable-Lehigh Acres,
Florida

A. Atpresent | know of no schedule for
SCPC stations operating less than 24
hours a day. | am sure given the nature
and number of these stations that a com-
plete schedule for all of the SCPC stations
listed in our Satellite Services Guide in ST
would be difficult to put together. One sug-
gestion | could offer is to get a copy of the
M-Street Directory from Grove Enterprises
which list all the AM/FM radio stations in
the US and Canada with addresses and
telephone numbers and write the stations
you are interested in directly. You should
address your query to the

Program Manager of the station or net-
work.

Q. Is there a way | can use my Pro-2004
scanner with my satellite receiver to receive
SCPC transmissions? Edward P. Taylor-
Fisherville, Virginia

A. While using a scanner will not yield as
good of results as a dedicated SCPC re-
ceiver, you can hear SCPC activity on your
scanner if you know where to tap in on
your Television Receive Only (TVRO) sat-
ellite receiver. The top end frequency limit
of the PRO-2004 is 1300 MHz and by split-
ting the signal at the input to your receiver
from the dish Low Noise Block (LNB)
downconverter, you will miss quite a few
SCPC signals.

Another alternative is to check the back
of your receiver (and your instructions) for
the 70 MHz loop. Since the beginning of
satellite receiver design there has been a
70 MHz loop built-in onto the back of satel-
lite TVRO receivers. Originally designers
imagined this feature would be used for the
addition of peripheral equipment such as
add on descramblers or Terrestrial Interfer-
ence (TI) filters. This was a great idea be-
fore the introduction of the Integrated Re-
ceiver Descrambler (IRD). This 70 Mhz
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loop is simply a secondary intermediate
frequency (IF) output.

Since the output of the loop is 70 MHz
any tuning device which can tune 10 Mhz
either side of 70 MHz can recover the sig-
nals on the particular channe! to which the
satellite is tuned.

A quick check on the back of your re-
ceiver or instruction manual may reveal
that you do have a loop, but it is not la-
beled “70 MHz". If you look closely on the
back or the receiver or in your owners
manual you may find that the output of the
loop is at some other frequency. There has
never been a “standard” loop out fre-
quency on satellite receivers, consequently
you may find anything from 70 MHz up to
465 MHz. Use the frequency only as a ref-
erence point,

To set up your PRO-2004 for SCPC
using your receiver loop, connect the loop
output to the input of a TV splitter. Then on
the splitter outputs, connect one leg back
to your receiver loop input connection and
the other output will go to the BNC antenna
connector on your 2004.

One of the most frustrating things
which can occur when tuning SCPC sig-
nals via the loop is the presence on all fre-
quencies of an annoying buzz or hum in
the audio. This is caused by lack of filters
in the power supply. it is not a design de-
fect of either receiver, but it is almost im-
possible to get rid of.

Q. I have an 18 inch actuator on my satel-
lite dish. If a change it to a 24 inch, would I
be able to increase the number of satellites
I could receive? R. Milligan-Sequim, Wash-
ington

A. Since you didn't indicate which satel-
lites you are currently receiving, | would
say in most cases, yes. With a 24 inch ac-
tuator, your dish would swing through a
wider portion of satellite arc giving you
more satellites. If you currently receive all
of the satellites from Spacenet 2 (east) to
RCA Satcom C1 (west) on your 18 inch
actuator, you are actually in pretty good
shape and probably do not need a 24 inch
arm. If you receive the entire domestic arc
now and want to watch some of the inter-
national birds and are willing to invest in
some additional equipment, then a horizon
to horizon mount might be a better way to
go. As always, a site survey by your local
satellite dealer is a must to determine if the
additional expense is going to pay off. Sy




Now you can
know PRECISELY
where you are!
The ICOM GP-22
is the outdoor
person’s dream!

w33, only

* $499.95

plus $8 UPS shipping

The ICOM GP-22 is a state-of-the-art
electronic masterpiece. Usingupto 5
satellites and 1 ground transmitter, the GP-
22 gives precise latitude and longitude
location and altitude within 300 feet. This
easy-to-use tool also gives you waypoints,
estimaled time of arrival (ETA), heading,
speed, bearing and range. Also computes world and local
times. Perfect for hiking, fishing, spelunking, navigation, and any
other hobby or profession that requires any sort of travel or location
information.
Powered by a rechargeable battery pack or optional AA cells, this
wonder of technology includes a carrying case, cigarette lighter power
cord, AC wall adaptor/charger, and an illustrated instruction book to help you
perfect its many uses.

Grove Enterprises, Inc.

(800) 438-8155

300 South Highway 64 West
Brasstown, NC 28902

(704) 837-9200 (outside Canada and US)
(704) 837-2216 (fax)
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ST’s Space Interest Groups list those local, national and worldwide
groups you can join directly that promote space and space activities. if
you belong to a space group and haven’t seen it listed in Satellite Times
write today and ask for a Space Group listing form. Your group will be

listed each month, and will be featured in a group profile at least once,

as well as receiving a complimentary ST subscription for group use.

