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Sf'lit’f'}'es Seven Hundred Years in Orbit

By Philip Chien, Ecrth News
In the early days of the space
program, satellites were built
like custom racing cars, Today,

Cover Story

Cover Photo: The laun’ch of it's more common to find most
Telstar 303, a Hughes’ HS-396 applications riding on a stan-
spacecraft, launched from the dardized satellite bus. ST staffer

cargo bay of the space shuttle
Discovery. This scene was photo-
graphed at 10:35 a.m. on
September 1, 1984, during the
STS-41D mission. (NASA)

Philip Chien takes a look at the
most popular satellite busses
built by Hughes Space and
Communications Group in the
story starting on page 10.
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From Voice to Vision

By Jeff Chanowitz

For the last fifty years, the

0 . . 7l
Voice ofAmerlca hz.ls pullt a (EE)
reputation for providing ac-

curate, balanced news and
information via radio. Now the VOA has a new
“face,” thanks to satellite TV. Story on page 16.

“This is NPR
from Space...”

By Bard-Alan Finlan

In 1996, TVRO dish owners discovered that the
satellite transmissions of a pioneer in the field of SCPC
program distribution, National Public Radio, had dis-

appeared from

their satellite radio
D D dials. You can find
out why starting on

ZIN o2




DEPARTMENTS

0ownlink ......cccevveenriniriicriicereeneennes 4 Navigation Satellites.......................... 64
ST Gets a New Look The GPS Space Segment
Satellite Monitor..............ocvuveninninnen, 6  Computers and Satelites .................... 66
Water Found on the Moon and more Tracking the Sun and Moon
The View From Above........................ 29  Satellite Profile ............cceeeeuvnrernnnnnn. 68
New LRPT Format Review AMSAT OSCAR-13
Amateur Radio Satellites ................... 30 OntheAir.....cccceevivineeivicveeencrienennn. 70
Digital 0SCAR Communications WFMT Classics and Fine Arts Get No Finer
Personal Communication Satellites ....... 34  International TVRO .........c.cevveeneeencnnen 74
World’s Smallest Satellite Terminal? Murdoch’s Adventures
Satellite Listening Post...................... 36 Oomestic TVRO .......c.cvvvnnvmninnnennnens 78
Hubble’s Best Is, Astronauts Mixing with the Military Band Satellite Home Viewing Act: FCC Response
Satellite Services Guide NASA Space News.........c.ccceeunvennennnes 82
Well, Profound ... Satellite Services Guide Introduction .... 39 Best of Hubble: 1996 Picture Gallery
. " Satellite Radio Guide .................e....... 40 Earth Watch ........ceevvvevnernnnnrennnenanes 85
Hubble Space TeIeSLQPe Single Channel Per Carrier (SCPC) Svc. 42 Namibia Sand Dunes
evokes a new sense of awe and International Shortwave Broadcasters...... 44 What'Ss NeW.........c.ccceevveereerecennennanne 86
wonder about the infinite Direct Broadcast Satellite (DBS) Systems 46 Smallest Satellite Antenna?
richness of our universe in Ku-band Satellite Transponder Sve. Guide 49  Final Frontier........ovvveeeeneeeneeeneaenaens 88
dramatic, unprecedented .(S;ate//ite Trans;;onder GLuide ..... - gg STS-82: Hubble Servicing Mission-Take 2

T . e i T eostationary Satellite Locator Guide ...... Radio Astronomy .........ccccceeecieeiennnns 90
fs’"“:l' esb"f :e'f ?‘s');'(.)".mf’m' Amateur Satellite Frequency Guide ....... 54 Arecibo Upgrade (Part 1)

e HICBEgtos oS th a Amateur/Weather Sat. TLR Orbital Info. 56  World Radio Network Schedules............ 92
special color section starting Satellite Launch Schedules................... 58  GOES 9 WEFAX Broadcast Schedules ..... 93
on page 86. Satellite Launch Report ..................... 60  Stock Exchange/Advertiser Index .......... 94

Report for September and October 1996 GIOSSANY ...cenvenienienieireereerenceneraeans 95
The Beginner's Column ...................... 62 UPlINK ..ocovvviieieieieieieecenenerenenenaes 96
Getting Started in Weather Satellites Gates Way (by) 2000?

SATELLITE TIMES (ISSN: 1077-2278) is published bi-
monthly by Grove Enterprises, Inc., Brasstown, North
Carolina, USA.

Subscription Rates: $19.95in US and $28.50 in Canada.
Call for air mail rates for other countries. For more infor-
mation, please see page 94.

Postmaster:
Send address changes to SatelliteTimes,
P.O. Box 98, Brasstown, NC 28902-0098.

Copyright © 1996 Periodicals postage pending at Brasstown,
NC, and additional mailing offices. Short excerpts may be
reprinted with appropriate credit. Complete articles may not
be reproduced without permission

Disclaimer:

While Satellite Times makes an effort to ensure the information it
publishes is accurate, it cannot be held liable for the contents. The reader
assumes any risk for performing modification or construction projects
published in Satellite Times. Opinion or conclusions expressed are not
necessarily the view of Satellite Times or Grove Enterprises. Unsolicitied
manuscripts are accepted SASE if material is to be returned.

Address: P.O. Box 98, 7540 Highway 64 West,
Brasstown, NC 28902-0098

Telephone: (704) 837-9200

Fax: (704) 837-2216 (24 hours)

Web site: http://www.grove.net/hmpgst.html
Internet Address: steditor@grove.net

Bob ar(\)d“erL%?Grove Editorial Staif
Publisher Satellite Services
Bob Grove, WA4PYQ Guide Manager .... Robert Smathers Navigation Satellites .... Steve Dye
Managing Editor SSG Monitoring Team ... Robert Smathers Personal Com.Satellites .... Donald Dickerson, N9CUE

Larry Van Horn, NSFPW
Assistant Editor

... Larry Van Horn, NSFPW

. Radio Astronomy ... Jeff Lichtman
... Gayle Van Horn

. Satellite Launch Report ... Phillip Clark
4 ! . :
RaChe;Ba;?hn'tKE oFe Amateur Radio Satellites .... John A. Magliacane, KD2BD  Satellite Launch Schedules ... Keith Stein
J:;‘hn éeacm;lr Beginners Column ... Ken Reitz, KS4ZR Satellite Listening Post ... Keith Stein
Computers and Satellites ... Dr. TS Kelso Satellite Monitor .... Wayne Mishler, KG5BI
ST Web Editor : S

Gayle Van Horn, Domestic TVRO ... Doug Jessop Satellite Times Tests .... Larry Van Horn, NSFPW
swbesked @ grove.net Final Frontier ... Philip Chien Weather Satellites .... Dr. Jeff Wallach, N5ITU

International TVRO .... George Wood, SMOIIN/KAGBIN
On the Air ... Steve Handler

Advertising Services
Debbie Davis
(704) 837-6412

Dealerships
Kim Zimmerman

Business Manager
Kelly T. Davis, KE4TAM

What's New .... Wayne Mishler, KG5BI

Correspondence to columnists should be mailed c/o Satellite Times. Any request for apersonal
reply should be accompanied by an SASE.

2 SATELLITE TIMES January/February 1997




More than 200 full color pages, issued
every 2nd month, global satellite chart
with frequencies, channel addresses,
satellite footprints, channel identification
images and insight reports from various
global locations.

| Please send or fax this

|subscription form to:

TELE-satellit GB

c/o Christine Williams
PO Box 1124, Ascot, Berkshire,
SL5 0XH, Great Britain
Fax (011-44)-1344-20354

for faster service, please Email:

100574.1003@compuserve.com

ITELq SATELLITE smf!i'smr
A1
i %

. -3 A 82
=Y a rvﬁ g

http://www.TELE-satellit.com

respected authority on World’s Satellite|
Industry: Please start my Test Subscription of

3 issues for only US$ 30.

| enclose my cheque payable to:

TELE-satellit GB or debit my credit card.

I have absolutely no obligation after this test

subscription expires.

Name
Company

Address

Zipcode
City..
VISA

IAccess/Mastercard |
American Express

Credit Card number

Expire date Diners

Date . Signature.



4

R -

DOW INL{NK

By Larry Van Homn
Managing Editor
steditor@grove.net

ST Gets a New Look!

y the time you have gotten this far into this issue

of ST,youhave probablynoticed some of the new

look you will experience in this issue. There are
many more changes that await you as you explore this
issue. For the first time ever, we have full color avail-
able not only for editorial content, but advertisers as
well.

All these movements required a change in print-
ers. I would like to take this opportunity to welcome
Tim Gregath and his staff of fine professionals at
Quebecor Nashville to the Satellite Times production
family. Tim and Quebecor team print many nation-
ally-recognized magazines at their Nashville facility
and ST'is now proud to be among those elite publica-
tions.

Now it is time to hear from you. Joe Leikhim
(Jleikhim@nettally.com) sent an E-mail letter regard-
ing Bob Grove’s recent open letter on the ham/
scanner radio market. Here is what he had to say:

“I read with interest your open letter regarding the
down turnin the ham radio/scanner market. [ couldn’t
agree more. Here are a few of my observations:

1. The LEO threat to 2 meters and 70 cm.

“How many hams are willing to put any large
investment into new equipment in these bands with
that threat looming? I myself am queasy about the
resale value of my IC-970 multimode rig if these bands
are lost.

2. The demise of AO13.

“True, Phase 3D is waiting to be launched, but what
happens if it fails (a distinct possibility)? What will
replace P3D? What happened to simpler, lower cost
payloads? AO10 is still working, albeit without batter-
ies and controller. I think AMSAT has far too much
riding on this one (P3D).

“The amateur radio industry cannot sit back and
watch without taking action. The ECPA is one ex-
ample. Thelawisastupid onesinceitin effect protects
no one and outlaws legitimate activity. You did not see
the NRA sit back and do nothing about handgun
legislation, right?

“ICOM, Kenwood, Yaesu and all of the others
involved in promoting amateur radio and SWL hob-
bies have a lot to lose. The land mobile, ’CS, and
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satellite folks are doing plenty that will destroy our
hobbies. Plenty of money has been spent in Washing-
ton to “protect” their “interests.” This spectrum gobble
by big “M” and others is a ploy to put the entire
spectrum into the hands of commercial interests who
will try to exploit every last dollar until they learn that
no spectrumn deficiency really existed, and that they
have gotten caught in the hype and are all going after
the same limited market segment. By then, of course,
it would be too late.

“The amateur radio industry must fight
(333$LOBBY$3S) to protect their
own interests. This includes a firm battle to protect the
VHF, UHF, and SHF spectrum available for new and
potential no-code licensees, the promotion (8$Sagain)
of AMSAT and others to build a fleet of simple, reliable
satellites to instill interest in the hobby. Face it, repeat-
ers and packet are far less sexy to a consumer than
cellular, PCS, and the internet. Amateur radio is ex-
pensive and these new diversions require virtually no
up front investment.

“And if we are to lose 2 meters or 70 cm, the LEO’s
or other commercial
interests who benefit must be prepared to buy out the
existing investment of amateur equipment in service.
Just like the PCS relocation: PCS licensees must pro-
vide the microwave incumbents with a new system of
equal performance. If LEOs agree to relocate hams to
the band of their choice and pay the expenses related
to such a relocation, then a fair and equitable ex-
change might be made. “Thinkofall the newICOM,
Yaesu, Kenwood equipment currently being sold! This
won’t continue if the FCC (Frequencies, Cash and
Carry) keeps on giving away spectrum where amateurs
once had status: 2.3 and 2.4 GHz, etc.

“If the LEO’s don’t buy up all of this incumbent
equipment, it will find its way to flea markets, Carib-
bean islands, and South America, where it will find new
life dispatching taxi cabs. The LEO’s would not be
happy with that prospect, would they?”

Thanks, Joe, for joining me on the Downlink page in
vour space magazine of record, Satellite Times. 1 would
like to hear from vou, if vou have a comment on 8T
send E-mail to: steditor@grove.net or address vour
mail comments to: Downlink-Managing Editor; Satel-
lite Times; ’.O. Box 98, Brasstown, NC 28902. St



By Wayne Mishler, KG5BI
E-mail: mishler@ipa.net

Water Found On The Moon. The Pentagon announced on December 3, 1996, that data
acquired by the Clementine spacecraft indicates that there is ice in the bottom of a
crater on the Moon. Located on the Moon's South pole it was discovered with radar data.

Moon water: ticket to lunar
colonization, agriculture, industry

The probable discovery of water on
the moon by the NASAssatellite Clementine,
if true, could turn the moon into a colo-
nial space port.

A water source combined with solar
electrical power could lead to coloniza-
tion of the moon oralunar base for space
exploration. Near the craterat the moon’s
south pole where Clementine made the
discovery, mountain peaks jut into per-
petual sunshine. They would make good
sites for continuous solar power genera-
tion. “A source of energy so near a source
of water has many potential applications,”
says one Clementine scientist.

It also raises the possibility of a rush by
rival nations to claim water rights. Some
are already putting a dollar value on the

discovery. Lunar ice could be worth as
much as $9 trillion in life support, agri-
culture, and industry at a future lunar
base, one scientist predicts.

Scientists explain that this is not pure
water, but ice mixed with dirt. But, if the
satellite’s data is correct, there is enough
ice to be melted and cleaned to suppert
life in a colony.

The probability of finding water on
the moon comes as no surprise to the
science community. Geologists for years
have suggested that we might find water
at the lunar poles. They say there may be
waterin several craters, deposited by com-
ets impacting the lunar surface.

If you have access to the world wide
web on the internet, check out the URL:
http://www.nrl.navy.mil/clementine /
clementine.html, for more information.
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Advanced satellite center opens

A satellite center described by
Lockheed Martin Missiles & Space as the
“world’s largest, most innovative and effi-
cient” satellite manufacturing plant
opened November 19 in ceremonies at
Sunnyvale, Calif., to satisfy increasing
demands in the space-based telecommu-
nications industry.

The $65 million center will produce
spacecraftfor Lockheed Martin Telecom-
munications to handle mobile telephone
networks, electronic data and fax trans-
fer, direct-to-home television, and broad-
band communications.

Spacecraft operationsare being trans-
ferred from a Lockheed plant in East
Windsor, N J., to the 158,000-square-foot
Sunnyvale facility 18 months ahead of
schedule.

“Heritage companies that built the
first satellites at the dawn of the space age
are now a single team producing systems
that will revolutionize the telecommuni-
cations industry,” says Lockheed chair-
man Dan Tellep. “The Commercial Satel-
lite Center will allow us to reduce costs
while giving customersa quantum leap in
communications services at a reasonable
price.”

The new facility has a “clean room”
the size of two football fields where there
can be no more than 100,000 particles
per cubic meter of air larger than .5
microns-—80 times smaller than the di-
ameter of a human hair.

Resembling an automotive produc-
tion line, the center has the capacity to
produce eight satellites a year. Construc-
tion time for each satellite will be re-
duced from the industry standard of 24
months to 18 months during the initial
phase of operation. Eventually the time it
takes to build a satellite in the center will
be reduced to one year.

The facility was designed for produc-
tion of the A2100 commercial satellite.
“The modular design of the A2100 allows
it to be configured to customers’ specific
needs, changing components as required
and avoiding the cost and risk of new
design developments,” says Mike
Henshaw, president of Lockheed Martin
Missiles & Space.
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“The design uses 20 percent fewer
parts than earlier satellites, resulting in
lower cost and faster cycle time,” he adds.

The building has a 50-foot-high major
assembly area, including integration and
test, stagingandsupportareas. Itincludes
an 11,664-cubic-foot thermal vacuum
chamber thatsimulates temperatures and
pressures in space which can be 76 billion
times less than on Earth. A 64,000-cubic-
foot acoustic test cell duplicates audio
frequencies and noise levels up to 165
decibels to simulate the vibration of large
booster rockets at launch.

The center’s Sine Vibration Test Fa-
cility can produce 45,000 pounds of thrust
to check for resonant vibration
similar to that encountered at lift
off.

The plant already has a back-
log. “We recently launched three
satellites from three continentson
three different launch vehicles—
all within one week. They are on
station and performing well,” says
Russ McFall, president of
Lockheed Martin Telecommuni-
cations.

The day the Earth shook

It was a blow that shook the
Earth to its core. An asteroid big-
ger than Mount Everest ripped
into the Yucatan peninsula of
Mexico from the southeast at an
oblique angle of about 20 to 30
degrees. A wall of white-hot fire
ricocheted northwest, like napalm,
incinerating plantsand animals to
extinction in its path across North
America. The explosion then
mushroomed skyward and en-
gulfed the planet, destroying en-
tire species around the globe.

That’s a snapshot of the catas-
trophe that wiped out dinosaurs
on Earth 65 million years ago, ac-
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the sun, which would probably have dis-
tributed damage uniformly around the
globe. The global fossil record shows the
damage was unevenly distributed. Some
areas in North America were more se-
verely damaged. Others had less destruc-
tion. Some were spared altogether.

The Brown University study supports
the fossil record of destruction. The dam-
age was especially severe because the as-
teroid struck at an oblique angle, spread-
ing waves of ground-hugging, vaporous
fireballs onward over a much larger area
than if it had collided at 90 degrees with
Earth. The wall of fire carried with it a
two-mile-deep layer of vaporized rock and

debris sheared off of the Yucatan.

“It was like a nuclear explosion taken
north on a jet-powered sleigh,” says Peter
Schultz, professor of geologic sciences at
Brown University. “This was indeed the
day the Earth shook.”

The key evidence supporting this
glancing-blow theory is an impact crater
discovered deep beneath the Gulf of
Mexico at the northern tip of the Yucatan
peninsula. The oblong crater is 185 miles
wide. Its shape, as revealed by magnetic
and gravity sensors, is characteristic of an
oblique angle of approach.

Researcherssay the horseshoe-shaped
crater matches the structure of similar
craters on the moon and Venus that
were created when objectsstruck them
at oblique angles.

Spacecraft leaves legacy for
future generations

On Jupiter there are flickering
lights in the sky similar to the Aurora
Borealis on Earth, with one notable
difference. They are visible only by
ultraviolet light. They flicker in re-
sponse variations in the solar wind
striking Jupiter’s atmosphere. This
aurora activity seemed to be repressed
after the fragments of the comet Shoe-
maker-Levy 9 slammed into Jupiter in
a spectacular series of explosions. Sci-
entistsbelieve cometdust was the cause.
They have been watching the skies of
Jupiter through the eyes of several
spacecraft, including the International
Ultraviolet Explorer (IUE) which, like a
wounded soldier, managed to limp
onward to complete its final observa-
tions of Jupiter on September 30.

In March of this year, the space-
craft was ailing, with only one of its six
gyros still functioning, which limited
the scope of its original mission. By
skillful control and spacecraft engi-

This high-speed sequence shows an object striking
a surface at an oblique angle, sending vapor and
material downrange. Scientists say the asteroid that
wiped out the dinosaurs 65-million-years ago hit the
Yucatan from the southeast at a similar angle,
propelling vaporized rock and other material into
North America and eventually worldwide. (Brown
University)

neeringitwenton harvesting new data,
including prolonged observations of
the comet Hyakutake. The craft’s con-
cluding campaigns targeted several ac-
tive galaxies and stellar winds as well as
Jupiter.

“I am sad but also privileged to be the

cording to a new study just re-
leased by Brown University of
Providence, R.1.

This new theory differs from
previous hypotheses that global
destruction was caused by an as-
teroid raising dust thatblotted out
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‘Godderd's WE Contrel Room.

INTERNATIONAL ULTRAVIOLET EXPLORER
STUDIES THE UNIVERSE

’97, the premier Canadian-
based telecommunications
event that draws more than
8000 delegates and visitors
from 60 nations.

“Canada Link is a logi-
cal step in the development
of the Link worldwide multi-
channel TV conference se-
ries,” says Carl Berndtson,
managing director of Link
Events which is organizing
the schedule of events.

“There is a flurry of ac-
tivity going on within the
country,driven byseveral fac-

lastobserver with IUE,” says Renee Prange
of Orsay, France, who was in charge of
the Jupiter program. “At the end it pro-
vided us with 800 observations of Jupiter,
so it was still doing important work at the
leading edge of planetary astronomy and
space research.”

IUE was intended to last for three
years from its launch by NASA, the UK,
and the European Space Agencyon Janu-
ary 26, 1978. But the 700-kilogram space-
craft surprised everyone by continuing
on to supplyastronomers with ultraviolet
spectroscopic information available from
no other spacecraft until the launch of
the Hubble Space Telescope in 1990.

After the termination of JUE's space
operations this September, the mission
continues on the ground of reprocessing
all the raw data transmitted from the
spacecraft over the years. This will create
the IUE archive of ultraviolet spectra,
from which future generations of astrono-
mers will continue to cull information on
nearly 10,000 objects in the sky.

Conference to showcase global
telecommunications solutions

A new conferencedebuting earlynext
year will profile the rapidly changing
market for cable and television distribu-
tion services in Canada.

Canada Link '97 is seheduled for Feb-
ruary 24-27 at the Waterfront Hotel and
Vancouver Trade and Convention Cen-
ter. It will be co-located with Inter Comm

tors: favorable regulatory de-
velopments governing foreign invest-
ment, and a nationwide commitment to
improving telecommunications infra-
structures, and service delivery through
competition,” he adds.

Gordon Hutchison, president of Ot-
tawa-based Evert Communications Ltd.
and chairman of Canada Link points out
the need fordiscussion. “With digital DBS
services, wireless cable, and telephone
companies movinginto the cable TV mar-
ket, the need to fosterinvestmentis great,”
he explains.

“Our daily interaction with key play-
ers in the Canadian communications in-
dustry indicates the need for an event
that focuses on the new market dynamics
not constrained by a particular point of
view or agenda. the co-location with Inter
Comm ’97 should provide an exciting
venue for this conference.”

Canada Link ’97 is cosponsored by
Canadian Communications Report, a news-
letter published by Ottawa-based Evert
Communications Ltd.

For more information on the confer-
ence, contact Gerard Herrador,
Rosenberg, Tex., telephone (713) 342-
2488 or email info@linkevents.com.

World Radio Network appoints

director of corporate affairs

World Radio Network (WRN), which
broadcasts to much of the world via satel-
lite, has appointed Simon Spanswick as
its director of corporate affairs, a new
position with responsibility for market-
ing, public relations, and sponsorship
development.

Formed in 1992, WRN provides con-
tinuous English language programming
from 25 broadcasters in 20 countries to

SATELLITETV -
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..and much more...
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576 pages,
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continental
Europe and
North America
bv Astra and
Galaxy satel-
lites. The firm
recently intro-
duced services
to Africa,
South Asia,
and Asia-Pa-
cific.

WRN has pio-
neered audio on the Internet, and all
programs carried on WRN satetlite and
cable services can be accessed through
the World Wide Web.

Spanswick comes to WRN with a de-
cade of experience with the British Broad-
casting Corporation (BBC) and previous
experience as a freelance broadcaster.
While with the BBC he presented
Waveguide, the weekly communications
program on BBC World Service. Prior 10
that, during preparations for the 1992
World Administrative Radio Conference,
he worked in World Service Engineering.
He also worked in World Service Press,
Publicity, and Marketing.

“Simon’s combinations of skills and
experience, both as a broadcaster and in
corporate affairs, willbe of immense value
to WRN,” says Karl Miosga, WRN manag-
ing director. “He joins us at a time when
we are launching new services for our
contributing broadcasters, and expand-
ing into new markets across the world.”

Spanswick is also coordinator of Digi-
tal Radio Worldwide, the consortium of
international broadcasters, including
eleven prominentinternational radio sta-
tions, implementing satellite-delivered
digital radio to replace shortwave broad-
casting.

“Working for the BBC has been enor-
mously satisfying, particularlysince 1 have
been able to combine a role behind-the-
scenes with one at the sharp edge of
broadcasting in front of the microphone,”
Spanswick says. “But now at a time of
great change and opportunity brought
about by new delivery methods and the
increasing pace of digital development, it
seems the right point to help develop one

Simon Spanswick
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of the most successful independent orga-
nizations in the international broadcast-
ing industry.”

U.S. DirecTV broadcasts
illegal in Canada

The Canadian Press newspaper is ad-
vising local residents not to buy equip-
ment for receiving DirecTV broadcasts.

That service, says the Press, is not li-
censed in Canada by the Canadian Radio-
television and Telecommunications Com-
mission. Consumer advocates warn that
DirecTV would cut off programming for
Canadian customers. A local vendor says
he will sell hardware packages capable of
receiving that service for about $1,000.

“Consumersought tobe careful about
buying an expensive piece of equipment
onlyto find thatsomebody flipped the off
switch,” says Canada’s Industry Minister

John Manley.

And, finally...

They just don’t make grandkids the
way they used to. There I was, minding my
own business, sitting on a couch at my
daughter’s house, recovering from
Thanksgiving dinner, when my 4-year-
old grandson, Jason, plopped himself on
my lap and started a conversation that
ended with me reaching for an antacid
and doubting my existence.

“Grampa™

“Yeah?”

“Whatcha gettin’ me for Christmas?”
He tilted a fluffy head and batted big eyes
at me.

“What you want?”

“Don’t get him started,” warned
mommy (my daughter.)

“Nonsense,” Isaid. “Thisis what grand-
parents are for.”

“A mouse,” Jason said.

“Oh, vou mean like Mickey Mouse?” |
asked.

“No Grampa, not one of those. You
know. The kind that comes with a com-
puter.”

“Now you’ve done it,” mommy said.

“Not to worry,” I said. “I know about
these things. Now, Jason, tell grampa why
you want a mouse and a computer.”
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“Well computers have fun things in
them.You can playgamesand learnstuff.”

“Like what?”

Wrong question. From there the con-
versation turned to Einstein’s theory of
relativity and to a new mathematical
theorum (at least I'd never heard of it
before) stating that the point in real time
at which we exist absolutely is infinitely
small. Did I mention that Jason is four?

Hey, the rationale holds water. The
future doesn’t existin real time, youknow.
Neither does the past. The only thing that
exists is now. You can never again take the
same breath you took a second ago. Nor
can you travel even one second into the
future; you have to wait until the future
comes to you. Therefore you can only
exist in the “now.” But just try to measure
a “now.” How long is it? A minute? A
second? A tenth of a second. A millionth
of a second?

In this context, finding the place where
you truly exist in real time is like trying to
pinpoint the square root of two or calcu-
late how many times you can walk halfway
to the wall. You could spend the rest of
your “nows” doing it, regardless of how
infinitely small they are.

I’m predicting this discovery will lead
us into an era of time travel. It could also
lead me into trouble. Mommy doesn’t
approve of me involving her wholesome
baby boy in what she calls “far-feiched
varns.” Hey, I understand. Parents are
narrow minded, you know, always wor-
ried about setting good examples by tell-
ing the truth. Fortunately for mankind,
grandparents have risen above that.

Okay, so maybe | helped just a teensy
bit with the math. But it was a joint effort.
And my grandson and I just might be
onto something here. I'm assured (by a
source mommy won’t let me reveal) that
Santa Claus has known about this time-
thing for eons. It’s the secret, my source
says, of how reindeer fly Santaaround the
world in the twinkle of an eye. ST

Sources:
Brown University of Providence R.1.; Canada
Link; Canadian Press, courtesy of Mr. Ed
Wickstrom; European Spacc Agency;
Lockheed Martin: World Radio Network



SAT TRACKER ©

Full-featured, state-of-the-art, computerized operation
of Yaesu and Emoto rotators has never heen easier or
less expensive... The SATTRACKERO is here!

FAST - Parallel data processing (not serial like others) that is fast enough for low earth
orbit LEO Sats and digital weather satellites! Compatible with ALL popular tracking
software: RealTrak, Instant Track, etc., plus it runs in the background as a TSR
(Terminate & Stay Resident) program which allows the user to do other things on a
computer while SAT TRACKERG® is in full operation. Full support and fully
upgradeable. Future upgrades could include: Optional transmitter Doppler shift
frequency control.

EASY - No need to use or tie-up a computer's expansion slots. SAT TRACKER®O will
run with laptops and notebooks which, of course, have no expansion slots. No compli-
cated, on-board calibration adjustments required! Calibrations and setup is quick &
easy using the computer's keyboard, making it simple for the user to make changes at
any time allows accessing full manual override and complete manual control, in a matter
of seconds! . e 5
NO EXTERNAE POWER NEEDED - No power cubes or 12VDC hookups t0 fuss with  atson o porsseaee aat i
as SAT TRACKERO gets its power from the rotator's control box. SAT TRACKERQ is it allows vou to accurately

completely plug-in-and-play with models for both Emoto and Yaesu AX/EL rotators. track all types of satellites or

AZ-only control with compatible rotators. celestial objects from Horizon to

® 8 bit multiplex A © D converter for an accumcy of .72 Elevation and 1.44° Azimuth Horizon. The system will even :::.:;::::;
® Parallel interface for maximum data tansfer and timely ontrol assist in accurately tracking rapidly TR U ¥

® Completely laptop compatible ©r portable operation moving low orbit satellites such as

* Requires no slots, serial prts or power from your PC the military "LEO" Satellites or - =

s Fully wmpatlble w/ “Instant Fack™", "Real Track™" and other sofware interface spece .l "
® Runs in the lackground as a T5R (Termmate and Stay Resident) pogram Amateur radios’ "MICROSAT"' Satellites. The SAT TRACKERG
* DOS and WINDOWS™ 3.1 ompatible can be used in multitude of apolications, besides satellite track-

® Complete user and programmer decumentation awilable ing, which require real time computer control of antenna systems.

EMOTO - EV800X & EV8S800DX

Good News for all you amateur satellite, moonbounce and microwave dish operators. You're serious about
your modes of communications and Emoto is scrious about meeting your AZ-EL rotator needs! They have just
released the long awaited EV800DX and EV800X AZ-ELs. The beefed-up units actually supersede and surpass
Emoto’s already legendary EV700D5X. The new "EMOTATORS" simply have no equal for strength or
accuracy! Emoto’s secret is its new unified, single body construction elevation section head
along with a newly developed running mechanism. The EV800DX should hold almost
anything still! The EV800DX version offers a high-tech digital controller with unmatched,
almost zero backlash, +/-1° accuracy for both elevation and horizontal rotation, which is very
important for the precise aiming of your dishes and satellite arrays! Remote terminals on the
rear panel of both the EV800DX and EV800X are included as standard. These allow for
automatic computer control using your compatible computer and commercial or user-written
software. By the way, as an added convenience, after rotator and array installation, all
calibration adjustments may be done in the shack, at the control box. No need to go outside,
climb the tower and tweak the dish or antennas in to exact position. If needed, the EV800DX
may be separated into its two component parts. For example, the elevation head at the top of a
mast and the horizontal section from within the tower, if you should feel this application would
be helpful in your installation. Of course, all units include, as standard, the extras you've come
to expect from Emoto: complete mounting hardware, all connectors and weather proofing boots. ' y
When you erect a large AZ-EL antenna system, the very last thing you need is rotator problems! "
With Emoto, the bottom line is rugged, long terin reliability, user-friendly operation and cost ? 3
effectiveness. With the new EV800DX AZ-EL and EV800X elevation rotators here at long last,
we can tell you they were certainly worth the wait! Check with your favorite dealer today or call us
for the authorized dealer nearest you!

B !! Skywave Propagation Prediction Software ———————

wont (tihate: JLES7  Lamgihate 77.7X0
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Electronic Distributors
325 Mill Street
Vienna, VA. 22180
703.938.8105
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The Hughes HS 394 was a
satellite- designed for a wide
range of applications, including
direct broadcasting.

The Incredible By Philip Chien, Earth News

n the early days of the space program, satellites were built like custom racing

TraCk Record cars. Every satellite was individually built to the mission’s exact specifications.
While this made the most use of the launch vehicle’s capability, it increased the
cost of the satellites.

Of Hugl’les, Today, it’s more common to find most applications riding on astandardized satellite

bus. The same computer, propulsion system, solar arrays, power systems, attitude
control sensors and thrusters, telemetry system, and other components are reused on

Geo Synchronous each model with few modifications. Only the communications payload is customized to
each customer’s specific requirements. This offers flexibility while minimizing costs.
The same satellite bus which, in one application is a video relay satellite, can be a much

S t ll_it B higher power direct broadcast satellite for another customer, and a mobile communi-
a e e usses cations satellite for a third.
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On July 26, 1963, Syncom hecame the
world’sfirstsynchronous communications
satellite. Exactly 30 years later, 120 of
Syncom’s descendants were active and
circling the equator, 50 of them carrying
the Hughes name.

In a little over three decades, Hughes
Spacecraft and Communications has cer-
tainly become the leader in the commer-
cial satellite industry. Its HS-376, HS-393,
and HS-601 models have been sold by the
score. These platforms have over 700 years
of cumulative on-orbit experience, with
that number increasing by four years ev-
ery calendar month.

A Reliable Workhorse

Hughes’ HS-376 model featured an
identical satellite bus (structure, batter-
ies, propulsion system, solar cells, com-
puter, etc.) with communications payloads
and antennas customized to the
customer’s requirements. A HS-376 bus
for one customer might feature 24 C-
Band transponders to serve the entire
United States, butanother customer might
want higher power spot beams to serve
specific regions, or multiple frequency
bands.

The HS-376 model was optimized to
use the Delta 3920 launch vehicle’s capa-
bilities, with full compatibility with the
space shuttle, too. If a customer had se-
lected a space shuttle launch, but there
were delays, the satellite could easily be
transferred to a Delta.

The HS-376 is spin stabilized, with a
counter-rotating communications plat-

The Hughes Syncom I, the world's first
successful synchronous orbit commsat.

form. The bottom of the sat-
elliteincludes mostof the elec-
tronics, the cylindrical solar
panels,a Thiokol Star 30 solid
rocket propellantapogee kick
motor, and monomethy! hy-
drazine propulsion system.
The top ‘despun’ section (ac-
tually spinning at the same
rate in the opposite direction)
includes the communications
payload and antennas. The
advantage of a dual-spin satel-
lite is that the communica-
tions antennas always face the
Earth, while the spinning sec-
tion hasvery few thermal con-
trol requirementsandverylow
propellantconsumption. The
primary disadvantage to a
spinner is that only half of the
solar cells are facing the Sun
at any given moment.

The HS-376 is shipped
from the factory to the launch
site as separate sections. The
hazardous materials such as
the batteries and fuel arrive
separately. At a payload pro-
cessing facility near thelaunch
pad the batteries are installed
and the spacecraft is put to-
gether. It's spin balanced on
amachine quite similar to the
way an automobile tire is bal-
anced.

After fuelingit’s taken out
to the launch pad and mated
to the launch vehicle.

On November 15, 1980,
the first Hughes-376 communications sat-
ellite, SBS-I [International Designator
1980 91A] was launched, using a Delta
3920 launchvehicle. The firstspace shuttle
launch of a HS-376 was the STS-5 mission
in November 1982 which launched two
HS-376 models, SBS-3 [1982 110B] and
Anik C3[1982 110C].

The HS-376 turned out to be incred-
iblysuccessful. Forty-eightspacecraft have
been built so far, including special light-
weightand widebody customized versions.
Industry consultants have often talked
about the end of the HS-376’s usefulness,
due to newer, more powerful designs, but
the HS-376 still continues to sell. Thor IIA,
a Norwegian domestic communications
satellite, i1s scheduled for launch in Febru-
ary.

An interesting story lies behind the
fact that although 48 models have been
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The HS 399 communications satellite makes its way into geostationary orbit after being
deployed by the Space Shuttle.

built; there have been 50 HS-376 launches!
In February 1984 two HS-376 satellites
were launched from the shuttle— Westar
VI[1984 11B] and Palapa B2[1984 11D].
Failures in their PAM upper stages caused
the spacecraft to be stranded in low earth
orbit. NASA agreed (o try to retrieve the
satellites on an shuttle mission with the
agreement that the spacecraft would be
reflown on a future commercial shuttle
flight. The two satellites were successfully
captured and returened to Earth during
the STS-51A shuttle mission in November
1984.

The five astronauts had to sign a cus-
toms form, since they had “imported” the
hardware in to the United States. The
crew was honored by the Lloyds of Lon-
don Insurance group with the ringing ofa
special bell which only occurs when a
successful salvage operation has saved the
insurance company money.

Eventually, the Palapa B2was sold back
to the government of Indonesia—but
through a third party. Astrologers had
recommended that it was “unlucky” to
purchase a used satellite, but the sale
through an intermediary made it accept-
able!

Western Union had sold oft its space-
craft assets, so the Westar VI satellite was
eventually sold to Asiasat. After NASA
chose not to flycommercial satellites from
the shuttle anymore, the satellite owners
were permitted to obtain commercial
launches on expendable boosters.
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By coincidence, the twosatellites which
had been launched togetherandretrieved
together were launched within a week of
each other—but from launch pads half-
way around the world! Asiasat 1 [1990
30A] was launched on a Great Wall Indus-
tries Long March 3on April 7,1990. Palapa
B2R [1990 34A] was launched on April
13th on a Delta rocket. Nobody asked the
Indonesians how they felt about the luck
involved in relaunching their satellite on
Friday the 13th! In orbit the two satellites
once again rejoined each other, stationed
only 13 degrees apart in the geosynchro-
nous belt.

Alternative Busses

Hughes HS-393 model did not sell as
well. It was a larger growth model, opti-
mized to use the shuttle’s performance
and pricing policy, although it retained
compatibility with expendable launch ve-
hicles. Only three HS-393 models were
sold, SBS-6 [1990 91B], JCSAT I [1989
20A] and fCSAT 2[1990 IB]. It turns out
thatall three were in-house salessince SBS
was a division of Hughes Communica-
tions and JCSAT was a commercial Japa-
nese-Hughes venture.

Still, the HS-393 atleast made it off the
ground. Two other Hughes models, the
HS-399 and HS-394, remained paper stud-
ies. The HS-399 was an extremely short,
wide satellite, designed to take up one
fourteenth of the length of a shutde’s
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cargo bay—the minimum costfor ashuttle-
launched payload. The intended custom-
ers for the HS-399 model were developing
countries and newly started satellite com-
munications companies who couldn’t af-
ford to go with more sophisticated satel-
lites.

On the other end was the HS-394
model, a combination of the best features
of a spinning satellite and a non-spinning
satellite. The central core of the satellite
would spin for stabilization, but the satel-
lite would also feature two extendible so-
lar wings to increase the amount of avail-
able power. After the Challengeraccident,
NASA got out of the commercial launch
services business, and the market for the
HS-399 and HS-394 models disappeared.

The HS-601 Success Story

Hughes chose to go with three-axis,
stabilized satellites for its next design, the
HS-601. It was a radical departure for the
company. From the very first, Hughes
had built spin-stabilized satellites, with
the sole exception of the Lunar Surveyor
spacecraft. Futhermore, the marketplace
had many competing three-axis stabilized
designs, and it took a while before the HS-
601 found its niche.

The HS-601 is roughly cube-shaped,
designed to fit within an Atlas or Ariane
fairing. It includes a liquid bipropellant
apogee engine. The same propellant sup-
ply which is used to circularize the space-
craft at geosynchronous altitude is also
used for the satellite’s station-keeping pro-
pellant. While a liquid apogee engine is
more expensive than asolid rocket motor,
it’s more flexible. If the launch vehicle
can place the spacecraft in a better-than-
planned transfer orbit, the propellant
saved can be used to extend the satellite’s
lifetime. Alternately, if there is a problem
duringthe launch and the satellite reaches
an incorrect orbit, there may be enough
propellant to reach a usable orbit, even if
it results in a lower than planned lifetime.

Thenorthand south sides of the space-
craft have extendible solar wings and cus-
tomers can order a larger wing if more
power isrequired. The east and west sides
of the satellite hold the large communica-
tionsantennas. On some specialized mod-
els additional antennas can be mounted
directly on to the satellite’s Earth-facing
side. Internal gyroscopes are used to stabi-
lize the spacecraft augmented by thrust-
ers.

One extremely interesting feature of




the HS-601 shows how well thought out
the design is. The satellite in its shipping
carton fitsinastandard Boeing 747F cargo
aircraft—with an inch to spare.

The first HS-601 customer was the gov-
ernment of Australia, which purchased
two Aussat B (later renamed Optus) satel-
lites. Australia insisted that the satellites
be launched using Chinese Long March
launch vehicles, and Hughes complied.
The Long March 2E model was chosen,
with Hughes providing U.S. built Star 63
upper stages. Optus Bl [1992 54A] was
launched on August 14, 1992 from China
and successfully placed in service. Opius
B2, however, failed to reach orbit when
the launch vehicle’s fairing disintegraied
60 seconds into the mission. Hughes and
Chinese officials blamed each other
for the accident, and refused to release
their separate failure investigation re-
ports to the insurance or aerospace
industry.

Hughes’s second customer was a
more straightforward deal: the U.S.
Navy decided to purchase one HS-601
as the UHF follow-on (U'FO) satellite,
with an option for up to nine addi-
tional satellites. Eventually, the Navy
decided 10 purchase two additional
UFO series, and seven EHF series with
additional extra high frequency (EHF)
transponders.

The contract called for in-orbit de-
livery, and Hughes selected the Atlas |
for the UFO series, and Atlas 1l for the
EHFseries. UFO 11993 15A] waslaunched
on March 25, 1993 on AC-74, an Atlas 1. A
problem with the Atlas first stage resulted
in an incorrect orbit, so the Navy never
took title to the spacecraft. It was used for
engineering tests before it wasabandoned
in orbit. Later UFO and EHF series were
much more successful in achieving orbit
and entering operation.

Meanwhile, Hughes’ Galaxy commu-
nications division decided to purchase
three HS-601 spacecraft—Galaxy 4, Gal-
axy 7,and aground spare Galaxy 8. These
were dual-payload satellites with 24 C-
band transponders and 32 Ku-band tran-
spondersintended primarily for domestic
television distribution. Galaxy 7[1992 72A]
was launched on October 27, 1992, on an
Ariane 4 launch vehicle, followed by Gal-
axy 4 [1993 39A] on June 24, 1993, on
another Ariane 4.