Write to: SIG Editor, c/o Satellite Times, P.0. Box 98, Brasstown, NC
28902-0098.

Space Group Profile: Space Station Future Fighters

In May 1991 NASA’s Space Station Freedom
was canceled by a subcommittee in the House of
Representatives. The six-member subcommit-
tee proposed that the space stations funds go
instead to building a parking lot in Florida, 10
conductingan “office waste” experimentin Michi-
gan, and to other assorted special interest
projects. Fortunately the subcommittee’s plan
was later overturned by a full committee.

Alarimed and outraged by this and other
growing attacks uponspace and science projects,
agroup of concerned citizens in Houston, Texas, formed the
Space Station Freedom Fighters in 1991 to develop and docu-
ment grassroots support for the space station. The volun-
teers decided to take the space station message “to the
streets” to educate the publicwhich in turn would lead to the
public expressing its support to Congress. In addition, the

Freedom lighters also focussed on media educa-
tion in an attempt to curb the negative biased
reporting against space and science projects
such as the space station.

Who are the Future Fighters? Teachers, engi-
necers, students, scientists, writers, salespeople,
office workers. astronomers—anvone who does
any advocacy for the space station is a Fulure
Fighter.

STreaders desiring to take an active role in
determining the fate of the space station and
the future of the U.S. in space, send a stamped, self-ad-
dressed envelope to the Space Station Future Fighters,
16582 Space Center Blvd, Houston, Texas 77058 or fax to
713-488-7903. You will receive free information about the
space station and a blank copy of the national petition with
which to collect signatures.

Amateur Sateliite Corporation (AMSAT)
P.0. Box 27

Washington, DC 20044
(301)-589-6062

National Space Society

(202)-543-1900

Membership: $20 (youth/senior) $35 (regular).

ASERA Ltd

PO Box 184

Ryde, NSW, Australia, 2112

email: lindley@syd.dit.csiro.au

Membership $A100 (dual subscription), Sub-
scriptions $A25 (newsletter only) $A50 (jour-
nal only).

The Planetary Society

Pasadena, CA 91106
(818)-793-5100

Membership: $5/year

British Interplanetary Society

27/29 South Lambeth Road Space Access Society

Membership Department
922 Pennsylvania Avenue, S.E.
Washington, DC 20003-2140

65 North Catalina Avenue

email psociety@delphi.com

Space Studies Institute

258 Rosedale Road

PO Box 82

Princeton, NJ 08540

Membership: $25/year. Senior Associates ($100/
year and up) fund most SSI research.

Students for the Exploration and Development of
Space

MIT Room W20-445

77 Massachusetts Avenue

Cambridge, MA 02139

(617)-253-8897

email: odyssey@athena.mit.edu

Membership: Dues determined by local chapter.

London SW8 1SZ

ENGLAND

Membership: No dues information available at
present.

Canadian Space Society

43 Moregate Crescent

Bramalea, Ontario

CANADA L6S 3K9

Answering Machine: (416)-626-0505

CSS BBS: (905)-458-5907 (8N1, up to 2400
buad)

Membership: Annual dues are $25/year ($15/
year for full-time students, $100/year for cor-
porate members).

4855 E Warner Rd #24-150

Phoenix, AZ 85044

(602)-431-9283 voice/fax

hvanderbilt@bix.com

Membership: $30/year, $1000/lifetime; includes
email updates. $50 for email plus mailed hardcopy
($25 extra outside the US).

Space Station Future Fighters

16582 Space Center Blva

Houston, TX 77058-2039

Fax: (713) 488-7903

Membership: All volunteer, No formal member-
ship or dues. Presently conducting a national pe-
tition drive in support of the international space
station. Send a stamped self-addressed envelope
for free information and a blank copy of the peti-
tion

United States Space Foundation

PO Box 1838

Colorado Springs, CO 80901

(719)-550-1000

Membership: Charter $50 ($100 first year), Indi-
vidual $35, Teacher $29, College student $20,
HS/Jr. High $10, Elementary $5, Founder & Life
Member $1000+

World Space Foundation

Post Office Box Y

South Pasadena, California 91030-1000
(818)-357-2878

Membership: Contributing Associate, minimum
of $15/year (but more money aiways welcome to
support projects).
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Feeling overwhelmed by all of the information
on satellites?

Hitoer ol
on Sotelitte M

* Plus smpping

** Free issue for new customers only

Here's all you need.

Tune to Satellite Radio by Thomas Harrington

Very few TV sotellite dish awners are aware af the myriad of ather services
available--if yau know where ta look! Sports events, dassical and ethnic music,
internotional broadcasters, special news services, weather satellite imagery,
facsimile press phatas and mare. Tom Harrington tells you, in nan-technical

terms, just what you need to tune it in!
Only $ 1 6.95.