Since both spacecraft were function-
ing well, Galaxy 8was a surplus spacecraft
until Hughes Gataxy decided to refurbish
itas the Galaxy 3R (Galaxy Latin America)

spacecralt. Galaxy 3R [1995 6YA] was
launched on December 14, 1995 on an
Atlas I1A launch vehicle.

Galaxy 3R actually has three sets of
antennas for its C-and Ku-band transpon-
ders. One set of antennas is compsoed of
standard C-band antennas optimized for
U.S. service. The other two sets are ku-
band antennas, with one set optimized for
the U.S,, and the other set aimed at all of
Latin America from Mexico to mid-Chile
and Argentina. At launch the Ku-band
resources of the satellite were dedicated
to Galaxy Latin Amcrica to start direct
broadcast transmissions to homes in both
the Spanish and Portuguese speaking
portions of Central and South America.

After Galaxy Latin America’sown dedi-

A version of the HS 601 body stabilized satellite.

cated satellite is launched. Galaxy 3R will
he reconfigured to use its Ku-band beains
for domesitic service.

Another major HS-601 customer is the
tiny European country of Luxembourg. It
owns six Astra satellites, all stationed at
19.2 degrees Last. They offer hundreds of
channelsof entertainmentin manydifter-
ent languages.

Some unusual HS-601 applications in-
clude: MSAT, TDRS follow-on, DirecTV,
and 1CO.

MSAT features Canadian-built com-
munications pavloads on standard HS-
601 busses. The payloads operate in the L-
band at frequencies assigned to mobile
communications. The antennas are ex-
tremely large, to permit very small mobile
antennas for the customers. Two MSAT
spacecraft were built, one owned by AMSC
(-\merican Mobile Satellite Communica-
tions) and one for Telesat Canada. MSAT
1 [1995 19A] was launched on April 5,
1995. on an Adas I launch vehicle. MSAT
2 [1996 22A] was launched on April 20,
1996, on an Ariane 4.
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Hughes’ HS-601 also was a hefty pro-
curement bic with NASA. NASA’s current
Tracking Dataand Relay Satellites (TDRS)
are based on a two-decade old TRW de-
sign. After a long struggle to obtain fund-
ing NASA chose to purchase the replace-
ment TDRS as incremental spacecraft in-
stead of more advanced designs. The ar-
rangement called for a commercial satel-
lite procurement with NASA providing
expendable launch vehicles.

Hughes proposed versions of the HS-
601 which won the TDRS follow-on pro-
curement. The new satellites will offer
backwards compatibility with the existing
TDRS system with Sand Ku-band commu-
nications, and will also feature new Ka-
band transponders for additional future
capacity.

DirecTV is Hughes’s entry in the
U.S. pizza pansatellite receiver market.
DBS-1 [1993 78], partially owned by
USSB, was launched on November 17,
1993, on an Ariane 4 launch vehicle.
DBS-2 [1994 47A] was launched on
August 3, 1994, on an Atlas IIA. DBS-3
[1995 29A] was launched on June 10,
1995, on an Ariane 4.

Each satellite has sixteen 120 watt
transponders—inuch higher power
than the typical 45-60 watt Ku-band
transponders used on conventional
broadcast satellites. The high power
transponders—special frequency as-
signments and widely spaced satellites
to avoid interference—permit the small
18-inch dishes to be used with adequate
signals except during rainy conditions.
Digital, butlossy, compression techniques
permit the three satellites 1o offer over a
hundred channels of programming.

Low Orbit=High Power

Inmarsat’s ICO Global Communica-
tions will become the first non-military
customer to use a Hughes bus in a non-
geosynchronous orbit. In 1995 it gave
Hughes a $1.3 billion contract for twelve
satellites. The satellites will operate in
circular 10,400 kilometer orbits, well be-
low the 35,888 kilometer geosynchronous
altitude.

These satellites will use S-and C-band
communications and support 4,500 simul-
taneous phone calls fromsmall cellphone-
stvle receivers. The first launch is antici-
pated in 1998; commercial service will
begin in 1999 when at least six satellites
are in operation. The satellites will have
nominal lifetimes of 12 years. Due 1o the
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unusual orbit, the spacecraft will require
extendable thermal radiators and high
power gallium arsenide solar cells.

The HS-601HP (high power) version
was introduced in 1995. It features gal-
lium arsenide solar cells, advanced bat-
tery technology, and a xenon jon propul-
sion system (XIPS). It can carry communi-
cations payloads twice as powerful as the
standard HS-601 model. The Xenon
arcjets provide very small amounts of
thrust—butatan extremely high velocity.
They’re actually powered more by elec-
tricity, which is easy to generate in space
by solar cells, than by fuel, which is a
limited consumable which can’t be re-
filled.

While arcjets provide much less thrust,
they're more efficient in the long run,
similar to the way an economy car may be
able to get to a destination faster than a
sports car because the sports car has to
make more stops to refill its gas tank for its
much hungrier engine.

The first HS-601HP model will be the
Galaxy 8-Idedicated Galaxy Latin America
satellite, scheduled for launch in Septem-
ber 1997 on an Atlas IIAS launch vehicle.

Hughes'’s latest offering is its HS-702
model. It will feature over 10,000 watts of
power, the capability of carrying up to 90
high power transponders,and a predicted
orbital lifetime of 15 years. So far the only
sale has been one in-house sale to the
Hughes Communications division, but
Hughes Aircraft is betting that the HS-702
models will fill many of the geosynchro-
nous orbit slots in the early 21st century.

Lockheed Martin Astrospace, Space
Systems/Loral, and Matra Marconi also
build satellite busses. We’ll look at their
models in a future issue of Satellite Times.

The excellent service record of Hughes satellites speaks volumes about the quality of
the company’s employees.

Understanding the International Designation System

ach satellite has an unique international designa-  pieces from that launch. “I” and “O” are not used to avoid

tor. The first four digits are the calendar year for ~ confusion.

the launch—expressed in universal time (e.g. a If a satellite is launched by the space shuttle then the
launch at 8 p.m. Eastern Time on December 31 counts as shuttle is designated the “A” object, and the first satellite is
the first launch of the next year because it’s already after ~ the “B” object. For expendable launch vehicles “A” is the
midnight Universal Time). The next two or three digits ~ primary payload and “B” is the second payload, or upper
indicate the numeric order for the launch vehicle for that ~ stage. Multiple letters are used if necessary.
year. The last letter(s) are assigned in alphabetical order For exainple 1993 33A would indicate the primary pay-
to each piece tracked from that launch. The letter “A”is  load on the 33rd launch of 1993. 1993 33B would be the
assigned to the primary payload, and B through the  upper stage, or second payload, if there was one on that
number of letters required to catalog the remaining  particular flight.
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You know where you are, where
you’ve heen, and
whergyoLra doios

It's a piece of cake when you travel with Magellan/

These compact Magellan navigational satellite receivers earned their renown Low.Cost Mage"an GPS Posi“on_

for reliability during Desert Storm. Now this accurate position-determining in-

strument can be yours at a fra"clipn of its (?rngr}al cost. Rugged]y buil} and water- Determlnlng Heceivers are loaded
proof, yet barely more than 6" high and weighing only 10 ounces, this pocket :
with features and go anywhere you go!
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Selectable graphic screens assist you in tracking and $16.50 Canadian UPS

plotting where you’ve been, where you’re going. and
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degree Fahrenheit temperature range. Lanyard strap
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All these features make the GPS 2000 Satellite
Navigator an incredible value. Or select the upgraded
GPS 3000 and get two additional navigation screens,
a data port (RTCM 104 in, NMEA out), OSGB coor-
dinates. 100 additional waypoints. 5 more routes,
external antenna capability, celestial calculations,
swivel mounting bracket. batteries, manuals, and a
carrying case.

EXTERNAL ANTENNA KIT. 20' COAX ...... $149.95
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704-837-9200
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7540 Highway 64 West
Brasstown, NC 28902
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The Voice of
America in Asia
now has a “face,”
too, thanks to

satellite TV

Above, you are in the VOA's new Studio 47, scene of
the network's Farsi program, “Roundtable to You,”
adapted from a popular radio call-in show.

By Jeff Chanowitz
Below, an employee answers the phone and records or the last fifty years, the Voice of America (VOA) has
the questions on the international call-in line in built a reputation for providing accurate, balanced

preparation for the “Roundtable” telecast.

news and information via radio. The intended audi-
ence has ranged from the Communist dictatorships of
Eastern Europe during existence of the Iron Curtain
to the currently repressive military juntas of Myanmar
and Nigeria. With the global proliferation of satellite
dishes, even within authoritarian regimes, the VOA
has inaugurated a new television/satellite service that
will provide news and information in six languages to
a worldiwde audience.

On October 25, 1996, the VOA, which is the United
States government’s international broadcast service,
formally inaugurated VOA TV. The new service will
provide simulcasts of existing and newly created radio
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programming as
well as program-
ming made specifi-
cally for TV viewers.
With the C-Span TV
networks as the new
service model,
Geoffrey Cowan,
who served as the
VOA director until
November of 1996,
described the new
service mission as of-
fering “attractive,
low budget radio-
television programs to the world ina num-
ber of languages.”

Emergence of VOA TV

Like many other U.S. government
broadcasting initiatives, the emcrgence
of VOA TV sprang from a foreign policy
crisis. InSeptember 1994, when President
Clinton linked the Pcople Republic of
China most favorable trade status with the
United States to China human rights poli-
cies, the U.S. decided to implement vari-
ous measures to foster human rights n
China. The VOA became a partof this new
policyinitiative. Cowan commented, “The
President authorized that the VOA's pro-
gram China Forum be placed on satellite
(which is almost impossible to jam or

The new control room of Studio 47 located in the basement of
the VOA studios in Wahstington, D.C.

scramble) viaAsiaSat.” He added, “We did
not know how many people would be
watching, but it was there if viewers in
China wanted 1o see it.”

With viewer reaction having been de-
scribed as quite “impressive,” Cowan de-
cided tolaunch a newsatellite TV service.
However, during the current period of
government downsizing and tight federal
budgets, obtaining the hundred of mil-
lions of dollars needed to fund a full scale
lelevision service was virtually impossible.
As a result, Cowan decided to launch a
low-cost service that would wiilize existing
VOA radio programs so that they could he
televised. When questioned if people
would watch televised radio programs,
Cowan cited the success of the Larry King
Show, which he indicated is “essentially a
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Five ways
of hearing

‘Radio Finland.

Choose yours.

Radio Finland is the leading international
broadcaster from the Nordic region - second
to none in terms of covering ?

its vicinity for an international audience.
Keeping up with new media development
YLE Radio Finland gives you a choice of
technical options.

inland ond

Short wave
broadcasts

YLE Radio Finland is available in
English at 7.30 am and 8.30 am
Eastern Time on 15400 and 11735
kHz, until Marck 29th, 1997.

Satellite Broadcasts

YLE Radio Finlard can be heard on
Galaxy Five,124 deg W, Ch 6, audio
subcarrier 6.20 MHz with half hour
broadcasts in Erglish beginning at
6.30 am and 10 pm Eastern. 8
audio 6.80 YLE can be heard at 9
pm. Easy listening and adult
contemporary lunes with
announcements in Finnish and English
Mondays throuch Fridays at .30
pm on 6.20 MHz. Classical selections
onHSundays at 7.30 pm on 6.20
MHz

Cable Audio

CSpan airs YLE Radio Finland in
English on its national Audio One
cable service at 9 pm Eastern. Consult
your local cable company for
availability in your area.

Local Relays

CBC airs YLE Radio Finland during
its CBC Overnight. CBC Overnight
is heard nationally in Canada and
can be heard in rKe US on the AM

dial

Internet Audio

YLE Radio Finlond can be heard as
Real Audio Live daily at 6.30 am,
2.30 pm, 4.30 pm, 10 pm ond

1 I.3(f on
www.yle.fi/fbc/radiofin,html.
Audio files with news content only
are available for downloading at
www.wrn.org/audio.

i

YL I

For more information call 1-203-688-5540 or

fax 1-860-688-0113

l E-mail: rfinland @ yle.fi or yleus @ aol.com.

|

Should &ou refer 1o call tollfree

1-800-221-YLEX is available.
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radio program designed for TV,” and

added that “seeing the rebroadcasts of

our radio service on Haitian television—
which has an audience share of over 60%
of the counuy—convinced me that this
type of programming could succeed.”

Bv reallocating a million dolkars in last
year's budget—the VOA built studio 47 in
its basement and covered the start up
costs for the service. VOA has now joined
the ranks of such international broadcast-
ers as the BBC (United Kingdom) and
Deutsche Welle (Germany) in providing
viewers living in authoritarian regimes a
charnice seethe programs to which they had
been listening.

TVRO Ownership

Who and how many people will be
viewing DBS programming is hard to
gauge as ownership of satellite dishes is
banned in many countries, which levy
huge fines on owners caught with satellite
dishes in their possession. In China, de-
spite the 1990 ban on satellite dishes and
costs ranging from 3,000 to 150,000 Yuan
($350 to $17,000)—which are huge sums
by Chinese standards—the dishes are gain-
ing in popularity.

The Economist iagazine recently re-
ported a typical case of satellite ownership
in China. One owner was a worker at a
state collective. This man, known as Mr.
Yang, had gone in together with his state
owned work unit to buy a dish for $2,300;
he used the dish to provide a satellite
television service to his residential com-
plex for the small cost of 12 yuan per
month for each household.

In Iran, the regime has established
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strict Islamic codes that censor the press
and bar western culture from the media.
The government has also banned satellite
dishes and has established fines of $1,000
for ownership of TVROs—again, huge
sums by Iranian standards. Despite this
ban and arecent crackdown orchestrated
by the government against TVRO owners,
itis estimated that a third of the country’s
urban populace has access to satellite TV.
As Cowan joked, “We know people have a
dish in their houses in Iran, because they
watch MTV.”

For the most part, satellite dish owner-
ship in these authoritarian counties is
limited to the urban areas, due their high
cost. Informal estimates obtained from
the VOA indicate that there are about
500,000 TVROs in China and over a mil-
lion in Iran.

The Programming

In order to attract the larger number
of Iranian viewers, the VOA has placed
the Farsiservice's program Roundtable With
You on satellite. The international call-in
program, which formally inaugurated
VOA TV when it aired on October 25,
featured lyrist Ardalan Sarfaz and pop
vocalist Mahasti. Both are Iranians who
have been living in exile for the past 17
years.

The show was heavily promoted in
Iranian publications in London and Los
Angeles and on the VOA’s radio pro-
grams, and many of the program’s callers
indicated that they were watching the pro-
gram via satellite. One caller to the inter-
national call-in line remarked about “the
good looks” of the shows host, while
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another complained that it was very hard
to angle his dish toward the AsiaSat satel-
lite in order to receive the program.

Many callers who were listening to the
broadcast on radio wanted to know the
satellite coordinates to receive the pro-
gram on their dishes. Admittdely, the sat-
ellite broadcasts have just started, but with
40% of the callersto the first two Roundtable
to Youbroadcasts indicating that theywere
watching viasatellite, VOA TV seems to be
off to a popular start.

At present, VOA TV produces five
hours of weekly programming. The Ara-
bic service’s The Weekly Forum is simulcast
from 1900 to 2000 UTC on the Atlantic
Ocean Region (AOR) Intelsat 601 at 332.5°
East longitude on transponder 21 (3742.5
MHz), and the Indian Ocean Region
(IOR) Intelsat 703 at 66° East longitude
on transponder 33.

The English service’s Talk To America
airs from 1800 to 1900 UTC on the AOR/
IOR satellites and the Pacific Ocean Re-
gion (POR) Intelsat 511 at 180° West lon-
gitude on transponder 14 (3.976 GHz).

The Farsi service’s Roundtable To You
airs from 1900 to 2000 UTC, and the
Mandarin service’s China Forum airs on
Mondays from 1400 to 1600 UTC on
AsiaSat 2 located at 100.5° East longitude
on transponder 2B (3.680 GHz).

VOA's Russian service's Viewpoint,
which airs on Thursdays, will be carried
on Fridays via the three Intelsat birds.
There will also be a selection from the
Thai service’s news programming in the
near future.

The Future

Describing it as the “next generation
ininternational broadcasting,” during his
lastspeech asdirector, Cowan stressed the
service’s newcommitmentto direct broad-
cast satellite technology. Cowan also laid
out an impressive goal of providing 24-
hours of satellite broadcasting on
AsiaSat—a satellite with a footprint that
reaches 72% of the world population, and
stated that his goal was “to bring to the
region, without censors, all the favorite
programs we have on radio.”

While the funding for such expansion
plans are tentative, at best, the introduc-
tion of VOA TV will provide TVRO own-
ers—whether located in authoritarian re-
gimes or in the United States—an oppor-
tunity to see America’s voice to the world
in action. Sr
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IN THE EARLY PART OF 1996, home listeners to single channel per
carrier (SCPC) satellite radio broadcasts discovered that satellite transmis-
sions of a pioneer in the field of SCPC program distribution, National
Public Radio, had disappeared from their satellite radio dials.

Perplexed and disappointed listeners who inquired about the matter
ta NPR, however, soon learned the fate of these transmissians: NPR had
begun a process of converting them from an analog to a digital format,
with 110 provisions in place for satellite home listeners to receive them. To
understand why this transition has taken place, it is necessary to review the
background of; public radio and its developmental efforts in satellite
program distribution.

A Lesson in History

Publicradio in the United States traces itsorigin back to 1945, when the
Federal Communications Commission finalized the FM broadcasting
spectrum to our present 88-108 MHz. At that time 20% of this spectrum



space (the frequencies between 88-92
MHz) was reserved for noncommercial
educational radio stations. During these
formative years, broadcasting minimal
effective radiated power requirements for
noncommercial stations ranged to a low
of only 10 Watts, and community and
educational radio stations (i.e., those as-
sociated and/or funded by colleges and
universities or other educational institu-
tions) began to spring up all over the
nation. Today, there are upwards of some
630 public radio stations active in this
country.

Often operating with small budgets,
developing public radio stations soughta
common thread between themselves to
pursue funding and obtain quality pro-
gramming.

In 1952, with financing from the Ford
Foundation, the Educational Television
and Radio Center was formed. This orga-
nization was intended by its designers to
be a national exchange for providing
programming, services, ideas and infor-
mation to educational broadcasters. It
soon became apparent, however, that lo-
cal and private funds were not adequate
to support the developing public radio
and television consortium and, by 1962,
federal funding had had its beginnings.

Over the years, variously titled sup-
port and funding groups were formed.
Among these were the National Associa-
tion of Educational Broadcasters and the
Carnegie Commission on Educational
Television. In 1964, the Carnegie Com-
mission recommended to Congress that
a private, not-for-profit body be estab-
lished with funding from the federal gov-
ernment for the purpose of administer-
ing government funds and encouraging
the growth of public broadcasting.

These efforts by the Carnegie Com-
mission led to the Public Broadcasting
Act of 1967, wherein Congress autho-
rized the creation of the Corporation for
Public Broadcasting (CPB). CPB’scharge
was to distribute federal funding and make
available quality programming, obtained
from diverse sources, to all citizens. It was
also required to encourage the growth
and development of nonbroadcast tele-
communications technologies and estab-
lish an interconnection system for the
delivery of programming services.

Congress, however, forbade CPB from
administering and operating the inter-
connection system itself, so CPB had to
engender cooperation from local public
broadcasting stations to establish such a

system. CPB’s effortsled to the formation
in the late 1960’s of the Public Broadcast-
ing Service (PBS) for television and Na-
tional Public Radio (NPR) forradio. Both
entities were created as non-profit orga-
nizations owned by their respective pub-
lic television and radio stations.

Other organizations were later
formed, inciluding American Public Ra-
dio (APR)—which was later to become
Public Radio International or PRI), but
they were not to develop independent
interconnection systems.

One important difference between
PBS and NPR is that PBS was not permit-
ted by CPB to produce programming.
NPR, however, was, asitdid not then have
a large bank of programming to draw

- NRPR

from. Thisdistinction, however, has faded
over the years.

PBS and NPR receive their financial
support from the public television and
radio stations that own them, who in turn
are funded by CPB, local pledges, and
corporate support. CPB, PBS and NPR
operate as non-profit corporations in the
District of Columbia and are governed
under the District of Columbia Non-Profit
Corporations Act (D.C. Code 29-526).
CPB is also governed by amendments to
the Communications Act of 1934 (47
U.S.C. 396 & ff.).

Concern over the structure of public
broadcasting led to the formation of the
Carnegie Commission on the Future of
Public Broadcasting; the Commission’s
1978 reportentitled A Public Trustargued
for the elimination of CPB and suggested
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that it be replaced by a new entity to be
named the Public Telecommunications
Trust. Although Congress chose not to
eliminate CPB, they reorganized CPB'’s
funding and set up separate accounts for
program production and administrative
expenses.

The Satellite Interconnection
System

In 1969, with support from the Ford
Foundation, CPB helped to create a na-
tional interconnection system using
AT&T telephone land lines. What CPB
set out to do was to institute a system
whereby equal access to national pro-
gramming could be obtained by all pub-
lic television and radio broadcasting sta-
tions.

By the late 1970’s PBS and NPR, seek-
ing a less costly and more flexible way of
distributing programming, began experi-
menting with a satellite
interconnection system. PBS sent its first
programming transmissions via satellite
in 1978 using analog full-transponder
technology: within two years NPR was
also transmitting programming using
analog SCPC methods. The eventual com-
plete adoption of these system by PBS
and NPR was to begin a revolution in
program distribution for the entire broad-
casting industry.

Both PBSand NPRleased C-band tran-
sponders on the old Westar IV satellite;
PBS used four transponders to provide
four video channels and NPR used one
transponder to provide up to 22 high
quality SCPC audio channels. Since a
single transponder could support upwards
of 60 high quality SCPC carriers, NPR
began to administer the sublease of these
extra carriers to commercial broadcast-
ers. PBS followed suit with video and
subleased time they were not using on
one of their full transponders. Income
generated from these activities was used
to help offset costs of distributing public
programming.

As early as 1962, with passage of the
Educational Television Facilities Act, fed-
eral funding for public broadcasting had
segmented into separate funds for pro-
gramming and technology. The Educa-
tional Broadcasting Facilities Program
(later the Public Telecommunications
Facilities Program) was formed with fund-
ing from Congressasa competitive match-
ing grant program, and came to be ad-
ministered by the Department of Com-
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merce.

Since 1967, CPB has assisted PBS and
NPR with the developmental and operat-
ing expenses of their respective satellite
systems and hasestablished structural safe-
guards for system operations (e.g., all
radio producers receiving funding from
CPB must distribute their programming
on the NPR operated Public Radio Satel-
lite System).

By the late 1980’s, CPB had recog-
nized that the Westar IV satellite would
soon run out of fuel and be retired, so
they began preparations for requesting
money from Congress for a one-time re-
placement fund. By this point, Congress
had a legal obligation to help CPB fulfill
its Congressional mandate to maintain a
national program distribution system for
public television and radio.

CPB proposed that Congress allocate
$200 million, of which PBS would receive
$143 million and NPR would receive $75
million, for the replacement costs of the
satellite systems. This money would de-
fray purchase costs of six transponders
for PBS and two transponders for NPR.

NPR had argued that they were ap-
proaching full capacity on their single
transponder and that the distribution
needs of public radio would soon require
transponder expansion, especially if digi-
tal transmission was contemplated (which
NPR’s engineers reasoned would require
more spectrum space per carrier).

Congress responded to this request
within the Public Telecommunications
Actof 1988 (P.L. 100-626). In addition to
the regular yearly allocation of money
(some $245 million by 1991) to CPB and
the regular yearly allocation of money
($42 million by 1991) to the Public Tele-
communications Facilities Program, aspe-
cial independent three-year appropria-
tion of $200 million was authorized, to
beginin 1991, foranew Public Broadcast-
ing Satellite Interconnection Fund. Ac-
cording to the House (House Report 100-
825) and Senate (Senate Report 100-444)
reports on the Act, the intention of the
fund was to:

“ensure the continued provision of the
high quality interconnection services
presently offered by public broadcast-
ing, facilitate the growth of public
broadcasting’s interconnection sys-
tems, and encourage innovative uses
of such systems[.]" (House Report 100-
825, p. 21.)
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Beginning in 1991, PBS ...
purchase(d) five Ku-band
transponders, and one C-
band transponder, on
Telestar 401. They were
able to contract with
General Instrument (of
San Diego) as the first
user of the DigiCipher 1
system for compressing
video programming.

Congress directed that the Public
Broadcasting Satellite Interconnection
Fund:

“shall be distributed by the Corporation
[CPB] to the licensees and permittees
of noncommercial educational televi-
sion broadcast stations...and to those
public telecommunications entities
participating in the public radio satellite
interconnection system...[and was to be
used] exclusively for the capital costs of
the replacement, refurbishment, or
upgrading of their national satellite
interconnection systems and associ-
ated maintenance of such systems|.]”
(47 U.S.C. 396 (a)(10)(D)(1))

In addition, since well-formulated fi-
nal plans for the new satellite systems had
not been submitted to the Congressional
subcommittees in charge of reviewing
the proposed legislation, Congress also
required of CPB that:

“On or before March 1, 1990, the
Corporation for Public Broadcasting . . .
shall submit to Congress a
repont...detailing the satellite replace-
ment needs of public radio and public
television[.]” (47 U.S.C. 396 (b))

Beginning in 1991, PBS used their
allocation from this fund to purchase five
Ku-band transponders, and one C-band
transponder, on Telestar 401. They were
able to contract with General Instrument
(of San Diego) as the first user of the
DigiCipher I system for compressing video
programming. This made it possible for
PBS to run as many as eight different
high-quality video programming chan-
nels per full 54 MHz Ku-band transpon-
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der, thus vastly increasing PBS’s ability to
distribute programming.

The DigiCipher system includes an
option for digital encryption of the sig-
nal, but PBS has elected not to use it; it
has instead practiced the policy it used
while experimenting with VideoCipher
for the purpose of facilitating stereo sound
transmission in the late 1980’s—to run
the system in fixed key mode so that any
member of the public who might choose
to buy a DigiCipher I receiver might re-
ceive the DigiCiphersignals. PBS plans to
convert to DigiCipher II sometime this
month.

Theyare currently operating their five
Ku-band transponders for distribution of
their national programming service, back-
hauls and other educational services. For
reasons to be discussed below, PBS has
maintained their one C-band transpon-
der in analog, and in the clear, so that
backyard dish users may watch all of the
programming constituting the national
programming service on this one feed.

NPR, on the other hand, has used
their allocation from the fund to pur-
chase two C-band transponders on Galaxy
4. Since 1991, NPR has been in the pro-
cess of upgrading its satellite facilities,
which now include over 22 uplink sites
and over 610 receive sites all around the
country. All satellite traffic is computer
controlled at NPR’s main origination tech-
nical center (MOTC) in Washington,
D.C.; the MOTC is connected via fiber
optic cable to NPR’s main uplink site in
Fairfax County, Virginia.

NPR contracted with ComStream Cor-
poration (also of San Diego) to build a
proprietary SCPC digital audio encoding
and decoding system. The use of a digital
audio  compression technique
(MUSICAM) enabled ComStream to of-
fer NPR a product which would vastly
conserve channel spectrum space and
enable them to fitin many more channels
per transponder than even analog trans-
mission formerly allowed.

Thereceiverdeveloped by ComStream
(the ABR700), would allow digital multi-
plexing of stereo programming onasingle
SCPC carrier, sampling bit rates of from
64 kbs to 396 kbs to be received on a
dynamic bandwidth allocation basis and
would permit encryption of the digital
carriers. Beyond the use of compression,
the use of multiple bit rates would also
allow further conservation of spectrum
space, and the carriers could be adjusted
to accommodate the audio quality needs




of various types of programming (e.g., a
low bit rate for voice programs and a high
bit rate for live music programs). The
encryption feature would facilitate sys-
tem security and allow NPR to provide
affiliate stations with various program-
ming packages which the station’s receiv-
ers could be variously authorized to re-
ceive by NPR.

Soon NPR would be in a position to
begin to require its commercial users to
adopt this system as well, resulting in yet
further conservation of spectrum space
and added income to NPR, with
ComStream equipment leased to them
exclusively from NPR. The only problem
which NPR had not fully anticipated was
negative reaction from backyard dish own-
ers with SCPC receivers who would no
longer be able to receive the now digital
signals.

The Problem

While commercial grade SCPCreceiv-
ers have been available for some time,
theyare generally quite high in price and
are not readily adaptable for home use.
The requirement for a stable (generally
Phase-Lock-Looped) LNA or LNB and/
or further block-down conversion equip-
ment all but prohibited most backyard
dish enthusiasts from being able to afford
to buy such equipment. However, some
listeners did buy the needed hardware
and, in the last few
years, SCPC receivers designed for home
use (which require less costly associated

have been converted to digital in an at-
tempt to upgrade audio fidelity and pre-
serve system security. This was the con-
cern, at least, of National Public Radio
when they had the opportunity to design
anew upgraded satellite interconnection
system.

Astotherights of the public to receive
NPR’s SCPCsatellite transmissions, NPR’s
official position, as expressed by their
distribution division, is that their satellite
interconnection system is supported by
and operated on behalf of their partici-
pating stations and was not intended for
access by private individuals. They argue
that public radio was builtupon afounda-
tion of localism.

This conceptissupported by Congres-
sional declaration of policy, to wit:

“public...radio and public telecommuni-
cations services constitute valuable
local community resources for utilizing
electronic media to address national
concerns and solve local problems
through community programs and
outreach programsl.]” (47 U.S.C. 396

(@)8))

There is a fear that the encourage-
ment of satellite radio may result in re-
duced listening and, consequently, pledg-
ing to local public radio stations. NPR
therefore encourages listeners to tune in
to local affiliate public FM broadcast sta-
tions or the retransmissions of some of
these stations available on the audio
subcarriers of some satellite video pro-
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grammers; alternatively, NPR has made
some of its programming available on the
Internet (with a World Wide Web address
of http://www.npr.org).

This author has been informed unof-
ficially that it was the concern of produc-
ers of programming for distribution by
NPR that some of the smaller affiliate
communitystationswere taking program-
ming from the satellite and airing it with-
out paying forit, which led to the concern
for system security.

NPR manages its finances by selling
programming to local public radio sta-
tions with costs to these stations based on
the number of listeners served by the
station and their yearly income from
pledges and other contributions. Many
of the smaller stations just cannot afford
to purchase all of the programming avail-
able to them. This is the situation, NPR
claims, encountered in a country where
public radio has become competitive, al-
legedly due to a lack of full government
funding.

Some at NPR are also concerned that
providing a digital-quality audio signal to
the public (the ABR700 receiver has a
direct-out digital port for input to a DAT
or other digital recorder) would encour-
age home taping and duplicating, thus
threatening the income of such opera-
tionsas the new Pubic Radio Music Source
which provides tapes and CD’s of music
and other features heard through NPR
distributed programming. Although it is
not currently in operation, the encryp-
tion feature of NPR’s new equipment is
scheduled to go into effect beginning

early this year. NPR feels that the laws
preventing individualsin the public from
receiving encrypted satellite signals will
protect them from any illegal listening
(e.g. see 47 U.S.C. 605).

Home SCPC satellite listeners, on the
other hand, feel that they have a right to
listen to public radio programming via
satellite. Many satellite listeners live in
parts of the country where there are no
local NPR affiliate FM broadcast stations.
Where stations are available, few, if any,
of them are able to air all of the program-
ming available to them.

Many public radio stations have
adopted niche formats (e.g. talk radio,
jazz, classical) and only broadcast public
programming which fits into their idea
of what format best meets the needs of
their local community (often that which
generates the most income in local
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pledge support). Only the largest urban
areas can support multiple public radio
stations with differing formats, allowing a
diversity of programming to be available
to FM broadcast listeners. On top of all of
this, although the benefits of a founda-
tion on localism may be desirable, many
of the smaller public radio stations (and
some of the larger ones) do little or
nothing in the way of local programming
and chiefly broadcast only the programs
obtained from the satellite system.

Just as NPR justifies its position in
legislation, however, home satellite lis-
teners may also find support in Congres-
sional declaration of policy, to wit:

“it is in the public interest for the Federal
Govermment to ensure that all citizens
of the United States have access to
public telecommunications services
through all appropriate available
telecommunications distribution
technologies” (47 U.S.C. 396 (a)(9)) and
“the Corporation [CPB] is authorized
to...conduct...research...related to...the
use of nonbroadcast communications
technologies for the dissemination of
noncommercial educational and
cultural...radio programs{.]” (47 U.S.C.
396 (9)(2)(G))

It might also be argued that home
satellite reception of the Public Radio
satellite system would constitute an inno-
vative use of such a system as is expressed
as part of the legislative intent for the use
of the Public Broadcasting Satellite Inter-
connection Fund (see House Report 100-
825, p. 21., as quoted above).

A problem for FM broadcast listeners
owning high quality audio systems is that,
although NPR maintains extremely high
quality audio throughout production of
programs and their transmission via sat-
ellite, local broadcasters often compress
and otherwise process their signals to
simplify operation of station equipment
and allow theirstation to be suitably heard
over traffic and engine noise while listen-
ing in automobiles. Unfortunately, this
often results in very low fidelity reception
for home listeners.

These problems are not foreign to
satellite audio subcarrier on video listen-
ing, where, in addition, the audio quality
maybe further degraded due to the many
retransmissions involved in the connec-
tion of the signal (these signals are often
taken off-air with an FM tuner and
microwaved to satellite uplink locations

before they are piggybacked onto satel-
lite video broadcasts). Access to public
radio programming via digital audio sat-
ellite signals would be welcomed by home
audiophiles all across the country (and it
would have been made much more fea-
sible if NPR had converted to Ku-band,
allowing dishes as small as 0.75 meters to
be used, as PBS did).

Home taping of radio programs has
been a concern of producers, particularly
in the recording industry, ever since the
introduction of the tape recorder some
fifty years ago. Producers argue that the
advent of digital recording and radio
transmission now makes it possible to
make perfect copies of broadcasts (de-
spite the well documented position of
many audiophiles who argue that such
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copies are nowhere near perfect) without
any income paid to record companies,
producers or artists, and they have fought
for years to expand their rights and pre-
vent home taping.

Theintroduction of the DAT recorder
was delayed in this country due in large
part tolobbying by the recording industry
and, when it was finally introduced, con-
sumer models of the recorders were re-
quired to have copy protection circuits
built into them which would allow only a
single-generation copy of adigital record-
ing to be made. Lobbyists also succeeded
in having a tax instituted on DAT tapes
sold to consumers, with returns going to
compensate producers, artists, and re-
cording companies to make up for lost

revenue due to home taping.

In spite of all these efforts and similar
ones aimed at curbing home taping, in-
cluding home video taping (which was
objected to by officials in the motion
picture industry), Congress has consis-
tently upheld the right of consumers to
make a single copy of any program deliv-
ered to their homes by radio or television
transmission (including via satellite) as
long as it is made for home use.

The Solution

Probably the most cogent argument
presented by satellite home listeners in
defense of their right to obtain NPR dis-
tributed programming is that, since most
of the money needed to create, produce,
and distribute via satellite public radio
programming comes from taxpayer dol-
lars, neither NPR nor anyone else operat-
ing within the Public Radio satellite sys-
tem should have the right to encrypt this
programming or otherwise preventhome
SCPC satellite listeners from receiving it.

Some ST readers may well remember
PBS’s experiments with VideoCipher in
the late 1980’s and its effects on home
satellite viewers. PBS was searching for an
effective system for allowing stereo trans-
mission of the audio part of its program-
ming while still maintaining a monaural
feed of the same so that affiliate stations
who had not converted to stereo did not
have to retrofit old equipment. Even
though PBS operated its VideoCipher sys-
tem in fixed key mode, thereby allowing
viewers with VideoCipher modules to still
view all of PBS’s national programming
service, there was an enormous outcry
over this on the part of home satellite
viewers.

Congress, in the same Public Telecom-
munications Act of 1988 which allocated
$200 million for the Public Broadcasting
Satellite Interconnection Fund, wrote leg-
islation to protect the rights of home sat-
ellite viewers to receive PBS’s satellite pro-
gramming, to wit:

“No person shall encrypt or continue to
encrypt satellite delivered programs
included in the National Program
Service of the Public Broadcasting
Service and intended for public viewing
by retransmission by television broad-
cast stations; except that as long as at
least one unencrypted satellite transmis-
sion of any program subject to this
subsection is provided, this subsection
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shall not prohibit additional encrypted
satellite transmissions of the same
program.” (47 U.S.C. 605 (c))

This legislation led to the creation of
the so called PBS-X analog service
(Telestar 401 C-band, transponder 8) and,
although satellite viewers no longer have
three C-band feeds adjusted to different
time zones to choose from, this one feed
transmits all of the national program-
ming service distributed by PBS. Support
for this legislation was reflected by Sena-
tor Larry Pressler, who served on the
Senate sub-committee charged with re-
viewing the Public Telecommunications
Act of 1988, and contributed to the Sen-
ate Report, to wit:

“PBS has a Congressional mandate to
serve the American public. That
includes satellite dish owners, who often
have no other means of receiving PBS,
especially in rural areas. And this means
free, unscrambled access to PBS’s
entire program schedule. The satellite
dish owner has paid for this service
through his tax dollars and therefore has
a right to receive the service without
having to pay to descramble the
programming.” (Senate Report 100-444,
p. 38.)

It is interesting to observe from Sena-
tor Pressler’s language in this report that
the subcommittees understood the word
scramble in its broader sense, that is, the
use of any system of transmission other
than normal analog mode.

The question as to why Congress did
not, at the time they were writing this
legislation, extend these same home sat-
ellite owner protections to the Public
Radio satellite system is a reasonable one
to ask. Neither the Public Telecommuni-
cations Act of 1988, nor the later Public
Telecommunications Act of 1992 (P.L.
102-356), nor the House nor Senate re-
ports associated with these acts, nor the
report required by Congress to be sub-
mitted by CPB under the 1988 Act detail-
ing the satellite replacement needs of
public radio and public television (sub-
mitted by CPB to Congress on 2 October
1989 and entitled Report to Congress: Next
Generation Public Radio and Public Televi-
sion Satellite Interconnection Systems) makes
mention of the scrambling problem as
applied to public radio.

Interestingly, although the imminent

conversion to a digital transmission sys-
tem is frequently mentioned, neither is
there any language contained in these
acts or reports to indicate that Congress
or the Commerce Department or the
Congressional subcommittees which re-
viewed the legislation were aware of NPR’s
intention to use their part of the Public
Broadcasting Satellite Interconnection
Fund to build a system which would in-
tentionally prevent the public from re-
ceiving their satellite transmissions.
Quite possibly the issue just did not
come up; at the time of the legislation
NPR was still transmitting in an un-
scrambled analog format and the inter-
ests of satellite television viewers prob-
ably eclipsed the admittedly, in compari-
son, minority interests of satellite home

radio listeners.

It may be that home satellite radio
listeners will lobby Congress to extend
the satellite viewer protections of PBS to
listener protections for the Public Radio
satellite system. It has not been deter-
mined how much revenue is allegedly
lost when NPR affiliates retransmit satel-
lite programming without paying for it
and how much, if any, of a dent this puts
on the budget of public radio.

The threat of lost revenue to home or
illegal commercial tapers has also not
been verified. (At least this has not been
aproblem for PBS’s Home Video service,
as perfect DigiCipher video feeds have
been available to the public for over two
years now and noreports of lost sales have
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been substantiated.) It could be that NPR
might be required to find another way of
policing its system against those who
would use it to generate income in an
illegal manner.

In the meantime, NPR is considering
ways in which it might make some of its
programming available to satellite listen-
ers.Ithasbeen supplyingalimited amount
of programming to European satellite
dish owners via the Astra satellite for
some time now, and it could make ar-
rangements with DBS providers in this
country for inclusion of public radio pro-
gramming within their regular audio ser-
vices.

This author has been informed that
talk has even taken place about restoring
a single analog SCPC carrier (two would
be necessary for stereo) with a limited
amount of public radio programming for
backyard SCPC listeners. This solution
would not pass on the benefits of digital
audio transmission to backyard users and
would not provide all of the public radio
programming available (keep in mind
that as many as 22 separate SCPC carriers
have been used simultaneously to deliver
a wide variety of programming).

The best solution, at least from the
point of view of home satellite SCPC lis-
teners, may be that which would allow
ComStream, or a licensee of the same, to
market to the public the digital receivers
needed to receive the Public Radio satel-
lite systemn’s signals.

Those home satellite dish ownerswho
wish to express an opinion on the matter
of the encryption of the Public Radio
satellite system may do so by contacting
their Congressional representativesand/
or by writing or faxing the agencies listed
below:

Committee on Energy and Commerce
2125 Rayburn House Office Building
Washington, D.C. 20515

FAX: (202) 225-1919

Mr. Richard Carlson, President
Corporation for Public Broadcasting
901 E. Street, NW

Washington, D.C. 20004-2037
FAX: (202) 783-1020

Mr. Delano Lewis, President
National Public Radio

635 Massachusetts Avenue, NW
Washington, D.C. 20001-3753
FAX: (202) 414-3049 S

SATELLITE TIMES 25



By Jeff Wallach, Ph.D.

Dallas Remote Imaging Group

New LRPT Formcat Review

here has been a lot of interest in the

new weather satellite picture trans-

mission format that will be incorpo-
rated into the next generation of polar
orbitingspacecraft. Startingwith the launch
ofthe European METOP- I satellite in 2002,
Low resolution picture format transmis-
sion (LRPT) will provide a digital transmis-
sion of AVHRR imagery and atmospheric
sounding data for the direct readout com-
munity.

The LRPT transmissions will be similar
to the automatic picture transmission (APT)
direct readout mode, but it will have some
major differences. Upgrades to user
groundstations will be required to receive
and process the LRPT data.

NOAA plans to continue transmitting
APT imagery until the NOAA-N and N’
AVHRR imagery is no longer available or
the satellites are decommissioned. This is
not expected until 2005-2006, so there is
still plenty of use for the current APT and
HRPT ground station equipment.

The LRPT data transmission is based on
a new standard for satellite data. Each in-
strument data is embedded into separate
telemetry packets. This will allow a higher
flexibility and improved data link quality
because of the various error-checking sys-
tems allowed by these new protocols.

The LRPT data will consist of AVHRR,
HIRS, AMSU-A and MHS. Other space-
craft sensor data may be added to LRPT by
additional European payloads on the

METOP series of satellites. The content of

the LRPT data stream will be coordinated
between NOAA and EUMETSAT.

The AVHRR data stream will provide
either two or three channels of imagery
depending on the data quality, complexity
of the compression, link budget etc. In
order to achieve and improved resolution
of 1.1 km at nadir versus the exisiing 4 km
for APT, the AVHRR data will be com-
pressed with a compression ratio of 8. The
AVHRR spatial resolution will be retained
at 1.1 km at nadir, and approximately 7 km
at the edge of the image scan.

Significantly, the LRPT datawillbe trans-
mitted at 137.1 and/or 137.9125 MHz by
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FIGURE 1

the METOP satellites as well as the NOAA-
N satellites. Thus, a change in receiver
frequencies will be required. Other issues
that mayv require upgrading the ground
segment equipment include:

¢ LRPT will required a higher banedwidth
of 150 kHz in order to transmit all the
datato the user community (contrasted
with approximately 40 kHz for APT)

¢ A replacement of an analog facsimile
demodudator witha DQPSK demodula-
tor and a special CCSDS packet inter-
face will be required (current analog
APT demodulators will not work with
LRPT)

* GenerallyaPentiun-class microproces-
sor will be required to process the high
data rates of the LRPT transmission
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NOAA and EUMETSAT plan to pro-
vide software to process the data packets
and to decompress the data. Display soft-
ware and map projection software may also
be provided by NOAA and EUMETSAT, as
well as private organizations.

Speaking of POES......

Many of us who receive direct readout
from the NOAA POES system take for
granted the complexityinvolvedin the space
and ground segments of polar orbiting
weathersatellites. Simply turn on your com-
puter,aimyourantennaatthe satellite, and
start receiving the imagery, right?

Well, the NOAA POES constellation
and ground stations are a highlv complex,
integrated system thatdealswith more than
just APT and HRPT image transmission.



The NOAA POES constellation and ground stations are a highly complex, integrated
system that deals with more than just APT and HRPT image transmission. NOAA/
NESDIS has generated a nice composite diagram of the many segments of POES

NOAA/NESDIS has gener-
atedanice composite diagram
of the many segments of
POES, including the space-
craft, Satellite Operations
Control Center, Suitland pro-
cessing center, Navy, Air
Force, NASA, and user earth
stations, Command Data Ac-
quisition Stations, and other
ground space and ground seg-
ments. Figure 1 shows the
many facets ol POES.

Weather Satellite
Conferences for 1997

There are several confer-
encesscheduledforearly 1997
that coverremotesensingand
weather satellite imagery:
Both of these conferences will
provide timely updates on the

(see Figure 1 on previous page).

FIGURE 2 ¢see description at end of this

NOAA POES and GOES pro- month's column).

grams and applications use of

weather satcllite imagery and other direct
readout data. Satellite Times readers iner-
ested in remote sensing and direct readout
will find value in these symposiums:

Satellite Applications Conference 1997
NOAA Conference On Satellite Applications
What Can The Eyes In The Sky Do For You?
March 4 - 6, 1997 Asheville, North Carolina USA

The themes for this conference are cen-

tered around:

* Aninformation exchange amongexpe-
rienced and novice users;

* Exploration of unique and non-tradi-
tional applications;

¢ Explorationof hlended products (mult-
satellite; satellite/in-site; etc.

Concurrent sessions will be held, based
on application:
e  (Commercial
Research
*  Operations
e Indusuy
e Agriculture
e Value-added
*  Education

Registration Fees: Conference: $500.

Note: All fees include continental break-
fast, lunch and exhibitors’ reception.

For more information write to: Satellite
Applications Conference, ¢ /o National Cli-
matic Data Center, Climate Services 1) vi-

sion. 151 Pauon Avenue, Asheville, NC
28801-5001 USA. Send E-mail to:
kmetcall@ncde.noaa.gov. Fax: 1-704-271-
4876

West Chester University Satellites and Educa-
tion Conference

This conference will be held on March
12-14, 1997 at West Chester University in
West Chester, Pennsylvania, USA

The theme of the tenth anniversarv con-
ference will be “Sharing Environmentaland
Communications Satellite Technology.”
Ivited speakers include:

Al Gore, U.S. Vice President

¢ BillGates, Chairman and CEO, Microsoft
Corporation

* KathySullivan, former NASA Astronaut
and President, COSI

* Perry Samson, Professor, Department
of Atmospheric, Occanic and Space Sci-
ences, University of Michigan

e  Robert Winokur, Assistant Administra-
tor, NOAA/NESDIS

Early registration for this conference
ends February 10, 1997, Registration fees
for this three day conference is $175.00 by
Februarv 10, 1997, and $200.00 after that

Weather Satellite Imagery

&L PCMCIA Convertible Capture Card

W Best System for Desktop and Laptop
Polar, Goes satellites and HF Fax
Ferfect for boat, vehicle, p'ane, or home
Low power - PCMCIA type I
Carrier Peak Sampling Technology
Auto Start/Stop - No tracking/scheduling required

Full Function Software

D05 and Windows
Best NOAA
- Sea surface temperatures
- Coastline and Lat/Lon grid
- Distance Measurement.
- Auto start/stop
@& Best WEFAX, Meteosat, GMS
- Animate Visable, IR & W
- Reads Header. No Schedule!
Best HF Marine Fax
- Wide lock range, easy tuning

OFs WeatherFg)X

OFS WeatherFAX, Phone/Fax: (919) 547-4545 0=

6404 Lakervet Ct, Raleigh, NC 27612
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An excellent source for technical information on NOAA POES and GOES satellites is the
World Wide Web site for NOAA /NESDIS. Satellite transmission schedules, keplerian
elements, daily updates and notifications, and a host of publications and technical

date. Registration fee in-
cludes conference materials,

reports are available.

TABLE 1: SATELLITE LAUNCH SCHEDULES

continental breakfasts, lun-
5 Satellite Launch Date Design Life
cheons, and br.f aks. . GOES-9 National Oceanic and Atmospheric Administration May 23, 1995 5 years/Operational
For more information, January 11, 1996
including exhibitors infor- Sich 1 National Space Agency of Ukraine August 31, 1995 1 year
. J Radarsat Canadian Space Agency November 4, 1995 5 years
Malbn, “coiltact. Na{lcy IRS-1C Indian Space Research Organization November 28, 1995 3 years
Mclntyre, 304 Recitation IRS-P3 Indian Space Research Organization March 21, 1996 3 years
Hall, West Chester Univer- 70‘3:“ Ozone e
. § apping Spectrometer
Sl[y, WCSt Lhestcr PA 19383, (TOMS) Earth Probe NASA
E-mail: nmcintyre@ July 2, 1996 2 years
2 SeaStar NASA 1st quarter 1996 5 years
wcupa.edu, Fax: 1-(?10_436 Priroda module for Mir space station  Russian Space Agency 2nd quarter 1996 3 years
3102 or telephone: 1-610- | okean-0 National Space Agency of Ukraine 2nd quarter 1996 1 year
436-2393 Advanced Earth Observation
Satellite (ADEOS) National Space Development Agency of Japan August 1996 3 years
” China-Brazil Earth Resources
Remote Sensing Satellite (CBERS-1) Brazilian National Institute of Space 4th quarter 1996 2 years
. Feng Yun-2 (FY-2) China Meterological Administration 1st quarter 1997 3 years
satem te Launch NOAAK National Oceanic and Atmospheric Administration 3rd quarter 1897 2.5 years
Schedules: Source: Committee on Earth Observation Satellites: Space News research
Severalreadersof SThave ¢ NOAA Technical Memorandum satinfo@ssd.wwb.noaa.gov

requested a listing of recent and future
remote sensing satellite launches. Above is
a recent listing for launches from 1995-
1997 obtained from NOAA/NESDIS.

NOAA Publications/Technical
Reports on the Internet

An excellent source for technical infor-
mation on NOAA POES and GOES satel-
lites is the World Wide Webssite for NOAA/
NESDIS. Satellite transmission schedules,
keplerian elements, daily updates and noti-
fications, and a host of publications and
technical reports are available.

The primary site for the technical pub-
lications is: http://140.90.207.25:8080/
EBB/ml/nic00.html. The following publi-
cations and technical reports may be ob-
tained at this WWW site:

NOAA Publications and
Technical Reports

(Note: Due to the length of these docu-
ments, some are broken into parts by chap-
ter or section. Tables, graphs, and pictures
have been included separatelyas GIF files.)

¢ NOAA Technical Report NESDIS 82:
An Introduction to the GOES I-M Imager
and Sounder Instruments and the GVAR
Retransmission Format (November 1994)
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NESDIS 40: The Geostationary Opera-
tional Environmental Satellite Data Collec-
tion System (June 1994)

¢ June 1996 Satellite Direct Broadcast Ser-
vices Symposium papers, preprint vol-
ume

- NOAA Polar Orbiter Data Users Guide. Also
available as WordPerfect format and
RTF (Rich Text Format) files via anony-
mous FTP.

e NOAAK/L/M Level 1b data formats
are available via anonymous ftp. Note:
these are preliminary, draft documents
subject to change.

¢ NOAA- Advanced TIROS-N (ATN)
Pamphlet: NASA and NOAA.

o [ntroduction to GOES I-M. An on-line tu-
torial describing the sensor and data
changes that began with the launch of
GOES-8, prepared by the Regional and
Mesoscale Meteorology (RAMM) Team
(NESDIS) at CIRA. Includes examples
of improved GOES-8 data versus that of
GOES-7.

e GOES I'M 3.9um Channel on-line Tu-
torial, prepared by the NESDIS RAMM
Team. (See above)

Once connected to this site, you may
find other NOAA/NESDIS and weather
satellite related links on the Internet. For
furtherinformation on thissite, contactthe
NESDIS Satellite Information Team at:
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Some otherinteresting Internetweather
satellite related sites include:

e Hurricaneimages, movie loops-National
Climate Data Center
http:/ /www.ncdc.noaa.gov/pub/data/
images/olimages.html

* HRPT images of Alaska and related
areas
http://www.alaska.net:80/~nwsar/
html/sat/sat.html

e (Canadian Radarsat imagery
http://www.ccrs.nrcan.gc.ca/ccrs/
radarsat/rsate.html

¢ Polar Orbiting Weather Satellite Up-
date: (All frequencies reported are for
the APT imagery)

U.S. NOAA Polar Orbiting
Weather Satellites:

e NOAAY 137.620 MHz
The imaging system on this twelve year
old satellite has failed, but several other
systems including the Solar Backscatter
Ultravioletradiometerarestill function-
ing.

e NOAA 10 137.500 MHz
The APT transmitter on NOAA 10isnot
operational, but good visible HRPT is




The Russians are not planning on iqunching the remaining Meteor spacecraft they
have in inventory. They are planning on adding meteorological instruments to the
RESURS 01-4 spacecratt that will be placed into a 835 km orbit in 1997. The first in the
series of the upgraded Meteor 3M-1 spacecraft is projected to be launched in 1998.

still being transmitted by the spacecraft.

¢ NOAAIl This spacecraft is not
operational
* NOAA 12 137.500 MHz

This platform remains the primary
southbound morning spacecraft and is
transmitting APT and HRPT imagery
e NOAA 14 137.620 MHz
Primary northbound afternoon space-
craft and transmitting good APT and
HRPT imagery.
e NOAAK Scheduled for launch in
early 1997. This satellite will be desig-
nated NOAA 15 upon orbital insertion.

Russian Meteor, Okean, and
Sich Spacecraft:

* Meteor 3-5 137.850 MHz
This satellite is five years old and is
transmitting APT imagery on 137.850
MHez.

® Meteor 2-21 This spacecraft is cur-
rently not transmitting

¢ Meteor 3-6  Failed in 1995

The Russians are not planning on
launching the remaining Meteor space-
craft they have in inventory. They are plan-
ning onadding meteorological instruments

FIGURE 4

FIGURE 3"
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to the RESURS01-
4 spacecraft that
willbe placedinto
a 835 km orbit in
1997. The first in
the series of the
upgraded Meteor
3M-1spacecraftis
projected to be
launchedin 1998.

The Okean
and Sich space-
craft (oceano-
graphic imaging
satellites, with
side-looking ra-
dar, microwave,
and visible imag-
ery) continue to
transmit over Eu-
rope at 137.400
MHz.

January/February 1997

The next Chinese Feng Yun satellite
(Feng Yun 10) is due for launch in 1998.
Thissatellite will not carryan APT transmit-
ter. It will carry a new digital CHRPT radi-
ometer which will not be compatible with
existing HRPT ground stations.

HRPT Imagery

To commemorate the new higher qual-
ity printing and paper used in Satellite Times,
we have included some compositesof HRPT
imagery.

Figure 2 on page 31 is the first test full-
disk image from GOES 9 taken on June 12,
1995. Figure 3 is a compasite of Hurricane
Fran imaged by NOAA 12 on Septembey 4,
1996. This is 1 kin HRPT image. And
finally, Figure 4 is another composite im-
age of Hurricane Hortense taken by NOAA
14 on September 13, 1996. ST
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By John A. Magliacane
magliaco@email.njin.net

Digital OSCAR Communications

he Federal Communications Com-
mission allow radioamateurs the privi-
lege of using a myriad digital commu-
nication modes in various forms on the
ham bands. Tuning across amateur fre-
quencies, one might hear communications
utilizing continuous wave (CW) telegra-
phy, radioteletype (RTTY), AMTOR,
PACTOR, ASCI], and packet radio, just to
name afew. These digital signals are modu-
lated onto RF carriers using such methods
as on/off keying (OOK), frequency shift
keying (FSK),and phase shift keying (PSK).
In the world of amateur satellites, early
OSCARs used CW and on/off keying to
transmit telemetry information to ground
stations through low-powered beacon trans-
mitters they carried into earth orbit.
Astechnologyadvancedand home com-
puters became popular, the digital com-
munication modes, and the modulation
methods that supported them, changed.
Soon, CW shared telemetry downlink time
with RTTY, ASCII, and packet radio. Spe-
cialized satellites were later designed that
contained onlydigital communication tran-
sponders. These satellites are setting an
important trend in amateur satellites.
Digital communications have a signifi-
cant and growing impact in the telecom-
munications industry, and the non-com-
mercial world of amateur radio is no differ-
ent. In fact, amateur radio provides oppor-
tunities for research and experimentation
within the digital communications field
not possible or practical in the commercial
world. It is, therefore, important to have a
basic understanding of digital communica-
tions and the OSCAR satellites that support
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them if the amateur radio service is to
continue to grow with advances in technol-

ogy.
Radio Basics 101

Basically, radio transmissionsare accom-
plished by modulating a radio frequency
(RF) carrier with intelligence in a circuit
known as a modulator. The modulated RF
carrier is then amplified and radiated into
space through an antenna system. The in-
telligence the RF signal carries may contain
analog information, such as voice or video,
or digital information, such as Morse teleg-
raphy, packet radio, or any other form of
binary data sent in a serial fashion.

There are three aspects of an RF carrier
that may be modulated in order to carry
intelligence. Either the amplitude of the
RF carrier is modulated, or its frequency is
modulated, or its instantaneous phase is
modulated. In some cases, such ascommer-
cial broadcasts of color television, AM ste-
reo, or even modern telephone modems, a
combination of phase, frequency, and am-
plitude modulation is used to convey sev-
eral discrete channels of intelligence on a
single carrier. However, this combination
of modulation methods is rarely seen in
present day amateur radio communica-
tions.

Morse: The Essential
Language
The first form of amplitude modulation

used by amateur radio operators consisted
of on/ off keying of an RF carrier by Morse

telegraphy.

Frequency Shift Keying

Frequency shift keying uses discrete carrler frequencles to represent each binary
loglc level. This example represents coherent FSK. Note that both mark and space
tones are harmonlically related. UoSAT-OSCAR-9 and -11 used AFSK of this type.
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Commonly referred to as CW, Morse
telegraphy is still in wide use today for both
terrestrial and satellite communications.
CW was the first mode of communications
adopted by OSCAR satellites for the trans-
mission of telemetry information through
beacon transmitters carried on amateur
spacecraft, mainly because of its simplicity
and communications effectiveness. Itis still
widely used today.

Morse telegraphy is typically copied by
ear. Satellite telemetry conveyed in CW is
interpreted through the use of look-up
tables and calibration equations. One of
the advantages of Morse telegraphy is that
decoding is done by ear and requires no
data demodulator or specialized electron-
ics for reception.

During the mid 1970s, OSCAR satellites
adopted more advanced techniques for
making telemetry transmissions. OSCAR 7,
launched on November 15, 1974, was the
first amateur satellite to use radioteletype
(RTTY) for the transmission of spacecraft
telemetry. Frequency shift keying (FSK)
modulation was used for the transmission
of RTTY signals.

Radioteletype could transmit informa-
tion at a higher rate than at speeds that
could be comfortably copied by ear using
CW. The speed at which data can be trans-
ferred between transmitter and receiver is
an important consideration for low-earth
orbiting satellites with limited access times.
The disadvantage of RTTY was that it re-
quired expensive or bulky terminal equip-
ment for reception, and was later shown to
be relativelyinefficientin terms of datarate
per unitof power—anotherimportant con-
sideration when dealing with low-powered
OSCAR satellites with limited power sup-
plies. For this reason, RTTY is rarely used
today by OSCAR spacecraft.

During the 1980s, the FCC approved
the use of the American Standard for Infor-
mation Interchange (ASCII) for communi-
cationsonamateur frequencies. Thisstarted
a trend toward using more advanced data
encoding techniques directly compatible
with the home computers that were then
becoming popular. This compatibility al-



Like RTTY, ASCII required a data demodulator to be used at ground stations to
convert the signals received from the satellite to voltage levels compatible with the
computer performing the data processing functions. As in RTTY, frequency shift
keying was the modulation most often used for making ASCII transmissions.

lowed PCs to be used to interpret, store,
and directly process data received from
space.

Like RTTY, ASCII required a data de-
modulator to be used at ground stations to
convert the signals received from the satel-
lite to voltage levels compatible with the
computer performing the data processing
functions. As in RTTY, frequency shift key-
ingwas the modulation most often used for
making ASCII transmissions.

UoSAT-OSCAR-9, launched on October
6, 1981, was the first amateur satellite 1o
adopt advanced forms of digital transmis-
sions such as ASCII for transmitting space-
craft telemetry.

UoSAT-OSCAR-9, and later its younger
sister UoSAT-OSCAR-11, assigned audio
tones of 1200 1zand 2400 Hz 1o represent
the digital ones and zeros (marks and
spaces) that comprised the ASCII serial
data stream used to transmit spacecraft
telemeury information to ground stations.

This form of modulation is known as
audio frequencyshift keying, or AFSK. The
early UoSAT satellites used AFSK audio
tones to modulate a narrowband FM bea-
con transmitter, making ground station
reception as easy as turning on a 2-meter
FM rig. The problem, of course, was de-
modulating the mark and space tones in
ways that would be least affected by noise,
and converting those audio tones to the
appropriate logic levels suitable for inter-
pretation by a home computer.

Also during the early80’s, AFSK-FM was
adopted byearly packet radio pioneerswho
used FM voice transceiversand surplus Bell
202 telephone modems that were widely
available at the time. This combination
provided aquick, easy,and low-cost method
for transmitting digital information usinga
commonly available voice-grade FM voice
transmitter without the need for making
any circuit modifications to the communi-
cations equipment.

There was, however, a price to pay for
this simplicity. AFSK-FM is essentially two
FM signals in one, and as such, is terribly
inefficient in terms of bandwidth and com-
munication effectiveness. AFSK-FM requires
averystrongsignal for reliable communica-
tions-much higher than if other modula-
tion methods are used.

Steve Goode, KONG, studied this situa-

Binary Phase Shift Keying
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Binary phase shift keying uses reversals in carrier phase to represent different
binary logic levels. An accurate phase reference is required for proper

demodulation.

tion with respect to 1200 baud packet radio
communications and concluded that a sig-
nal level that produced at least 25 dB of
receiver quieting was required for reliable
packet radio commumnications using AFSK-
FM. This strong signal level is not easy to
realize from OSCAR satellites operating
many miles from earth with only a few
hundred milliwatts of transmitter power.
Clearly, a better solution was needed if
digital communications were to be effec-
tive via OSCAR satellites.

Coherent Communications
and BPSK

For many years, a small group of ama-
teur radio operators and low frequency
radio enthusiasts (I.OWFERS) have heen
experimenting with coherent continuous
wave (CCW) communications. CCW per-
mits the detection of radio signals at levels
100 weak (0 be copied by ear, and allows
transmitter power levels to be reduced dra-
matically asaresult. CCWachievesitsstellar
weak signal performance by heing sensitive
not only to the frequency and amplitude of
the desired radio signal, but also to its
phase. Coherent CW achieves high signal
sensitivity while remaining relatively im-
mune to interfering signals and noise since
these undesired signals have random fre-
quencyand phase characteristics compared
to the desired signal.

Coherent CW is great for Morse telegra-
phy communications, but it can be shown
that if the phase of the RF carrier were
modulated instead of its amplitude, an ad-
ditional 6 dB in signal-to-noise ratio could
be realized over CCW’s on/off keving tech-
nique, without any increase in transmitter
output power. The 6 dB advantage comes
when the phase modulation is antipodal
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that is, it shifts by exactly 180 degree inter-
vals. Phase shift keving comes in many dif-
ferentvarieties. Antipodal PSKiscommonly
referred to as binary phase shift keying
(BPSK).

BPSK is a very robust form of digital
modulation and has been used to good
advantage in copying extremely weak sig-
nals from several interplantery deep space
probes. BPSK was adopted by the AMSAT-
OSCAR-10and AMSAT-OSCAR-13amateur
satellites for telemetry transmissions, and
laterbyseveral other OSCARs carrying digi-
tal transponders.

The problem with coherent communi-
cations is that proper signal demodulation
requires a reference carrier with which to
compare the received signal in a synchro-
nous phase detector. Aphase detector func-
tions by comparing twosignals and produc-
ing an output voltage based on how well
those two signals match in terms of fre-
quency and phase. If the frequency and
phase of both signals match, a voltage of a
certain polarity is produced, whereas if
bothsignalsare completely out of phase, an
output voltage of opposite polarity is pro-
duced. Finally, if both signals are 90 or 270
degrees out of phase, the phase detector
produces no output voltage.

Although BPSK offers a tremendous
advantage in terms of sighal-to-noise ratio
over FSK and on/off keying, its reception
can be a bit tricky. If viewed in the fre-
quency domain, a BPSK signal may be
thought of as being a double sideband
(DSB) suppressed carrier AM signal. This is
not too different from the single sideband
suppressed (SSB) carrier AM that is popu-
lar on the HF ham bandls for voice commu-
nications. Proper demodulation requires
re-insertion of a locally generated carrier
having identical frequency and phase char-
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PACSATs operating at a data rate of 1200 bits per second (BPS) respond to FSK uplink
signals that have been Manchester encoded. Manchester encoding modulates the
transmit data with a carrier equal in frequency to the bit rate (1200 Hz).

acteristics as the carrier suppressed in the
BPSK transmitter.

The technique is similar to that used to
receive single sideband voice transmissions,
except that in the case of SSB the phase of
thelocallygenerated carrier (beat frequency
oscillator, or BFO) is unimportant, since
only one sideband is transmitted. Com-
pounding the problem of requiring an
accurate frequency and phase reference
for properly demodulating BPSK signals is
Doppler shift, which is inherent in all ama-
teursatellite communications. Doppler shift
causes the radio frequency of the signal
received from the satellite to constantly
driftlowerin frequencyastheslantrangeto
the satellite changes during a pass, making
it even more difficult to perform proper
phase detection.

Since the BPSK carrier is suppressed by
the BPSK transmitter, the key to demodu-
lating BPSK emissions from satellites lies in
the regeneration of the needed carrier
reference from the upper and lower side-
band components of the BPSKsignal. Two
popular methods exist for doing this. One
method uses a circuit known as a Costas
Loop, while the second method uses a
Squaring Loop. In theory, the Costas Loop
offers slightly better performance at the
expense of added circuit complexity. The
simpler Squaring Loop, however, can be
made to provide performance comparable
to that of the Costas Loop with additional
filtering.

Other issues come into play when com-
paring the sensitivity of a BPSK receiver.
Radio signals received via satellite often
fade in amplitude as the slant range to the
satellite changes; signal polarization also
changes during a pass. In order to accom-
modate a wide range of signal levels, some
BPSK demodulator designs incorporate
amplitude limiters. Limiters are often
used in FM receivers and are responsible
for a characteristic in FM communica-
tions known as the “capture effect.” If
more than one signal is received at the
same time on the same frequency, the
stronger signal will “capture” the limiter
and be the only signal detected by the
receiver. If the stronger signal happens
to be noise, the desired signal will be
completely lost.
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Designing a BPSK demodulator with
non-limitingautomatic gain control (AGC)
has been shown to produce a significant
weak signal sensitivity advantage over de-
signs incorporating hard limiting. Further-
more, post detection filtering that closely
matches the bandwidth of the transmitted
signal allows the detection of BPSK signals,
even if theyare received at alevel below the
ambient noise.

BPSK signals are typically copied with
receivers designed for reception of single
sideband (SSB) voice transmissions. SSB
reccivers are essentially linear frequency
converters that convert radio frequency
signals to the audio spectrum where they
can be copied by ear. Virtually all ground
stations that access the 1200 baud PACSAT
satellites use SSB receivers and BPSK de-
modulators for downlink reception. Up-
link transmissions, however, use FSKand a
data encoding technique named after its
birthplace in Manchester, England.

Manchester Encoding

PACSATSs operating at a data rate of
1200 bits per second (BPS) respond to FSK
uplink signals that have been Manchester
encoded. Manchester encoding modulates
the transmit data with a carrier equal in
frequency to the bit rate (1200 Hz). The
resulting product is actually BPSK with a
suppressed carrier frequency of 1200 Hz,
although it is not necessarily handled as
such. Manchester code is also known as
“split phase.”

In terms of PACSAT communications,
signals from a standard packet radio termi-
nal node controller (TNC) are combined
to produce Manchester code in a phase
modulator, the output of which is low-pass

Manchester Encoding
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filtered and used to frequency modulate an
FM voice transmitter, producing FSK.
Manchester encoding eliminates the DC
component of a digital data stream, allow-
ingitto passwithoutdistortion through the
speech circuits of an FM voice transmitter.
A direct connection to the FM varactor
diode is not needed for 1200 bit persecond
PACSAT communications.

Even phase modulated voice transmit-
ters can be used to generate PACSAT up-
links. The lack of a DC component also
makes a Manchester receiver immune to
small changes in carrier frequency, such as
those caused by Doppler shift, and allows
for easy bit clock extraction by the receiver.

PACSAT Receivers

The PACSAT receivers carried onboard
the AMSAT-OSCAR-16, WEBERSAT-OSCAR-
18, and LUSAT-OSCAR-19 satellites were
designed around a Motorola MC3362 dual
conversion single chip FM receiver, with
one complete receiver chip employed for
each of the four uplink channels on each
satellite. Asingle GaAsFET-based frequency
downconverter with an intermediate fre-
quency (IF) in the 40 to 50 MHz range is
shared by all PACSAT uplink receivers.

The first IF in each FM receiver chip
operatesatacenter frequencyof 10.7 MHz,
and is preceed by a filter with a very sharp
skirt. The frequency response of the filter
rolls off by approximately 20 dB at 20 kHz,
and achieves a total of 70 dB of adjacent
channel rejection. Impedance matching
techniques used on the input and output of
each IF filter minimizes passband ripple to
approximately one decibel.

Rather than using a final IF frequency
of 455 kHz as is typical in applications using
the Motorola MC3362, PACSAT de-
signers instead used a final IF fre-
quency of 1.8 MHz in an effort to
realize a highly linear FM discrimina-
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Zeros and ones are sent in opposite phase

Manchester encoding is similar to BPSK in that
changing logic levels are represented by reversals
in carrier phase.In this example, a falling edge within
a bit interval represents a logic “1”, while a rising
edge within a bit interval represents a logic “0”.
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tor characteristic across the entire 20
kHz bandwidth of the uplink chan-
nel. While PACSAT receivers employ
no automatic frequency control to
compensate for Dopplershift,ground
stations employing approximately 3
kHz of peak frequencydeviation need
not be concerned with Doppler shift
of their uplink signals.



The intended result of this discussion is to show that there is a method to the
madness of amateur data communications, and that data transmission protocols
and modulation methods are not subjects that are shrouded in secrecy.

High Speed Data
Communications

DatalIn -
High speed data communica-

tions by satellite is currently no
different than terrestrial high
speed data communications, ex-
ceptforthefact thatsatellite com-
municationsare fullduplex, while
terrestrial communications, un-
less crossband, tvpically are not.

The same hardware is used in
eithercase,and datais transferred
at 9600 bits per second (also re-
ferred toas“9k6”) using frequency
shift keying (FSK). Because high specd
serial dataoccupiesawiderfrequencyband-
width than audio frequencies typically used
for voice communications, standard FM
voice communications equipment can he
used for high speed data communications,
provided that direct connections to the
receiver’s discriminator and transmitter’s
varactor diode are made. These connec-
tions are needed to ensure a response char-
acteristic that is flat in terms of frequency
and phase across the entire bancwidih of
the receiver. Such characteristics are a ne-
cessity for high quality data communica-
tions.

Itisinteresting to point out that 9600 bit
per second FSK communications require
no more RF bandwidth than that required
by 1200 bit per second AFSK-FM. In fact,
9600 bps data communications require
slightly less. However, in order to realize
this bandwidth, the transmitted data must
be first processed through a low-pass filter
having a low group delay and sharp cutoff
prior to modulation. In addition, high-
speed datais often “scrambled” to random-
ize the data pattern and provide for rapid
bit clock recovery in the receiver and mini-
mize the DC component of the signal,
making automaticfrequencycontrol (AFC)
both practical and effective.

Psuedo Random Scrambling

As stated earlier, 1200 bps FSK data is
Manchester encoded to eliminate the D(
component of transmitted data. In doing
so, however, it cffectively doubles the band-
width of the transmitted signal. This is not
a major concern in terms of 1200 bit per

Scrambled data out
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Circuit used to scramble 9600 bps data transmissions

Circuit representative of those used to scramble or
randomize 9600 bps FSK data transmissions. A
complementary circuit is used at the receiver to
restore the data stream to its original format.

second data communications, but carries a
negative impact in terms of 9600 bps com-
munications.

In an effort to conserve bandwidth, a
different approach is taken to reduce the
DC component of high speed binary data.
Instead of Manchesterencoding, highspeed
is randomized or scrambled prior to trans-
mission, and unscrambled during recep-
tion. Scrambling significantly reduces the
chances of transmitting long strings of ze-
ros and ones, which by virtue of their con-
stantand unchanging polarity, carryastrong
DC component. Itis the DC component of
a digital signal that makes receiver clock
extractionslowand unreliable, data carrier
detection difficult, and receiver automatic
frequencycontrol (AFC) nearlyimpossible.

The Federal Communications Commis-
sion allowsseveral forms of datascrambling
to facilitate high speed data and spread
spectrum communications onamateur fre-
quencies. Note, however, thatscrambling is
not used to obscure the meaning of the
transmitted signal, since the methods used
to scramble data on amateur frequencies
are published and FCC approved for use by
amateurs.

The method most often used toscramble
high speed data normally employs a cas-
caded string of shift registers. Seventeen
such devices are typically used. Taps made
1o the output of the 5th and 17th shift
register are combined with the 9600 bit per
second dataina pairofexclusive OR (XOR)
gates. During transmit, the shift registers
are driven by a bit clock derived from the
sending TNC. On receive, the process is
reversed, and the bit clock is derived from
the clock extraction circuits of the FSK data
demodulator. Itisinteresting to note that if
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scrambled data transmissions are moni-
tored on a narrowband FM voice receiver,
the psuedo random nature of the data’s
content makes the transmissionssound very
muchlike the white noise ofan unsquelched
FM receiver.

Datascramblingis nota panacea, by any
means. While scrambling techniques re-
duce the DC component of serial data
transmissions, they do not eliminate it com-
pletely. As a result, a frequency response
down to 5 Hz, or preferably DC, is required
by the modem and the radio equipment
with which it is used. There is also some
concern as to whether scrambling reduces
the bit error rate of a communications
channel, since an incorrectly received bit
fed into a string of shift registers will cor-
rupt bits received at a later time. If a cor-
rupted bit is received at the end of one
packet, it can destroy the next packet re-
ceived, evenifthe second packetisreceived
without error. Nevertheless, the data
scambling and unscrambling technique
described here is highly effective and is
used by most 9600 bps terrestrial and all
satellite data communication links.

Conclusion

The intended result of this discussion is
to show that there is a method to the mad-
ness of amateur data communications, and
thatdata transmission protocolsand modu-
lation methods are not subjects that are
shrouded in secrecy. In some areas, modu-
lation methods are selected for simplicity.
In other areas, they are chosen because of
their performance superiority over other
methods.

The entire subject of digital communi-
cationsand the OSCARsis far toodetailed to
effectively cover in this column. However,
those interested in a more in-depth under-
standing of this subject matter are encour-
aged to consider reading Packet: Speed, More
Speed and Applications, published by the
ARRL, 225 Main Street, Newington, CT
06111. This book not only covers the subject
of data communications in depth, but also
provides block diagrams and schematics of
projects that can further the understanding
of the concepts used to convey digital infor-
mation on amateur frequencies.

See you on the birds! gy
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By Donald E. Dickerson, N9CUE

World’s Smallest Sctellite Terminal?

he world’s smallest com-

merciallyavailable satellite

terminal will soon be on
the market. It’s called Planet 1
and it is the size of your laptop
computer measuring 8.3 x 9.5 x
1.6 inches. This self<contained
satellite terminal weighs only six
pounds. It will allow you to com-
municate with virtually anyone,
anywhere in the world through a
series of four geostationary satel-
lites.

Planet 1 is expected to be the
world’s first portable, global per-
sonal satellite communications
system. This notebook-sized sat-
ellite phone is manufactured by
NEC America and will provide digital com-
munications services via Inmarsat-3 satel-
lites. That's right, the people of Inmarsat
are at it again. The systemn is designed to
enable individuals living and traveling in
remote areas to call anywhere in the world
on a portable phone that will be inexpen-
sive, compact, and easy to use.

Planet 1 will be able to provide global
roaming, voice mail, short messaging, call
forwarding, caller ID, and Internetconnec-
tion. Subscribers Identification Modules
(SIMs) are issued to improve security and
consolidate billing for both cellular and
satellite services. The SIM is simply a credit
card which allows access to the keyboard of
the satellite terminal at the time of use.
Companies can form phone pools in which
employeesareassigned SIM cardsand share
a single phone as needed.

The Planet 1 terminal has a remote
antenna for high gain applications. The 4.8
Kbps voice, 2.4 Kbps fax is Hayes compat-
ible in data mode. It hasan intelligent LCD
multilingual display, back-litkeys, and user-
friendly handset.

Planet 1 Inmarsat services, which are
provided by Comsat in North America, will
use a new network of digital satellites. The
first of these third generation Inmarsat
spacecraftwaslaunchedin Aprilof thisyear
and placedinservice over the Indian Ocean
were it will serve Russia, Africa, the Middle
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East, Japan, China, India, Asia, and western
Australia. Asecond spacecraftwas launched
in September and placed in geostationary
orbit over the Atlantic to serve the Eastern
United States and Canada, South America,
Africa, Enrope, and the Middle East.

This month (January 1997). a third sat-
ellite will be launched and placed over the
Atlantic to service all of North and South
America, Europe, and North Central Af-
rica. In May of 1997 the Pacific rim will get
its own third generation Inmarsat satellite.
Aspare will be sentaloftin October of 1997.

The launch of the first third-generation
Inmarsat spacecraft was umique not ouly
because it will be one of the first world
phone providers in service nor because it
uses a new fleet of digital, high power satel-
lites, but for another reason as well. It was
the firstcompletelycommercial launch of a
communications satellite. Inmarsat Head-
quarters in London controlled the launch
and orbit portion of the satellite’s trajec-
tory, while leased ground stations in Italy,
China, and two in Canada maintained can-
tactwith thesatellite throughout the launch.
Gateway stations, used to interface with
public telephone networks and cellular svs-
tems, will be located in France, Narway,
Australia, Greece, Turkey, and Japan.

This third generation spacecraftismuch
more powerful than its predecessors and
uses five separate high gain spot beam
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antennas. The spot beams al-
low for system management of
services as never before. The
beams can be repositioned over
land mass areas where there is
the greatest demand for ser-
vices and permit a distinction
between national and interna-
tional calls, enabling new pric-
ingstrategiestobe devised. The
foursatellite network will pro-
vide 2,200 channels for com-
munications.

According to Virginia
Brooks, Manager of Network
Access Technologies, “Planet 1
is an important step in the de-
velopment of the information
skyway a wireless public information high-
way that brings the power of our communi-
cations technologies for voice and data
down to a personal level throughout the
world.”

Justtwo years ago Inmarsat brought out
anew portable digital satellite terminal for
use with their current fleet of satellites. This
teriinal is much like the Planet 1 terminal
in operation. It is a little larger as it mea-
sures 9x 11 x 2 inches.

Known as an M-terminal, it fit into a
brief case and has becoine very popular in
its own right. If any of you have tuned the
HF utility bands in SSB, you know there are
certain frequencies that are known to be
used by that unique type of businessman
known as a drug smuggler. In recent years,
this high frequency radio traflic has fallen
off considerably, due in part to the intro-
duction ofthe M-terminal. Most major drug
traffickers have upgraded to satellite com-
munications, leaving the HF bands to the
“small fry,” as it weve.

Current Technology

Well, if you intend to pull signals off
these satellites do not let all this talk of
digital terminals deter you. While digital is
the wave of the future, thereare over 10,000
analogstations using unencrypted FMvoice
terminals on Inmarsat satellites worldwide.




Well, if you intend to pull signals off these satellites do not let all this talk of
digital terminals deter you. While digital is the wave of the future, there are
over 10,000 analog stations using unencrypted FM voice terminals on

Inmarsat’s current fleet of
satellites can be found at the
followinglocation: 15.5°W (F-
2), 55.0°W (F4), 192.0°W (F-
3) and 295.5°W (F-1).

During national emergen-
cies, natural disasters, and
military operations all four
Inmarsats can fill to capacity
very quickly. When this hap-
pensInmarsatrollsexcess traf-
fic over to two Mareces satel-
lites they lease from the Euro-
pean Space Agency (ESA).
These satellites are located at
117.5°E and 26.0°W.

Who might you hear on
these satellites? Ships, yachts,
shortwave broadcasters, disas-
ter relief, the Army, Navy or
Air Force, and national news
services to name a few. Virtually any type
station you have heard on HF frequencies
you can find on Inmarsat.

Current frequency allocations allow
Inmarsat satellites to operate in the 1.5
GHz band. Ship communications are
downlinked on 1530-1544 MHz. Mobile
and portable on 1544 -1545 MHz and aero
communications are downlinked on 1545-
1560 MHz on various Inmarsat spacecraft.
The satellites use a 1626-1646 MHz uplink
band. Gatewaystations uplink signals to the
spacecraft on 6.4 GHzand downlink on 3.6
GHz.

How to Hear Them

Now that you know whatis up there and
where, you might like to know how to tune
in onsome of the action. First, youwill need
a dish antenna: don’t panic, it’s not as bad
as you think. Then you will have to have a
feedhorn and an LNA for 1.5 GHz, a DC
block, (more about that later), and a re-
ceiver that will tune 1.5 GHz.

Let’sstart on the roof. Biggeris better as
a general rule of thumb when it comes to
antennas in general. That was especially
true in the case of the early Cband TV
satellites. Fortunately, with the Inmarsats
you can get bywith adish assmallas two feet
in diameter. Remember, these are rela-
tively high power satellites and you are
going to be pulling an audio signal off the

Inmarsat satellites worldwide.

bird. This means you don’t need the same
gain figures you would need if you were
going to try 10 get a snow-free picture in-
stead. This should be good news to anyone
on a budget or who lives in an apartment.

If you already have a C-band antenna
you can simply add a 1.5 GHz feedhorn to
your dish and you are on your way. If you
happen to already be equipped to tune in
signals from weather satellites you already
have the basie Inmarsatstation. You can use
the same feedhorn and line amps; you only
tune a slightly lower frequency range.

The feedhorn can be homemade if you
like. You can make one out of a two pound
coffee can. Taggart's Weather Satellite Hand-
book has a feed horn plan that can be used,
oryoucan use the plans from john Wilson’s
recentarticlesin Monitoring Times. For more
information on John’s articles and a starter
kit for putting an Inmarsatstation together,
write John at 6413 Bull Hill Rd, Prince
George, Virginia 23875, or call him at (804)
862-1262. Tell him the ST PCS column sent
you.

You will then want to pull the signal off
the TVRO or dish antenna feed line. Be-
foreyou connectany feed line or coax from
a TVRO type antenna you must run the
signal through a DC block or through tap.
This will remove the DC voltage from the
line and prevent you from destroying your
receiver. (Failing to follow this advice has
caused manv a radio hobbiest to take up
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gardening).Then connect the coax to the
antenna connection on your receiver and
you are ready to go.

All the equipment you need for an

Inmarsat station can be purchased from
suppliers like Swagur Enterprises who have
specially priced kits. They have additional
equipment you can use to enhance the
signal you pull off these satellites. For ex-
ample, with a Swagursat unit you can pull
the signal off the IF output of an Icom
7000/7100/8500 at the proper bandwidth,
which gives better fidelity and amplifica-
tion.

This just about rounds out our look at

what Inmarsat is doing to provide world-
wide satellite communications. Inmarsat
has been there since the beginning and is
still providing leading edge technological
innovation in personal communication
satellites. Sy
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Astronauts Mixing with the Military Band

appy NewYear, and

welcome toanother

year of the Satellite
Listening Post.