Hidden Signals on Satellite TV by Thomas Harrington
Just released, this expanded third edition is the ultimate reference for
information on how to hear and watch those mystery signals on TV sotellites.
Everything from teletype press news to stock market reports, business
teleconferencing ta long distance telephones, international broadcasting
relays to music services.
Loaded with chatts, illustrations and instrudtions, Hidden Signals is o

satellite hacker's dream!
oy $19.95

Satellite Television Sourcebook '91 by Ken Reitz

This ulfimate reference ta TV sotellites provides more information than
anything else on the market. Lists of dealers, manufacturers and publishers,
indluding addresses and phone numbers, for magazines, books and equipment.
Detailed chapters an haw satellite TV works.

C bond, Ku band, weather, and even inter
covered. A free 1992 update sheet is included.

Only $5.95'

| satellites are

(800) 438-8155

Grove Enterprises, Inc.
300 South Highway 64 West Brasstown, NC 28902
{704) 837-9200 {outside Conado & US) (704) 837-2216 (Fax)

GUIDE TO FAX RADIO STATIONS
14th edition ¢ 400 pages ¢ $ 35 or DM 50

The reception of weatherfax radiostations and meteorological satellites
has become a mere child's play. Inexpensive FAX hard- and software con-
nects a radio receiver directly to a laser or ink jet printer. Advanced digital
technology puts real-time satellite images on your PC video monitor, with
fascinating colour and zoom features. This manual is the basic reference
book for everybody interested in FAX via radio.

The new edition of our FAX GUIDE contains the latest equipment
information, frequency lists and precise transmission schedules - to the
minute! - of 62 FAX radio stations and meteorological satellites, including
those of all US Coast Guard and US Navy stations worldwide. The most
comprehensive international survey of the "products” of weather satellites
and FAX stations from all over the world is included: 353 sample charts
and pictures were recorded in 1993 and 19941 Here are that special
charts for aeronautical and maritime navigation, the agriculture and the
military, barographic soundings, climatological analyses, and long-term
forecasts, which are available nowhere else. Additional chapters cover
abbreviations, call signs, description of geostationary and polar-orbiting
meteorological satellites, regulations, stations, technique, and test charts.

Further publications available are our unique Modula!lgn Type CDs,
Guide to Utility Radio S!a!ionf and RTTY Code Manual {121 ed.), and Ar
and Meteo Code Manual (14 h ed.). We have published our international
radio books for 25 years. They are in daily use with equipment manufac-
turers, monitoring services, radio amateurs, SW listeners and telecom
companies worldwide. Please ask for our free catalogue, including
recommendations from all over the world. For recent book reviews see
MT 2/94 page 90 and 10/93 page 92. All books are published in the
handy 17 x 24 cm format, and are of course written in English.

Do you want to get the total information immediately? For the special
price of $ 180 / DM 270 (you save $ 37 / DM 55) you will receive all our
manuals and supplements (altogether more than 1800 pages!) plus our
Cassette Tape Recording of Modulation Types.

Our prices include surface mail postage worldwide {for airmail please
add $ 7 or DM 10). Payment can be by $ or DM check or cash. We
accept American Express, Eurocard, Mastercard and Visa credit cards.
Dealer inquiries welcome - discount rates on request. Please fax or mail
your order to @

Klingenfuss Publications
Hagenloer Str. 14
D-72070 Tuebingen
Germany

Fax 01149 7071 600849 e+ Phone 01149 7071 62830

Minimum requirements: DOS compatible 286 and parallel
interface. Laptop operation recommended for true portable
aperation. All cables. documentation and software included.

The SAT TRACKER™ antenna controller is a feature-rich, low-cost system of

hardware and software that can be used to accurately track any satellite or celestial object
from horizon to horizon—including rapidly moving low orbit satellites like military “LEO”
satellites, weather satellites, and amateur radio “MICROSAT” Satellites.

Unique SAT TRACKER™ Features

* Operates all YAESU AND EMOTO Azimuth & Elevation rotor systems.

¢ High-speed bidirectional communications through parallel interface.

* Mature, field proven design with high-reliability.

* Manages antenna control system even when obstructions block full antenna

movement.
o Compatible with REALTRAK™. Instant Track™ & other satellite trackers.

Frequency Manager for SAT TRACKER™

¢ Usable on any serial port without conflicts.

¢ Supports all ICOM transceivers (including the new 820) and receivers.
¢ Supports mixing of transmitters and receivers.

¢ Supports for KENWOOD-790 and Y AESU-736.

¢ 10Hz Tuning steps for all radios.

For the name of your local dealer
please contact EDCO at 703 938-8105.
Dealer applications accepted.
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Satellite Times assumes no responsibil-
ity 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: $.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 type.