Well, another outstand-
ing Grove Communications
Expo has been put in the
Grove history books, but a
sad announcement follows.
It has been decided that the
1996 Expo is the last one.
The Groves have decided
they need to put their ener-
gies elsewhere.

But 1997 is still going to
be a outstanding year: get
ready for the International
Space Station (ISS). Ifallgoes
according to plan, the first
piece of ISS will be launched
into orbit on November 1,
1997, aboard a Russian Pro-
ton rocket. That brings us to
our first order of business,
the space shuttle in the UHF-
band.

Monitoring Shuttle UHF Voice

“Can I monitor the UHF air-to-ground
voice communications directly from the
space shuttle?” is another one of those
million dollar questionsasked by every hob-
byist. The answer is yes, but only during
portions ofits mission and depending upon
its orbit.

The UHF frequencies listed below are
usually confined tolaunch, spacewalks,and
landings only: at all other times an S-band
shuttle-to-relaysatellite-to-ground system is
used. Listening posts on the East Coast of
the U.S. have the best chance of catching
shuttle direct voice transmissions during
launch. Everyone has a chance of monitor-
ing a spacewalk. Florida and California
residents would be best for landings. An
average UHF receiver (225400 MHz) with
a simple discone antenna will do the trick.
Give it a try and let us know what you hear.

243.000 (AM) Space Shuttle Emergency Voice Channel
259.700 (AM) Space Shuttle Primary Voice Channel
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Exploded view of Marisat Spacecraft

279.000 (AM) Space Shuttle EVA Voice Channel
296.800 (AM) Space Shuttle Voice Channel

MARISAT

In the early 1900’s the primary way of
communications for the Navy was the high
frequency band (HF). In April 1976 things
changed with the first MARISAT satellite
positioned at 105.5 degrees West in geosta-
tionary orbit.

These satellites are orbiting over the
Atlantic, Pacific, and Indian Oceans. Re-
cent reports indicate the possibly that the
U.S. Drug Enforcement Agency (DEA) is
using this constellation for operations in
Central America. Some traffic has been
heard in the clear on 254.15 MHz.

For more details on this satellite system,
check out the March/April 95 issue of
Satellite Times.

248.850 500-kHz ............... Wideband Channel 1
248.875 500-kHz ............... Wideband Channel 2
248.900 500-kHz ............... Wideband Channel 3

248.925 500-kHz
248.950 500-kHz

... Wideband Channel 4
Wideband Channel 5
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248.975 500-kHz
249.000 500-kHz ..
249.025 500-kHz ..
249.050 500-kHz ..
249.075 500-kHz ..
249.100 500-kHz...
249.125 500-kHz...

: Wideband Channel 10
. Wideband Channel 11
. Wideband Channel 12

249.150 500-kHz .. . Wideband Channel 13
249.175 500-kHz .. Wideband Channel 14
249.200 500-kHz .. Wideband Channel 15
249.225 500-kHz .. Wideband Channel 16

. Wideband Channel 17
. Wideband Channel 18
. Wideband Channe! 19
249.325 500-kHz.. . Wideband Channel 20
254.150 25-kHz ... . Narrowband Channel A
257.550 25-kHz ................ Narrowband Channel B

249.250 500-kHz...
249.275 500-kHz ..
249.300 500-kHz ..

Starlink Project Ready for
Operational Phase

NASA’s satellite telemetry and return
link (STARLIink) project utilizes an ER-2
aircraft—the civilian equivalent of the mili-
tary U-2 spy plane—to conduct strato-
spheric, tropospheric, earth resources, and
disaster support flights. The aircraft can fly
to the range of 70,000 ft; in December 1996,
the 76,000-ft. range was attempted. The
project utilizes NASA’s Tracking and Data
Relay Satellite constellation to transmit sci-
ence data to ground stations. The first test
flights were conducted in July 1995 with
error free results, operational status is set
for this year.

Three NASA ER-2 aircraft are based at
Moffett Federal Airfield, California, and
use the callsigns NASA 706, NASA 708, and
NASA 709.

Moffett Federal Airfield

Common Traffic Advisory Freq. ..... 126.200 MHz
Automatic Terminal

Information Service ................ 283.000 MHz
Bay Approach Control ...... 120.100 MHz
Bay Approach Control ...... 134.500 MHz
BAY Approach Control .................. 317.600 MHz
Bay Approach Control ............c...... 350.800 MHz
Bay Approach Control ................... 346.000 MHz
TOWET ..o s 126.200 MHz
TOWET ..o 353.200 MHz

TOWET e ese e 340.200 MHz
Ground Control ........cocoveeveveevecnne 121.850 MHz
Ground Control ..........ccoveeveveerennnne 336.400 MHz

Bay Departure Control ................... 121.300 MHz
Bay Departure Control ................... 322.000 MHz



The Interdepartment Radio Advisory Committee (IRAC) has denied the use of the
117.975-137 MHz band to operate the International Space Station VHF Voice
Communication Link (IVVCL). A resubmission to use the 138-143.5 MHz band has
been submitted, but this would be in conflict with military fixed service utilization.

Clearance Delivery 380.800 MHz

Base Operations ............. ... 251.700 MHz
Army Operations ............ 34.500 MHz
Army Operations ............ ... 124.950 MHz
Army Operations .........c.coceerneeenen 241,200 MHz
International Space Station

Frequency Request

The Interdepartment Radio Advisory
Committee (IRAC) has denied the use of
the 117.975-137 MHz band to operate the
International Space Station VHF Voice
Communication Link (IVVCL). A
resubmission to use the 138-143.5 MHz
band has been submitted, but this would be
in conflict with military fixed service utiliza-
tion. Stay tuned.

TDRSS Will Support New Boeing
Sea Launch Missions

Boeing Sea Launch managers and engi-
neers were briefed on TDRSS expandable
launch vehicle support in September. The
new Boeing Sealaunch service will use
Russian ELVs launched from a converted
off shore oil platform in the Pacific Ocean.
Boeing indicated their plan is to get one
successful launch off in the first or second
quarter of 1998. After this first mission, they
plan to convert to TDRSS for launch sup-
port. The new launch service has already
sold 15 launches so far.

Bermuda Next on the Chopping
Block

NASA’s Office of Space Communica-
tions, Washington, DC, plans to close the
Bermuda tracking station in the Atlantic
Ocean by September 30, 1998. Bermuda'’s
primary role has been to support space
shuttle launch phases, but the need will be
eliminated when NASA’s Trackingand Data
Relay Satellite (TDRS) takesoverin Novem-
ber 1997.

The external tank (ET) flight termina-
tion system (FTS) has been removed, elimi-
nating the need for a UHF command de-
struct from Bermuda (416.5 MHz).

UHF air-to-ground (A/G) voice sup-
port (259.7 and 296.8 MHz) will be main-
tained by moving the equipment to a less
expensive site.

Listening Post Intercepts (all times in UTC)

K3840

K7185

K7765

K8968

K10780

K11175

K29352

K29408

M119.100

M121.950

M123.400

M126.500

M136.770
M137.500

M137.620
M137.770
M137.850

M143.625

M145.200

M145.550

AMSAT North America East Coast Net heard at 0110, LSB with W3STW, Al, as net
control in Trevose, PA (Keith Stein-Woodbridge, VA)

Heard amateur radio retransmission of space shuttle air-to-ground communica-
tions (STS-80 mission), 1657, LSB (Vincent Everett)

Cape Radio, 1956, USB, with lift-off announcement (shuttle mission STS-80)
followed by progress reports (Paul Scalzo)

Active at 2037, USBwith ARIA ONE occasionally calling Hickam Global with what
sounded like “ground comms schedule on 8968”, but may have been something
different. Fair to weak level into coastal Texas; no reply from Hickam heard (Jeff
Haverlah-Texas). NASA 931 (KC-135, tail no. N931NA) running a phone patch
through Lajes to Bangor confirming PPR forarrival on 6 December (Johan Drost-
Northern Holland)

ARIAL calling ARIA Control, Ascension Radio, and Cape Radio without luck,
2305, USB (Paul Robbins-England) This was after they supported the launch of
NASA'’s Pegasus/SAC-B/HETE mission at Wallops Island, VA-Keith

Albrook working phone patch to Miami for NOAA43. Unable to receive data
transmission from NOAA43, passed partial vortex message, position 2030N
04317W. (Alan Doherty-U.K.)

Amateur radio satellite RS-15 CW beacon heard at 2332, USB (David Bate-
Bowmanville, Ontario, Canada)

Amateur radio satellite RS-12/13 CW beacon heard at 2325, USB (David Bate-
Canada)

Washington National Airport tower working NASA3, 1500, AM mode (David
Stein-Springfield, VA) This is a Gulfstream 1 aircraft (tail no N3NA) used by
NASA'’s Marshall Space Flight Center in Huntsville, Al -Keith. NASA2 (G-159, tail
no N2NA) heard landing at Washington National, 1600Z, AM mode, used by
NASA'’s Johnson Space Center, TX (K. Stein-Washington, DC)

NASA 432 (F-27 aircraft, tail no. N432NA) heard, AM mode, monitoring ship
movements off the coast of NASA’s Wallops Island, VA launch site. At 0541 a 3-
stage sounding rocket was launched carrying a classified Department of Defense
payload (K. Stein-VA) Also several weeks later Orbitall (L-1011 aircraft, tail no
N140SC),NASA511 (T-38A aircraft, tail no N511NA) were heard conducting the
launch of a Pegasus XL rocket carrying the SAC-B and HETE spacecraft from
Wallops, VA, 1709, AM mode (D. Stein-VA)

NASA 432 (F-27 aircraft, tail no N432NA) heard tracking ship movements off the
coast of NASA’s Wallops Island, VA during launch of Pegasus/SAC-B/HETE
mission, 1709, AM mode (K. Stein-Wallops Island, VA)

NASA 432 (F-27aircraft, tailnoN432NA), Orbitall (L-1011, tail no N140SC), and
NASA 511 (T-38A aircraft, tail no N511NA) heard talking with Wallops tower
during launch of Pegasus/SAC/HETE mission, 1709, AM mode (K. Stein-
Wallops Island, VA)

U.S. weather satellite NOAA 12beacon heard at 1244, NFM (David Bate-Canada)
U.S. weather satellite NOAA 12 heard at 1240, NFM (John Corby-Caledon,
Ontario, Canada)

U.S. weather satellite NOAA 14 heard at 1950, NFM (David Bate-Canada)
U.S.weather satellite NOAA 14beacon heard at 1827, NFM (David Bate-Canada)
Russian weather satellite Meteor 3-5 heard at 2021, NFM. Signal off northern
N.W.T. (David Bate-Canada)

U.S. astronaut John Blaha was heard talking with mission control Moscow from
MIR at 0640, NFM. He used both English and Russian language during the
conversation (Sven Grahn-Solna, Sweden).

U.S. astronaut John Blaha (KC5TCQ) heard aboard Russian space station Mirat
1346, NFM mode (Joe Dreifuss) This is the new amateur voice downlink being
used aboard Mir, 145.800 MHz is the new uplink-Keith

Cosmonaut Valery Korzun aboard Mirspace station heard speaking English with
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M145.800

M145.825

M145.850

M145.985

M145.987

M148.035

M148.485

M149.940

M149.970

M150.000

M150.030

M166.000

Boeing Sea Launch managers and engineers were briefed on TDRSS expandable
launch vehicle support in September. The new Boeing Seal.aunch service will use
Russian ELVs launched from a converted off shore oil platform in the Pacific Ocean.

amateur callsigns N2ORQ, AA2DR, and W2LYR in New
York area. Korzun stated he was “going to do some
physical exercises with treadmill.” (K Stein-Woodbridge,
VA). Mir packet telemetry heard at 1444, NFM (David
Bate-Canada)

Several amateur radio operators heard calling U.S. astro-
naut John Blaha (KC5TCQ) aboard Russian space sta-
tion Mirat 1346, NFM mode (J. Dreifuss) This is the new
amateur voice uplink being used to call crew members
aboard Russia’s space station Mi=Keith

Amateur radio satellite DO-17 packet telemetry heard at
1539, NFM (David Bate-Canada)

Heard U.S. astronaut John Blaha, KC5TZQ aboard space
station Mir talking with group of school kids at Cedar
Bluff School, TN (Brett Saylor, N3EVB-State College,
PA)

Amateur radio satellite AO-13 engineering beacon car-
rier only, later CW heard at 2258, NFM (David Bate-
Canada)

Amateur radio satellite AO-21 voice downlink heard at
2318, NFM (David Bate-Canada)

TV Operations Net for Eastern Test Range was moni-
tored here during the launch of Mars Pathfinder mission,
0654, NFM (David Beardsley-Lutz, FL)

Range CTS contractor for Instrumentation Net heard
hete during launch of Mars Pathfinder mission, 0654,
NFM (Beardsley-FL)

Russian navigation satellite Cosmos 2218 heard at 0856,
NFM (K. Stein-VA)

Russian navigation satellite Cosmos 2173 heard at 1247,
NFM (J. Corby-Canada)

Russian navigation satellite Cosmos 2315 heard at 1735,
NFM (K. Stein-VA)

Russian navigation satellite Cosmos 2142 was heard at
1223, NFM (J. Corby-Canada). Cosmos 2334 heard at
1712, NFM (K. Stein-VA)

Signals from Progress M-33 heard in WBFM at 0531. Also
on 922.750, and 926.05, signal was heard being com-
manded on (S. Grahn-Sweden)

M171.2625 STS TV Coord. Comm. heard here during launch of

M171.905

M179.985

M311.200

M326.300

M408.400
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Mars Pathfinder mission, 0654, NFM (Beardsley-FL)
Wireless mike being used at NASA Headquartersat 1650,
NFM (K. Stein-Washington, DC)

Chinese reconnaissance imaging satellite, FSW-2, was
monitored sending a dead carrier at 0110, NFM. Data
downlink also on M479.97 (K. Stein-Woodbridge, VA)
Used by Orbital Sciences Corp. L-101 1 aircraftas ground
control during launch of Pegasus/SAC-B/HETE mis-
sion, 1709, AM mode (K. Stein-Wallops Island, VA)
Backup to M121.950, AM mode, see above (K. Stein-
Wallops Island, VA)

NASA Headquarters Security responding to
Administrator’s suite to remove animal rights activist
protesting a NASA/Russian funded space mission (Bion
11 & 12) to carry two monkeys into space. Seven females
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were removed from the building and later arrested by
Federal Protective Services (FPS) (M415.2) after contin-
ued attempts were made to enter the building a second
time. (K. Stein-Washington DC)

M435.0955 Received Mars Global Surveyor signal between 0625 and

M437.950

Gb5.800

G6.200

G7.420

G11.7600

G11.8200

G11.8400

G11.8600

G11.8800

G11.9000

G12.0000

G12.0200

G12.1000

G12.1200

G12.1400

G12.1600

G12.1800

G12.4000

G12.8000

0700 slowly drifting downwards some 50 Hz during pass
(Werfried Kuneth, OE8FNK-Villach, Austria)

Voice heard from Mirspace station at 0548, NFM (David
Bate-Canada)

GE-1 (103 deg. W), transponder 6, WCNJ-FM Hazlet, NJ
(a 10-watt station with a 38-foot antenna height, variously
listed as playing oldies and a polka show). Transponder
7, American Freedom Network (has been on shortwave,
at least in the past) (Mike Cooper-Atlanta, GA)

GE-1 (103 deg. W), transponder 14, and G7.6, Christian
Music Radio (describesitself as continuous music with no
commercials) (Cooper-GA)

GE-1 (103 deg. W), transponder 20, Armed Forces Radio
& Television Service (nice and strong subcarrier mixes
various radio network programs) (Cooper-GA)

Saw a backhaul on GE-1 (103 deg. W) channel 3, H, 0300,
(Keith Knipschild)

Two carriers on GE-1 (103 deg. W) channel 6- one at
G118105.6andoneatG118112.7,V,0300 (K. Knipschild)
GE-1 (103 deg. W) channel 7, V, NBC Pacific feeds (K.
Knipschild)

CW on center with subs and dispersal, GE-1 (103 deg. W)
channel 8, V, 0300 (K. Knipschild)

Saw a backhaul on GE-1 (103 deg. W) channel 9, H, 0300
(K. Knipschild)

Testing saturation on GE-I1 (103 deg W) channel 10, V,
0300 (K. Knipschild)

GE-1 (103 deg W) channel 15, V, NBC Contract Channel
(K. Knipschild)

Test pattern “GE 1 TRANS 16K” GE-1 (103 deg W)
channel 16, V, 0300 (K. Knipschild)

Cyclesat car ads and slates on GE-1 (103 deg W) channel
20, V, 0300 (K. Knipschild)

GE-1 (103 deg W) channel 21, V, NBC Contract Channel
(K. Knipschild)

Chinese Comm. Channel (CCC) GE-1 (103 deg W)
channel 22, V, 0300 (K. Knipschild)

GE-1 (103 deg W) channel 23, V, NBC Contract Channel
(K. Knipschild)

FedEx on GE-1 (103 deg W) channel 24, V, 0300 (K.
Knipschild)

GE-1 (103 deg W) channel 17, V, NBC Contract Channel
(K. Knipschild)

GE-1 (103 deg W) channel 19, V, NBC News Channel
Newsfeeds (K. Knipschild)

Keith Stein is a freelance writer based in Woodbridge, Virginia. You
can contact him through his Internet World Wide Web home page
at: http://www.newspace.com/casr
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The Satellite Services Guide (SSG) is designed to keep the satellite
listening enthusiasts up to date with the latest information available
on a wide variety of hard-to-obtain space and satellite information.
Many hours of personal observations and contributor reports have
been compiled into this section. Errors are bound to happen, especially
since services and elements sets change often, and geostationary
satellites constantly change orbital positions. Care has been taken to
check the accuracy of the information presented and it does represent
the most current information available at press deadline.

How to Use the Satellite Service Guide

The various sections of the SSG include:

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

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

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

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

10.

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

Satellite Transponder Guide — This guide list video services
recently seen from satellites transmitting in C-band located
in the U.S. domestic geostationary satellite arc. A standard
TVRO satellite system is required to view these services.
White boxes indicated video services in the clear or non-
video services. Gray shaded boxes indicated video services
that are scrambled using the VideoCipher 2+ encryption
system and are only available via subscription. Black boxes
are video services that are scrambled using various other
types of encryption schemes and are notavailable in the U.S.
Transponders that are encrypted have the type of encryp-
tion in use listed between the brackets (i.e. - [Leitch]). O/
Vindicates that wild feeds, network feeds and other random
video events have been monitored on that transponder.
(none) means that no activity of any kind has been observed
on the transponder indicated.

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

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

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

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

Satellite Launch Schedules — This section presents the
launch schedules and proposed operating frequencies of
satellites that will be launched during the cover date of this
issue of the magazine.
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Satellite Radio Guide By Robert Smathers and Laary Van Homn
AUDIO SUBCARRIERS Radio Maria ((talian-Religious programming) G7,10 5.80
An audio sub-carrier requires the presence of a video carrier to exist. If you take away Radio Maria ) 67,10 8.03
i i io sub-carrier di ] 1t i Radio Sedeye Iran (Farsi) 83,15 6.20 (N)
the video carrier, the audio sub-carrier disappears as well. Most TVRO satellite receivers Radio Tropical (Haitian Creole) 2 11 760

can tune in audio subcarriers and they can be found in the range from 5.0 to 9.0 MHz in

the video carrier.

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

Classical Music

SuperAudio—Classical Collections G5, 21 6.30/6.48 (DS)
WFMT-FM (98.7) Chicago, IL. G5,7 6.30/6.48 (DS)
WQXR-FM (96.3) New York, NY, ID-96.3 FM C4,15 6.30/6.48 (DS)
Satellite Computer Services
Planet Connect, Planet Systems, Inc 19.2 kbps srve G4, 6 7.398

T402R, 4 7.398
Planet Connect, Planet Systems, Inc 100 kbps srve G1,9 7.80

T402R, 4 7.80
Skylink, Planet Systems, Inc G1,9 7.265

T402R, 4 7.264

G4,6 7.264
Storyvision G5,3 7.30
Superguide G5,7 5.48
Contemporary Music

Radio Romance (from Philippines)

G4, 24 (Ku-band)6.20

SuperAudio—Light and Lively Rock G5, 21 5.96, 6.12 (DS)
Upbeat music (no identification) C45 5.58
Country Music
SuperAudio—American Country Favorites G5, 21 5.04/7.74 (DS)
Transtar IIf radio network §3.9 5.76/5.94 (DS)
WOKI-FM (100.3) Oak Ridge-Knoxville, TN.,

|D-The Hit Kicker E2,18 6.20
WSM-AM (650) Nashville, TN C4,24 7.38,7.58
Easy Listening Music
Easy listening music, unidentified station G4,6 7.69
SuperAudio—Soft Sounds G5, 21 5.58/5.76 (DS)
United Video—easy listening C4,8 5.895 (N)

Foreign Language Programming

Antenna TV (Greece)
Arab Network of America radio network
CBC Radio-East (French)

CHIN-AM/FM (1540/100.7) Toronto, ON Canada,
ID-CHIN—multilingual

DZMM-Radyo Patrol (from Philippines)

French language audio service

India ethnic radio

Indian Sangeet Sager

Irish music (Sat 1430-0000 UTC)

KAZN-AM (1300) Pasadena, CA—Asian Radio

Northern Native Radio (Ethnic)

RAI Satelradio (Italian)

Radio Canada (French)
5.76

Radio Dubai (Arabic)
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T402R, 18 7.78

G6, 10 5.80
E2,1 5.38/5.58 (DS)
E2,1 7.36
E2,2 7.89
G4, 24 (Ku-band) 6.80
E2, 11 6.12
E2,2 7.61
E2, 16 (Ku-band) 6.12
S3,3 6.20

GE-1, 22 (Ku-band) 6.20
E2, 26 (Ku-band) 6.43/6.53 (DS)

G7,14 7.38
2,11 5.40/5.58 (DS),
67,10 7.48

January/February 1997

Reteotto Network (Italian)
Russian-American radio network

Trinity Broadcasting radio service (Spanish) SAP—

TAQ2R, 18 5.80
SBS5, 12 (Ku-band) 6.20

religious G5,3 5.96
WLIR-AM (1300) Spring Valley, NY (Ethnic) §2,1 7.60
XEW-AM (900) Mexico City, Mexico (Spanish),

ID-LV de la America Latina M2, 14 7.38
XEW-FM (96.9) Mexico City, Mexico (Spanish),

ID-W-FM 96.9 SD1,7 7.38
XEWA-AM (540) Monterrey, Mexico (Spanish),

ID-Super Estelar—contemporary music M2, 8 7.38
Jazz Music
KLON-FM (88.1) Long Beach, CA., ID-Jazz-88 G5,2 5.58/5.76 (DS)
Superaudio—~New Age of Jazz G5, 21 7.38/7.56 (DS)
News and Information Programming
Business Radio Network C4,10 8.06 (N)

E2,2 743 (N)
Cable Radio Network C3,23 7.24 (N)
CNN Headline News G5, 22 7.58
CNN Radio News S3,9 5.62
G5,5 7.58
Standard News S3,17 5.20
USA Radio Network—news, talk and information ~ S3, 13 5.01(Ch1),5.20
(Ch2)

WCBS-AM (880) New York, NY—news G7,19 7.38
WCCO-AM (830) Minneapolis, MN G6, 15 6.20
WGN-AM (720) Chicago, il/Interstate Radio

Network (overnight)—talk E2,2 522
Religious Programming
Ambassasor Inspirational Radio $3,15 5.96, 6.48 (DS)
Brother Staire Radio G5,6 6.48
CBN Radio Network/Standard News G5, 1 6.12
Christian Music Network Lakeland, FL GE-1,14 6.20,7.60
Inspirational/Gospel music (no identification) G5,6 7.38
KHCB-FM (105.7) Houston, TX C1,10 7.28
Salem Radio Network $3,17 5.01
Trinity Broadcasting radio service G5,3 5.58/5.78 (DS)
WHME-FM (103.1) South Bend, IN, ID-Harvest FM G4, 15 5.58/5.78
WROL-AM (950) Boston, MA (occasional Spanish) S3, 3 6.20
Z-musis—Christian rock G1,6 7.38/7.56
Rock Music
SuperAudio—Classic Hits-oldies G5, 21 8.10/8.30 (DS)
SuperAudio—Prime Demo-mellow rock Gs, 21 5.22/5.40 (DS)
WCNJ-FM (89.3) Hazlet, NJ/Skylark Radio

network—Oldies GE-1,6 5.80
Speciality Formats
Aries In Touch Reading Service C4,10 7.87
C-SPAN | ASAP (program schedule) C3,7 5.58
C-SPAN 11 ASAP (program schedule) C4,19 5.58
In-Store Networks S3,24 5.04,5.21,5.40
SuperAudio—Big Bands (Sun 0200-0600 UTC) G5, 21 5.58/5.76 (DS)
The Weather Channel-USA—occasional audio C3,13 6.80
The Weather Channel-USA—classical music C3,13 7.78
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Satellite Radio Guide
Voice Print Reading Service E2,6 7.44 (N) Spacenet 3 Transponder 1
Yesterday USA—nostalgia radio G5,7 6.80 P L.l
T402R, 11 5.80 Data Transmissions: 4.800 MHz
Talk Programming Galaxy 4 Transponder 3 (Ku-band)
American Freedom Radio network GE-1,7 5.80 Blank Audio Carriers: 1.155, 2.070, 2.790, 3.250, and 4.400 MHz
Amerinet Broadcasting G6, 23 8.10 Data Transmissions: 2.950, 3.040, 3.090, and 3.160 MHz
People’s Radio Network (Chuck Harder)— Generic News: 3.510 MHz (occasional audio)
talk and information C1,2 7.50 In-Store audio network ads: .710, .795, .880, 1.245, 3.420, 3.600, 3.690, 3.780, 3.860,
Prime Sports Radio—sports talk and information ~ S3, 24 5.80 and 3.960 MHz
One on One Sports radio network—sports talk E2,2 751 MuZAK Services: .275, .390, .510, .975, 1.065, 1.355, 1.470, 1.590, 1.710, 1.830, 1.945,
Talk America Radio Network #1—talk programs ~ S3,9 6.80 2.190, 2.310, 2.430, 2.550, 2.670, 2.790, 3.330, and 4.080 MHz
Talk America Radio Network #2—talk programs ~ S3,9 5.41
Talk Radio Network—talk programs C1,5 5.80 e .
WOKIE Network (tech talk) $BS6, 138 (Ku) 6.20 (occasional | Gaiaxy 4 Transponder 4 (Ku-band)
network on when | Blank Audio Carriers: .960, .1.180, and 1.350 MHz
Megabingo is Data Transmissions: .255, .300, .350, .470, .575, .650, .710, .740, .765, .845, .890,
present) 930, and 1.225 MHz
Worldwide Freedom Radio network GE-1,7 7.56
WWTN-FM (99.7) Manchester, TN—news and talk G5, 18 7.38,7.56 Galaxy ] Transponder 16 (Ku-band)
Variety Programming Blank Audio Carriers: 1.230, and 2.280 MHz
i ] Data Transmissions: .645, 2.140, 2.350, 2.730, 3.205, 3.245, 3.265, 3.620, 3.735, and
Amencar] Urban .Radlo—news/features/sports 83,9 6.30/6.48 (DS) 3.970 MHz
CBG Radio (English) ' 2,6 5.40/7.58, 5.58 In-Store audio networks: .150, .270, .390, .755, .870, .990, 1.110, 1.350, 1.470, 1.590,
CBC Radio (occasional audio) E2,1 5.78 1.710, 1.800, 1.965, and 2.070 MHz
CBC-FM Atiantic (English) E2,6 6.12/6.30 (DS)
CBC-FM Eastern (English) E2,6 5.76/5.94 (DS) . 7
CBM-AM (940) Montreal, PQ Canada— Anik E1 Transponder 7 (Ku-band)
variety/fine arts E2,1 6.12 Nova Network FM Squared Servi
CJRT-FM (91.1) Toronto, ON Canada— - g L=
fine arts/jazz-nights E2, 26 (Ku-band) 5.76/5.94 (DS) 3
KBVA-FM (106.5) Bella Vista, AR., ID-Variety 106.5 G4, 6 5.58/5.76 (DS) FM CUBED (FM ) AUDIQ SERVICES o
KSL-AM (1160) Salt Lake City. UT— This audio is digital in nature and home dish owners have not been able to receive it by
SL-AM (1160) ty,
news/talk/country-overnight Cl, 6 5.58 normal decoding methods yet. The only sateliite that FM Cubed transmissions have been
WUSF-FM (89.7) Tampa-St. Petersburg, FL discovered on so far is Galaxy 4, transponder 1. WEFAX transmissions and Accu-
(Public Radio), ID-Concert 90 4,10 8.26 (N) Weather (for subscribing stations) are transmitted on this transponder.

FM SQUARED (FM?) AUDIO SERVICES

Another type of satellite audio is known as FM Squared. FM

Squared signals require a video carrier to exist. These signals

are simitar to audio subcarriers as we know it except for the

fact that they are located below the 5.00 MHz audio subcarrier

frequency that a normal satellite receiver can tune to.

Spacenet 3 Transponder 13

Ambassador Inspirational Radio: 1.420, 4.470, and 4.650 MHz
Blank audio carriers: 1.050, 3.390, 3.570, 3.750, & 4.110 MHz

International Broadcasting Network: 4.830 MHz
Retigious Backhauls (various): 1.235 MHz

USA Radio Network: .330 MHz

VCY America: .540 and .780 MHz

Spacenet 3 Transponder 17

Blank audio carriers: 3.570 and 3.750 MHz

Childrens Sunshine Network: 1.275 MHz

Data Transmission: .800 and 1.225 MHz

Focus on the Family: 1.050 and 1.400 MHz

In-Touch—religious: 4.470 MHz

Salem Satellite Network: 4.650, 4.840, and 5.010 Mhz

Skylight—religious: 1.770 and 4.260 MHz

UPI Radio Network: .330 MHz

WGNR-FM (88.9) Monee, IL—Good News Radio: 2.500 and
2.650 MHz

>
UNIVERSAL SC-50

$

Full featured audio services, music, all sports, talk shows, news, religious programming, major

radio stations, variety, public radio plus many other services, no fees. The SC-50 audio subcarrier
receiver will work with all home satellite systems, 3-minute hookup, simple and quick to tune, 16-
character display, 50-channel memory bank, direct frequency readout, covers all FM2 and audio

SUBCARRIER—FM2 AUDIO RECEIVER

RECEIVE ALL FM2 AND AUDIO
SUBCARRIERS — 100 kHz to 9 MHz

B i

subcarrier channels, hundreds of free programming channels.

FOR INTRODUCTORY PRICE CALL: 1 - 614 - 866-4605

UNIVERSA

ELECTRONICS, INC.

Communications Specialists

4555 GROVES RD., SUITE 12, COLUMBUS, OHN 43232
(614) 866-4605 FAX (614) 866-1201
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TRVICES (UIDE

Single Chamnel Per Carrier (SCPC) Services Guide

By Robert Smathers

The frequency in the first column is the 1st IF or LNB
frequency and the second column frequency (in
parentheses) is the 2nd IF for the SCPC listing. Both
frequencies are in MHz.

Galaxy 4 Transponder 1-Horizontal {C-band)

Spacenet 2 Transponder 12-Vertical {C-band)

1202.30 (77.7)  U.S.Information Agency Radio Marti
(ISWBC), Spanish language
broadcast service to Cuba

Galaxy 6 Transponder 3-Horizontal (C-band)

1405.60 (54.4) KIRO-AM (710) Seattle, WA—news,
talk, and sports talk radio/Seattle
Seahawks NFL radio network
Sports Byline USA/Sports Byline
Weekend

1404.60 (55.4) Talk America Radio Network
1403.80 (56.2) Occasional audio

1403.20 (56.8) Motor Racing Network (MRN)
1393.00 (67.0) USA Radio Network/Agrinet
1391.60 (68.4) XEPRS-AM (1090) Tijuana,
Mexico—Spanish language
programming, 1D - Radio Express
For the People Radio Network
KJR-AM (950) Seattle, WA—sports
talk radio/Seattle Supersonics NBA
radio network

USA Radio Network/Grow-wise
Gardner Network/Agrinet/James
Madison University Sports

1405.40 (54.6)

1385.10 (74.9)
1383.80 (76.2)

1375.40 (84.6)

1443.80 (56.2) Voice of Free China (ISWBC) Taipei,
Taiwan

KBLA-AM (1580) Santa Monica,
CA—Radio Korea

Voice of Free China (ISWBC) Taipei,
Taiwan

WWRV-AM (1330) New York, NY—
Spanish religious programming and
music, ID - Radio Vision Christiana
de Internacional

1436.50 (63.5) West Virginia Metro News

1436.30 (63.7) KOJY-AM (540) Costa Mesa, CA/
KJQI-AM (1260} Beverly Hills, CA—
all news

Occasional audio

1443.60 (56.4)
1443.40 (56.6)

1438.30 (61.7)

1431.00 (69.0)

Galaxy 4 Transponder 3-Horizontal {C-band)

Spacenet 3 Transponder-Horizontal 13 {C-hand)

1207.90 (52.1) Wisconsin Voice of Christian Youth

(VCY) America Radio Network—

religious

Good News Radio Network—

christian radio

Good News Radio Network—

christian radio

1206.70 (53.3) Data Transmission

1204.45 (55.55) KJAV-FM (104.9) Alamo, TX—
spanish language religious, Nuevo
Radio Christiana Network

1204.25 (55.75) Wisconsin Voice of Christian Youth

(VCY) America Radio Network—

religious

Wisconsin Voice of Christian Youth

(VCY) America Radio Network—

religious

1201.30 (58.7) Wisconsin Voice of Christian Youth
(VCY) America Radio Network—
religious

1207.20 (52.8)

1207.00 (53.0)

1201.50 (58.5)

Spacenet 3 Transponder 17-Horizontal (C-band)

1123.50 (56.5) Salem Radio Network—religious
1123.30 (56.7) Salem Radio Network—religious
1123.10 (56.9) Salem Radio Network—religious
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1405.00 (55.0) Illinois News network/Chicago
Blackhawks NHL radio network
Tribune Radio Networks

KSJN-FM (99.5) Minneapolis/St.
Paul, MN—Minnesota Public Radio
WLAC-AM (1510) Nashville, TN—
news/talk/Tennessee Volunteers
sports

KNOW-FM (95.3) St. Paul, MN—fine
arts, Minnesota Public Radio
Michigan News Network//Michigan
State sports/Central Michigan
University sports

Talk America radio network

Sports Byline USA/Sports Byline
Weekend/"On Computers” radio
show

People’s Radio network—talk
Occasional audio

WSB-AM (750) Atlanta, GA—news/
talk/University of Georgia sports
Occasional audio

Occasional audio/Colorado
Avalanche NHL radio network
1397.50 (62.5) Minnesota Talking Book network
1397.30 (62.7) Clemson University sports
1397.10 (62.9) WTMJ-AM (620) Milwaukee, WI -
talk/Green Bay Packers NFL radio
network/Univeristy of Wisconsin
sports

Dallas Cowboys NFL radio network
(Spanish)/KRLD-AM (1080) Dallas,
TX - news/talk

1396.40 (63.4) Georgia Network News (GNN)
1396.20 (63.8) WCNN-AM (680) Atlanta, GA—all
sports talk radio/Georgia Tech
sports

WHO-AM (1040) Des Moines, IA—
talk/lowa News Network/University
of lowa sports

1404.20 (55.8)
1403.00 (57.0)

1402.70 (57.3)

1402.10 (57.9)

1401.80 (58.2)

1399.30 (60.7)
1399.10 (60.9)

1398.80 (61.2)
1398.50 (61.5)
1398.30 (61.7)

1398.00 (62.0)
1397.80 (62.2)

1396.90 (63.1)

1396.00 (64.0)

January /February 1997

1395.80 (64.2) WTMJ-AM (620) Milwaukee, WI -
talk/Green Bay Packers NFL radio
network/University of Wisconsin
sports

WGST-AM/FM (640/105.7) Atlanta,
GA—news/talk/Atlanta Falcons NFL
radio network

Michigan News Network/University
of Michigan sports radio network
Occasional audio

WJR-AM (760) Detroit, Mi—news/
talk

KSJN-FM (99.5) Minneapolis/St.
Paul, MN—Minnesota Public Radio
Occasional audio

Data transmissions (burst)

Data transmissions (constant)
KOA-AM (850)/KTLK-AM (760)
Denver, CO—news/talk/Denver
Broncos NFL radio network/
University of Colorado sports
WSB-AM (750) Atlanta, GA—news
and talk/University of Georgia
sports

Motor Racing Network (occasional
audio)

United Broadcasting Network—talk
Occasional audio

Soldiers Radio Satellite (SRS)
network—U.S. Army information
and entertainment

University of Tennessee sports/
University of Kentucky sports
WHO-AM (1040) Des Moines, IA -
news/talk/lowa News Network/
University of lowa sports

KEX-AM (1190) Portiand, OR—
news/talk

Occasional audio

KJR-AM (950) Seattle, WA - sports
talk/Seattle Supersonics NBA radio
network

Data transmission (packet burst/
tones)

In-Touch—reading service for blind
Kansas Audio Reader Network

1395.60 (64.4)

1395.40 (64.6)

1395.00 (65.0)
1394.70 (65.3)

1394.00 (66.0)
1391.00 (69.0)
1388.90 (71.1)

1387.80 (72.2)
1384.40 (75.6)

1384.20 (75.8)

1383.70 (76.3)
1383.40 (76.6)
1382.90 (77.1)
1382.60 (77.4)
1382.00 (78.0)

1381.80 (78.2)

1381.60 (78.4)
1381.40 (78.6)
1381.20 (78.8)
1377.40 (82.6)

1377.10 (82.9)
1376.00 (84.0)

Galaxy 4 Transponder 4-Vertical (C-band)
1376.00 (64.0) Data transmissions

Anik E2 Transponder 11-Horizontal (C-band)

1246.00 (54.0) Radio Canada International
(ISWBC)

1245.50 (54.5) Canadian Broadcasting Company
(CBC) Radio—Yukon service

Anik E2 Transponder 13-Horizontal (C-band)

1206.00 (54.0) Canadian Broadcasting Company
{CBC) Radio—southwestern
Northwest Territories service




Single Channel Per Carrier (SCPC) Services Guide

Anik E2 Transponder 15-Horizontal (C-band)

1166.00 (54.0) Canadian Broadcasting Company
(CBC) Radio—eastern Northwest
Territories service

Anik E1 Transponder 17-Horizontal (C-band)

1126.00 (54.0) Canadian Broadcasting Company
(CBC) Radio—northern Northwest
Territories service

1125.50 (54.5) Canadian Broadcasting Company
(CBC) Radio—Newfoundliand and
Labrador service

Anik E2 Transponder 19-Horizontal (C-band)

1086.00 (54.0) Canadian Broadcasting Company
(CBC) Radio—Quebec and Labrador
service

Anik E1 Transponder 21-Horizontal (C-band)

Canadian weather conditions and
warnings

In-store music

In-store music

In-store music

1024.30 (75.7)

1036.70 (63.3)
1037.00 (63.0)
1037.50 (62.5)

$BS5 Transponder 2-Horizontal (Ku-band)

1010.60 (83.4) Wal-Mart in-store network (English)
1010.20 (83.8) Wal-Mart in-store network (English)
1009.80 (84.2) Sam's Wholesale Club in-store
network (English)

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

Wal-Mart in-store network (English)

1001.40 (92.6)
1001.00 (93.0)

1000.60 (93.4)

1395.70 (64.3)

1387.30 (72.7)
1386.40 (73.6)
1386.20 (73.8)

1385.00 (74.0)
1384.60 (75.4)

1384.00 (76.0)
1383.80 (76.2)
1383.60 (76.4)

1383.40 (76.6)

1382.90 (77.1)
1382.60 (77.4)
1382.30 (77.7)
1382.10 (77.9)

1378.10 (81.9)

Missouri Net/WIBW-AM (580)
Topeka, KS—news and talk/Kansas
City Chief NFL radio network
WPTF-AM (680) Raleigh, NC/North
Carolina News Network

Learfield Communications/Kansas
City Chiefs NFL radio network
Radio lowa/University of lowa
sports

People’s Radio Network

North Carolina News Network/
Capitol Sports Network/Washington
Redskins NFL radio network/North
Carolina State sports

Occasional audio/ABC Direction
Network

Occasional audio/Oklahoma State
sports

WROW-FM (590), Albany, NY -
news/talk

Capitol Sports Network/Carolina
Panthers NFL radio network/North
Carolina University sports

Missouri Net/University of Missouri
sports

North Carolina News Network
Virginia News Network

Learfield Communications/Missouri
Net/University of lllinois sports
Occasional audio

RCA C5 Transponder 21-Vertical (C-band)

1045.00 (55.0) Occasional audio

1043.60 (56.4) Unistar Music Radio — Today's
Hits, Yesterday’s Favorites

1043.40 (56.6) CNN Radio Network

1043.20 (56.8) Unistar Music Radio — Today’s
Hits, Yesterday's Favorites

1042.80 (57.2)  Unistar Music Radio — Original Hits

1042.60 (57.4)  Unistar Music Radio — Original Hits

1042.40 (57.6)  Unistar Music Radio — Good Times
and Great Oldies

1042.20 (57.8) Data transmissions

1042.00 (58.0) Unistar Music Radic — Good Times

and Great Oldies

1041.80 (58.2) CNN Radio Network

1034.80 (65.2)  Unistar Music Radio — Country and
Western

1034.60 (65.4) Unistar Music Radio — Country and
Western

1034.40 (65.6) Unistar Music Radio — Hits from
60s, 70s, 80s, and Today

1034.20 (65.8) Data transmissions

1034.00 (66.0) Unistar Music Radio — Hits from
60s, 70s, 80s, and Today

1033.70 (66.3) CNN Radio Network

1033.20 (66.8) Unistar Music Radio — Country and
Western

1032.80 (67.2) Data transmissions

1032.40 (67.6) Unistar Music Radio — Country and

Western

RCA C5 Transponder 3-Vertical (C-band)

1404.80 (55.2) RFD Radio Service

1404.60 (55.4) Wyoming News Network/University
of Wyoming sports

Learfield Communications/Indiana
University sports

Learfield Communications/Missouri
Net/Los Angeles Rams NFL radio
network

Occasional audio/Data transmis-
sions

Learfield Communications/
University of Purdue sports

Kansas Information Network/Kansas
Agnet/Kansas State sports/SW
Missouri State sports

Nebraska Agriculture Network/
University of Nebraska sports
Missouri Network

Occasional audio

Wyoming News Network/University
of Wyoming sports

1400.60 (59.4)

1400.40 (59.6)

1400.20 (59.8)
1400.00 (60.0)

1396.60 (63.4)

1396.40 (63.6)

1396.20 (63.8)
1396.00 (64.0)
1395.90 (64.1)

Y
@W SCPC AUDIO RECEIVER

UNIVERSA

* EASY DIRECT FREQUENCY TUNING - 50 TO 90 MHz (LCD)
* DIRECT TRANSPONDER TUNING (LCD DISPLAY)

* LARGE MEMORY BANK- 50 CHANNELS

® CAND Ku BAND AGILE - 950 - 1450 MHz

* AUTOMATIC LNB DRIFT COMPENSATION (ADC)

* COMPANDING, 1:1, 2:1, 3:1 (AUTOMATIC)

* BANDWIDTH, WIDE / NARROW

© AUTOMATIC TUNING INDICATORS

* DIGITAL FREQUENCY LOCK-ON (DFL)

DIRECT FREQUENCY READOUT

FULL COMMERCIAL FEATURES

¥
P e i i

AUP  MEW  ENT UNIVERS“_ = SCRC 20059

ERS: -
CXC] @] MEEEED! 8 o \.
) (g ey | .
,C”S‘mlm AUDIO RECEIVER

vor < NEXT ¥

UNIVERSAL SCPC-200 AUDIO RECEIVER

* SERVICE NAME ON LCD DISPLAY

* MICROPROCESSOR FREQUENCY DISPLAY

* SPEAKER AND UNE OUTPUTS, HIGH QUAUTY AUDIO

o COMMERCIAL DIGITAL SYNTHESIZER

® 6 BUTTON KEY PAD FOR FAST TUNING

* BASEBAND 70 MHz OUTPUT

* BUILTIN U.S.A. BY THE LEADING SCPC MANUFACTURER
® FULL 16 CHARACTER LCD DISPLAY

® DOES NOT DISABLE VIDEO WHEN IN USE

INTRODUCTORY PRICE $399.90 plus S & H — CALL: 1 - 614 - 866-4605
ELECTRONICS, INC.

Communications Specialists

4555 GROVES RD., SUITE 12, COLUMBUS, OH 43232
(614) 866-4605 FAX (614) 866-1201
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ATELLITE SERVICES GUIDE

International Shortwave Broadcasters via Scatellite

By Larry Van Hom
and Robert Smathers

AFRICA NO. 1

B.P. 1, Libreville, Gabon. Telephane +241 760001 (voice), +241 742133. Intelsat 601 (27.5
west) Tr 238 (3915 MHz RHCP). 8.20 MHz audio (French).

ARAB REPUBLIC OF EGYPT RADIO
EArabic 1D: Idha’at Jumhuriyat Misr al-Arabiyah min ai-Qahirah) P.0. Box 1186, Cairo, Egypt.
utelsat Il F3 (16.0 east) Tr 27 (11176 Mhz V) 7.02 MHz audio.

ARMED FORCES RADIO AND TELEVISION SERVICE

(AFRTS)

AFTRS-BC, 10888 La Tuna Canyon Road, Sun Valley, CA 91352-2098. AFRTS radio service
carries a variety of radio network news and sports pragramming for servicemen overseas
aboard Navy ships. Satellites carrying AFTRS transmissions include: intelsat 703 (177.0
east) Tr 38 (4177 MHz LHCP) 7.41 MHz audio

BRITISH BROADCASTING CORPORATION (BBC)

Bush House, The Strand, London, WC2B 4PH. Telephone: +44 171 240 3456 (voice), +44
171 240 8760 (fax

English BBC World Service transmissions can be found on the following satellites: Astra 18
(19.2 east) Tr 23 (11552 MHz H) 7.38 MHz audio, Eutelsat 1| F1 (13.0 east) Tr 25 (10987
MHz V) 7.38 MHz audio, Intelsat 601 (27.5 west) Tr 73 (11155 MHz V east spot) 7.56 MHz
audio, Asiasat 1 (105.0 east) Tr 5 (3900 MHz V south beam) 7.20 MHz audio, and Satcom
C3/F3 (131.0 west) Tr7 (3840 MHz V) 5.41 MHz audio

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

C-SPAN Audio 1

Satcom C3/F3 (131.0 west) Tr 7 (3840 MHz.V) 5.20 MHz audio. A complete schedule of C-
?__PAN 1 audio services can be found in the November-December, 1995 issue of Satellite
imes.

C-SPAN Audio 2
Satcom C3/F3 (131.0 west) Tr 7 (3840 MHz.V) 5.40 MHz audio. The BBC World Service in
English is broadcast continuously 24-hours a day on this audio subcarrier.

CHINA RADIO INTERNATIONAL

China Radio International, Beijing, China 100866. Telephone +86-10-6092274/6092760

R\A/oice), +86-10-8513174/5 (fax). Asiasat-1(105.5 east) FDM transmission centered on 4160
Hz

DEUTSCHE WELLE (DW)

P.0.Box 100 444, 50968 Cologne, Germany. Telephone: +49 221 389 4563 (voice), +49 221
389 3000 (fax)

Deutsche Welle services are available on the following satellites: Satcom C4/F4 (135 west) Tr
5 (3800 MHz V) 7.02, 7.22, 7.38/7.56, 7.74 MHz audio, Astra 1A (19.2 east) on Tr 2 (11229
MHz V) 7.38/7.56 MHz audio, Eutelsat (13.0 east) Tr 27 };1 163 MHz V) 7.02/7.20 MHz.
audio, Intelsat K (21.5 west) Tr H7 g1605 MHz H), 7.38/7.56 MHz audio, and Intelsat 707
(1.0 west) Tr 238 (3.911 MHz RHCP) digital MPEG-2 subcarrier.

ISLAMIC REPUBLIC OF IRAN BROADCASTING (IRIB)

External Service, P.0. Box 3333, Tehran, Iran. Telephone: +98 21 291095 }fax). Intelsat 602
(63.0 east) Tr 71 (11002 MHz V) for IRIB Radio 2 Farsi service using 5.60/6.20 MHz. audio.
IRIB Radio 1 in various languages uses 5.95 MHz and Tr 73 (11155 MHz V) 6.20 MHz
audio..

ISRAEL RADIO

P.0. Box 1082, Jerusalem 91010, Israel. Intelsat 707 (1.0 west) Tr 73 (11178 MHz V) 7.20
MHz audio.

LA VOIX DU ZAIRE

Station Nationale, B.P. 3164. Kinshasa-Gombe, Zaire. Telephone +243 12 23171-5. Intelsat
510 (66.0 east) Tr 12 (3790 MHz RHCP) 7.38/7.56 MHz audio with French.

RADIO ALGIERS INTERNATIONAL

21 Bivd des Martyrs, Alger, Algeria. Eutelsat Il F3 (16.0 east) Tr 34 (11678 MHz H) 7.38 MHz
audio with Spanish at 1900-2000 UTC and English 2000-2100 UTC.

RADIO AUSTRALIA

GPO Box 428G, Melbourne, Vic. 3001, Australia. Telephone: +613 9626 1800 (voice), +613
9626 1899 gfax)
Palapa C1 (113.0 east) Tr 9 (3880 MHz H) 7.20 MHz audio
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RADIO BELGRADE

Hfila;ldarska 2, 11000 Beograd, Serbia. Telephone: +381 11 344 455 (voice), +381 11 332014
ax

Eutelsat 11 F4 (7.0 east) Tr 22 (11181 MHz H) 7.02 MHz audio with Serb/English.

RADIO BUDAPEST

Body Sandor u. 5-7, 1800 Budapest, Hungary. Telephone: +36 1 138 7224 (voice), +36 1 138
8517 (fax) E-mail: h9563mes@elia.hu. Eutelsat Il F3 (16.0 east) Tr 33 (11596 MHz H) 7.02
MHz audio from 2300-0500 UTC

RADIO CANADA INTERNATIONAL

P.0. Box 6000, Montreal, Canada H3C 3A8. Telephane: (514?_‘597-7555 (voice), (514) 284-
0891 (fax). Eutelsat Il F6 (Hot Bird 1 at 13 east) 11265 MHz H 7.20 MHz audio for Canadian
troops in Bosnia.

RADIO EXTERIOR DE ESPANA (REE)

Apartado 156202, Madrid 28080, Spain. Telephone +34 13461083/1080/1079/1121 (voice);
34 13461097 (fax).

Eutelsat 1 F6 (Hot Bird 1 at 13.0 east) (11220 MHz H) 7.92 MHz audio, Hispasat 1A/8 (31.0
\I?/A??St) Tr 6 (12149 MHz RHCP) 7.92 MHz audio, and Asiasat-2 (100.5 east) 4000 MHz H.

RADIO FRANCE INTERNATIONAL (RFI)
E;.P.)9516, Paris F-75016, France. Telephone: +33 1 42 30 30 62 (voice), +33 1 42 30 40 37
ax
FI broadcast can be heard in French, 24-hours a day.on the following satellites: Intelsat 601
27.5 west) Tr 23B (3915 MHz RHCP) 6.40 MHz audio to Africa/Middle east, and Palapa B2P
113 east) Tr 8 (3860 MHz V) 6.15 MH7 audio to Asia.

RADIO MEDITERRANEE INTERNATIONALE

3 et 5, rue Emisaliah (B.P. 2055), Tanger, Morocco. Intelsat 513 (53.0 west) Tr 14 (3990 MHz
RHCP) 7.20/8.20 MHz audio in Arabic/French.

RADIO NETHERLANDS

P.0..Box 222, 1200JG Hilversum, The Nethertands. Telephone +31 35 724222 (voice), +31-
35-724252 (fax) E-mail: letters@rnw.nl. Various languages are relayed via Astra 1C (19.2 east)
Tr 64 (10935 MHz V) 7.74 and 7.92 audio.

RADIOSTANTSIYA MAYAK

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

RADIO SWEDEN

§-10510 Stockholm, Sweden.. Telephone: +46 8 784 7281 Svoice), +46 8 667 6283 (fax). E-
mail: wood@stab.sr.se Tele-X (5.0 east) Tr 40 (12475 MHz) 7.38 MHz audio and Astra 18
(19.2 east) Tr 33 (10964 MHz H) 7.38 or 7.56 MHz audio.

RADIOTELEVISIONE ITALIANA (RAI)

Viale Mazzini 14, 00195 Roma, !taly. Telephone: +39 6 5919076. Selected programs of RAl's
external service are carried on Eutelsat |t F6 (Hot Bird 1 @ 13.0 east) (11446 MHz V) 7.56 MHz
audio. This is a feed to the BBC Atlantic relay station on Ascension Island. Galaxy 7 (91.0 west)
Tr 14 (3980 MHz V) 7.38 MHz audio.

RADIO VLAANDEREN INTERNATIONAL

P.0. Box 26, B-1000, Brussels, Belgium. Telephone: +32 2 741 3802 (voice), +32 2 734 7804
(fax) E-mail: rvi@brtn.be Astra 1C (19.2 east) Tr 63 (10921 MHz H) 7.38 MHz audio.

RDP INTERNATIONAL

Agog <(jfe (;utubro 197, 1000 Lisbon, Portugal. Telephone: +351 1 5635151 (voice), +351 1 793
1 ax).

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

Asiasat 2 (service due to start on this satellite in September 1995), Eutelsat Il F2 (10.0 east) Tr
39 (11658 MHz V) 7.02/7.20 MHz audio to Europe. Express 2 - Russian Statsionar 4 (14.0
west) on 4025 MHz (RHCP) 7.0 MHz audio to South America, Africa, the US east coast and
southern Europe, Gorizont 22 - Russian Statsionar 12 (40 east) Tr 11 (3925 MHz RHCP) 7.02
MHz audio to Africa, southern Europe, and the Indian Ocean region.

SWISS RADIO INTERNATIONAL

Giacomettstrasse 1, CH-3000 Bern 15, Switzerfand. Telephone: +41 31 350 9222 (voice), +41

31 350 9569 (fax). SR1 uses the following satellites for its external services: Astra 1A (19.2

east) Tr 9 (11332 MHz H) 7.38 MHz audio Multitingual/7.56 MHz English 24-hours, Eutelsat ||

§13.0 east) (11321 MHz V) 7.74 MHz. audio, and Intelsat K (21.5 west) Tr 7 (11605 MHz H)
.10 MHz audio multilingual 24 hours.



Interncational Shortwave Broadcasters via Satellite

TRANS WORLD RADIO (TWR)

Astra 1A (19.2 east) Tr 16 311436 MHz V) 7.38/7.56 MHz audio with German language
programming from Evangeliums Rundfunk and TWR-UK. Astra 1C (19.2 east) Tr 38 (11038
MHz V) 7.38 MHz audio Multilingual from TWR-Europe.

TUNIS INTERNATIONAL RADIO

71 ave de la Liberte, Tunis, Tunisia. Eutelsat If F2 (16.0 east) Tr 39 (11658 MHz V) 7.20 MHz
audio.

VATICAN RADIO

1-00120, Vatican Gity State, Italy. Telephone: +396 6988 3551 (voice), +396 6988 3237 (fax)
Eutelsat Hotbird (13 easlg 10987 MHz V; Intelsat 603 (34.5 west) 4097.75 MHz LHCP; and
Intelsat 704 (66 east) 4152.45 MHz RHCP.

VOICE OF AMERICA (United States Information

Agency)
Washington, D.C. 20547. The Voice of America (VOA) transmits a variety of audio programs
in various fanguages on the following satellites and audio subcarriers:.

Eutelsat 1! F1 13.0 east Tr27 11163 MHz. PAL system
Intelsat 704 66.0 east Tr38 4177.5 MHz. PAL system
Inteisat 601 27.5 west Tr14 3995 MHz. PAL system
Intelsat 601 27.5 west Tr 81 3742 MHz. PAL system
Spacenet 2 69.0 west Tr2H 3760 MHz. NTSC system
Intelsat 511 180.0 west Tr14 3974 MHz. PAL system
NTSC system baseband subcarrier frequencies

Primary Television Audio (USIA Worldnet) 6.80 MHz

Channel 1 5.94 MHz

Channel 2 6.12 MHz

Channel 3 7.335 MHz

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 system baseband subcarrier frequencies

Primary Television Audio (USIA Worldnet) 6.60 MHz

Channel 1 7.02 MHz

Channel 2 7.20 MHz

Channel 3 7.335 MHz

Channel 4 7.425 MHz

Channel 5 7.515 MHz

Channef 6 7.605 Mhz

Wireless File (data) 6.2325 MHz

E-mail (data) 6.2775 MHz

VOICE OF THE ARABS

P.0. Box 566, Cairo 11511, Egypt. Transmissions from this external radio service have been
heard on Arabsab 1C at 31 east on 3882 MHz (LHCP) FOM at 1440 MHz. Broadcast have
also been noted on Eutelsat 11-F3 at 16 east, Tr 27 (11176 MHz V) 7.20 MHz audio.

VOICE OF SAHEL

Niger Radio and Television Service. Transmissions of the domestic radio shortwave service
have been reported on Intelsat 707 at 1.0 west. No other details are available at this time.

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

WORLD HARVEST INTERNATIONAL RADIO, WHRI-

South Bend, Indiana

P.0. Box 12, South Bend, IN 46624. Religious broadcaster WHRI/KHWR uses audio
subcarriers to feed their three shortwave broadcast transmitters as follows: Galaxy 4 (99.0
west) Tr 15 (4000 MHz.H) 7.46/7.55 MHz audio with WHRI programming relayed to their
broadcast transmitters in Indianapolis, Ind. for shortwave transmissions beamed to Europe
and Americas and 7.64 MHz audio for KHWR pragramming relayed to their broadcast
transmitter in Naahlehu, Hawaii for shortwave transmissions beamed to the Pacific and Asia.

WORLD RADIO NETWORK

Wyvil Court, 10 Wyvil Road, London, SW8 2TG, England, Telephone: +44 171 896 9000
(voice), +44 171896 9007 (fax). In North America, call at local rates on (202) 414-3185. E-
mail via Internet: online@wrn.org. WRN can also be heard live on the World Wide Web to
users with high speed connections at; http/town.hall.org/radio/wrn.html. WRN schedules are
subject to change. Complete schedules for North America (WRN2), Europe (WRN1 and
WRN2), and the new Africa/Asia-Pacific (WRN1) services are listed in page 92 of this issue of
Satellite Times.

WRN 1 North American English Program Schedule

Galaxy 5 (125 deg West) tr 6-3.820 GHz V (TBS) 6.8 MKz audio. WRN is also available on
cable and local radio stations. WRN pro%ram details can be heard at 0625, 1425 and 1955
Eastern Time, and are also available on TBS text page 204. All times below are Eastern (UTC

+5 hours)

0000 RTE Dublin, Ireland-Irish Collection
0100 SABC Channel Africa, Johannesburg (Mon-Sat)
0130 BBC Europe Today (Mon-Fri)

0130 Glenn Hauser's World of Radio (Sat)
0130 UN Radio from New York {Sun)
0200 Polish Radio-Warsaw

0230 Radio Canada International

0300 ABC Radio Australia

0400 KBS Radio Korea International

0500 Voice of Russia

0530 Radio Netherlands

0630 SABC Channel Africa, Johannesburg (Mon-Sat)
0630 Radio Romania International (Sun)
0700 ABC Radio Australia

0800 RTE from Dublin, Irefand

0900 Radio Prague

0930 RTHK-News from Hong Kong (Mon-Fri)
0930 Radio Romania International (Sat)
0930 UN Radio from New York (Sun)
1000 YLE Radio Finland

1030 Radio Vlaanderen-Brussels Calling
1100 Radio France International

1200 Voice of Russia

1230 ORF Radio Austria International

1300 RTE from Dublir;, (reland

1330 Radio Netherlands

1430 YLE Radio Finland

1500 Blue Danube Radio, Vienna (Mon-Fri)
1500 Glenn Hauser's World of Radio (Sat)
1500 SABC Network Africa (Sun)

1530 Radio Vlaanderen-Brussels Calling
1600 BBC Europe Today (Sun-Fri

1600 UN Radio from New York (Sat)

1630 Polish Radio

1700 RTE Dublin, Ireland-/reland Tonight at 1800
1900 Radio Netherlands

2000 ABC Radio Australia

2100 YLE Radio Finland

2130 Radio Sweden

2200 Radio Prague

2230 Radio Austria International

2300 Polish Radio

2330 Radio Budapest

WRN 2 North American Multilingual Program Schedule

Galaxy 5 (125.0 west) Tr 6 (3820 MHz V) 6.20 MHz audio. New 24 hour multi-lingual channel
for North America designed for the re-broadcasting of programs in a variety of languages for
domestic FM/AM relays and cable distribution.

WRN European Service

WRN1 - Astra 1B (19.2 east) Tr 22 (11538 MHz V) 7.38 MHz audio. All broadcasts are in
English. Program information is available on Astra 1B VH-1 text page 222, 223 and 224. WRN
network information can be heard on the European service daily at 0125, 1025 and 2050 BST.
WRN2 - Eutelsat Il F-1 (13 east) Tr 25 (10987 MHz V) 7.38 MHz. Multi-lingual programming.

WRN Asia-Pacific Service

AsiaSat-2 (100.5 deg East) 4.000 GHz V, MPEG2 DVB, Symbol Rate 28.125 Mbaud, FEC 3/4,
Select WRN1 from audio menu.

WRN Middle East and Africa Service

Intelsat 707 (1 deg West) 3.9115 GHz, RHCP, Symbol Rate 8.022 Mbaud, FEC 3/4, MPEG2
Audio Stream.

WORLDWIDE CATHOLIC RADIO - WEWN

P.0. Box 176, Vandiver, AL 35176 USA. Telephone: (205) 672-7200 (voice), (205) 672-9988
(fax). WWW URL: http://www.ewtn.com. WEWN broadcasts are available on: Gafaxy 1R (133
west) Tr 11 (3920 MHz H) 5.40 MHz (English) and 5.58 MHz (Spanish). WEWN is also
a;ailable)imemationally on Intelsat 601 (27.5 west) Tr 22.7, 5.59 MHz (English) and 5.68 MHz
(Spanish).

YLE RADIO FINLAND

Box 10, SF-00241 Helsinki, Finland. Telephone: +358 9 1480 4320 ﬁvoice), +358 9 1481 1169
(fax{. Toll free in the US 800-221-YLEX (9539). WWW URL: www.yle fi/fbc/radiofin.html. E-
mail: rfinland@yle,fi Most of YLE's broadcasts to Europe are available on Eutelsat |1 F1 (13.0
easll) ’I;1r 27 (11163 MHz V) 8.10 MHz. audio, and Asiasat 2 (100.5 east) Tr 10B (4000 MHz H)
early this year.

January/February 1997 SATELLITE TIMES 45



SATELLITE

SERVICES GUIDE

Direct Broadcast Sctellite (DBS) Systems

By Larry Van Homn
i 271 Encore (ENCR Movies
Alphastar (United States) : i i 272 Encore-(Love S)tories LOVE) Movies
» Alphastar is a new medium power Direct-to-Home satellite 573 Encore-Westerns (WSTN) Movies
service for the United States. The service will use some of 274 Encore-Mystery (MYST) Movies
bd td the Telstar 402R (Ku-band 11.7-12.2 GHz) segment. The 975 Encore-Action (ACTN) Movies
V4 satellite is located at 89° West. Channel assignments were 576 Encore-True Stories (TRUE) Movies
forirartreamiiees o not available at presstime. 277 Encore-WAM! (WAM!) Movies
; o ; I 278 Plex Encore 1 Movies
Alphastar Digital Television, 208 Harbor Drive, Building One, First Floor, Stamford, CT 282 WRAL Raleigh, NC (CBS) Network TV
06904. Telephone: (203) 359-8077. Web site: http://www.teecomm.com 583 Kpl)é gan Frz:(ncikscmc( /_l\\l é%[)iSW) ﬁgmﬁt w
; 284 WNBC New York,
Programming: A&E Network, ABC (WJLA Washington DCé, Alpha Preview Channei, C-Span 585 KNBC Los Angeles, CA (NBCW) Network TV
1 (US House), C-Span 2 (US Senate), Cartoon Network, CBS (WRAL Raleigh, NC), Cinemax, 586 PBS National Feed (PBS) Network TV
Cinemax 2, Cinemax West, Classic Sports Network, CNBC, CNN, CNN International/CNN fn, 587 WJLA Washington, DC (ABC) Network TV
Comedy Central, Country Music Television, Court TV, Discovery Channel, Disney Channei 288 KOMO Seattle, WA (ABCW) Network TV
E), Disney Channel (W), E! Entertainment Television, Encore, 289 FoxNet. (FOX) Network TV
Encore Plus, ESPN, ESPN2, Family Channel, FOX Network (Foxnet), Golf Channel, HBO, 997 Informational Channel . :
HBO 2, HBO 2 West, HBO 3, HBO West, Headline News, History Channel, Learning Channel, 598 TV Asia (TVA) Ethnic Programming
Lifetime, Local Regional Sports Networks (tba), MTV, Nashville Network, 599 In-store dealer info channel (DTV) Retailers only
NBC (WNBC New York), NewsTalk Television, Nickelodeon / Nick at Nite, PBS Network 300-399 Regional and PPV Sports Sports
(National), Playboy TV, 10 PPV Channels, Sci-Fi Channel, Showtime, Showtime 2, Showtime | 374 DirecTV Sports Offers (DTV) Promo
West, Starz!, Sundance Film Channel, TBS Atlanta, The Movie Channel, The Movie Channel 301 Sports Special Events Calendat (DTV) Promo
West, Three Sports Channels (tba), Turner Classic Movies, Turner Network Television (TNT), | 35, Special Events Calendar (DTV) Promo
TV Land, Two Liberty Sports Channels (tba), USA Network, VH-1, Weather Channel, 30 DMX 303 Newsport (NWSP) Sports
Channels 304 The Golf Channel (GOLF) Sports
305 Classic Spon(ss \I\};atwork (CSN) ggggg
i i es, 306 Speedvision
el and o ‘(Umted Shtafl h)o r 307 Outdoor Life Channel (OL) Sports
These two DBS services are carried on the Hughes high powe 3% SportsChannel New England (SCNE) Shorts
DBS-1/2/3 satellites located at 101° West (Ku-band 12.2-12.7 310 Madison Square Garden (MSG) Sports
i, 311 New England Sports Net:vcgé IwESN) gpggz
DirecTV, 2230 East Imperial Highway, El Segundo, Calif. 90245, D I REC TWV g]g g%op?rseCBg?vrvlglrkN?gvM\g;r ( ) Sgons
1-800-DIRECTV (347-3288), Web site: http://www.directv.com 48 SourtsChannel Phiiadslohia (SCPH) Shorts
i i i i Fox Sports Pittsburgh (PKBL) Sports
100 Direct Ticket Previews (DTV Previews 315 S
101-199 Direct Ticket Pay Per View (%)TV) PPV g]g gg?:sg?ﬂ& S(;gg?_; )(HTS) Sgons
1o T L) 318 Sunshine (SUN) Sports
e s e Y i 319 SportsChannel Florida Sports
200 Direct Ticket Previews (DTV) Previews & bR AM Sports (PASS Saorts
201 DirecTV Information Updates (DTV) Eron;o i St é)hio( COH) Shone
o L ngvciality 322 SportsChannel Cincinnati (SCCN) Sports
20 e ((':RTR\I News 323 SportsChannel Chicago (SCCH) Sports
5 AT el ) 2 324 Midwest SportsChannel (MSC) Sports
205 DirecTV Special Events Calendar (DTV) gron;o 35 Fox Sporta Southwest (PSSW) 3hors
‘T ERER Sponz 326 Fox Sports Midwest/Rocky Mountain/
38273 Egm éltggﬁ;&) = Sggns Intermountain West (PS) Sports
i 29 Fox Sports Arizona
210 DirecTV Sports Schedule (DTV) Promo ] 3 S
212 Turner Network Television (TNT) v prog;}ammmg gg? Eg); ggggg \I‘}Jv%r;{n(ugg\t/v()PSNW) Sppons
o O e T 11 %SN) Home | rover t 332 SportsChannel Pacific (SCP) Sports
214 Home and Garden TV (HGTV) Home I_mprovemen 390348 N Sunday Tickst Shorts
g L SMpesﬁ?\;%eos 335 DirecTV Sports Schedule (DTV) Promo
o e s ) E l; rtainment 350 NFL Sunday Ticket/NBA League Pass Sports
o L ) i 356 NFL Sunday Ticket/NBA League Pass Sports
219 American Movie Classics (AMC) Movies - DirscTV Sports Schedule (OTV) =ik
220 Turner Classic Movies (TCM) Movies 5 Soics (SPCE) Adult
221 Arts and Entertainment (A&E) v B Phayboy (PBTV) Rt
222 O IS o Kid 501 Music Choice — Hit List (MC1) Audio
223 The Disney Channel East (01S1) Movies/Kids 50 Music Choice — Dance (MC2 Audio
224 The Disney Channel West (DIS2) Movies/Kids . 205 Music Choice — Hip Hop (MC3) Audio
] ]|:Re Eiscoyewc(;]hangfl(%_[L)(I:S)»C) gg:gggg% gggﬂmggtgz 504 Music Choice — Urban Beat (MC4) Audio
226 e Learning Chann i ice — e (MC5 Audio
227 Cartoon Network (TOON) (Tl\alnoons ggg Mﬂz:g gng:gg — gﬁ,%%a( c6) ) Audio
229 st tinr L v 507 Music Choice — Jazz (MC7) Audio
230 Trio éTR'.O) v 508 Music Choice — Jazz Plus (MCBJ) Audio
% T e e Fad) S tati 509 Music Choice — Contemporary Jazz (MC9) Audio
ggg ’\I"\:ITBF\?-"rlld 'fl\ttzlzll\lnet?v'vg?l{ (&?\JSI\}) Cgﬁﬁ;?yz/iolg?doors 510 Music Choice — New Age (MC10) Audio
e Nashvi loors ; ! ) ;
i 11 Music Choice — Electric Rock (MC11) Audio
236 Country Music TV (CMT Country Music Videos 2 ic Choice — Modern Rock (MC12 Audio
240 The S a5 e 23 Mucls Chotoe — Clsss Rook (VCA3) Audio
. CrORAN THEEPY) Representalives 514 usic Croce — ocs Pl (4 Audio
- Music Choice — Metal (MC15 udio
56 B Cae) isi l(\ilongress U Senate g]g Music Choice — Solid ((Sold Oldies (MC16) Audio
245 Bloomberg Information Television (BIT) F_ews - P Music Choice — Soft Rock (MC17) Audio
3 e &CNBC ngevgm ’ 518 Music Choice — Love Songs {MC18) Audio
o L et Weather 519 Music Choice — Progressive Country (MC19)  Audio
i e 520 Music Choice — Contemporary Country (MC20) Audio
250 Newswortd International (NW1) News & Music Oholce — Gounty GOl
252 CNN International ?CNNI)/CNN N #ewsl/grrl]anmal Cinssic Country (MC21 At
2 B e () A?ge ons 522 Music Choice — Big Bands Nostalgia (MC22) Audio
s A Movies 523 Music Choice — Easy Listening (MC23) Audio
o e e i 524 Music Choice — Classic Favorites (MC24 Audio
62 D R Ty) '\Pﬂre\\:!g;v ® 525 Music Choice — Classics in Concerts (MC25) Audio
i STARZi -gNezt o Mgvzes 526 Music Choice — Contemporary Christian (MC26) Audio
270 A 527 Music Choice — Gospel (MC27) Audio
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528 Music Choice — Big Kids Music (MC28) Audio
529 Music Choice — Sounds of the Seasons (MC29) Audio
530 Music Choice — Bluegrass (MC30) Audio
531 Music Choice — Rock New Release Show (MC31) Audio
550 Music Choice — Lite Classical Audio
551 Music Choice — EE - Vocals Audio
552 Music Choice — Soft Album Mix Audio
553 Music Choice — The Trend Audio
554 Music Choice — Tropical Audio
555 Music Choice — Mexicana Audio
599 NRTC Radio Service (NRTC) For private use only
790 RealNet — Real Estate Channel (REAL)
T 7 o < USSB, 3415 University Avenue, St.
m Paul, Minn. 55114, 1-800-204-
USSB (8772)
899 USSB Programming Higlights Promo
900 Special Event programming %BIG 1; Special Events
910 Specnal Event Programmlng BIG 2 Special Events
960 ((, Variety
963 AII New hannel ANC) News
965 Video Hits One (VH1) Rock Music Videos
967 Lifetime (LIFEL v
968 Nickelodeon (NICK) TV/Kids
970 Flix (FLIXE Movies
973 Cinemax East (MAX) Movies
974 Cinemax 2 (MAX2) Movies
975 Cinemax West (MAXW) Movies
977 The Movie Channel East (TMC Movies
978 The Movie Channel West (TMCW) Movies
980 HBO East (HBO) Movies
981 HBO 2 East (HBO2) Movies
982 HBO 3 (HBO3 Movies
983 HBO West (HBOW) Movies
984 HBO 2 West (HB2W Movies
985 Showtime East (SHO) Movies
986 Showtime 2 (SHO2) Movies
987 Showtime West (SHOW) Movies
989 MusicTV (MTV) Rock Music Videos
990 Comedy Central (COM) Comedy
995 Sundance Channel (SUND) Movies
999 USSB Programming Highlights Promo
EchoStar (United States)

- The new Echostar 1 high power DBS (Ku-band
4 :5, 12.2-12.7 GHz) satellite is now operational at
119° West, Echostar 2 was launched September
10, 1996. It should be operat|ona| by November 1, 1996. Echostar’s service is called
“TheDISH (Digital Satellite Network) Television Network.

Echostar, 90 Inverness Circle East, Englewood, CO 80112, Telephone: (303) 799-8222, Fax:
(303) 799-3632. Web Site: http://www.echostar.com

100 DISH Network Channel Promo

102 USA Network v

104 Comedy Central Comedy

106 TVlLand Variety

108 Lifetime v

110 TV Food Network Food

112 Home and Garden Network Speciality

114 E! Entertainment TV v

116 Game Show Network v

118 Arts and Entertainment v

120 History Channel History

122 Sci-Fi Channel Science Fiction
124 Black Entertainment TV v

132 Turner Classic Movies Movies

138 Turner Network Television v

140 ESPN Sports

141 ESPN Alternate Sports

142 ESPN2 Sports

143 ESPN2 Alternate Sports

144 ESPNews Sports

160 MusicTV (MTV) Music Videos
162 VH-1 Music Videos
166 Country Music Television Music Videos
168 The Nashville Network Country

170 Nickelodeon Kids

172 The Disney Channel Movies/Kids
176 The Cartoon Network Cartoons

178 The Learning Channel Science/TV Documentary
180 The Family Channel v

182 The Discovery Channel Science/TV Documentary

Cable News Network
CNN Headline News
Court TV

CNN International/CNNfn
CNBC

C-SPAN

C-SPAN 2

The Weather Channel
National Empowerment TV (NET)
The Travel Channel

QVC Shopping Network
WTBS Atlanta, GA

KTLA Los Angeles, CA

WPIX New York, NY

WSBK, Boston

WGN Chlca 0, IL.

WNBC- NBC New York, NY
KNBC-NBC Los Angeles, CA
WRAL-CBS Raleigh, NC
KPIX-CBS San Francisco, CA
WJAL-ABC Washington, DC
KOMO-ABC Seattle, WA
FOXNet

PBS

Trinity Broadcasting Network
Eternal Word TV Network
HBO East

HBO2 East

HBO3 East

HBO West

HBO2 West

Showtime East

Showtime West

Showtime East 2

Sundance

FLIX

Cinemax East

Cinemax East 2

Cinemax West

The Movie Channel East

The Movie Channel West
The Golf Channel

Madison Square Garden (MSG)
Fox Sports Rocky Mountain
Fox Sports Southwest

Fox Sports West

Fox Sports Midwest
SportSouth

Sunshine Network

Home Team Sports

Fox Sports Northwest

Fox Sports Pittsburgh
Pro-Am Sports (PA SL
Empire Sports Networl

New England Sports Network
Midwest Sports Channel
PPV 1 DISH-on-Demand (events)
PPV 2 DISH-on-Demand
PPV 3 DISH-on-Demand
PPV 4 DISH-on-Demand
PPV 5 DISH-on-Demand
PPV 6 DISH-on-Demand
PPV 7 DISH-on-Demand
PPV 8 DISH-on-Demand
PPV 9 DISH-on-Demand
PPV 10 DISH-on-Demand
RAI (Italy)

ART (Arab Radio and Television)
Antenna TV Greece

MTV Latino

Univision

Galavision

Fox Sports Americas
Telemundo

DISH 2 (Showroom Promo Channel)

Business TV 1
Business TV 2

Young Country
Country Classics
Country Currents
Jukebox Gold
70's Song Book
Adult Favorites

January/February 1997

News

News
Speciality
News/Financial
Financial/Talk
Government
Government
Weather
Politics
Travel Shows
Home Shopping
Superstation
Superstation
Superstation
Superstation
Superstation
Network TV
Network TV
Network TV
Network TV
Network TV
Network TV
Network TV
Network TV
Religious
Religious
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Movies
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports

Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
Pay per view
International
International
International
International
U.S. Spanish-language
Network
U.S. Spanish-language
Network
International
International
Promo
Financial
Financial