1-3/4” SQUARE DISPLAY AD: $50 per
issue. Send camera-ready copy or copy to
be typeset. Photo-reduction $5 additional

charge. For more information on commer-
cial ads, contact Beth Leinbach, 704-389-
4007.

FINALLY! Monitoring awards you can he proud of?
Details—SASE. ISWAC, Box 87-MT. Hanover, MI
49241.

SHORTWAYVE AND SCANNER Computer Service.
Shortwave Paradise—1019 Cambridge Drive #2,
Kalamazoo. M1 49001. 6 mes. $15, 1 yr $25. Call our
Computer System today! (616) 383-4979.

R-390-A SALES — SERVICE — PARTS. Informa-
tion SASE Miltronix, P.O. Box 3541, Toledo, OH
43608,

GE SUPERADIO 111, custom designed with up to
four noise-free SCA channels. Performance guaran-
teed. Credit Card orders accepted. (800) 944-0630.

HOMEAUTOMATION. Become adealer in this fast-
growing field. Freeinformation. CIl 800-838-4051.(12-
93)

I’OWERFUL TUNABLE \NTENNA BOOSTERfor
SWL, 150 kHz to 30 MHz. Send $2.00 for info.
(refundable). DARCY ELECTRONIC, RR 2, Burns
Lake, BC. Canada, V0] 1E0.

WORLDWIDE PENPAL ADDRESS MAGAZINE!
$3 postpaid, ($4 foreign): Golden Quill Penpal Cluh,
P.O. Box 92048, Pasadena, CA 91109,

Rocky Top Satellite Parts. Order or request price list
at 1-800-837-6430 or 208 Fleming Street, Murphy, NC
28906. (4/95)

SATELLITE RADIO

BOOK & GUIDE

NEW BOOK covers all Audio Services,
SCPC, Subcarriers, FM?, Facsimile,
Press Services, Weather Services.
Simple how-to-receive instructions.
Satellite Radlo Gulde Included.
$16.95 plus $3 Priority Mail ($19.95 total).
UNIVERSAL ELECTRONICS, INC.

4555 Groves Road, Suite 12
Columbus, OH 43232 (614) 866-4605

“For Sale: Two Used Uniden UST-5000 Satellite
Receivers. $75 each. Bob (217) 8645427

Commercial GOES Weather Satellite Receiver FG-701.
Copy images from GOES/GMS/METEOSAT ON 1691
& 1694.5. a complete dual frequency, triple conversion
microwave reciever with built in LNA and switchable
bandwithdemodulator. New costis $3500. One used unit
for sale, only $1500 (UPS prepaid in US). T. Pappan,
POB 580, Owosso, M1 48867-0580.

w \NTED MOTOROLA Flipphones and EXPO walkle
talkies (UHF/DPL preferred). Also looking for Yupiteru
handheld receiver. Mark. (301)428-9076 phone/fax.(12-
93)

Highest price paid for used scanners! (614)544-5842 (03-
95)

Mint AR-3000 receiver. SSOO Call WSISG, (616)731-
5600 days or leave message.

FOR SALE: BEARCAT 850XLT with GRE 800 MHz
superconverter, 4 mos. old. Searches 100 channels per
second. Perfect condition with original boxes. $350.
David, (405)436-3755, evenings.

Take heed SHORTWAVE LISTENERS. Are you plan-
ning to deal with Mike Papagorgio’s coin show “Money
Makes Money”? Please contact me before you buy from
him. George DiPrinzio 837 E 232 St, Bronx, NY 10466
or call collect (718)231-5638. (01-95)

PC WEATHER HF FACSIMILE 6.0 software (DOS),
demodulator, tuning cassette, headset, manual. $49. 810-
688-3952.

NRD 525 with Sherwood Filter Mods; 8.0. 4.0, 2.0, 1.0.
$750. NVA 319 Speaker with Push Button Filiers. $80.
All with original boxes and manuals. Call Mike atter0100
UTC (602)497-5852.

Uniden President 2510 with accessories, $250. Uniden
122. mobile SSB CB with accessories, new $150. Emcom
T-2000 Touch-Tone Decoder, $90. Newton 7000 noise
cancelling speaker, new $20. Astron RS-10S 10 amp.
power supply with built in speaker. new $50. K-40 CB
mobile mag. mount antenna, $30. 4 amp. power supply,
13.8/16.5 volt selectable, $20. M250 mobile linear, $150.
Hiwatt 110 mobile linear $60. Dann. (407)898-4152.

FOR SALE: BEARCAT BC200XLT w/cellular. $205
Shipped. (614)452-3209.

ACOUSTIC GUITAR PICKUPS: quick-mount, low
price, high quality, wholesale/retail, money-back
guarantee—canalso be used asacontact mic.. Samnple
$20 S&H included. VISA/MC accepted. CLE, Box
1913, Sarasota, FL. 34230-1913. Phone/FAX 813-
922-2633.

e |

Radio/Computer Interface!