Audio
Audio
Audio
Audio
Audio
Audio
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By Larry Van Hom
956 Adult Contemporary Audio 35 The Disney Channel (West) Movies/Kids
957 Album Adult Alternative Audio 40 The Golf Channel Sports
958 HitLine Audio 47 C-SPAN Congress
959 Classic Rock Audio 48 CNBC~—occasional service Financial/Talk
960 The Edge Audio 49 The Weather Channel TW% Weather
961 Power Rock Audio 50 CNN International (CNNI)/CNN fN News/Financial
962 Non-Stop Hip Hop Audio 51 Cable Network News (CNN) News
963 Urban Beat Audio 52 CNN Headline News News
964 Latin Styles Audio Ingenius News Service Data Wire Services
965 Fiesta Mexicana Audio 55 PreVue Channel Program Guide
966 Eurostyle Audio 58 Turner Network Television (TNT) v
967 Jazz Traditions Audio 59 Turner Classic Movies (TCM) Movies
968 Contemporary Jazz Flavors Audio 60 TV Land v
969 Expressions Audio 61 Comedy Central v
970 Contemporary Instrumentals Audio 63 WTBS-Ind Atlanta, GA (TBS) Superstation
971 Concert Classics Audio 65 The Discovery Channel (TDC) Science/TV documentary
972 Light Classical Audio 66 The Learning Channel (TLC) Science/TV documentary
973 Easy Instrumentals Audio 68 Ants & Entertainment (A&E) v
974 Big Band Era Audio 70 USA Network v
975 Contemporary Christian Audio il The Sci-Fi Channel Science Fiction
976 KidZone Audio 72 The Family Channel v
977 LDS Radio Network Audio 73 The Cartoon Channe! Cartoons
978 Blues Audio 74 Nickelodeon/Nick at Nite Kids
979 Reggae Audio 75 E! Entertainment Network Speciality
980 New Age Audio 76 Lifetime v
77 The Nashville Network (TNN} Country/Outdoors
ExpressVu (Canada) gg CMQR/mry Music TV (CMT) CMousrinr%l/_rJlussic videos
_— This is Canada's first digital medium power Direct-to-Home satellite 83 Odyssey Reﬂigicouls £9
- TV service. The service will provide Canadian, American, and 84 QVC—occasional service Home Shopping
Pl international video and audio programs. 110 channels will be N
: RO . 1 WHDH-NBC Boston, MA Network TV
\) offered using Canada’s Anik E1 (Ku-band 11-.7-12.2 GHz) satellite 12 WSB-ABC Atlanta. GA Network TV
at 111° West. Channel assignments and programming were not 17 WUSA-CBS Washington, DC Network TV
E Vy 2valavleat presstime. 120 KTVU-FOX Oakland/San Francisco, CA Network TV
xprels 124 WHYY-PBS Philadelphia, PA Network TV
ExpressVu Inc, 1290 Central Parkway West, Suite 1008, Mississauga, ON L5C 4R3, 131 ESPN ' Sports
Telephone 1-800-339-6908 in Canada. Web Site: http://www.expressvu.com 133 ESPN2 Sports
B i B 137 Classic Sports Network (occ) Sports
Galaxy Latin America (Mexico, Central and South 138 Mega+1 s ( s gpons
: 141 New England Sports Network (NESN) ports
America) 142 Madison Square Garden Network (MSG) Sports
Ft. Lauderdale, FL 143 Empire Sports Network Sports
Web site: hitp://www .sattv.com 144 Fox Sports Pittsburgh Sports
New Latin American DBS service carried on Galaxy 3R at 95° West 145 Home Team Sports (HTS) Sports
(Ku-band, 11.7-12.2GHz). Medium power Direct-to-Home service for 146 SportSouth Sports
Mexico, Central and South America. Galaxy Latin America will have 147 Sunshine Sports
144 channels of video (72 channels in Spanish/72 channels in 148 Pro American Sports (PASS) Sports
Portuguese). Pay-per-view movies and events will also be provided. 152 Fox Sports Midwest Sports
A .6-1.1 meter dish will be needed to utilize the service. Channe! 153 Fox Sports Rocky Mountain Sports
assignments were not available at presstime. 154 Fox Sports Southwest Sports
156 Fox Sports Inter-Mountain West s
Programming: AS, BBC, Bloomberg Business TV in Espanol, 156 ng gggn: kéﬁhm’t anes gggns
Bloomberg Business TV in Ponuguese, Bravo Brasil, Canal de 157 Fox Sports Arizona Sports
Noticias NBC, Cartoon Network, GBS TeleNoticias, Cinelatino, 158 Fox Sports West Sports
Cinemax Brasil, Cl@se (Latin America Channel for Educational Services), CNA (Brasil al! 159 Midwest SportsChannel Sports
news channel), CNN en Espanol, CNN International, Discovery Latin America, ESPN Brasil, 181 HBO en Espanol Movies
GEMS, HBO Brasil, HBO Cinemax Multiplex, HBO Ole Multiplex, KID, MTV Brasil, 182 HBOZ2 en Espanol Movies
MultiCinema, RBN News (Brasil), RTP (Portugal), Sony Entertainment TV (SET), Televen 183 HBO3 en Espanol Movies
International, The Warner Channel (WBTV), TNT Latin America, Univision, 187 Cinemax Selecciones Movies
Venevision International, ZAZ, Zeta, 60 CD-Quality Audio Channels 188 Cinemax2 Selecciones Movies
190 Univision Spanish language
A ] . 201 Viewer's Choice PPV
T ® Primestar (United 202 Request 1 PPV
PR ’ E = Stat 203 Request 5 PPV
= =1 tates) , 204 Hot Choice PPV
Primestar is a medium power Direct-to- 205 Continuous Hits 1 PPV
Home satellites service carried on 207 Continuous Hits 3 PPV
Satcom K1 at 85° West (Ku-band 11.7-12.2 GHz). Primestar uses K1 transponders 2-13 and 208 Request 2 PPV
15-16 19 transponders). 210 Request 4 PPV
] ) 221 Playboy—occasional service Adult
Primestar Partners, 3 Bala Plaza West, Suite 700, Bala Cynwyd, PA 19004, 1-800-966-9615 301 Superadio—Ctassical Hits Audio
‘ 302 Superadio—America’s Country Favorites Audio
1 HBO (East) Movies 303 Superadio—Lite 'n’ Lively Rock Audio
2 HBO 2 (East) Movies 304 Superadio—Soft Sounds Audio
3 HBO 3 Movies 305 Superadio—Classic Collections Audio
7 Cinemax (East) Movies 306 Superadio—New Age of Jazz Audio
8 Cinemax2 Movies 3N DMX Audio—Lite Jazz Audio
13 TV Japan (English) Not inclu. in $50/mo. pck. 312 DMX Audio—Classic Rock Audio
14 TV Japan (Japanese) Not inclu. in $50/mo. pck. 313 DMX Audio—70's Oldies Audio
15 Future service (Also 15/17/56/149/157) ) 314 DMX Audio—Adult Contemporary Audio
27 Starz! Movies 315 DMX Audio—Hottest Hits Audio
31 Encore 3 — Westerns Movies 316 DMX Audio—Modern Country Audio
32 Encore 4 — Mystery Movies 317 DMX Audio—Traditional Blues Audio
33 Encore Movies 318 DMX Audio—Salsa Audio
34 The Disney Channel (East) Movies/Kids 527 Testing Channel Tests
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. . .
Ku-band Sctellite Tramsponder Services Guide By Robert Smathers
H = Horizontal polarization, V = Vertical pofarization, 8  11870-H  Data transmissions (hatt-transponders) 16 12170V Knowledge Network
0Occ video = Occasional Video, 9 11870-V. TCI Headend in the Sky? 24 12170-H  The Filipino Channel [Oak] 18 11756-H  Showcase E&W/Discovery
[ 1 = Type of encryption or video compression 10 11900-V  TCl Headend in the Sky? Channel Canada’Life Network
11U 11945-H  [Compressed video] o digital
Spacenet 2 (S2)  69° West 12 11930V TCI Headend in the Sky? Spacenet 4464) 101" west 21 11852-H !I)a?a lre]msmissions
13 11960V TCi Headend in the Sky? 24 12140-H  EM.G. courses [digicIpher] 22 11878-H  Data transmissions
;19 H;gg: .[r)\z;t:g::?r{vllhisii%r}s 14 11990-H  Occ video (half transponders 24 11939-H  Ontario Legislature
H eitcl common) d ] 7 = o d i ’
22 11980-H  Occ video ) 15 11990V TC) Headend In the Sky? DBS-1101.2° W/DBS-2 & DBS-3 100.8°W 25 11974-H ;g::;r;(:glw?g)aﬂo s French
23 12060-H  Kentucky Educational TV (occ) 16 12020V Occ video/The People’s Network | A complete DIRECTV4 and USSB channel guide is 2  12000-H TV Ontario (English)
- uses half transponders (TPN) presented in the DBS section of Saellites Times 27 12035-H  Data transmisstens
24 12140-H  Occ video 17 12050-H  Westcott Communications ASTN Satellite Service Guide. These satellites operate in the 28  12061-H  Data transmissions
kﬂmckl/l\(lglcigsa_lom;nher 12.2-12.7 GHz range. 29 1209-H  Atlantic Satellite Network (ASN)
g etworks i . i in
SBS 6 (SBS6) 74 Wes.t 18 12050V TOI Headend in the Sky? =R W 30 12122-H Ié&sgls():anada stationkeeping
L1 Nt ransmissions 19 12080V TCIHeadend in the Sky? . 31 12157H  CBC Newsworld feeds
2 11749.5-V  Occ video 20 12110-H  Data transmissions 1 11720-H  Qualcomm data [digital] 32 12183-H  RDIfeeds
3 11774-H  Occ video 27 12110-V TCI Headend in the Sky? 2 11740V Data transmissions
4 11798.5-V  Occ wvideo 2 12140V TCl Headend in the Sky? 3 11760-H  NBC Eastern Time Zone .
5 11223-H 8cc video 23 12170-H  Data transmissions programming Solidaridad 1 SD1 109.2° West
6 11847.5-V  Occ video 24 12170V TCI Headend in the Sky? 4 11780-V  Data transmissions - a
7 11872H  Occvideo o 5  11800H  Oualcomm data [digital] e S TRARR
8 11896.5-V  Occ video = 6 11820-V  Data transmissions/Empire
9 11921-H  Occvideo Galaxy 3R (G3R) 95° West Sports [DVB-2000] ;
10 119455-v (c)cc vndeo/CONUS( : Ku-band side of this satellite s used entirely for the 7 11840-H  NBC Pacific Time Zone Anik E1 (A2) 111° West
ommunications (occ Galaxy Latin American DBS System. programming : i
11 11963-H  CONUS Comr)nunicalions (half o i 8 11860-V  Qualcomm data [dlgilZaI] 2‘&1:,' ,?al:;: %Loﬁnsa?énpgge: glrg%m‘::s(sgx;ell(l::?b:?‘:lh
transponders; 5 9 11880-H  NBC Mountain Time Zone X 31-32 a i i
12 11994.5-V CONUS Communications (half- Telstar 401 (T401) 97° West programming gg:&?:g%séllg;r&?c}agz are oSSRy
transponders) 1 11730-V  Data transmissions 10 11900V Qualcomm data [digital} 1 11717V Data transmissions
13 12019-H  CONUS Communications (half 2 11743-H  AT&T Skynet TV [compressed 11 11920-H  NBC feeds [digital]/Data 2 11743-V  Data transmissions
transponders) video] transmissions 3 11778V Datatransmissions
14 12043.5-V  Occ video 8 11790-V. South Carolina Educational TV 12 11940-V Microspace {digital] 4 11804-V  Datatransmissions
15 12075-H  Occ video State Network [Digicipher} 13 11960-H  NSN data transmissions/NBC 5 11839-v  Business TV [digital]
16 12092.5-V  Occ video 4 11798-H  National Tech University feeds [digital] 6 11865-V  NovaNet FM2 Sefvices
17 12110-H  Occ video [compressed video] 14 11980V Qualcomm data {digital] 17 11730-H  Woman's Television Network
18 12141.5-V Occ video 5, 11845-v P8BS [Digicipher] 15 12000-H  NBC Contract Channel E&W [digital video
19 12174-H  CNN Newsbeam {occ) 6  11855-H  Occvideo 16 12020V Occ video compression]
7 11902-V P8BS educational services (hatf- 17 12040-H  NBC Contract Channel 18 11756-H  Data transmissions
o i transponders) 18 12060-V  Datatransmissions d issi
SBS 4(SB54) 77h.‘tN°s' {inClined 8  11915-H  PBS stations/regionals and 19 12080-H  NBC News Channel B O
orbit) backhauls 20 12100V Cyclesat fanalog/digital}/Occ Country Network, Access
1 11725-H  Data transmissions 99U 11986-V  PBS digital video [Digicipher]/ video Network of Alberta [Shaw digital
2 11780-H  NBC feeds VSAT traftic 2 12120-H  NBC Contract Channel video compression]
3 11823-H  NBC feeds 10 11962.5-H Louisiana Public TV State 22 12140V Chinese Communications
4 11872-H  NBC feeds Network [Digicipher] Channel (CCC) [Oak] — -
5 11921 NBC teeds 11 12040V Occ video 23 12160-H  NBC Newschannel SNG/NBC Solidaridad 2 (SD2)  112.9° West
6 11970-H  NBC feeds 12 12046-H  Occ video Contract Channel {No video has been seen on any Ku-band
7 12019-H  NBC feeds 13 12095V Spectradyne Hotel Hotel In-room 24 12180-H  Fed Ex TV [BMAC]/Occ video transpondsr)
8 12068-H  NBC feeds movies [compressed video]
9 12117-H  NBC feeds 14L  12093-H  Peachstar Educational Network o 3 S
10 12166-H  NBC feeds (Distance Learing) GSTAR-4 (GST4) 105° West Anik C3 (C3) 114.9° W (Inclined
14U 12123-H  Georgia Public TV State Network ; 11;3?2 Bata transmissions Orbit)
0 11791 ata transmissions i losi
SRR TS i Dest 15 12147V ABCnetworkand affiiatefeeds | 3 11852-H  CNN Newsource (Primary) g T . s e el
1 11729-H  Data transmissions (hali-transponders) |Leitch)/some feeds in clear
14 121125V (None) 16 12167-H  ABC network and affiliate feeds 4 11913-H  Occ video
(half-transponders) 5 119744 Occ video Morelos 2 (M2)  116.8° West
Transponders 2-13 and 15-16 consists of Primestar 6 12035-H  QOcc video B s
programming encrypted and compressed using the Galaxy 4 (K4 99° West 7 12096-H  CNN Newsbeam/Occ video ggz:;;%i%:?)s it LR L gl
Digicipher system. A complete Primestar channel alaxy 4 (K4) es 8  12157-H  CNN Newsource International/
guide is presented in the D8S section of Satellites 1 11720-H  SCPC services/Data Qcc video
Times Satellite Service Guide. transmissions 9 11744V Data transmissions EchoStar 1/2 119°West
2 11750-V Data transmissions 11 11866-V  ABC SNG feeds A complete channei guide for TheDISH Television
Spacenet 3R (S3) 87° West 3 M750-H  FM?services/MUZAK/Data 12 11927-V- Qcc video ) Network is presented in the DBS section of Safellites
p (S3) 13 11988V € ite Service Gui
- transmissions 3 988V CNN Newsbeam/occ video Times Satellite Service Guide. These satellites
19 11740-H  Data transmissions 4 11780-H  FM services/Planet Connect 15 12110-V  CNN Newsource/occ video operate in the 12.2-12.7 GHz BSS band.
20 11820-H  Data transmissions computer service (19.2 kbps)/ 16 12171V Occ video '
22 11980-H  NYNET (SUNY) Ed Net/NY Data transmissions R e et e
Lottery feeds (East spot beam) 5 11810V Data transmissions Anik E2 (A1) 107.3° West SBS 5 (SBS5) 123° West
23 12060-H  Oregon Educational Network 6 11810-H  Occ video = 1 11725-H  Comsat Video in-room
(West spot beam) 7 11840-H  Chinese Television Network 1 11717V Telesat Canada DVC: programming [8-MAC] (hatf
24 12140-H  Occ video (East spot beam) Chung Ten - Chinese/Taiwan all- MovieMax!, Family Channel transponders) — Satellite
news service E&W, SuperChannel [digital Cinema 1/3
o 8 11870V Occvideo video compression] 2 11780-H  SCPCservices
Telslar 4028 (1402) By West 9 11870-H  Oc video 2 1743V DirectPC [digital] 4 11872-H  Comsat Video in-room
Alphastar DBS uses many T402 Ku-band 10 11900-H  CNN Airport Network [SA 3 11778-V Data transmissions programming [8-MAC] (halt
transponders MPEG) 5 11839-V  Canadian Parliamentary Access transponders) — Satellite
1 11730-v AT&T Tridom [digital] 11 11930-V Occ video (half-transponders Channel, Youth TV E&W, Vision Cinema 4/2
2 11743-H  ATA&T Tridom [digital] common) TV, CHSC Shopping [digital 5 11921-H  Data transmissions
3 11790-V. AT&T Tridom [digital] 12 11930-H  Occ video/Channel One (occ)/ video compression] 6 11970-H  Data transmissions
4 11803-H  AT&T Tridom [digital] Microsott TV (occ) 6 11865-V. Moviepix!; The Movie Network 7 12019-4  Data transmissions
5 11850-V. Occ video 13 11960-H  Occ video [digital video compression] 8 12068-H  Occ video
9 19711V Occ video (half transponder) 14 11990V Occ video (half-transponders 7 11900V Rogers Network [digital video 10 12166-H  WalMart [V2+]/Occ video
15 12157-V. DMX for Business [digital data] common) compression] 11 11748-V  Data transmissions
(upper half)/Occ video (lower 16 12020-H  FM? services/Data transmissions 8 11926-v  Rogers Network [digital video 12 11898-V  WMNB Russian-American TV
half) 17 12050V CBS Newsnet and affiliate feeds compression] {inverted video)
(halt-transponders) 9 11961V Datatransmissions 13 11994V Occ video
o 18 12050-H  Honk Kong TV8 Jade Channe! 10 11987-V  Data transmissions d i
L dooid (Chunese) [videocrypt} 12 12048-V  Saskarchewan L e
1 11720-V  Occ video )| 19 12080-H  Data transmissions CommunicaNetwork 5
2 11750-H  Data transmissions 20 12110-V  Occ video (halt-transponders 13 12083V Data transmissions GSTAR-2 (GST2) 125° West
3 11750-V Indiana Higher Education common) 14 12109-V  Datatransmissions 9 11744-v  Data transmissions
[Compressed video] 21 12110H  Asian-American TV Network 15 12144V Telesat Canada stationkeeping 11 11866V GSTAR-2ID siate
4 1780-V. TCIHeadend in the Sky? (occ) (BLACS) 13 11988V Occ video
6 11810V TClHeadend in the Sky? 22 12140-H  Family Net [Digicipher] 14 12049V Occ video
7 11840-V TCH Headend in the Sky? 23 12170V CBS Newsnet and affiliate feeds 15 12110V Occ video
16 12171V Occ video
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Exxxtasy (adult)

SC New York [V2+} [ekig E::egl:w ok (none) (none) oiv °g8 dia TVN Theatre 1 [V2+} Promo/VTC SCPC services | Data Transmissions UAséILm
Syndication feeds | dznd
American v
(none) ca;;‘l';’; /r;;)vrse (none} Netwgﬁ(pfzfﬁ)nim ol L V\;Igit] [oce TVN Theatre 2 [V2+}| Data Transmissions i Data Transmissions | STARZ! 2 [V2+] (ni
Spectrumsaver) l
. WSBK-Ind Boston The Babe . Keystone/Parmount . .
USIA Worldnet TV | SCPC services olv [v2+] Channelio/v Action PPV [V24] |TVN Theatre 3 [V2+] feeds/olv SCPC services | Data Transmissions (ng
L L -
: Nebraska ‘ E
Canadian Horse " Group W | - Encore-Westerns .
(none) " {none) Educational TV Shop at Home fX East TVN Theatre 4 [V2+]| |, ’ Data Transmissions Ohio/Cinci
‘ i Racing/o/v (NETV) (digital] - Videoservices/o/v ‘ [V2+] A
N:i/'\.gen[t[act olv (none) Univision [V2+] FOX feeds East X West TVN Theatre 5 {V2+]|  Keystone oiv ‘ . Med;igjzmpany { Data Transmissions
| T TVN Theatre 6 o |l err | KNBC-NBC Los
| . ¥
Data Transmissions NHK (f:;/d.iapan) oiv CNN/SI {V2+] T?: aﬁh)c[hva;ff I {Game Sr\;)Zvi ’N iy [V2+)/TVN Promos Buentae ;/(;ssta by Sh:‘z:];:;:: (%';T)p el Angeles (PT24W) Ym\l ?F(’:T
[ | (occ) [fixed key V2+] [v2+] 3
Cable Video
TVN Theatre 7 Warner Brothers
(none) (none) (none} Data Transmissions E\?:?Sre?c\giamdlﬁt) Ui G{)\};E?a""el [V2+)/GRTV o Dom TV/WB Basil Bassett Bingo {Cornerstor
' gig tal] infomercials Network
o Horse Racing o Fantasy Cafe TV LECIGERT N KOMO-ABC Seattle .
Data Transmissions (digital] (none} Data Transmissions (adult) [V2+)iolv o/v TVN Theatre 8 [V2+] P8BS X MPEG] (PT24W) [V2+] SC Chica
NASA TV ittt Bl (none) AIRLAIL (3 Vg piseiicng RAALIMN T\ Thealre 9 (V2+]|  FOX feeds olv Data Transmissions | SportSo
[V2+] {ve4] dig ork [digita
|- a8 ¥ l
Empire/Fox . ) TVN Theatre 10 - ‘ WILA
. Arab Network of " i XXXplore/XXXpose {United Arab Emirates| . FOXNet (PT24E) A
Data Transmissions ' Pittsburgh-Arizona . adulTVision (adult) FOX feeds ov
America (ANA) feeds [V2+] (adult) [V24] TV Dubai (v2+] | [V24]
B = ] ]
SC P?\'/‘;g?pma Keystone o/v (none) CNN feeds/o/v Outdoor Channel Intro[’\l’/;li\]nsmn oiv ABC feeds ov STARZ! East (V2+]

Data Transmissions

TV Asia [digicipher]

Data Transmissions

Horse Racing

Romance Classics

MCI Andover o/v/RAI
v

ABCINeESOnz Keystone o/v

(none)

[digital] \223] channel
T T CSN/Kaleidoscope/F- R T | T Sports
Data Transmissions RTPi (none) SCPC/FM2 services | FOX feeds West  JEOSSINISANTE:I oiv FOX feeds East ofv ’ Data Transmissions Alt r:at
| J ———_ i ' - o [digicipher] 1 Emae
- Canadian Horse independent Film . ‘ SC New
Data Transmissions Racing (occ)/oiv (none} (none) oV Channel [V2+] o FOX News Service o |NPS Promo Channel V2
- § 4 |
La Carpa-Spanish Midwest Sports KTLA-Ind Los Gospe! Music TV | True Blue (adult) | World Harvest TV -
(Rel) olv Channel [V2+] {none) Angeles [V2+] & {none) [v2+] [v2+] (Rel) Qatall ansmissiors -
— - — -4
.CNN Eurotica (adult) CBS West [occ
Data Transmissions olv (none) International/CNN N [V24] {none) HBO 2 East [V2+] olv Vet NPS Promo Channel| SC Pacif
V4]
- Keystone . P P Cinemax 2 East A SC Alte
Data Transmissions (0cc)/MSG-I (occ) (none) FM2/SCPC services FOX feeds qim [B-M2A V24 o CBS East [occ VC1] | Data Transmissions (occ
i ) | — —w | Kelly Broadcast | Teleport ) i
SC New York Plus | Canadian Horse America's ; Inforamerica TV
N (none) y Systems contract Minnesota/CBS | q Keystone o/v C8S feeds/o/v | STARZ! West [V24] (no
o Racing (occ)/o/v Collectibles Network el feeds/o/v (Informercials) n
University | Natic
Data Transmissions | Network/Dr. Gene (none) (none) ol C8S East [occ VO] HBO 3 [V24] | Keystone o/v/UPN |CBS East [occ VC1] | Data Transmissions | Empower
- 7 Scott (Rel) : - | - (N
(none) - Americais o FOX News Channel | HBO 2 West {V2+] JEEIIE! : CBS East [occ VC1] | Data Transmissions
eed Collectibles Network
SSN Pro Am Sports Infoamerica TV . ] -
(none) (none) {Pass) [V2+] o BET on Jazz (Informerciats) BC Ea CBS feeds/o/v | Data Transmissions | Univisio
I Horse Racing T orse Racing [ ] Ta
oV [digital] (none) Infomercials (occ) ABC feeds (none) i AB o Data Transmissions | Commul
‘ (0
La Cadena de OLA it
NHK TV Japan ; SSN Home Teams SRR ! 3 Angels a SN - :
secondary feeds Worship TV (Rel) ‘ (none) Sports (HTS) [V24] Mllag?’; ;;)amsh X Movies [V24] Broadcasting B .- '- : Wl Data Transmissions o
T . : : N | KPIX-CBS San
Horse Racing ’ PandaAmerica  [International Channel Exxxtasy (adult) i g WRAL-CB
oiv [digital}iofy (none) America One (Home Shopping) V24] (none) [V2+] CBS Newspath feeds Francls[c\;)zil;TMW) (PT24E
u ambled/nen-vid ipti i inU.S. = i i
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leport
tal]

EC New
) (V2+]

o [v2s)

th [ves]

digital]

on Promo
\occl/olv
South
(occ)/oiv

ne)

mal
ment TV

BMAC)

n feeds
rus
%cations

B TV (Rel)

Sctellite Tramsponder Guide

Anik E2 (A1)
1073

CBC-H English
Eastern

The Sports Network
(TSN) [SA MPEG]

Telesat [digital video
compression]

Cancom Video
Compression [SA-
MPEG]

Telesat [digital video
compression]

CBC Newsworld

CBC-M English

Global TV
[Leitch]/Global feeds
CBC-B English

Atfantic

Cancom Video
Compression [SA-
MPEG]

CBC-A French

Cancom Video
Compression [SA-
MPEG]

CBC-C English
Pacific

Cancom Video
Compression [SA-

Cancom Video
Compression [SA-
MPEG]

nates |
Von CBC-D feeds
- 1

Video Catalog
Channel

ofv

Telesat [digital video
compression]

Venus (adult) [V2+]
==
CBC-E English

|

Inactive (Failed |
Transponder)

Solidaridad 1
(s01) 109.2°

(none)

(none)

SCPC services

(none)

o/v

(none)

(none)

o

Mexican Parliament

(none)

Data Transmissions

(none)

Data Transmissions |

Multivision
[digicipher]

Multivision
[digicipher]

olv
(none)

(none)

(none)

(none)

|:] Unscrambled/non-video

XEQ-TV canal 9

Data Transmission

Telesat E1 (A2)
11

Morelos 2 (M2)
116.8°

Data Transmissions

| News (occ [V2+]
Spanish language \ d
L ! Playboy (adult) The Learning RENE QAN KMGH-ABG Denver
(Inactive) Data Transmissions | Global Access (occ) [V2+] e nelvhan(:pré(s;][SA [digicipher] V2]
. - ! s |
. Trinlty Broadcasting [Viewer's Choice PPV Nickelodean East §{ KRMA-PBS Denver
| T r n
Data T Data T 1 NHK TV Japan I (Rel) [V2s] Encore {V2+] [V2si (V2]
] e ——— i _ —
Data Transmissions | Data Transmissions | ‘ Sci-Fi [V2+]  |Lifetime West [V2+] W[Z‘i’g"ii;‘;::’f”‘ Lifetime East [V2+]§ SC Pacific: [v2+]
" sl s sl |
Data Transmissions | Data Transmissions (none) CNN {V2+4] Odyssey (Rel) Classiolans Deutscne Weile TV (SR
{ (German) [V2+]
4 + R —
- WTBS-Ind Atianta Court TV Madison Square | KSNC-CBS Denver
(Inactive) Data Transmissions ov (v2+] [digicipher] Garden [V24] (V2]
— - -
aeo
WGN-Ind Chicago y . SSN FOX Sports
| Data Tr ons | Data T 0 -. 0 [v2s] C-SPAN 1 Disney West [V2+] Bravo [V2+4] West [v2+]
. . QVC-2 Fashion Cartoon Network ’
(Inactive) XHGC canat 5 0 n atio HBO West [V2+] Channa V23] Prevue Guide NBC-fast
1 T i
[ Feo 0 ESPN2 Blackout ' | Fox Sports Net
(Inactive) (none) 0 .l.. 0 ESPN [V2+] dia [V2+]/SAH QVC Network Base
- aeo :
) Home Shopping Home Shoppmg  {SSN FOX Sports SW
(Inactive) XEIPN canal 11 0 .l. 0 MOR Music Club Spree MSNBC {V2+] Network (HSN) | (V2]
ae 7— 1 il
(Inactive) (none) ompre Family f\;lgf]n e i Newsport [V2+] Eﬁ;?:'():’:‘?:e;;v SpeedVision [V2+] | Network One 'N1'
ag
1
[ (Inactive) Data Transmissions 0 0 DISCO[\\I/eer]WeSl H:stoﬁzcgannel Valuevision Starnet { Data Transmissions
dig |
. The Weather Travel Channet Fox Sports
(Inactive) (none) GRTV infomercials CNBC [V2+] Channel [V2+] ore [dig (V24 Atemates (occ)
o XEW canal 2 Sundance Channet ESPN2 [V2+] New England Sports|  ESPN Blackout it KUSA-NBC Denver

(Inactive) Data Transmissions

CTV Network

(digital] Canal 22
(nactive) ofv
(Inactive) Clara Vision (Rel)

TV Northern Canada

(digital] (icne)
Canadian Horse )
Racing/of Data Transmissions
1 4 ——
SCPC services/ Data
Transmissions (Doce)
(Inactive) XHIMT canal 7
1 i
(Inactive) (none)
[
(Inactive) XHDF canal 13

|:] Subscription

Data Transmissions | oA/BBC Breakfast

Galaxy 9({G9)
123°

Global Access

Satcom C3 (F3)

Galaxy 5 (G5)
125° 131°

Disney East [V2+} [SA MPEG]

Family Channel West

By Robert Smathers

Galaxy 1R (G1)  Satcom C4 (F4)  Satcom C1 (F1)
133° 135° 13»

Comedy Central
West [V2+]

American Bovie
Classics (AMC)

Prime Network
{ve-]

[V24]

Network [V2+]

[V2+]/SAH

Showtime West
[V24]

Showtime East

HBO East [V2+] [V2s]

M2: Music

Cinemax West [V24] roio igion [v2s]

Turner Broadcasting
[digital]

Turner Classic
Movies [V2+]

Nicketodeon West
V24}

Movie Channel East

TNT [V24] V2+]

+

|

The Movie Channel
West [V24]

TNN [V24] Tvland

Jet

L

|

MTV West [V2+]

General
Communication
[digital]

ESPNews [V24]

Global Access (occ)

Computer Television
Network

Showtime/MTV
USA East [V2+] (digicipher]
Jones Intercable

BET [V2+] [digicipher]

Knowledge TV [v2+]
Your Choice
TV/Animal Planet
|digicipher]

CNN/HN [V2+]

E! Entertainment TV

ARE (V24]

General

Communication
[digital]

B o vaiave inuss.

{Ve+]

Digital Music
Express Radio
(DMX) [digital]

Showtime/Movie
Channel {SA MPEG]

o/v = occasional video

Comedy Central East'

The New
Inspirational
Network (Rel)

HBO Multiplex
[digicipher]

Cinemax East [V2+]

[v2+]

SC
Cincinnati/Ohio/Flon-
da [V2+
FOX Sportg Arizona/
FOX Sports Amernca
[diglcipller

SSN FOX Sports
(various: {V2+]

WWOR-Ind New
York [V2+]

Request TV 1 [v2+]

MTV East [V2+]

FOX Saorts
Midvest/
Alternates/Cal-Span

Viewer's Choice
|digictpher]

C-SPAN 2 FOXNet [V2+]

Home and Garden
Network [V2+]

Showtime 2 {V2+] o/

USA West [V24)

Discoverv East SC Forica (occ)

Network

V2 | [v24]

Nostalgia Channel X ves) [N [f/gilsﬁ)(;r;; N
(none) VH [V24] KWGN{-\I/nzdﬂDenver
Global Shogping CMT {V2+] SSN Sunshine [V2+]
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Geostationary Satellite Locator Guide

(UIDE

By Larry Van Homn

This guide shows the orbital locations of 255 active geostationary/synchronous
satellites at publication deadline. Synchronous satellite location information is
supplied to Satellite Times by NASA’s Goddard Space Flight Center-Orbital
Information Group (Mr. Adam Johnson). We are particularly grateful to the
foliowing individuals for providing payload information and analysis: Earth News:
Philip Chien; Molniya Space Consultancy: Mr. Phillip Clark; JSC NASA: Dr. Nicholas
Johnson; University of New Brunswick: Mr. Richard B. Langley; Havard-
Smithsonian Center for Astrophysics: Jonathan McDowell; U.S. Space Command/
Pubfic Affairs; Naval Space Command/Public Affairs; NASA NSSDC/WDC-A,

Goddard Space Flight Center; and the Satellite Times staff.

‘d’ indicates that satellite is drifting — moving into a new orbital slot or at end of
life. ‘i’ indicates an orbital inclination greater than 2 degrees and ‘#' indicates that

the satellite has started into an inclined orbit.

Radio Frequency Band Key

VHF 136-138 MHz
P band 225-1,000 MHz
L band 1.4-1.8 GHz
S band 1.8-2.7 GHz
C band 34-71GHz
X band 7.25-8.4 GHz
Ku band 10.7-15.4 GHz
K band 15.4-27.5 GHz
Ka band 27.5-50 GHz
Millimeter > 50 GHz

0BJ INT-DESIG/COMMOM NAME

NO.

21140 1991-015B Meteosat 5 (MOP 2)
24209 1996-044B Telecom 2D (France)
23730 1995-067A Telecom 2C (France)
23712 1995-060A USA 115 (DFS-2/Miistar-2)
19919 1989-027A Tele X (Sweden)

20193 1989-067A Sirius/Marcopolo 1(BSB R-1)
22921 1993-076A USA 98 (NATO 4B)
20929 1990-095A DSP F-15 (USA)

22028 1992-041B Eutelsat |l F4

21056 1991-003B Eutelsat |l F2

19596 1988-095A Raduga 22 (Russia)
22557 1993-013A Raduga 29 (Russia)
22269 1992-088A Cosmos 2224 (Russia)
20777 1990-079B Eutetsat 1l F1

21055 1991-003A Italsat F1 (Italy)

23537 1995-016B Hot Bird 1 (Eutelsat I} F6)
24665 1996-067A Hot Bird 2 (Eutelsat |l F7)
24208 1996-044A Italsat F2 (Italy)

24307 1996-053A Inmarsat 3 F2

21803 1991-083A Eutelsat I F3

19688 1988-109B Astra 1A

23686 1995-055A Astra 1E

21139 1991-015A Astra 1B

22653 1993-031A Astra 1C

23331 1994-070A Astra 1D

23842 1996-021A Astra 1F

14234 1983-077A Telstar 3A (301) (USA)
19331 1988-063B Eutelsat 1 F5 (ECS 5)
22175 1992-066A DFS 3 (Germany)

18351 1987-078B Eutelsat 1 F4 (ECS 4)
23948 1996-040A Arabsat 2A (Arabsat)
20659 1990-054A Gorizont 20 (Russia)
20706 1990-063B DFS 2/Kopernikus (Germany)
21894 1992-010B Arabsat 1C (Arabsat)
23200 1994-049B Turksat 1B (Turkey)
24652 1996-062A Arabsat 2B (Arabsat)
13595 1982-097A Intelsat 505

19765 1989-004A Gorizont 17 (Russia)
21821 1991-087A Raduga 28 (Russia)
22963 1993-002A Gals 1 (Russia)

14128 1983-058A Eutelsat 1 F1 (ECS 1)
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Satellite Service Key

BSS Broadcast Satellite Service

Dom
DTH
FSS
Gov
Int
Mar
Met
Mil
Mob
Reg

04E
2.7E
2.9E
4.0E/i
4.9E
5.1E
5.9E/
6.6E#
7.0E
9.9E
11.3E4
11.6E#
11.7E#
13.0E
13.1E
13.2E
132.E
13.2E
15.8E/i
16.0E
19.1E
19.1E
19.2E
19.2E
19.2E
19.2E
20.0E/i
21.4E#
23.5E
25.5E/
26.0E
26.3E/i
28.5E
31.0E
31.0E
32.0E
3314
33.7EA
34.5E/
35.9E
36.1/i

Domestic

Direct to Home

Fixed Satellite Service
Government
International
Maritime
Meteorology

Military

Mobile

Regional

TYPE SATELLITE

Met (L)
Dom-FSS/Gov-Mil (C/X/Ku)
Dom FSS/Gov-Mil (X/C/Ku)
Mil-Comm (P/S/K)

Reg DTH/FSS (Ku)

Reg DTH (Ku)
Mil-Comm (P/S/X)
Mil-Early Warning (S/X)
Reg FSS (Ku)

Reg FSS (Ku)

Dom FSS/Gov-Mil (X/C)
Dom FSS/Gov-Mil (X/C)
Mil-Earl Warning (X)
Reg FSS (Ku)
Dom-Telephone (S/K/Ka)
DTH (Ku)

DTH (Ku)
Dom-Telephone-Mob (S/K/Ka)
Int Mar (L/C)

Reg FSS (Ku)

Reg DTH (Ku)

Reg DTH (Ku)

Reg DTH (Ku)

Reg DTH (Ku)

Reg DTH (Ku)

Reg DTH (Ku)

Dom FSS-Saudi Arabia (C)
Reg FSS (VHF/Ku)

Dom BSS (S/Ku/K)

Reg FSS (VHF/Ku)

Reg FSS/BSS (C/Ku)
Dom/Gov FSS (C/Ku)
Dom BSS (S/Ku/K)

Reg FSS/BSS (S/C)

Reg FSS (Ku)

Reg FSS/BSS (C/Ku)

Int FSS/Mar (L/C/Ku)
Dom/Gov FSS (C/Ku)
Dom FSS/Gov-Mil (X/C)
Dom BSS (Ku)

Reg FSS (Ku)

January /February 1997

o e

0BJ INT-DESIG/COMMOM NAME
NO.

23717 1995-063A Gals 2 (Russia)
23775 1996-005A Gorizont 31 (Russia)
23949 1996-0408B Turksat 1C (Turkey)
22981 1994-008A Raduga 1-3 (Russia)
23880 1996-034A Gorizont 32 (Russia)
19687 1988-109A Skynet 4B (UK)
23305 1994-064A Intelsat 703

13040 1982-006A DSCS Il E15 (USA)

20203 1989-0698 DSCS |11 A2 (USA 44)

20667 1990-056A Intelsat 604
22913 1993-074A DSCS 1 B10 (USA 97)

20315 1989-087A Intelsat 602
23839 1996-020A inmarsat 3 F1
13636 1982-106A DSCS Il F16 (USA 43)

20918 1990-093A Inmarsat 2 F1

23461 1995-001A Intelsat 704

23636 1995-040A PanAmSat 4 (PAS 4)
20083 1989-048A Raduga 1-1 (Russia)
23448 1994-087A Raduga 32 (Russia)
22787 1993-056A USA 95 (UF0-2)
20410 1990-002B Leasat 5 (USA)
12474 1981-050A Intelsat 501

23589 1995-027A USA 111 (UFQ-5)
13129 1982-031A Insat 1A (India)
22027 1992-041A Insat 2A (India)
23327 1994-069A Elektro 1 (Russia)
23680 1995-054A Luch 1-1 (Russia)

23314 1994-065B Thaicom 2 (Thailand)
22931 1993-078B Thaicom 1 (Thailand)
21759 1991-074A Gorizont 24 (Russia)
23653 1995-045A Cosmos 2319 (Russia)
24435 1996-058A Express 2 (Russia)
20643 1990-051A Insat 1D (India)

19548 1988-091B TDRS F3 (USA)

22836 1993-062A Raduga 30 (Russia)
18922 1988-014A PRC 22 DFH2-1(China)
22880 1993-069A Gorizont 28 (Russia)
23765 1995-003A Measat 1 (Malaysia)
22724 1993-048B Insat 2B (India)

23731 1995-067B Insat 2C (India)

23426 1994-082A Luch 1 (Russia)

22245 1992-082A Gorizont 27 (Russia)
20263 1989-081A Gorizont 19 (Russia)
20473 1990-011A PRC 26 DFH2A-1 (China)
22210 1992-074A Ekran 20 (Russia)

19683 1988-108A Ekran 19 (Russia)

23723 1995-064A AsiaSat 2

21922 1992-017A Gorizont 25 (Russia)
20558 1990-030A Asiasat 1

20570 1990-034A Palapa B2R

23176 1994-040B BS-3N (Japan)

21668 1991-060A BS-3B (Yuri 3B)(Japan)
20771 1990-077A BS-3A (Yuri 3A)(Japan)
19710 1988-111A PRC 25 DFH2-2 (China)
23864 1996-030A Palapa C2

14985 1984-049A Chinasat 5 (Spacenet 1)
23639 1995-041A Koreasat 1 (Mugunghwa 1)
23768 1996-003A Koreasat 2 (Mugunghwa 2)
21964 1992-027A Palapa B4

20217 1989-070A GMS-4 (Himawari 4)
21132 1991-014A Raduga 27 (Russia)
23649 1995-043A JCSAT 3 (Japan)

22907 1993-072A Gorizont 29 (Rimsat 1)
23651 1995-044A N-Star A (Japan)

18877 1988-012A CS 3A (Sakura 3A)(Japan)
23943 1996-039A Apstar 1A (China)

23781 1996-007A N-Star B (Japan)

19508 1988-086A CS 3B (Sakura 3B) (Japan)
23185 1994-043A APStar | (China)

23522 1995-011B GMS-5 (Himawari 5)

LONG
(DEG)

36.3E
39.6E#
42.1E
48 9E#
52.8E
53.0E/
57.0E
57.0E4

57.0E4

59.9E
60.0E/i

62.9E
64.0E/
64.9E/

65.1E#

66.0E

68.5E
70.2E/
70.7E#
71.2E4
71.5E/
72.1EA
72.1EA
72.6E/

73.9E
76.0E#
771364

78.4E
78.5E
79.4E/
80.0E#
80.0E
82.9E
85.3E/
85.5E#
87.9E/
90.0E#
91.4E
93.5E
93.5E
95.4E#

96.7E#
96.9E/i
98.1E#
98.9e#
99.1E/
100.5E
102,78/
105.4E
108.0E
109.8E
109.9E
109.9E
110.3E#
113.0E
115.6E
115.8E
115.8E
118.1E
120.3E#
127.2E/
128.0E
130.1E#
131.0E
132.0E
133.9E
135.6E
136.0E
138.0E
139.6E#

TYPE SATELLITE

Dom BSS (Ku)

Dom/Gov FSS (C/Ku)

Reg FSS (Ku)

Dom FSS/Gov-Mil (X/C)
Dom/Gov FSS (C/Ku)
Mit-Comm (P/S/X/Ka)

Int FSS (C/Ku)

Mil-I0R reserve operational
(/)

Mil-IOR primary operational
(P/S/X)

Int FSS (C/Ku)

Mil-I0R primary operational
(P/S/X)

Int FSS (C/Ku)

Int Mar (L/C)

Mil-IOR reserve operational
(8/%)

int Mar-10R (L/C)

Int FSS (C/Ku)

Int FSS (C/Ku)

Dom FSS/Gov-Mil (X/C)
Dom FSS/Gov-Mil (X/C)
Mil-IOR primary (P/S)
Mil-IOR reserve (P/S/X)

Int FSS (C/Ku)

Mil-IOR reserve (P/S/K)
DOM FSS?Met (S/C)

Dom FSS/BSS/Met (S/C)
Met (L)

Tracking & Relay SDRN-2
Ku

Reg FSS (C/Ku)

Reg FSS (C/Ku)
Dom/Gov FSS (C/Ku)
Data Relay (C)

Int FSS (C/Ku)

Dom FSS/BSS/Met (S/C)
Gov (C/S/Ku)

Dom FSS/Gov-Mil (X/C)
Dom FSS (C) :
Dom/Gov FSS (C/Ku)
Dom FSS/DTH (C/Ku)
Dom FSS/BSS/Met (S/C)
Dom FSS/BSS/Met (S/C)
Tracking & Relay CSDRN
(Ku)

Dom/Gov FSS (C/Ku)
Dom/Gov FSS (C/Ku)
Dom FSS (C)

Dom BSS (P)

Dom BSS (P)

DTH (C/Ku)

Dom/Gov FSS (C/Ku)
DTH (C/Ku)

Reg FSS (C)

Dom BSS (Ku)

Dom BSS (Ku)

Dom BSS (Ku)

Dom FSS (C)

Reg FSS (C/Ku)

Dom FSS (C/Ku)

Dom FSS (Ku)

Dom FSS (Ku)

Reg FSS (C)

Met (P/L)

Dom FSS/Gov-Mil (X/C)
Dom FSS (Ku)

Reg FSS (C/Ku)
Dom/Mob FSS (S/C/Ku/Ka)
Dom FSS (C/K)

Reg FSS (C)

Dom/Mob FSS (S/C/Ku/Ka)
Dom FSS (C/K)

DTH (C)

Met (P/L)
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0BJ INT-DESIG/COMMOM NAME

NO.