Connect shortwave radio 10 PC-
I compatible. Weatherfax charts & satellite
photos, teletype & morse code. More
I info send $10r SASE. Hardware unit only,
(25 pin) $39 (9 pin) $49.

I Howard Olsen
l 5411 Atantic View Drive
St. Augustine Beach, FL 32084-7149

L---

Kenwood R-5000 with voice synthesizer, RDI white
paper. mod/review book, manual, service manual. and
SP-430 external speaker $700. Bob Lusby, (317)477-
1280.

100 PAGE
CATALOG

HUG

» Shortwave Receivers

» Amateur Radio Gear

» Scanners

» RTTY & FAX Equipment
» Books & Accessories

Ll Universal Radio

LIRGH 6830 Americana Pkwy. ST

= Reynoldsburg, OH 43068
Tel. 614 866-4267
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The following are some terms used in the
satellite business and are described in
layman’s terms.

ALTITUDE (ALT): The distance between a
satellite and the point on the earth directly
beiow it, same as height.

AQUISITION OF SIGNAL (A0S): The time at
which a particular ground station begins to
receive radio signals from a satellite.

APQOGEE: The point in a satellite’s orbit
farthest from the Earth’s center.

ARGUMENT OF PERIGEE: This value is the
number of degrees from the ascending
node the perigee point occurs. The perigee
point is the point where the satellite is the
closest to the earth (assuming an orbit
which is elliptical to some degree). This
number may be entered as a real value
between 0.0 and 360.0.

ASCENDING NODE: Point at which the sat-
eilite crosses the equatorial plane from the
southern hemisphere to the northern hemi-
sphere. (See RIGHT ASCENSION OF THE
ASCENDING NODE.)

AZIMUTH (AZ): The angle measured in the
plane of the horizon from true North clock-
wise to the vertical ptane through the satel-
lite.

CATALOG NUMBER: A 5-digit number as-
signed to a cataloged orbiting object. This
number may be found in the NASA Satelfite
Situation Report and onthe NASA Two Line
Element (TLE) sets.

COORDINATED UNIVERSAL TIME (UTC):
Also known as Greenwich Mean Time
(GMT). Local time at zero degrees longi-
tude at the Greenwich Observatory, En-
gland. Uses 24 hour clock, ie. 3:00 pm is
1500 hrs.

CULMINATION: The point at which a satel-
lite reaches its highest position or elevation
inthe sky relative to an observer. (Known as
the Closest Point of Approach)

DECAY RATE: Thisis the rate of decay of the
orbital period (time ittakes to compiete one
revolution) due to atmospheric friction and
other factors. it is a real number measured
interms of Revolutions per Day (REV/DAY).

DECLINATION (DEC): The angular distance
from the equator to the satellite measured
positive north and negative south.

DIRECT BROADCAST SATELLITE (DBS):
Commerical satellite designed to transmit
TV programming directly to the home.

DDPPLER SHIFT: The observed frequency
difference between the transmitted signat
and the received signai on a satellite down-
link where the transmitter and receiver are
in relative motion.

DOWNLINK: A radio link originating at a
spacecraft and terminating at one or more
ground stations.
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DRAG: The force exerted on a satellite by its
passage through the atmosphere of the
Earth, acting to slow the satellite down.

EARTH-MOON-EARTH (EMR): Communi-
cations mode that involves bouncing sig-
nals off the moon.

ECCENTRICITY (ECC): This is a unitless
number which describes the shape of the
orbit in terms of how close to a perfect circle
itis. This number is given in the range of 0.0
to fess than 1.0. An perfectly circular orbit
would have an eccentricity of 0.0. Anumber
greater than 0.0 would represent an ellipti-
cal orbit withan increasingly flattened shape
as the value approaches 1.0.

ELEMENT SET: (See ORBITALELEMENTS.}

ELEVATION (EL): Angle above the horizon-
tal plane.

EPHEMERIS: A tabulation of a series of
points which define the positionand motion
of a satellite.

EPOCH: A specific time and date which is
used as a point of reference; the time at
which an element set for a satellite was last
updated.

EPQOCH DAY: This is the day and fraction of
day for the specific time the data is effective.
This number defines boththe julian day (the
whole number part of the value) and the
time of day (fractional part of the value) of
the data set.

The julian day figure is simply the count of
the number of days thatparticular date is
from the beginning of the year. (January 1
would have a julian day of 1. Feb 28 would
be 59.) This number may range from 1.0 to
366.999999999 (taking into account leap
years)

EPOCH YEAR: This is the year of the specific
time the rest of the data about the object is
effective.

EQUATORIAL PLANE: An imaginary plane
running through the center of the earth and
the Earth’s equator.

EUROPEAN SPACE AGENCY (ESA): A con-
sortium of European governmental groups
polling resources for space exploration and
development.

FOOTPRINT: A set of signal-level contours,
drawn on a map or globe, showing the
performance of a high-gain satellite an-
tenna. Usually applied to geostationary sat-
ellites.