20107 1989-052A Gorizont 18 (Russia)
20953 1990-102A Gorizont 22 (Russia)
23108 1994-030A Gorizont 30 (Rimsat 2)
17706 1987-029A Palapa B-2P

20923 1990-094A Gorizont 21 (Russia)
20066 1989-046A DSP F-14 (USA)
24653 1996-063B Measat-2 (Malaysia)
19874 1989-020A JCSAT 1 (Japan)
18316 1987-070A ETS V/Kiku 5 (Japan)
23779 1996-006A Palapa C1

18350 1987-078A Optus A3 (Aussat K3)
20402 1990-001B JCSAT 2 (Japan)
23227 1994-055A Optus B3 (Australia)
12994 1981-119A Intelsat 503

22253 1992-084A Superbird A1 (Japan)
22087 1992-054A Optus B1 (Aussat B1)
21893 1992-010A Superbird B1 (Japan)
16275 1985-109C Optus A2 (Aussat 2)
23175 1994-040A PanAmSat 2 (PAS-2)

140.1€4
140.1€4
142 1E#
143.9E
144.4€
145.48A
148.0E
150.0E
150.2E4
150.5E
152.0E#
154.0E
156.0E
156.9€/
158.0E
160.0E
162.0E
164.0E/
169.0E

12046 1980-087A OPS 6394 (FltSatCom F4)(USA) 172.08/

22871 1993-066A Intelsat 701
22719 1993-046A DSCS 111 B9 (USA 93)

23124 1994-034A Intelsat 702
21814 1991-084B Inmarsat 2 F3
16117 1985-092C DSCS 1l B5 (USA 12)

15873 1985-055A Intelsat 511

08882 1976-053A Marisat 2

23467 1995-003A USA 108 (UF0-4) (USA)
19121 1988-040A Intelsat 513

21639 1991-0548 TDRS F5 (USA)

23613 1995-035B TDRS F7 (USA)

23967 1996-042A USA 127 (UFO-7)
18631 1987-100A Raduga 21 (Russia)
20499 1990-016A Raduga 25 (Russia)

21392 1991-037A Satcom C5 (Aurora l1){USA)

20945 1990-100A Satcom C1 (USA)
22096 1992-057A Satcom C4 (USA)
23581 1995-025A GOES 9 (USA)

21873 1992-006A DSCS 11l B14 (USA 78)

23016 1994-013A Galaxy 1R (USA)
22117 1992-0608 Satcom C3 (USA)
13637 1982-106B DSCS I1l A1 (USA)

21906 1992-013A Galaxy 5 (USA)
16649 1986-026A Gstar 2 (USA)

23877 1996-033A Galaxy 9 (USA)
19484 1988-0818 SBS 5 (USA)

22988 1994-009A USA 99 (DFS-1/Milstar 1)
15826 1985-048D Telestar 3D (USA)
24313 1996-055A Echostar 2 (USA)
23754 1995-073A EchoStar 1 (USA)
16274 1985-109B Morelos 2 (Mexico)
13652 1982-110C Anik C3 (Canada)
23313 1994-065A Solidardad 2 (Mexico)
21726 1991-067A Anik E1 (Canada)
22911 1993-073A Solidaridad 1 (Mexico)
21222 1991-026A Anik E2 (Canada)
23846 1996-022A MSAT M1 (Canada)
23696 1995-057A USA 114 (UFO-6)
03029 1967-111A ATS 3 (USA)

20946 1990-1008B Gstar 4 (USA)

08697 1976-017A Marisat 1

08747 1976-0238B LES 9 (USA)

08746 1976-023A LES 8 (USA)

24315 1996-054A GE-1 (USA)

15677 1985-035A Gstar 1 (USA)

23435 1994-084A DSP F-17 (USA)
22930 1993-078A DBS 1 (USA)

21227 1991-028A Spacenet 4 (USA)
23553 1995-019A AMSC 1 (USA)
23598 1995-029A DBS 3 (USA)

23192 1994-047A DBS 2 (USA)

22796 1993-058B ACTS (USA)

174.0E
175.084

177.0E
178.0E#
180.08/

179.9W/i
178.2W/i
177.6W/i
177.0W#

174.2W
171.3W#
170.5W/i
170.4W/i
170.1W/i

139.0W

137.0W

135.0W
135.3W#
135.0W/i

133.0W
130.9W
129.8W/i

125.0W
124.9W#
123.0W
122.9W
120.0W
119.9W#
119.1W
118.9W
17.2W
114.8W/i
112.9W
11.0W
109.1W
107.2W
106.5W
105.8W/i
105.6W/i
105.0W
104.7W/i
103.8W/i
103.1W/A
103.0W
102.9W
102.6W#
101.2wW
101.0W
100.9W
100.9W
100.9W
100.0W

TYPE SATELLITE

Dom/Gov FSS (C/Ku)
Dom/Gov FSS (C/Ku)
Reg FSS (C/Ku)

Reg FSS (C)
Dom/Gov FSS (C/Ku)
Mil-Early Warning (S/X)
Dom FSS/DTH (C/Ku)
Dom FSS (Ku})
Experimental (L/C)
Reg FSS (C/Ku)

DTH (Ku)

Dom FSS (Ku)
DTH/Mob (L/Ku)

Int FSS (C/Ku)

Dom FSS (Ku/K)
DTH/Mob (L/Ku)
Dom FSS (Ku/K)
DTH (Ku)

{nt FSS (C/Ku)
Mil-POR reserve (P-Bravo/
S/X

Int FSS (C/Ku)
Mil-WPAC primary
operationa! (P/S/X)
Int FSS (C/Ku)

Int Mar-POR (L/C)
Mil-WPAC reserve
operational (P/S/X)
Int FSS (C/Ku)

Int Mar-1OR (P/L/C)
Mil-POR (P/S/K)

Int FSS (C/Ku)

Int FSS/Gov (C/S/Ku)
Int FSS/Gov (C/S/Ku)
Mil-EPAC (P/S/K)
Dom FSS/Gov-Mil (X/C)
Dom FSS/Gov-Mil (X/C}
Dom FSS (C)

Dom FSS (C)

Dom FSS (C)

Met (P/L/S)
Mil-EPAC primary
operational (P/S/X)
Dom FSS (C)

Dom FSS (C)
Mil-EPAC reserve
operational (P/S/X)
Dom FSS (C)

Dom FSS (Ku)

Dom FSS (C)

Dom FSS (Ku)
Mil-Comm (P/S/K)
Dom FSS (C)

DTH (Ku)

DTH (Ku)

Dom FSS (C/Ku)
Dom FSS (Ku)

Dom FSS (L/C/Ku)
Dom FSS (C/Ku)
Dom FSS (L/C/Ku)
Dom FSS (C/Ku)
Mobile (L/X)
Mil-CONUS (P/S/K)
Exp comm (VHF/C)
Dom FSS (Ku)

int Mar-AOR (P/L/C)
Mil-Exp comm (P/Ka)
Mil-Exp comm (P/Ka)
DOM FSS (C/Ku)
Dom FSS (Ku)
Mil-Early Warning (S/X)
DTH (Ku)

Dom FSS (C/Ku)
Mobile (L/X)

DTH (Ku)

DTH (Ku)

Exp Comm (C/K/Ka)

0BJ INT-DESIG/COMMOM NAME
NO.

17181 1986-096A USA 20 (FitSatCom F7)(USA)

22694 1993-039A Galaxy 4 (USA)
22927 1993-077A Telstar 401 (USA)
23741 1995-069A Galaxy 3R (USA)
19483 1988-081A Gstar 3 (USA)
16650 1986-026B SBTS 2 (Brazil)
22205 1992-072A Galaxy 7 (USA)
23670 1995-049A Telstar 402R (USA)
18951 1988-018A Spacenet 3R (USA)
15237 1984-093D Telestar 3C (302) (USA)
16482 1986-003B Satcom K-1 (USA)
16276 1985-109D Satcom K-2 (USA)
15561 1985-0158 SBTS 1 (Brazil)
15235 1984-093B SBS 4 (USA)
12309 1981-018A Comstar D4 (USA)
14133 1983-0598 Anik C2 (Argentina)
23051 1994-022A GOES 8 (USA)
20873 1990-091B Galaxy 6 (USA)
20872 1990-091A SBS 6 (USA)
15642 1985-028B Anik C1 (Argentina)
23199 1994-049A Brazilsat B1 (Brazil)
15385 1984-114A Spacenet 2 (USA)
23536 1995-016A Brasilsat B2 (Brazil)
21940 1992-0218 Inmarsat 2 F4
23571 1995-023A Intelsat 706

23628 1995-038A DSCS I B7 (USA)

23915 1996-035A Intelsat 709

13969 1983-0268 TDRS F1 (USA)

22314 1993-003B TDRS F6 (USA)

19217 1988-051C PanAmSat 1 (PAS 1)
23764 1996-002A PanAmSat 3R (PAS 3R)
16116 1985-092B DSCS |11 B4 (USA 11)

19883 1989-021B TDRS F4 (USA)
12089 1980-098A Intelsat 502

23413 1994-079A Orion 1 (USA)

20523 1990-021A Intelsat 603

20401 1990-001A Skynet 4A

14077 1983-047A Intelsat 506

22116 1992-060A Hispasat 1A (Spain)
22723 1993-048A Hispasat 1B (Spain)
21765 1991-075A Intelsat 601

21653 1991-055A Intelsat 605

22112 1002-059A Cosmos 2209 (Russia)
16101 1985-087A Intelsat 512

20253 1989-077A USA 46 (FitSatCom 8)

19772 1989-006A Intelsat 515

21989 1992-032A Intelsat K

15391 1984-115A NATO I D

20705 1990-063A TDF 2 (France)

23528 1995-013A Intelsat 705

21047 1991-001A NATO IV A

20391 1989-101A Cosmos 2054 (Russia)

21149 1991-018A Inmarsat 2 F2
15386 1984-114B Marecs B2

LONG
(DEG)

99.9W/i

98.9W
97.0W
94.9W
93.5W/i
92.0W
91.0W
89.0W
87.0w
84.9w#
84.9W
80.9W
79.0W#
77.0Wi
76.0W/i
75.9Wii
74.4W#
74.0W
73.9W
71.8W
70.0W
68.9W
65.0W
54.2W/i
53.0W
52.5W/i

49.9W
49.1W/i
47.0W/i
44.9W
43.0W
42.5W/i

40.9W
40.4W/i
37.5W
34.5W
34.0W/i
31.3W/i
30.1W
29.9W
27.4W
24.5W
23.8W#
23.5W#/d
22.TW#

22.0W
21.4W
20.9W/i
18.8W
18.0W
17.6Wi
16.0W/i

15.5Wii
15.0W/i

10669 1978-016A Ops 6391 (FItSatCom 1) (USA) 14.5Wii

23132 1994-035A USA-104 (UFO-3)(USA)
23319 1994-067A Express 1 {Russia)

23267 1994-060A Cosmos 2291 (Russia)
22009 1992-037A DSCS 11! B12 (USA 82)

22041 1992-043A Gorizont 26 (Russia)
22912 1993-073B Meteosat 6 (ESA)
21813 1991-084A Telecom 2A (France)
21805 1991-080B DSP F-16 (USA)
21939 1992-021A Telecom 2B (France)
23865 1996-030B Amos 1 (Israel)
23816 1996-015A Intelsat 707

20776 1990-079A Skynet 4C (UK)

20762 1990-074A Thor 1/Marcopolo 2 (BSB R-2)

20168 1989-062A TV Sat 2 (Germany)

January/February 1997

14.3Wii
14.0W
13.3 W#
12.0W

11.2wW#
9.7W#
8.0w
6.9W#
5.0W
4.0W
1.0W
0.9W#
0.7W
0.4W

TYPE SATELLITE

Mil-CONUS primary (P/S/X/
K)

Dom FSS (C/Ku)
Dom FSS (C/Ku)
Dom/DTH {C/Ku})
Dom FSS/Mob {L/Ku)
Dom FSS (C)

Dom FSS {C/Ku)
Dom FSS (C/Ku)
Dom FSS {L/C/Ku)
Dom FSS (C)

Dom FSS (Ku)

Dom FSS (Ku}

Dom FSS (C)

Dom FSS (Ku}

Dom FSS (C)

Dom FSS (Ku)

Met (P/L/S)

Dom FSS (C)

Dom FSS (Ku})

Dom FSS (Ku)

Dom FSS (C)

Dom FSS (C/Ku)
Dom FSS {C/X)

Int Mar-AOR-W (L/C)
Int FSS (C/Ku)
Mil-WLANT primary
operational (P/S/X)
Intl FSS (C/Ku)

Gov {C/S/Ku)

Gov {C/S/Ku)

Int FSS (C/Ku)

Int FSS (C/Ku)
Mil-ATL reserve operational
(P/S/X)

Int FSS/Gov (C/S/Ku)
Int FSS (C/Ku)

Int FSS (Ku)

Int FSS (C/Ku)
Mil-comm (P/S/X/Ka)
Int FSS/Mar {L/C/Ku)
Dom BSS/FSS (Ku)
Dom BSS/FSS (Ku}
Int FSS (C/Ku)

Int FSS (C/Ku)
Mil-Early Warning (X)
Int FSS (C/Ku)

Mil-AOR primary (P-
Charlie/S/X/K)

Int FSS (C/Ku)

Int FSS (Ku)
Mil-Comm (P/S/X)
DTH (Ku)

int FSS (C/Ku)
Mil-Comm (P/S/X)

Tracking & Relay WSDRN
K

(Ku)

Int Mar-AOR-E (L/C)

Int Mar-ACR (L}

Mil-AOR reserve (P-Alpha/
S/X

)
Mil-AOR primary (P/S)
IntFSS (C/Ku)
Data Relay (C)
Mil-ELANT primary
operational (P/S/X)
Dom/Gov FSS (C/Ku)
Met (L)
Dom FSS/Gov-Mil (X/C/Ku)
Mil-Early Warning (S/X)
Dom FSS/Gov-Mil (X/C/Ku)
Dom FSS (
Int FSS (C/Ku)
Mit (P/S/X/Ka)
Reg BSS (Ku)
Dom BSS (Ku)
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Satellite

o

(Notes 1 & 12)

Mode
B (uNV)

Ben

(Notes 2, 3,
4and 12)

Ben

(Notss 2

5&6)

Ben

RS-15 A (v/a)
(Note 12)

UoSat 11 Bens
(UO-1l)

(Note 13)

PACSAT a]
(AO-16)

(Notes 7. 8

&10)

(D0-17)
{Notes 9
&10)

{b.c]

WEBERSAT fa]
(WO-18)
(Note 10)

LUSAT fal
(LO-19)

(Notes 7

& 10)

SATELLITE TIMES

Frequencies
Dn 145|.825 81135 8:15 8'55 8165 8715 88L5 8?5 9?5 9115 9?5 9?5 9:15 9|55 965 14?.975
1 T 1 T T T T T T T T 1 ] 1 T ]
Up 435179 169 159 149 139 129 119 109 099 089 079 069 059 049 039 435.029
145.810 (Steady unmodulated carrier)
Dn 29.360 370 380 390 2&409 29.403
Up 145.860 870 880 890 145900 (CW) 145.820
29.357 (CW)
Dn 29.410 420 430 440 29.450 29.454
Up 21.210 220 230 240 21.250 (CwW) 21129
29.408
NOTES
Dn 29;354 29,-364 29;374 28,-384 29-394 1. The AO-10 beacon is an unmodulated carrier. This satellite has suffered
I 1 T 1 T computer damage making it Impossible to arient the satellite for optimum
Up 145858 145868 145878 145888 145.898 service or solar illumination. In order to preserve it as long an possible, do not
transmit to it when you hear the beacon FMing
2. RS-10/11 and RS-12/13 are each mounted on common spaceframes, along
with comunication and navagation packages. :
3. RS-10 has been in Mods A for some months, but also has capability for Mode T
Dn 145826 435.025 2401.500 (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
Up None these same frequency cambinations.
4. RS-11is 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
Dn  437.025 (Sec)437.050 Dowgh‘nk) as well as combined Modes K/A and K/T using these same frequency
combinations.
5. RS-12 has been in Mode K for some months, but also has capability for Mode A
Up 145900 145920 145940  145.960 (145 910-145.950 Uplink, 29.410-29.450 Downiink). 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.
6. RS-13is currently turned off. If activated, it has capability for Mode A (145.960-
146.000 Uplink, 29.460-29.500 Downlink), Mode K (21.260-21.300 Uplink,
Dn  145.825  2401.220 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
Up None combinations.
7. Transmitters on both AO-16 & LU-19 are currently using Raised Cosine Mode
8. AO-16 users are encouraged 10 select 145.900, 145.920 and 145.940 for
uploading and 145.960 for directory and/or file requests.
9. 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.
Dn  437.075 437.100 (Sec) Recently, it has been transmitting telemetry in normal AX-25 AFSK packet.
10. Letters in | ] represent digital formats, as follows:
|a] 1200 bps PSK AX-25
S LR [b] 1200 bps AFSK AX-25
[c] 9600 bps FSK
|d] Digitized voice (Notes 8 & 9)
11, PO-28 is available to amateurs on an intermittent, unscheduled basis.
Dn 437.125 437.150 (Sec) 12. Modes of operation used include: CW,/USB/FAX/Packet/RTTY
13. Modes of operation used include: FM (AFSK) & PSK Data.
Up 145840 145.860 145.880 145.900 14. Modes of operation used include: Packet & FM Voice.
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Satellite Mode Frequencies
JAS-lb JA Dn  435.800 810 820 830 840 850 860 870 880 890 435.900
(FO-20) Linear } } f t v i : 1 I =
(Notes 10 Up  146.000 990 980 970 960 950 940 930 920 910 900
&12)
Ben 435795 (CW)
JD [a] Dn 435.910
Dgtl
Up 145.850 145.890 145.910
0SCAR 22 {ci Dn 435120
(U0-22)
(Note 10) Up 145900 145.975
KITSAT A [c] Dn 435.173
(K0-23)
(Note 10) Up  145.850 145.900
KITSAT B [c} Dn 435175 436.500
(KO-25)
(Note 10) Up 145.870 145.980
IT-AMSAT [a.c} Dn 435.820 (Sec.)  435.867
(10-26)
(Note 10) Up 145875 145900 145925 145950
EYESAT [b,a] Dn  436.800
[AMRAD ——————
(AD-27) Up 145.850
(Note 10)
POSAT [c] Dn  435.250 435.280
(PO-28)
(Notes 10 Up  145.925 145975
& 12)
5%}_11 JA Dn  435.800 810 820 830 840 850 860 870 880 890 435900
CAR 29 Linear } t + +—+ } } t } Ef= .
(FO-29) Up  146.000 990 980 97 960 950 940 930 920 910 145.900
(Notes10 &12)
JD Dn 453.910
Digtl —— —
(b,c) Up 145850 145.870 145.890 145910
MEXICO/ Dn 437.138 (sec) 437.206 (pu) BCN:
OSCAR 30 (b)
(MO-30) Up 145815 145.835 145855 145.875 40.997 MHz
(Note 10)
MIR [b] Up & Dn 145.550
(Note 14) & FM voice
SHUTTLE [b] Dn 145.840
(SAREX) —
(Note 14) Up 144450  144.470

Compiled by

AMSAT
The Radio Amateur Satellite Corp.
PO Box 27 Washington, DC 20044
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Amateur and Weather Satellite Two-Line Orbital Element Sets

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

0SCAR 10
1141290 830588 94254.05030619 -.00000192 00000-0 10000-3 0 3080
214129 26.8972 308.5366 6028238 209.9975 94.5175 2.05681264 56585

Catalog #| Indl. Desig. }‘:} E';@D" j D::;‘:mj Not used
Ll »|a » [« »|
1 (1412911 830588 254.05030619 - .000019 00000-0 100000-30 3080

o

= (=l g

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.

0d
Argument
Eccentricity of Perigee

AMATEUR RADIO SATELLITES

OSCAR 10 (AMSAT OSCAR 10, A0-10)

1141294 83058B 96285.03170314 -,00000150 00000-0 10000-30 4581
214129 25.8858 184.9970 6048316 56.3073 347.4042 2.05879930 72258
OSCAR 11 (UoSAT 2, UoSAT 11, UOSAT OSCAR-11, U0-11)

1147810 84021B 96342.01958317 00000139 00000-0 31257-4 0 9348
214781 97.8137 325.1947 0010758 260.0070 99.9921 14.69505446683038
Russian Mir Space Station

116609U 86017A 96345.31845887 .00002050 00000-0 28429-4 0 8620
216609 51.6525 316.0698 0013417 124.0920 236.1310 15.62583222617539
RS-10/11 (Radio Sputnik 10/11, Cosmos 1861)

118129U 87054A 96341.98767983 .00000015 00000-0 -23021-7 0 2901
218129 82.9279 20.8118 0013021 39.1330 321.0763 13.72372068473876
OSCAR 16 (PACSAT, AMSAT 0SCAR-16, AD-16 )

1 204390 90005D 96342.25547733 .00000014 00000-0 22239-40 293
220439 98.5518 64.4849 0012150 55.9176 304.3157 14.29992224358804
OSCAR 17 (DOVE, DOVE 0SCAR-17, DO-17)

1204400 90005 96342.26053678 .00000034 00000-0 29789-4 0 307
220440 98.5547 65.2265 0012347 54.2410 305.9916 14.30134768358836
OSCAR 18 (WEBERSAT, WEBERSAT OSCAR-18, W0-18)

1 204414 90005F 96342.25411242 .00000007 00000-0 19479-40 330
220441 98.5538 65.1395 0012786 55.3902 304.8484 14.30103067358831
OSCAR 19 (LUSAT, LUSAT OSCAR-19, LO-19

1204424 90005G 96342.30657788 .00000030 00000-0 28279-40 293
220442 98.5564 65.7637 0013183 53.3873 306.8514 14.30214804358864
OSCAR 20 (JAS 1B, FUJI 2, FUJI OSCAR 20, FO-20

1204800 90013C 96342.54871200 -.00000010 00000-0 41145-40 9269
220480 99.0224 334.4142 0541075 91.5399 274.7721 12.83235639320121
RS-12/13 (Radio Sputnik 12/13, Cosmos 2123)

121089U 91007A  96341.76333624 .00000020 00000-0 44304-50 9390
221089 82.9219 61.3627 0030330 111.0389 249.4015 13.74074888292738
OSCAR 22 (UoSAT-F, UoSAT-5, UOSAT OSCAR 22, U0-22)

1215750 91050B 96342.70251051 .00000036 00000-0 26447-4 0 7365
221575 98.3317 43.7434 0008253 102.9890 257.2218 14.37047855282985
0SCAR 23 (KITSAT-A, KITSAT-1, KITSAT 0SCAR-23, K0O-23)

1220774 92052B 96342.55708665 -.00000037 00000-0 10000-3 0 6253
222077 66.0783 186.4681 0015260 258.0302 101.9007 12.86299011203101
OSCAR 27 (EYESAT-A, EYESAT-1, AMSAT 0SCAR-27, AO-27

1228254 93061C 96342.74083840 .00000012 00000-0 22344-4 0 5219
222825 98.5670 55.0264 0009435 79.0582 281.1660 14.27711602166750
OSCAR 26 (ITAMSAT, ITAMSAT OSCAR-26, 10-26)

1228264 93061D 96342.72392684 .00000002 00000-0 18353-4 0 5198
222826 98.5680 55.2124 0009949 79.4943 280.7360 14.27820602166768
OSCAR 25 (KITSAT-B, KITSAT-2, KITSAT OSCAR-25, K0-25g

1228281 93061F 96342.73394407 .00000041 00000-0 33895-4 0 4994
222828 98.5631 55.2915 0011165 64.5736 295.6591 14.28161937134881
0SCAR 28 (POSAT, POSAT OSCAR-28, PO-28)

1228290 93061G  96342.75283402 .00000008 00000-0 20442-4 0 5133
2 22829 98.5652 55.3837 0010938 69.0819 291.1533 14.28143249166808
RS-15 (Radio Sputnik 15)

1234390 94085A 96342.76084784 -.00000039 00000-0 10000-3 0 1826
223439 64.8119102.3857 0155370 168.1618 192.3024 11.27529351 80353
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0SCAR 29 (FUJI 3, FUJI 0SCAR-29, FO-29)

124278U 96046B 96342.18966757 .00000000 00000-0 38924-4 0 420
224278 98.5687 43.3539 0351499 323.7050 34.0691 13.52627717 15163
0SCAR 30 (MEXICO OSCAR-30, M0-30)

1243050 96052B 96343.95862514 .00000204 00000-0 20364-30 503
224305 82.9227 135.1459 0031347 17.0445 343.1753 13.73088653 12950

WEATHER/IMAGING SATELLITES

Geostationary Satellites

GOES 7 (Standby Geostationary Spacecraft-USA)

117561U 87022A 96344.28406829 -.00000148 00000-0 10000-3 0 1792
217561 3.4071 68.1830 0000926 289.6419 88.0916 1.00279809 19063
GOES 8 (Operational East-USA)

1230510 94022A 96345.12294264 -.00000242 00000-0 10000-3 0 6254
223051 0.3842 87.8410 0004058 159.9354 160.8500 1.00278307 17131
GOES 9 (Operational West-USA)

1 23581U 95025A 96344.59584436 .00000100 00000-0 10000-3 0 2909
223581 0.0441267.2107 0003809 4.7488 245.6697 1.00270314 5682
ELEKTRO (Operational-Russia)

1233270 94069A 96339.93105324 -.00000090 00000-0 00000+00 2310
223327 0.4007 101.3981 0001103 97.8386 286.2925 1.00272162 7719
Meteosat 5 (Operational ESA, aka MOP-2

1211400 91015B  96345.19303771 .00000002 00000-0 00000+0 0 3076
221140 0.9066 78.7664 0002002 138.7238 290.9284 1.00270155 23375
Meteosat 6 (Operational-ESA)

1229120 930738 96335.09544771 -.00000080 00000-0 00000+0 0 5872
222912 0.3053 65.9407 0003591 157.1427 230.7314 1.00271215 9520
GMS 4 (Standby-Japan, aka Himawari 4)

1 20217U 89070A 96337.70682601 -.00000358 00000-0 10000-3 0 5014
220217 2.1261 74.2804 0001640 253.2651 118.4152 1.00258080 27113
GMS 5 Operational-Japan, aka Himawari 5

1235220 95011B  96344.57922028 -.00000273 00000-0 10000-3 0 1833
223522 0.4663 22.3288 0000659 176.2984 228.3692 1.00269116 6214

Near Polar/Polar Orbiting imaging Spacecraft

NOAA 12 (Operational morning spacecraft-USA 137.500 MHz)

1212630 91032A 96344.82579341 .00000065 00000-0 47988-4 0 1908
221263 98.5475 358.8181 0013536 121.1407 239.1102 14.22675315289432
NOAA 14 (Operational afternoon spacecraft-USA 137.620 MHz)

1234550 94089A 96344.78429589 .00000034 00000-0 43378-4 0 8565

2 23455 98.9662 289.8993 0010175 101.9207 258.3107 14.11630493100226
Meteor 2-21(0ff at last report)

1227820 93055A 96342.68375381 .00000065 00000-0 46182-4 0 5305
222782 82.5496 209.6343 0020842 211.3165 148.6746 13.83065345165117
Meteor 3-5 (Operational-Russia 137.850 MHz)

1216550 91056A 96342.13573429 00000051 00000-0 10000-3 0 9392
221655 82.5541 198.3118 0014058 94.3664 265.9064 13.16849891255438
Meteor 3-6 (Off at last report)

1229694 94003A 96341.55573472 .00000051 00000-0 10000-3 0 3056
222969 82.5575 138.8886 0014756 164.9436 195.2135 13.16740100137730
DMSP B5D2-7 (DoD meteorological polar orbiter: downlink encrypted)
1232330 94057A 96344.79516592 00000030 00000-0 39854-4 0 322
223233 98.8047 40.8102 0013297 44.6389 315.5853 14.12758424117627
DMSP B5D2-8 (DoD meteorological polar orbiter: downlink encrypted)
123533U 95015A 96344.65297716 -.00000008 00000-0 19401-4 0 7812
223533 98.8434 344.8928 0006667 283.8739 76.1685 14.12765159 88401

EARTH RESOURCES IMAGING SATELLITES

OKEAN 1-7 (Okean 4-Russia 137.400 MHz)

1233170 94066A 96345.18962370 .00000103 00000-0 12309-4 0 2046
223317 82.5428 257.1013 0024179 228.3717 131.5425 14.74060882116468
SICH-1 (Oceanographic satellite-Russia 137.400 MHz-off until March 97)
123657U 95046A 96342.22745032 00000199 00000-0 27114-4 0 1299
223657 82.5333 41.2882 0026601 205.4231 154.5668 14.73515356 68319
IRS-1C (Remote Sensing-india)

1237510 95072A 96343.24512494 - 00000044 00000-0 00000+00 1414
223751 98.7136 55.0381 0001040 88.5801 271.5497 14.21631139 49167
IRS-B3 (Remote Sensing-India)

1238270 96017A 96343.21652064 -.00000044 00000-0 00000+0 0 1008
223827 98.7798 57.3509 0001105 113.4773 246.6521 14.21595129 37212
TOMS-EP (Total Ozone Mapping Spectrometer-USA)

1239400 96037A 96343.79900611 .00001529 00000-0 70591-40 658
223940 97.4333 247.0811 0014692 89.6189 270.6732 15.21646466 24188
ADEQS (Advanced Earth Observation Satellite-Japan 2200, 8150, 8250, and 8350 MHz)
124277U 96046A 96343.97132003 -.00000044 00000-0 00000400 1199
224277 98.6170 58.3988 0001138 36.9838 323.1417 14.27645477 16225
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RECEPTION

1 MHz WEFAX / EMWIN

The Integrated Feed Antenna/
LNA/Down Converter is ready to
mount on our Model WPDA-3
Dish. A mounting ring is drilled to
accornmodate the 3 strut mount.
Unit is powered by a bias-T/
regulator which splits off the
137.5/137.1 MHz IF to a BNC
output connector while routing
regulated +15 VDC up the

coax cable.
v MODEL WWFD - 1691 - 137.5 $645.00 ~ MODEL WBTR-15V $ 75.00
Integrated feed — LNA - BPF-Down Converter; Weather VHF Bias-T with Internal 15 Volit Regulator and MS-
Tight Double 0-Ring Sealed Housing, Sub Assemblies - 3102A-10SL-4P Power Connector and Mate.
Machined Modules, Thick Film Hybrid Construction. ~ MODEL WLPS-16V $ 45.00
v MODEL WCA-100-N-BNC $35.00 Linear Powe : 0
i1 r Supply is UL and CSA A d, Rated 0.
gable A'ssembly - 100' RG-58 with Type N and BNC Amp at 16 VUIfS-pp 4 Barobet Rt
onneclors.
v MODEL WPDA-3 $175.00

Wilma ” 0 0 0.9M Parabolic Dish Antenna
5350 Kazuko Court, Moorpark, CA 93021 (805) 523-2390 FAX (805) 523-0065

Micro Orbiter 3.0

The premier personal computer based tracking program for Earth-orbiting satellites.

Track up to 20 satellites simultaneously (in real or simulated time) from a menu of up to 65,535 element sets.

Use the SGP, SGP4, or SGP8 USSPACECOM analytical propagators for near-Earth satellites, SDP4 or SDP8 for deep-space satellites.
Compute visible and line-of-sight pass tabular listings in seconds using the fastest closed-form solution available anywhere.

Track satellites on ten map projections: Mercator, Orthographic, Alber's Equal Area Conic, Littrow, Gnomonic, Oblique Aspect
Vertical Perspective, Aitoff, Lagrange, Armadillo, and Star Chart. The Star Chart projection includes outlines for all 88 constellations.
Display sensor footprints. Generate satellite separation graphs to predict satellite close encounters.

Display and print the complete osculating Keplerian and Cartesian state for any object, including geocentric and topodetic data.
Real-time data display includes azimuth, elevation, range, range rate, Doppler shift, latitude, longitude, orbit count, and more.
Celestial object data base features the Sun, Moon, and the 9000+ objects in the Bright Star Catalog.

Only $49.95
Micro Orbiter 3.0 has the features professionals expect in their tracking software, but in a package appealing to
both the novice and expert alike!

To order: send $49.95 U S. + 4.00 S&H to Orders may also be placed b callin System requirements;
Precision Software Solutions e Shop 4t BO08A6 4097 BM PC or compatible, 80386 DX
PO Box 975 (Pentium recommended), MS-DOS
League City, Texas 77574 Visit the Micro Orbiter home page at 5.0 (or Windows 3.1 or 95), VGA,
Visa/MasterCard orders 713-538-1694 http:// www.infocom.net/ ~pss 3.5" floppy
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180 Day Bar Chart for: USSB
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Starting in August, the dishes were advertised
for $199, counting the prepayment rebate.

Martin wrote that the largely ineffective
pricing promotion, launched against one
‘underfinanced’ high-power direct broadcast
competitor, EchoStar, will be difficult to dis-
continue.”

Another One Bites the Dust....

Day & Dateis dead. The daily hour-long
afternoon newsmagazine which was syndi-
cated by CBS-owned Eyemark Entertainment,
was scheduled to pull the plug on production
Dec. 3. Previously taped episodes of the show
will air through Jan. 3, 1997.

ABC has announced that it will cancel the
davtime soap The City on March 28 and re-
place it on June 2 with G/12, a new half-hour
daytime drama, billed as a spinoff of ABC's
General Hospital. The spinoff will “explore the
entire town of fictional Port Charles, focusing
on Port Charles University’s Medical School,
adjacent to General Hospital..where ideals
clash with reality, where passion and ambi-
tion conflict with dreams and where goalsare
continually being redefined in the face oflife-
and-death situations.” Where do they get this
stuft...

Bryant Gumbel, who leaves NBC’s Today
Showin January, has been spotted with execu-
tives of rival network ABC. Rumor has it, says
New York magazine that ABC has proposed an
“edgy” talk show on Thursday nights for
Gumbel. The talk show might be linked to
Diane Sawyer’s “flirtation” with CBS. If Saw-
yer left ABC, a source told the magazine,
“Bryant would be a good guy for PrimeTime.
He could even substitute for (Ted) Koppel.”
Gumbel’s agent, Ed Hookstratten, said his
client “does not and will not decide on any-
thing before the first of the year.”

Comedy Centraland VH 1 are outin many
cities and a new nature channel is in as TCI
rearranges its lineup for most subscribers.
TCI said it was making the changes to
strengthen its cable offerings. Also gone will
be superstations WGN and WWOR (much to
the chagrin of a lot of sports and movie fans).
The Travel Channel and E! Entertainment

Television will be eliminated in many areas.
TBSand the Discovery Channel will be acded
to the basicservice. Some cities will get the Sci-
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Fi Channel and others the History Channel
because of channel availability and customer
requests.

V-CHIP

Okay, okay, the TV programming writers
have actual gotten together to get their V-
Chiprating system put together (1 admititwas
sooner than I thought, butgive meabreak...are
youreally going tobuya new TV thatlocksout
programs when your current TV works just
fine?)

The New York Daily News reports that De-
cember 19 may mark the end to months of
speculation aboul a television ratings system
that would accompany the “V<chip.” On the
19th, the television industry will release de-
tails of its new system by which producersand
distributors will tabel shows based on their
content. The system is the result of “V-chip”
legislation, which urged the industry to de-
velop a system that would work with the “V-
chip” which must be installed in sets begin-
ning in 1998.

It successful, the “V-chip,” along with the
ratings system, will assist parents in determin-
ing which shows are most suitable for their
children’s viewing. That’s all well and good,
but what some people seem to be forgetting is
a key provision in the legislation: If the
industry’s “voluntary” system doesn’t satisty
the Federal Coinmunications Commission,
the agency is authorized to come up with one
of its own. Whether or not the system pre-
sented by the industry will be satisfactory
remains to be seen. Read between the lines
and you can see that | am notabig fan of more
government intervention and regulation.

As reported in this column earlier, the
industry's system is similar to that of the Mo-
tion Picture Association’s system, which la-
bels feature films. A recent report in the Los
Angeles Times said the new system will rate
shows as “G,” “PG” or “PG” with an added age
advisory. Shows with violent scenes and/or
intense, “adult” situations may be rated “PG-
17.” In addition, ratings snch as “PG-13” and
“PG-9” would be implemented for shows like
Law & Orderwhich deal in mature themes but
avoid violence, profanity, and nudity.

PROGRAMMING NOTES

The Los Angeles Timesreports that Quentin
Tarantino is in line to direct an episode of
Fox’s The X-Files that would air following the
Super Bowl broadcast in january; however,
his tack of Directors Guild of America mem-
bership could prevent him from doing so.
Sources say the Pulp Fiction director is cur-
rently negotiating with the DGA for a waiver
allowing him to direct The X-I'ilesepisode, and
both sides hope to resolve the matter.
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However, because the DGA granted
Tarantinoasimilar waiver last year todirectan
episode of e/—and assumed that he wouldjoin
the guild soon after—the DGA might be less
permissive this time. Tarantino declined com-
ment, but a spokeswoman said that he does
plan tojoin the DGA at some point andis “not
makinga political statement” by delaving mem-
bership. A DGA spokesman declined to com-
ment on the waiver, but said the guild looks
forward to Tarantino joining its ranks.

International Note

INTELSAT and ENTEL have launched a
new Ku-band satellite service which uses digi-
tal transmission technology to improve pic-
ture quality and signal strength to viewers in
Chile.

ENTEL is leasing 36 MHz of capacity on
the INTELSAT 706 satellite at 307° East longi-
tude. The network of the Catholic University
of Chile and the Megavision network are the
first Chilean broadcasters to use the service,
with the signal being uplinked from the
Longovilo earth station.

Chile is the first Latin American country to
use Ku-hand capacity for the distribution of
TV programming from the main TV studio to
distant transmitting sites (SMATV).

“Satellite transmission of broadcasting sig-
nals is uniquely adapted to Chile's geogra-
phy,” said Fernando Pavez, ENTEL Satellite
Project Manager.

“We are pleased 1o ofter this new high-
quality, digital service toour customers and we
anticipate that many other broadcasters and
private network users will take advantage of
this technology to further develop their busi-

»

ness.

Can I get an Amen....

In a recent column I noted a new gospel
music channeland admitted that I reallywasn’t
sure what the difference was in different kinds
of gospel music. I want to thank Satellite Times
reacler Mr. Paul Rawlings for enlightening me.

Mr. Rawlings wrote, “Gospel music has a
great diversity. Bluegrass and country gospel
music tend to focus on the instrumentation of
the songs rather than the vocals and stick with
familiar old songs. On the other hand issouth-
ern gospel music, notto be confused with what
is sometimes called “black” gospel music.
Southern gospel music focuses on the vocal
arrangements; the smooth vocal harmonies of
the male quartetstyle of the 30’s, 40’sand 50’s
is the backbone of this style of music.”

Your comments are always welcome. The
best way to getin touch with me is through the
Internet at: http://www.searcher.com/
STcomments.html Sy
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EQUIPMENT FOR 1691 MHz WEFAX / EMWIN

The Integrated Feed Antenna/
LNA/Down Converter is ready to
mount on our Model WPDA-3
Dish. A mounting ring is drilled to
accommodate the 3 strut mount.
Unit is powered by a bias-T/
regulator which splits off the
137.5/137.1 MHz IF to a BNC
output connector while routing
regulated +15 VDC up the

coax cable.

v MODEL WWFD - 1691 - 137.5 $645.00

Integrated feed — LNA — BPF-Down Converter; Weather
Tight Double D-Ring Sealed Housing, Sub Assemblies -
Machined Modules, Thick Film Hybrid Construction.

v MODEL WCA-100-N-BNC $35.00

Cable Assembly — 100’ RG-58 with Type N and BNC
Connectors.

v MODEL WBTR-15V $ 75.00
VHF Bias-T with Internal 15 Volt Regulator and MS-

3102A-10SL-4P Power Connector and Mate.
v MODEL WLPS-16V $ 45.00

Linear Power Supply is UL and CSA Approved, Rated 0.8
Amp at 16 Volts.

v MODEL WPDA-3 $175.00

W .I 0.9M Parabolic Dish Antenna
I ma”aa 5350 Kazuko Court, Moorpark, CA 93021 (805) 523-2390 FAX (805) 523-0065

Micro Orbiter 3.0

The premier personal computer based tracking program for Earth-orbiting satellites.

Track up to 20 satellites simultanecusly (in real or simulated time) from a menu of up to 65,535 element sets.

Use the SGP, SGP4, or SGP8 USSPACECOM analytical propagators for near-Earth satellites, SDP4 or SDP8 for deep-space satellites.
Compute visible and line-of-sight pass tabular listings in seconds using the fastest closed-form solution available anywhere.

Track satellites on ten map projections: Mercator, Orthographic, Alber's Equal Area Conic, Littrow, Gnomonic, Oblique Aspect
Vertical Perspective, Aitoff, Lagrange, Armadillo, and Star Chart. The Star Chart projection includes outlines for all 88 constellations.
Display sensor footprints. Generate satellite separation graphs to predict satellite close encounters.

Display and print the complete osculating Keplerian and Cartesian state for any object, including geocentric and topodetic data.
Real-time data display includes azimuth, elevation, range, range rate, Doppler shift, latitude, longitude, orbit count, and more.
Celestial object data base features tne Sun, Moon, and the 9000+ objects in the Bright Star Catalog.

Only $49.95
Micro Orbiter 3.0 has the features professionals expect in their tracking software, but in a package appealing to
both the novice and expert alike!

To order: send $49.95 U.S. + 4.00 S&I- ta
Precision Software Solutions
PO Box 975
League City, Texas 77574
Visa/MasterCard orders 713-538-1694

Orders may also be placed by calling
The Aviator Shop at 800

Visit the Micro Orbiter home page at
http:/ /www infocom.net/~pss

System requirements:

BM PC or compatible, 80386 DX
(Pentium recommended), MS-DOS
5.0 (or Windows 3.1 or 95), VGA,
3.5" floppy

-4097
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Satellite Launch Schedules By Keith Stein

Space Tramsportation System (STS-NASA) February 1997  LMLV-1 VAFB CLARK

Space Shuttles are launched from the Kennedy Space Center, Florida. February 1997  Delta It CCAS Thor-lIA

February 1997  Atlas CCAS TEMPO 2

Mission Launch Date/ Inclination  Mission Mission/Cargo March 1997 Delta VAFB Iridium #2

Number Qrhiter Altitude Duration Ba I March 1997 Pegasus XL VAFB SWAS

STS-81 January 1997 51.6/213 9+1 days S/MM-05 March 1997 Pegasus XL VAFB FORTE

Atlantis*
Delta Il Downlink Frequency Assignments:

STS-82 February 1997 28.5/313 10 days HST SM-02 S-band TLM 2244.500, 2241.500, and 2252.500 MHz

Discovery** C-band TRK 5765.000 MHz

ST5-83 March 1997  28.5/160 16 days MSL-01 GPS Il R1 Downlink Frequency Assignments:
Columbia*** L-band 1227.600 MHz
S-band 2227.500 MHz

*Crew Assignment: CDR:Michael A. Baker, PLT:Brent W. Jett, MS:John E

Blaha (D), MS:John M. Grunsfeld, MS:Marsha S lvins, MS:Jerry M Titan IV Downlink Frequency Assignments:

Linenger (U), MS:Peter J K Wisoff S-band TLM 2217.5, 2255.5, 2272.5, and 2287.5 MHz

**Crew Assignment: CDR:Kenneth D Bowersox, PLT:Scott J Horowitz, L-1011 A/C Downlink Frequency Assignments:

MS:Gregory J Harbaugh, MS:Steven A Hawley, MS:Mark C Lee, MS:Steven | L-band 1480.5 and 1727.5 MHz

L Smith, MS:Joseph R Tanner. S-band 2250.5 MHz

C-band 4583.5 and 5765.0 MHz

***Crew Assignment: CDR:Jim Halsell, PLT:Susan Still, MS: (PLC):Janice

Voss, MS:Mike Gernhardt, MS:Donald A Thomas, PS:Roger K Crouch, Pegasus XL Downlink Frequency Assignments:

PS:Gregory T Linteris. S-band TLM 2269.5 and 2288.5 MHz

C-band TRK 5765.0 MHz

STS Downlink Frequency Assignments:

VHF/UHF Voice 139.208 (Only while STS-81 is docking or Atlas Downlink Frequency Assignments:
undocking with MIR), 145.550 (amateur S-band TLM 2202.5, 2206.5, 2210.5, 2211.0, & 2215.5 MHz
radio), 145.840 (amateur radio), 243.000 C-band TRK 5765.0 MHz
(AM), 259.700 (AM), 279.000 (AM), and
296.800 (AM) MHz. SWAS Downlink Frequency Assignments:

UHF Boosters 240.0, and 242.0 MHz (recovery beacon data) S-band TLM 2215.0 MHz

S-band TLM 2217.500, 2250.000, and 2287.500 MHz.