GROUND STATION: A radio station, on or
near the surface of the earth, designed to
receive signals from, or transmit signais to,
a spacecraft.

INCLINATION (INC): The angle between the
orbit plane and the Earth’s equatorial plane,
measured counter-clockwise. O (zero) de-
grees inclination would describe a satellite
orbiting in the same direction as the Earth's
rotation directly above the equator (orbit
plane = equatorial plane). 90 degrees incli-
nation would have the satellite orbiting di-

rectly over both poles of the earth {orbit
plane displaced 90 degrees from the equa-
torial plane). An inclination of 180 degrees
would have the satellite orbiting again di-
rectly over the equator, but in the opposite
direction of the Earth’s rotation. inclination
is given as a real number of degrees be-
tween 0.0 and 180.0 degrees.

INTERNATIONAL DESIGNATOR: An inter-
nationally agreed upon naming convention
for satellites. Contains the fast two digits of
the faunch year, the launch number of the
year and the piece of the launch, ie. A-
indicates payload, B-the rocket booster, or
second payload, etc.

LATITUDE (LAT): Also called the geodetic
latitude. the angle between the perpendicu-
lar to the Earth’s surface (plane of the
horizon) at a location and the equatorial
plane of the earth.

LONGITUDE (LONG): The angular distance
from the Greenwich (zero degree) merid-
ian, along the equator. This can is mea-
sured either east or west to the 180th
meridian (180 degrees) or 0 to 360 degrees
west. For example, Ohio includes 85 de-
grees west longitude, while India includes
85 degrees east longitude. But 85 degrees
east longitude could also be measured as
275 degrees west longitude.

LOSS OF SIGNAL (LoS): The time at which
a particular ground station loses radio sig-
nals from a satellite.

MEAN ANOMALY (MA}: This number rep-
resents the angular distance from the peri-
gee point (closest point) to the satellite’s
mean position. Thisis measured indegrees
along the orbital plane in the direction of
motion. This number is entered like the
argument of perigee, as a value between
0.0 and 360.0.

MEAN MDTION (MM): This is the number
of complete revolutions the sateliite makes
in one day. This number may be entered as
avalue greater than 0.0 and less than 20.0.
(See DECAY)

NASA:U.S. National Aeronautics and Space
Administration.

ORBITAL ELEMENTS: Also called Classical
Elements, Satellite Elements, Element Set,
etc. Includes the catalog Number; epoch
year, day, and fraction of day; period decay
rate; argument of perigee, inclination, ec-
centricity; right ascension of ascending
node; mean anomaly: mean motion; revo-
lution number at epoch; and element set
number. This data is contained in the TWO
LINE ORBITAL ELEMENTS provided by
NASA.

OSCAR: Orbiting Satellite Carrying Ama-
teur Radio.

PERIOD DECAY RATE: Also known as De-
cay. This is the tendency of a satellite to
lose orbital velocity due to the influence of
atmospheric drag and gravitational forces.
A decaying object eventually impacts with
the surface of the Earth or burns up in the
atmosphere. This parameter directly af-
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fects the satellite’s MEAN MOT!ON. This is
measured in various ways. The NASA Two
Line Orbital Elements use revolutions per
day

PERIGEE: The point in the sateliite’s orbit
where it is closest to the
surface of the earth.

POSIGRADE ORBIT: Sateliite motion which
is in the same direction as the rotation of the
Earth.

RETROGRADE ORBIT: Satelfite motion which
is opposite in direction to the rotation of the
Earth.

REVOLUTION NUMBER: This represents the
number of revolutions the satellite has com-
pleted at the epoch time and date. This num-
ber is entered as an integer value between 1
and 99999.

REVOLUTION NUMBERATEPOCH: The num-
ber of revolutions or ascending node pas-
sages that a satellite has completed at the
time (epoch) of the element set since it was
launched. The orbit number from launch to
the first ascending node is designated zero,
thereafter the number increases by one at
each ascending node.

RIGHT ASCENSIDN OF THE ASCENDING
NODE (RAAN): The angular distance from
the vernal equinox measured eastward in the
equatorial plane to the point of intersection of
the orbit plane where the satellite crosses the
equatorial plane from south to north
(asecending node). itis given and entered as
a real number of degrees from 0.0 to 360.0
degrees.

SATELLITE SITUATION REPORT: A report
published by NASA Goddard Space Flight
Center listing all known man-made Earth
orbiting objects. This report fists the Catalog
Number, International Designator, Name,
Country of origin, launch date, orbital period,
inclination, beacon frequency, and status
(orbiting or decayed).

TLM: Short for telemetry.

TRANSPONDER: A device aboard a space-
craft that receives radio signals in one seg-
ment of the radio spectrum, amplifies them,
translates (shifts) their freuency to another
segment and retransmits them.

TELEVISION RECEIVE ONLY (TVRO):ATVRO
terminal is a ground station set up to receive
downlink signals from 4-GHZ or 12-GHZ
commerical satellites carrying TV program-
ming.

TWO LINE ORBITAL ELEMENTS (TLE): See
ORBITAL ELEMENTS.

UPLINK: A radio link originating at a ground
station and directed to a spacecraft.

VERNAL EQUINOX: Also known as the first
point of Aries, being the point where the Sun
crossestheEarth’s equator going from south
to north in the spring. This point in space is
essentially fixed and represents the refer-
ence axis of a coordinate system used exten-
sively in Astronomy and Astrodynamics.
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By Bob Grove, Publisher

Ku vs. C Band vs. Cable:
The Gauntlet is Down

Since the early 1980s, C band (3.7-4.2 GHz) has reigned
supreme in the satellite TV industry. TVRO (television,
receive only) “big, ugly dishes” (“BUDs”) pepper the
countryside with their four-to-ten-foot parabolas.
Videocipher(TM) descramblersdominate the pay-TV mar-
ketplace. Billions of dollars have been invested in this part
of the spectrum, an enormous asset. But there’s a new kid
on the block.

Ku band (11.7-12.7 MHz) holds great promise for a
new genre of satellite TV, aswell as other communications
links. With twice as much spectrum and new, high-tech-
nology, digital-compression techniques, direct-broadcast
satellites (DBS, 12.2-12.7 GHz) offer some awesome ad-
vantages over C band to the consumer.

Low cost (hundreds, not thousands, of dollars invest-
ment) and small (18-inch, not ten-foot, dishes), DBS
appears to have captured the appeal of the nation. Best
guesses would have at least 100,000 units now in the hands
of the public, with Thomson, the French manufacturer
(under the RCA brand name), expecting to produce
more than half a million units per month by year’s end.

When RCA/Thomson’s exclusive arrangement with
DirecTV runs out (after 18 months or 1 million units),
Sony goes on line as the next major player and, after 24
months, the floodgates open.

The GM Hughes Digital Satellite System (DSS) birds
are still not up to full speed, however. While DirecTV
hawks 175 channels for the viewer, in fact, there aren’t
nearly that many activated, and only 22 states even have
consumer receiving equipment. DirecTV hopes to offer
full, nationwide coverage by the end of the year.

But DirecTV isn’t the only player. United States Satel-
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lite Broadcasting (USSB) shares the same two Hughes
DBS birds,and USSB will offer a high-definition television
(HDTV) option when it senses that the marketplace is
ready.

Finally, PrimeStaris supplying 70 channels in the lower
Ku Fixed Satellite Service (FSS) band to 80,000 American
homes. But these numbers are not yet attractive to major
national advertisers who are waiting for at least one
million subscribers.

Dropouts in Ku band reception are common during
the rainy season, and the digital compression smears fast-
action video, two major deficits happily reported by cable
companies to their prospective customers. Interactive
video, also available on cable, is lacking on the satellite
services. Many new DBS subscribers are holding on 1o
their cable as well-at least for now.

DSS hopes to overcome the technical problems; a
suggestion (o strap two 120-watt traveling-wave-tube am-
plifiers (TWTAs) to double the output power would boost
signals by 3 dB.

Ku in the UK is far more prevalent than in the U.S,,
with some 3 million Brits presently watching British Sky
Broadcasting, a product of Rupert Murdoch’s media
megabucks. The trend is reflected throughout the Euro-
pean community which now boasts some 14 million small-
dish owners.

While Europe’s direct broadcast birds are still analog,
two new Astra satellites are scheduled to carry digital
transponders into orbit in 1995 and 1996.

There is a lot of money riding on these Direct Broad-
cast Satellites, and their time has come. Expect exploding
growth in the DBS market in the years ahead. Sy
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Whether you're:

® an Amateur Radio operator
¢ a space enthusiast

® a teacher or scientist

¢ new to satellite communications

® an experienced space communicator

you’'ll find everything right here to
assist you on your journeys.

IF You Think The Sky's The Limit...Think Again!

Touch the future right now and venture into
space through satellite communications. It's a
fascinating aspect of Amateur Radio—and more.

NEW EDITION
The ARRL Satellite Anthology

This third edition gathers the best satellite articles

from QST to enrich your operating enjoyment.

Learn about all the active satellites
from OSCAR 10 through OSCAR
27-and beyond!

Discover how to track satellites,
work satellite DX, explore the digi-
tal Microsats and use the Russian
“easysats”. Now is the perfect time

to catch sazellite fever, and this book
-~ will sho o

Sin B

NEW EDITION

Weather Satellite Handbook .d

by Dr. Salph E. Taggart, WB8DQT o—)

This revised and expanded 51h edition will :each you
how weather satellites function, how to build nodif
your own receiving equipment and how to by or
the rignt antennas. It also feaures an interface pro;
that allows yoL to capture fascinating images from vari-
ous weather satellites and HF WEFAX broadcasts (a kit

is avaiiatle). ARRL Order No. 4483. Retail $20
"

The Satellite

Experimenter’s , [EEuuEtiees
Handbook = - Handbook
Martin Davidoff & by Martin Davidoff, K2UBC
L T This title focuses on satellites

built by and for the international
amateur radio community and
will be your guide to using and
designing satellites.. You’ll also
get a fascinating look at how
you can put orbiting spacecraft
to practical use.

ARRL Order No. 3185. Retail $20

ARRL 225 main st., Newington. CT 06111-1494

World Radio History
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IC-820H FEATURES:

O Built-in Auto Satellite Functions

O All Mades in ¢ Compazt Case
{9.5" W x 2.7" H x 10.0" D}

“Plug and Play” 9600 bps Operations
Built-in High Stability Crystal (+ 3 ppm)
Independent Contrals with Sub Tunimg
New DDS for § Hz Resolution

IF Shift {electsonically shifts for
effective interference reduction)

a

Satellite Memory and Tracking Function
{rev./normal tracking on moin/subkond)

Doppler Compensation Function

10 designated Satellite Memories
Dato Jack for Packet Ops. (9600 bps)
New Madulotion Limiter Circuit

2 VFO’s each for VHF and UHF Bands
50 Memory Channels

Sterea Headphone Jacks

2 Antenna Connectors

Noise Blanker

RIT Function

Memory Allocation Function
Attenuator
Programmed/Memory/Mode Select Scon
(W Semi-Break In and Side Tone

AF Speech Compressar {oudio)

Auto Repeater and One-Touch Functions
Seporate Main and CW Filters

(W Narrow Filter {optianol)

Tone Scan {optional)

45 W (FM, (W), 35/6 W (S5B) VHF
40 W (FM, CW), 30/6 W (SSB) UHF
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IC-820H 2 M/440 MHZ Dual Band All Mode Transceiver

The IC-820H isn’t your hpical hase
station lransceiver. This all mode dual
bander bas compact and lightweight
dimensions offering operating
versatilily other hase stations just
can't match. Mobile and field
operations are ideal with this rig.

But don't let its size fool you. This is a
high performance transceiver with
state-of-the-art construction, circuit
design and cutting edge features.

1COM’s Newly Designed I-loop DDS
(digital direct synthesizer) is emploved
in the PLL circuit of the 1C-820iI.
Previous PLI. circuits for 10 11z
resolution transceivers conta:ned 2-loop
circuits. The new [-loop has a single
loop and Generates a Signal with
Seperior 1 Hz Resolution. ICOM’s DDS
PLL also contains a normal PLI as the
main-loop and a DDS as the sub-loop.

Satellite operation with the 1C-8201's
Built-In Satellite Functions has never
heen this easy. These include Normal
and Reverse Treckirg for difterent
modes of satellite communications;
Independent Uplink /Downlink Control
for Doppler shift compensation; Sep-
arate Safellite VFO and 10 Dedicated

Satellite Memories provide quick
switching from normal to satellite
operation as well as easy recall of
satellite and downlink frequencies.

With Independent Controls and
Indications for Both Bands, this dual
bander is as easy to operate as most
single hand transceivers — and
exchanging the main and sub bands is
just a switch away. [n addition, while
simultaneously receiving signals on each
hand, Separate S-Meters indicate their
respective signal strengths.

The Sub Tuning Function can be assigned
to the RIT or SHIFT control and allows
you to tune automatically at variable
wning speeds. This is especially useful
when searching for signals over a wide
frequency range — eluninating the need
for excessive rotations of the main dial.

The IC-82011's Compact Size enables
easy installation in a shack as well as a
vehicle. Overall dimensions may he
small, but important points such as LCD
size and space between switches are
more than adequate.

An important consideration in all
mode transceivers is the interference
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reduction circuit. The IC-8201's IF Shift
Circuit shifts the center frequency of the
receiver passhand electronically to evade
interfering signals.

The [C-82041's DATA Terminal (in ACC
socket) is connected to its modulator
circuit directly. This Data Jack supports
Packet Operation at up to 9600 bps

A newly designed Modulation Limiter
Circuit is employed in the modulator
circuit to prevent you from exceeding the
maximum deviation — even with large
amounts of data.

Call (206) 450-6088 for
FREE Product Literature!

View a video demonstration
of this product

= (I =

at your parficipating
1COM dealer todoy!

1C0M Americo, Inc. Corporate Headquarters
2380-116th Ave. N.E, Bellevue, WA 98004

1994 1COM Americo, Inc. The ICOM logo is o registered
troderiark of ICOM, Inc. All stoted specifications ore
subject to change without nolice or obligation. All IOM
todios significontly ¥xceed FCC regulotions limiting
sputions emissions. 820494Y