C-band TRK 5400-5900.000 MHz

Mir Downlink Frequency Assignments: European Expendable Launch Vehicles

VHF Voice 143.625, 145.200, 145.550, 145.800 MHz

U.S. Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload
January 1997 Delta ll CCAS GPS Il R1
January 1997 Titan IV CCAS DOD
January 1997 Pegasus XL Spain MINISAT
January 1997 Atlas CCAS JCSAT-4
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Launch Launch Launch

Date Vehicle Site Payload
January 1997 Ariane 44P  Kourou INTELSAT 8-2
February 1997 Ariane 4 Kourou HOT BIRD-3
March 1997 Ariane 4 Kourou PAS-6

Ariane Downlink Frequency Assignments:
S-band 2203.0, 2206.0 and 2218.0 MHz
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Russian Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload

February 1997 Soyuz Baikonur Soyuz TM-25

Soyuz TM-25 Downlink Frequency Assignments:
VHF Voice 121.75 (WBFM)

VHF TLM 166.0 (WBFM)

L-band TLM 922.75 and 926.1 MHz

Japanese Expendable Launch Vehicles

Launch Launch Launch
Date Vehicle Site Payload
February 1997 M-V ?2?7?2297? MUSES-B/A/SOP

MUSES-B/VSOP
K-band

Downlink Frequency Assignments:
14.20 GHz

Brazil Expendable Launch Vehicles

Launch Launch Launch
Date Vehicle Site Payload
February 1997 VLS-1 Alcantara SCD 2A

List of Abbreviations and Acronyms

C-band 3700 to 6500 MHz.

CCAS Cape Canaveral Air Station, Fla.

CDR Commander.

CLARK This high resolution satellite will locate utility
pipelines & cables, and help town planners at
construction sites.

(D) Crew member coming down from MIR.

DOD Classified Department of Defense payload.

GHz Gigahertz

GPS I R1 U.S. Air Force global positioning satellite for military
and civilian navigation services.

HOT BIRD  Will provide direct TV programming to 45 cm dishes
across Europe.

HST SM-02  Hubble Space Telescope Servicing Mission-02 is to
replace science instruments or other orbital replace-
ment units (ORU’s).

INTELSAT  Satellite for the International Telecommunications

[ridium

JCSAT-4

L-band
MINISAT

MIR
MHz
MS
MSL-01

MUSES-B
PAS

PLC

PLT

PS
S-band
S/IMM-05

Soyuz TM

SWAS

TEMPO 2

TLM
TRK
(U)
UHF
VAFB
VHF
WBFM

Satellite Organization a non-profit group in Washing-
ton DC.

The Iridium system is a planned commercial
communications network comprised of 66 low earth
orbiting satellites. The system will use L-band to
provide global communications services through
portable handsets.

A communications satellite for Japan Satellite
Systems Inc., Tokyo and planned to enter geosyn-
chronous orbit.

1400 to 1800 MHz

Program under the Interministerial Commission for
Science & Technology (INTA). The spacecraft will
carry a Extreme Ultraviolet Radiation Detector and
Low Energy Gamma Ray Imager.

Current Russian orbiting Space Station.

Megahertz

Mission Specialist.

Microgravity Science Laboratory-01 is a payload
which remains attached to the Shuttle to perform
materials processing experiments in low-g.

A deep space mission managed by the Institute of
Space and Astronautical Science (ISAS) in Japan.
U.S. telecommunications satellite for Pan American
Satellite of Connecticut.

Payload Commander.

Pilot.

Payload Specialist

2000 to 2300 MHz

Shuttle MIR Mission-05 is a flight to the Russian
Space Station MIR, to support design and assembly
of the international space station.

Manned mission to carry replacement crew to the
Russian space station Mir.

Submillimeter Wave Astronomy Satellite will study
how molecular clouds collapse to form stars and
planetary systems.

A high power DTH satellite owned by Tempo, a
subsidiary of Tele-Communications Inc.

Telemetry

Tracking

Crew member going up to MIR.

Ultra High Frequency (390 to 493 MHz)
Vandenberg Air Force Base, Calif.

Very High Frequency (30 to 300 MHz)

Wide-band FM
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By Phillip Clark, Molniya Space Consultancy

How to Use the Satellite Launch Report

The “Satellite Launch Report”isacomplete list of satellite launches
which took place during September and October 1996. The format of
the listing is as follows:

First line: launch date and time (UTC), international designation of
the satellite, satellite name and satellite mass.

Second line: date and time (in decimals of a day, UTC) of the orbital
determination, orbital inclination, period, perigee and apogee. In
some cases where a satellite has manoeuvred, more than one set of
orbital data will be listed.

Thisdatais followed by a briefdescription 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 that no official
information has been published.

The Satellite Times “Satellite Launch Report” is extracted from
more detailed monthly listings, “Worldwide Satellite Launches”,
compiled by Phillip S. Clark and published by Molniya Space
Consultancy, 30 Sonia Gardens, Heston Middx TW5 OLZ United
Kingdom

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1996 Sep 4/0901 1996-051A Cosmos 2333 3,250 kg?
1996 Sep 4.51 71.01 deg 101.94 min 849 km 852 km

“Tselina-2" ELINT satellite manufactured by NPO Yuzhnoye: no details of appearance. Orbital
plane is 60 deg to the east of that of Cosmos 2322 (1995-058A), the previous launch in the
series. Launched from Tyuratam using a Zenit-2 vehicle.

1996 Sep 5/1248 1996-052A Cosmos 2334 825 kg?
1996 Sep 5.66 82.94 deg 104.80 min 970 km 1,000 km
1996 Sep 5/1248 1996-0528 UNAMSAT 2 17 kg
1996 Sep 5.66 82.93 deg 104.89 min 968 km 1,011 km

Cosmos 2334 is a “Parus” military navigation sateliite, launched into the same orbital plane as
Cosmos 2327 (1996-004A). UNAMSAT 2 is a science satellite, built by the Autonomous
University of Mexico (UNAM) and replaces the satellite lost on the maiden flight of the Start
launch vehicle (launched March 25, 1995). Satellite is to study micrometeors in orbit:
reportedly the Russians charged $112,000 for the launch. Launched from Plesetsk using a
Cosmos-3M vehicle.

1996 Sep 6/1737 1996-053A INMARSAT-3 2 1,144 kg
1996 Sep 6.59 2.49 deg 1,461.68 min 36,260 km 36,312 km
1996 Oct 13.11 2.70 deg 1,436.06 min 35,766 km 35,806 km

Second commercial launch of the Proton-K (4) launch vehicle, flown from Tyuratam.
Maritime communications satellite, to be operated by INMARSAT, London (UK). Compared
with INMARSAT-3 1 (1996-020A), the second satellites did not require and therefore did not
carry an apogee kick motor. Mass quoted is at launch: the dry mass of the satellite is 860.4
kg. Satellite was initially located over 28 deg E Sep 18, 1996, but approximately Sep 27, 1996,
the satellite was manoeuvred off-station and drifted further to the west, reaching 344-345 deg
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E in October. Proton third stage discarded in a 51.59 deg, 89.01 min, 218-234 orbit: fourth
stage (Block DM-1) not tracked by USSPACECOM through to mid-November 1996 but
probably in an orbit similar to the first one listed for the satellite.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Perigee Apogee
1996 Sep 8/2149 1996-054A GE1 2,764 kg
1996 Sep 8.56 25.02 deg 1,073.45 min 194 km 56,506 km
1996 Sep 30.95 0.01 deg 1,436.27 min 35,788 km 35,792 km

GE 1 is a telecommunications satellite, launched for GE American Communications Inc (GE
Americom) and is the maiden flight of the Lockheed-Martin A2100 satellite. Mass of the
satellite quoted is at launch and is taken from the GE 1 data sheet issued by Lockheed Martin
{quoting 6,094 pounds, but converted to “2,770 kg” which is actually

6,107 pounds): the ILS AC-123 Mission Overview indicates an initial mass of 2,784 kg
(quoted as 6,137 pounds). Mass on station is approximately 1,600 kg. Satellite located over
257 deg E. Launched by an Atlas-2A from the Eastern Test Range: second stage (Centaur) in
an orbit similar to the first one listed for the satellite.

1996 Sep 11/0000 1996-055A EchoStar 2 2,865 kg
1996 Sep 10.80 6.85 deg 640.60 min 150 km 36,326 km
1996 Oct 9.81 0.00 deg 1,436.13 min 35,781 km 35,794 km

EchoStar 2 is a direct broadcast satellite launched for the EchoStar Communications
Corporation, Mass quoted is that at launch: in geosynchronous orbit the mass is 1,710 kg at
the beginning of operations and the dry mass is 1,324 kg. Satellite located over 241 deg E.
Launched from Kourou using an Ariane-42P; Ariane-42P third stage (H-10-3) left in an orbit
similar to the first one listed for the satellite.

1996 Sep 12/0849 1996-056A Navstar 27 (USA 128) 1,881 kg
1996 Sep 12.72 35.06 deg 355.55 min 180 km 20,313 km
1996 Sep 30.41 54.72 deg 717.98 min 20,057 km 20,307 km

Navigation satellite, launched as part of the Global Positioning System (GPS) network. Mass
quoted is at faunch: the dry mass is 930 kg. Launched by a Delta-2 (7925) from the ETR:
Delta-2 second stage in a 35.54 deg, 95.45 min, 472-609 km orbit, third stage (PAM-D} in an
orbit similar to the first one quoted for the satellite.

1996 Sep 16/0855 1996-057A Atlantis (STS-79) 113,105 kg
1996 Sep 16.40 51,65 deg 89.01 min 158 km 293 km
1996 Sep 19.16 51.66 deg 92.19 min 376 km 388 km
1996 Sep 24.15 51.65 deg 92,16 min 373 km 388 km

Fourth Shuttle-Mir Mission (SMM-4) carried six astronauts: W F Readdy (commander), TW
Wilcutt (pilot), J Apt (mission specialist, MS-1 and EVA crewman EV-2 if required), T Akers
{MS-2), C E Walz (MS-3, EV-1) and J E Blaha (MS-4 prior to docking with Mir). Orbiter’s
payload bay carries a double SPACEHAB module (mass 7,056 kg), the docking system (mass
1,822 kg) and SAREX (Shuttle Amateur Radio Experiment, mass 12 kg): shuttle mass quoted
is that projected for landing.

Atlantis docked with the Docking Module attached to the Kristall moduie of the Mir Complex
Sep 19, 0313 UTC. The orbiter carried in excess of 2,100 kg of supplies to Mir, Blaha became
an official member of the Mir resident crew, taking the place of Shannon W Lucid (MS-4 after
undocking) who had been left aboard Mir during the STS-76 mission (1996-018A): he is due
to return to Earth aboard the STS-81 mission, currently planned for January 1997. Atlantis
undocked from Mir Sep 23, 2333 and landed at the Kennedy Space Center three days later at
1213. When she returned to Earth Lucid held the record for the longest flight by a non-
Russian (non-Soviet) and the longest flight by a woman, with a mission duration of 188 days
4 hours 0 minutes.

1996 Sep 26/1751 1996-058A Ekspress 2 2,500 kg
1996 Sep 26.72 0.22 deg 1,419.00 min 35,063 km 35,840 km
1996 Oct 8.30 0.19 deg 1,435.94 min 35,774 km 35,793 km



Second launch of new-generation Ekspress telecommunications sateflite. Some launch
announcements called this sateflite “Ekspress 12" which is the manufacturer's number for it:
the NPO PM numbering for a satellite series appears to start with "11” rather than “1.”
Satellite located over 80 deg E. Launched from Tyuratam using a four-stage Proton-K launch
vehicle - Proton-K (4): third stage discarded in a 51.63 deg, 88.28 min, 186-193 km orbit,
fourth stage (Block DM-2) in an orbit similar to the first one fisted for the satellite.

Launch Date/Time Int Des Satellite Mass
Epoch Incl Period Periges Apogee
1996 Sep 20/0720 1996-059A FSW-23 2,600 kg?
1996 Oct 20.41 63.04 km 89.64 min 171 km 342 km
Then: 1996-059A assigned to the FSW-2 3 equipment module 1,000 kg?
1996 Nov 4.15 63.04 km 89.54 min 171 km 332 km

Second generation Fanhui Shi Weixing (“Recoverable test Satellite”), launched for
photoreconnaissance, remote sensing and microgravity work: in-orbit manoeuvres were
compieted. The re-entry module returned to Earth Nov 4, 1996, landing in Sichuan Province.
The equipment module remained in orbit and retained the international designator 1996-059A.
Launched from Jiuguan using a CZ-2D vehicle.

1996 Oct 24/1137 1996-060A Molniya-3 48 1,750 kg?
1996 Oct 25.04 62.83 deg 735.87 min 612 km 40,632 km
1996 Oct 30.63 62.83 deg 718.27 min 610 km 39,768 km

Telecommunications satellite, co-planar with Molniya-3 36. Launched from Plesetsk using a
Molniya-M vehicle: Molniya-M third stage (Block i) left in a 62.81 deg, 92.36 min, 216-565 km
orbit, fourth stage (Block ML) in a 62.82 deg, 729.98 min, 607-40,348 km orbit.

Updates for Previous Launches

International Comment

Designation

1976-101A MARISAT 3 was manoeuvred off-station over 182 deg E during
Sep 25-27, 1996 and appears to have entered a retirement

orbit. Add the following retirement orbital data:

1996 Sep 27.0 13.09 deg 1,495.17 min 36,426 km 37,444 km
The Two-Line Orbital Elements isued via the Goddard Space

Flight Center actually list this orbit for MARISAT 2 (1996-053A/
8882), but the longitude of the satellite in the drift orbit

indicates that the data are for MARISAT 3 and erroneously
attributed to MARISAT 2.

The International Ultraviolet Explorer was finally shut down Sep
30, 1996 at 1842 UTC. The last set of orbital data to be issued
prior to the shutdown was as follows:

1996 Sep 29.40 3594 deg 1,437.04 min 29,992 km 41,618 km
Telstar 301 was manoeuvred off-station over 20 deg E approxi
mately Sep 30, 1996.

LEASAT 2 was manoeuvred off-station over 182 deg E approxi
matety 1996 Oct 1 and appears to have entered a retirement orbit.
Add the following orbital data:

1996 Oct 10.59 10.25 deg 1,477.55 min 36,464 km 36,724 km
LEASAT 3 was manoeuvred off-station over 255 deg E approxi
mately Sep 30, 1996, and appears to have entered a retirement
orbit. Add the following orbital data:

1996 Oct 7.52 11.57 deg 1,485.07 min 36,378 km 37,102 km
INTELSAT 512 was manoeuvred off-station over 338-339 deg E
approximately Sep 17, 1996.

TDF 1 had its longitude stabilised over 338-339 deg approximately
Sep 10, 1996. The satellite was then manoeuvred off-station Oct 4,
1996, and appears to have entered a retirement orbit. Add the
following orbital data:

1996 Oct 21.17 0.34 deg 1,451.63 min 36,082 km 36,098 km
INTELSAT 515 had its longitude stabilised over 338 deg E approxi
mately Sep 12, 1996.

The Galileo Jupiter orbiter spacecraft performed a fty-by of the
jovian satellite Ganymede, the minimum distance of 262 km being
reached Sep 6, 1996. Subsequently it performed a fly-by of the
jovian satellite Calfisto on Nov 4, 1996, the minimum distance of
1,104 km being reached Nov 4 at 13.34 UTC.
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1995-004E

1995-004H

1995-013A
1995-044A
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1996-024
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The last station-keeping manoeuvre to be performed by Raduga-
12 was during Jun 12-13, 1996, and by the end of September the
satellite had drifted from its operational longitude over 49 deg E to
53 deg E. It appears that the satellite has “died” on station.

Yuri 3B had its longitude stabilised over 110 deg E approximately
Sep 20, 1996. No orbital data were issued during Sep 15 and Sep
27 to allow the date of the manoeuvre to be estimated with any real
accuracy.

It was earlier reported that Cosmos 2172 had drifted off-station and
appeared to be dead. The satellite is still drifting without any sign of
orbital manoeuvres, and therefore is assumed to be indeed dead.
TURKSAT 1B was manoeuvred off-station over 41 deg E approxi
mately Sep 26-27, 1996 and was relocated over 31 deg E
approximately Oct 10.

The final Report for the ODERACS 1 and ODERACS 2 experiments
has now been published (JSC-27241) and this quotes a decay date
of Feb 7, 1996.

After deployment from Discovery during the STS-63 mission, no
orbital data were issued for ODERACS 2F and although the
catalogue number 23476 was initiaily reserved for the object, this
number was later re-assigned to 1983-075BC. The final Report for
the ODERACS 1 and ODERACS 2 experiments has now been
published (JSC-27241) and this confirms the deployment of an
uncatalogued dipole during the mission. No orbital data are given,
but a decay date of Feb 20, 1995 is quoted.

INTELSAT 705 had its longitude stabilised over 341-342 deg E
approximately Aug 7, 1996.

A great deal of contradictory orbital data has been issued for N-
STAR a, suggesting that it had been boosted off-station over 131
deg E at the end of May 1996. In October 1996 the orbital data
settied down to indicate that the sateflite was still located over 131-
132 deg E, and was never manoeuvred off-station.

Cosmos 2320 was de-orbited Sep 28, 1996: if it was

de-orbited close to a recovery opportunity (although these satellites
are not recovered) then de-orbit would have been 1996 Sep 28.5.
The recovery of this satellite means that there is no Russian
photoreconnaissance satellite currently in orbit.

Add a newly-catalogued piece of debris from the Cosmos 2326
launch. Orbit:

1996 Oct 3.05 65.02 deg 92.80 min 403 km 420 km

It has been suggested by the Kettering Group that this object might
be the separated KONUS-A experiment, in which case the mass will
be approximately 130 kg.

Palapa-C 1 had its orbital longitude re-stabilised over 150 deg E
approximately Sep 12, 1996.

Soyuz-TM 23 with Russian cosmonauts Onufriyenko and Usachov
and French spationaut Andre-Deshays (launched board Soyuz-TM
24) undocked from the Mir Complex Sep 2, 1996 at 0420 UTC and
landed 100 km south-west of Akmola at 07.41 40 seconds.

It has been reported that two calibration spheres have been
separated from MSX (1996-024A): the first on Aug 24, 1996, and
the second on Sep 12, 1996. Neither object has been catalogued by
USSPACECOM.

The following orbital data for USA 123 are derived from unofficial
visual observations:

1996 Sep 15.04 63.42 deg 107.44 min 1,056 km 1,161 km
USA 124 is reportedly the tethered satellite experiment, TIPS, The
following orbital data are derived from unofficial visual observa
tions:

1996 Sep 22.12 63.42 deg 105.59 min 1,018 km 1,026 km
PAM-STU decayed from orbit Oct 26, 1996.

INTELSAT 709 had its longitude stabilised over 309-310 deg E Jul
31, 1996.

TURKSAT 1C was manoeuvred off-station over 31 deg E approxi
mately Sep 14, 1996, and was relocated over 41-42 deg E
approximately Sep 26.

Progress-M 32 re-docked with the Mir Complex at the rear
longitudinal port on Kvant 1 (-X) Sep 3, 1996 at 0935 UTC.

Add the following orbital data for ITALSAT 2:

1996 Sep 13.43 0.08 deg 1,436.09 min 35,774 km 35,799 km
The satellite is located over 12-13 deg E.

ADEOS 1 has been renamed Midori (“Green”) now that it is in orbit.
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By Ken Reitz, KS4ZR

Getting Started in Weather
Scrtellites

n the dark days of civilization, before

theadventofcomputersandsatellites—

indeed, before The Weather Chan-
nel—there were those among our popula-
tion with a certain penchant for weather.
This curious throng had such a fascination
with for weather that they were compelled
to extraordinary lengths to know what was
happening in the atmosphere. This com-
pulsion led them to ferret out old weather
service and militarysurplusreception equip-
ment which were the size of home appli-
ancesand threw outalmostenough heatto
cook with. These hobbyists were receiving
weather charts sent by various news ser-
vices over radioteletype (RTTY) signals
which choked HF bands all over the world.

While there are still afair numberof HF
weather signals to be heard, the shift in
interest over the last thirty years has been
toward reception of polar orbiting and
geostationary weather satellites. Although
these satellites are from many countries
around the world, they have very nearly
standard transmission modes and may be
received by equipmentdesigned to receive
only one type. The even better news is that
you can cancel that trip to the government
auction, because today’s personal comput-
ers give excellent results. Combined with
off-the-shelf or home-brewed antennas,
down-converters, and programs, your pic-
tures could look as good as those from the
National Weather Service.

Now, as you might expect, weather sat-
ellite reception can be a little tricky and in
notimeatallyou could find yourself spend-
ing your retirement savings on what’s sup-
posed to be ahobby. So to getstarted you'll
need to do a little reading. There are two
books and one periodical which are most
useful and we’ll be taking a closerlook atall
three in this edition of the Beginner’s Col-
umn.
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Weather Satellite Handbook

The Weather Satellite Handbook by Dr.
Ralph Taggart, WBSDQT, now in its fifth
edition, is essential reading to understand
how weather satellites work, what it takes to
receive image transmissions; how to track
the polar orbiters; and advanced applica-
tions such as high-resolution and automatic
acquisition. Taggart is a long-time amateur
radio operator and a tireless experimenter.
That’s why the emphasis here is on doing-it-
yourself. There are a great number of dia-
grams and details on building receiving
antennas for both the polarorbitersand the
S-band geostationarysatellites. You can learn
how to make your own S-band feed horn.
There are also computer programs written
in BASIC (three and a half pages long!)
which canhelptracksatellites,and alengthy
list of equipment suppliers.

One of the values of this book is that
Taggart compares various receivers and an-
tennas thussaving the reader untold money
and time in duplicative searches. He also
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goes quite deeply in the technical side of
things, which may prove to be alittle daunt-
ing for some. Don’tlet this getyou down. If
you stick with it, you may find that things
you didn’t understand when you first be-
gan may start making sense.

Oddly enough, Taggart’s PhD is in pa-
leobotany and he is a full professor in the
Department of Botany and Plant Pathol-
ogy, as well as the Department of Geologi-
cal Sciences at Michigan State University.
Now, ordinarily this would seem off the
mark, but it explains the excellent “teach-
ing” style of writing and the textbook feel to
the work. If one were to have a class in
weathersatellite technology, this is the only
text you'd need. The Weather Satellite Hand-
book is published by the American Radio
Relay League, costs $20 plus shipping and
is available from the Grove catalog.

Viewing the Earth from Space

Viewing The Earth From Space is subtitled
“The Complete Guide to Public Domain
Radio-Based Imageryand Weather Services”
andiswritten by JamesR. Buchanan KSWPI.
This new book differs from the Weather
Satellite Handbook in that it includes a fair
amountofinformation onreceivingweather
satellite imagery via the HF bands. And,
since it takes considerably less money and
equipment to do so, it’s a good place to
start. It’s also clear that once the WEFAX
(weather facsimile) bug bites, itcould easily
turn into a terminal condition. And JeRB,
as Buchanan is known to his friends, ap-
pears to be as close to a terminal condition
as one gets. Outfitting his four wheel drive
off-road vehicle with numerous antennas
and racks of receiving equipment, he has
roamed the continentfor tens of thousands
of miles in what he calls mobile weather
reconnaissance missions.

If you’ve ever been seized by an idea—
1 mean a really great idea—and somehow
had the ability to follow it through to its
great conclusion, logical or illogical, you’ll
appreciate the wit and writing of James
Buchanan. His unbridled enthusiasm for
the pursuit of weather satellite pictures
leaks joyfully into his prose: “...As the mo-
ment of truth approached, I started the
tracking program. My excitementclimaxed
as I felt the roof-top mass of sixty pounds of
antenna and rotor spring to life, scanning
the horizon in search of desired prey.”
Whew! Everybody should be this excited
about their hobby!

Viewing the Earth from Space is a basic
book which assumes that the reader needs



the basics explained. In that way, this is a
very accessible book which is made even
easier to understand by the simple, uncom-
plicated language. The book is packed with
interesting photos taken directly from the
weather satellites or via HF broadcasts; dia-
grams lorsetting up various configurations
of cquipment; frequency lists of HF sta-
tionsand their broadcasts; chiuts depicting
expenses one mav expect to incur when
setting up various configurations (his all-
band all-mode mobile facility is tagged at
$26,000—Tless the l[ourwheeldrive vehicle).
JeRB also reviews existing publications in
the final chapter. Of Weather Satellite Iland-
book he says, “...No librarvis complete with-
out this publication.” And of Satellite Times:
“onlv US. magazine which takes WX-
SATsseriously.” Viewing the Earth From Space
is published by Woodhouse Communica-
tion and costs $24 plus $3 US priority mail
from the address listed below.

Weather Satellite Report

Weather Satellite Report (WSR). subtitled
“Devoted to Farth and atmospheric imag-
ery,” is an excellent quarterly publication
also cdited and published by James
Buchanan and his wife, Pain. JeRB’s liter-
ary thumb prints are all over this publica-
tion and the resultisanother easy read and
back-to-basics style which makes it user-
friendly to beginners and old hands alike.
WSR's 24 pages are packed with timely and
useful information regarding all aspects of
weather satellite imagerv.

Regular contributors include Satellite

Infrared image of Italy. (Courtesy of Dallas
Remote Imaging Group)

Times’and Dallas Remote hinaging
Group’s own Jeff Wallach. Also of
note is Doug Burke’s column of
HF-WEFAX. llere late breaking
newsabout frequenciesand stations
aregivenaswellasinterestingscreen
captures of images and charts. But
the best part is the page called “Im-
age Gallery” in which interesting
images captured from weather sat-
ellite watchers from around the
world are presented. Subscriptions
are $25 for one year (fourissues) or
$30 Canada and $32 for the rest of
the planet at the address below.

It should also be noted that
Woodhouse Communication hasa
product guide of speciulty VIIF an-
tennas and accessories for weather
satellite reception. Antennas in-
clude up 10 16 elements circularly
polarized or simple turnstile de-
signs. And, of course, vou won’twant to pass
up their offer 1o “...I.et Woodhouse build
your next mobile communication facility...”
Address listed below.

Bottom Line

Comparing these two boaks would not
be tair to either. Both are written by ama-
teur radio operators whose passion for
weather satellite reception has led them to
extremes few of us could manage. How-
ever, we are the happy recipients of their
hard work and dedication. I say, “Get ‘em
both!” I know, you’re saying, “What? I'in
going to spend $45 on this hobby and all
get are two books?” To which, |
say, “In the WEFAX hobbyyou’ll
spend that much on printer pa-
per alone by the time youw've
figured it out!” So, buy the
Weather Satellite Handhook for the
great construction projects, and
buy Viewing the Earth from Space
for its excellent guide 1o HF as
well as satellite weather recep-
tion.

For More Information

So, whataboutsatellite track-
img? Well, unless you like the
stab-in-the-dark method of
WXSAT scarching, you’il need a
tracking program. For those who
wauttodoiton thecheap,Irefer
vou to the May/June 1996 issue
of STand this column “Tracking
Those Elusive AMSATS
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Visual image of Italy. (Courtesy of Dal)as Remote
Imaging Group)

(Cheaply!)” For those whowant something
a lotinore sophisticated, and want to help
agood cause, try AMSATssatcllite tracking
program, Orbits I1, available from AMSAT,
850 Sligo Avenue Suite 600, Silver Spring,
MD 20910-1703, Phone 301-589-6062.

Finally, a good (well, let’sface it: cheap)
way to get involved in reception of weather
satellite imagery is by using one of the
cheap FAX demodulators, your shortwave
radio and the JVFAX program. For more
information on this program and method
of reception see John Catalano’s Compuuters
& Radio column in the January 1994 issue
of Monitoring Times (this column is a classic
and is recommended reading for anyone
with an Earthly sense of humor). While the
FAXCAP mentioned in the piece is no
longer made, the program is the same and
the demodulator is similar to other de-
modulators.

Also of interest is the article in the
August 1996 Monitoring Times by Brian
Webb, entiled /1" Fax on a Shoestring. This
piece tells how to build an HF demodulator
and is complete with schematics, parts list,
and block diagram. Asource for the JVFAX
prograin is also given. M T reprint articles
are available for $2 and a SASE from Grove
Enterprises. Now, see whatyou are missing?

The Weather Satellite I Handbaookis available
from Grove Enterprises, 7540 Highwayv 64
West, Brasstown, NC 28902 or call 800-438-
8155 (FAX) 704-837-2216.

Viewing the Earth from Spaceand subscrip-
tion to WSR are available from Woodhouse
Communication, P.O. Box 73, Plainwell,
M1 49080 or call 616-226-8873 (FAX) 616-
226-9073.  §f
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By Steve Dye, gpsyes@aol.com

The GPS Space Segment

his month we take a closer

assess the overall accuracy, integ-
look at the Global Posi- SN DATE rity, and reliability of the system.
tioning System (GPS) | 1 |22FEB.78 | pj, | gatellites were positioned
space segment, which consistsof | 2 |13-May-78 | in the same orbital planes as the
24 GPS satellites orbiting the 3 [060CT.78 BlockII, butataninclinationangle
Earth at an aliitude of 10,900 [~ 4" T409.Dec-78 of 63 degrees.
nautical milesand an inclination Each BlockIsatellite contained
angle of 55 degrees to the hori- 5 |09 FEB. 80 one Cesium and two Rubidium
zon. Twenty-onesatellitesprovide | 6 |26-Apr-80 atomic clocks. The design life of
the global service, with three sat- 7 | NONE the Block I satellites was five years,
ellites acting as spares. 8 (14 JUL. 83 | but the high quality of their con-
Each satellite has a 12 hour "9 13 JUN. 84 struction allowed the majority to
orbital period and follows whatis |- = - perform well beyond their life ex-
known as a non-geosynchronous 10 08 SEPT. 84 pectancy.
orbit. This means the GPS satel- 11 |09 OCT. 85 Table | shows the launch his-
lites, unlike most communication TABLE 1 tory of Block I Satellites. The first

satellites, move across the sky
rather than appearing to be stationary above
one point.

Let’s start by looking at the GPS satellite
types, their launch history and what equip-
ment they carry.

Each phase of development of GPS satel-
litesisreferred to as ablock. The designations
are as follows: Block I, Block II, Block IIA,
Block IIR, and Block IIF. So far, three blocks
have been deployed in space, with two more
planned for the future.

The initial concept validation phase satel-
lites are known as Block I; the last remaining
BlockIsatellite was disposed of in the summer
of 1995. Block II satellites are the initial pro-
duction-phase satellites—Block IIA satellites
being upgraded versions of the Block II. At
this time, the current GPS constellation con-
sists of 24 Block II/I1A satellites.

Replenishment satellites are designated
as Block IIR, and are currentlyin production,
with projected launch dates in the 1996 to
2004 time frame. Finally, “follow on” Block
IIF satellites will be launched post-2004, and
their advanced features are expected to pro-
vide a much better service to all users.

Block I satellites

Designated as Block I satellites, the first
eleven GPS satellites were launched between
1978 to 1985 at Vandenberg Air Force Base
(AFB), California. These initial conceptsatel-
lites (as the name suggests) were used to
validate theactual concept of GPSitselfand to
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column, entitled “SVN,” is an ab-
breviation for Space Vehicle Number, the

satellite designation. All the

above satellites are now non- TABLE 2

aGPSservice well into the next century. Block
IR satellites are designed for a life cycle of 7.8
years, and will contain three clocks: one ce-
sium and two rubidium. The satelliteswill also
feature selective availabilityand anti spoofing
capabilities. Table 2 shows the launch history
of the Block I1/11A satellites.

Block IIF satellites

As Block IIR satellites will ultimately near
the end of their design life cycle, more satel-
lites will be required to maintain GPS service
beyond the first decade of the 21st century.
Block IIF—referred to as sustainment satel-
lites—will take over at this juncture, continu-
ing to provide the GPS service to the global
community. The Block IIF sustainment satel-
lites will offer a much improved level of ser-
vice, meeting the more stringent demands for
applications of the future in both private and
commercial sectors. Such enhancements en-
visioned are :

* Improved timing

* Positioning
e Integrity

¢ Longer life span of 12.7 years
¢ Additional civilian access frequencies

The GPS satellite payload

The payload ofasatellite can be defined as
the total weight of the instruments, plus space-

craft systems for power gen-
erating, communications,

operational, and have been d Ision. Th .
replaced by the Block II satel- Block # |DATE cleI2)o) o3 NSO LTS LT
lites. Tl 1 (14 FEB.89 systems and subsystems to
M 2 [10 JUN. 89 be found on a GPS satellite
Block II satellites il 3 |[18AUG.89 | arc
. Il 4 |21 0CT.89 . .
The Block II satellites are M 5 11D e Attitude and velocity con-
-Dec-89
numbered 13 through21,and M 6 124 trol
an90 .
were the first full-scale opera- il 7 126 MAR 90 ® Mechanical structure.
tional satellites tobe deployed. * Navigation subsystem
These satellites were launched I 8 02 AUG. 90 ¢ Electrical Power (battery
between February 1989 and L 9_1010CT. 90 and solary
October 1990. Block I1A satel- ::2 :g gs .TL?LV:'IO ¢ Reaction and Thermal
lites (22 through 40), are the . Control
second series of operational IA 12 |23 FEB. 92 * Tracking, telemetry, and
satellites, which were launched A 13 |10-Apr-92 control
beginning in August 1993. A 14 |07 JUL.92
Each Block I1/11A satellite HA 15 |09 SEPT. 92 At?tuidts andt .
carries four atomic clocks— A 16 (22 NOV. 92 veloc contro
two Cesium and two Ru- A 17 |18-Dec-92 Atti be defined
bidium—andhasalifeexpect- [ [IA | 18 |03 FEB. 93 asthe‘(‘)‘g‘e‘:ft:sgn ofaes];:::e-
ancy O A 19 |30-Mar93 craft relative to its direction
lites also have the added capa- A 20 [13-May-93 ¢ ion. F GPS )
bility of such features as selec- A 21 (26 JUN. 93 o mou'on. o satel-
. 1 eqe X : lite, this ensures a correct
tive availability (SA) and anti- A 22 |30 AUG. 93 . h
g orbital path, and, more im-
spoofing (AS). A | 23 [26 OCT. 63 b, ensure
f e 0 portantly, ensures the an-
The Block IIR replenish " "
X a A 24 |10-MarH4 tennas are optimally posi-
ment satellites, numbers 41 A 25 28-M N
-Mar-96 tioned for correct coverage
through 62, are the opera- A 26 16 JUL. 96 f th h. Th itud
tional replenishmentsatellites . o d elear - 1he amu; g
developed by General Elec- A 27 |12 SEPT. 96 and velocity are C.OHUOI €
tric which will provide uswith |_>atellite ng longer in service.| byaseriesof spinningwheels
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whose momentum is used to react against the
spacecraft’s motion, creating precise control-
ling torques.

Mechanical structure

The mechanical structure of the satellite
is of critical importance; the extreme condi-
tions under which a satellite works during
launch demands that the satellite be of sound
construction, tosay the least. The mechanical
structure protects and houses the delicate
components and equipment that perform all
communication and navigation functions
from the harmful radiation and environment
of space. The satellite’s structure must be
assembled from high quality materials of an
equally high specification to assure reliable
operation. The basic structure of a GPS satel-
lite essentially consists of aluminum sheets
bonded to a honeycomb-like structure which
provides a solid, rigid construction.

Navigation subsystem

GPS calculates a receiver’s position by
measuring the time of arrival (TOA) of the
signal from each GPS satellite. These timing
signals are generated by four on-board atomic
clocks. Two of these clocks are rubidium, the
other two are cesium. These clocks work in a
redundancy configuration, meaning that at
any one time only one clock is providing the
timing, while the other three remain on
standby in the event the primary clock fails.

The navigation system also consists of the

navigation code generator, signal modulator,
and the power amplifiers that broadcast the
L1 and L2 navigation signals and the S-band
status signal received by the monitoring sta-
tions on the ground. Figure 1 illustrates the
various component blocksin a GPS satellite’s
navigation sub-system.

The L1 and L2 navigation signals are
transmitted using an array of helical wound
antennas that illuminate the Earth’s surface,
forming a 28 degree cone pattern. This an-
tenna configuration enables seamless, global
coverage of the GPS signal.

Electrical power (battery and
solar)

Two large solar arrays provide all electri-
cal power for the GPS satellite systems and
sub-systems. As the satellites orbit the Earth,
there will be instances when the satellite is
shadowed from the Sun. During these peri-
ods (approximately six months apart), power
is drawn from three nickel cadmium batter-
ies. The charge for each battery is maintained
by the solar panels as they receive solar en-
ergy.

The solar panels are critical to the success
of the launch; duringlaunch, theyare held in
place by a spring mechanism, which prevents
them from prematurely deploying to their
operational position. Upon reaching orbit
altitude, the mechanism is released to deploy
thesolar panels. The mechanismis notstrong
enough to support the weight of the panels

Inter-satellite

Communications
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'Generic GPS Satellite Navigation Payload "
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on earth, but in the weightless environment
of space, it provides sufficient strength.

Reaction and thermal control

The reaction controlling or steering of a
GPS satellite is controlled by hydrazine pro-
pellants. From time to time it will be necessary
to correct for orbit or ephermeris errors, and
this can be accomplished by using the propel-
lants to provide thrust to the satellite correct-
ing the position appropriately.

The thermal control of a GPS satellite is
essential, as it provides a constant operating
environment for the electrical and mechani-
cal components. The thermal control system
is comprised of a thermostatically controlled
system that opens and closes louvers, letting
heat either in or out of the satellite. The
louvers are closed or opened automatically by
a bi-metallic strip that expands or contracts,
appropriately controlling the louvers’ posi-
tion.

Additionally, heatersare placedin chosen
areas of the satellite to assist in maintaining a
constant temperature for such components
as the atomic clocks and code generators.

Tracking and control
telemetry.

This section enables the Earth-based
ground control to communicate with the
satellite so that clock and orbital correction
factors can be up-linked to the satellite, pro-
cessed, and verified by a confirmation sent
back to the ground station. Two-way messag-
ing takes place on two S-Band frequencies:

Uplink : 2.2275 GHz
Downlink : 1.78374 GHz

That wraps it up for this issue of Satellite
Times. if you have any questions or comments,
you can E-mail to me at gpsyes@aol.com. §f

SATELLITE ANTENNAS

for OSCAR, WEFAX, INMARSAT
and future PHASE 3-D

All antenna accessories including:
coax, connectors, power dividers,
phasing hamess, stacking frame

‘ and custom build.

Write or call for Catalog.

DIRECTIVE SYSTEMS

Box 282, RR1 Lebanon, ME 04027
tel.(207)658-7758, fax.(207)658-4337
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By Dr. T.S. Kelso
tkelso@grove.net

Tracking the Sun and Moon

rom time to time, I’ll get a question
asking for two-line element sets for the
moon (orthesun). Thiswould seem to
be a natural enough question. After all, the
moon is a satellite of the Earth and its orbit is
described by the same basic parameters as
those contained in the two-line element sets.

The rub here is that the two-line element
sets you find on the Celestial WWW are not
generic element sets—they are specific to
NORAD’s SGP4 orbital model. In order to
understand why this distinction is important,
I’d like to begin by briefly reviewing the basics
of orbital modeling and specifically address
the assumptions made in the SGP4 orbital
model. Once we’ve done that, it should be-
come clear why this model can’t be used for
tracking the moon. Then, we’ll move on to
cover some simple ways to track both the sun
and the moon and discuss an interesting new
application.

While we have covered some of this mate-
rial before, it is important to note it here to
place the larger question in perspective. First
and foremost, we must understand what a
model is to fully appreciate the general limi-
tations of any orbital model and the specific
limitations of the SGP4 orbital model. Ac-
cording to Shannon, “a model is a represen-
tation of an object, system, or idea in some
form other than that of the entity itself.”"

Models can come in many forms from
physical and scale models to mathematical
and computermodels. Regardless of the form,
models serve one of two purposes: they are
either descriptive (explain the system of inter-
est) or prescriptive (predict the behavior of the
system).? The orbital models we use for pre-
dicting the position of an Earthsatellite (natu-
ral or artificial) fall in the latter category.

The reason for using a model, as
Rosenblueth and Wiener note, is that no
substantial part of the universe is so simple
that it can be grasped and controlled without
abstraction. Abstraction consists in replacing
the part of the universe under consideration
by a model of similar but simpler structure.?

This statement is certainly true of orbital
mechanics. While the underlying principles
of gravitational attraction are pretty simple,
extending themn to objects other than point
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masses can become complicated pretty
quickly.

When developing a model, itis important
to do several things. First, you should under-
stand the goal of developing the model. For
the SGP4 orbital model, the goal was to track
large numbers of artificial satellites orbiting
the Earth on aroutine basis—the implication
here being that the tracking needed to be
computationally efficient to support daily op-
erations. Of course, the speed of computa-
tion would have to be traded off against the
accuracy (or fidelity) of the predictions, with
some minimum level of performance.

The second thing that needs to be done is
todefine the systemunder investigation. Shan-
non defines a system as “a group or set of
objects united by some form of regular inter-
action or interdependence,” which for our
case amounts to our satellites and anything
which influences their orbits.* The range of
influences would naturally include the gravi-
tational influence of the Earth, moon, sun,
and planets, as well as things like atmospheric
drag and solar pressure.

We must define the system as part of the
process of balancing the goals of computa-
tional speed against predictive accuracy. If we
could model everyinfluence on the motion of
a satellite, our accuracy would be very good,
butourcomputational speed would be low. If,
however, we rank these effects by the magni-
tude of their influence, we find that some
have no practical effect on the motion of a
near-Earth satellite. For example, the effect of
the Earth’s gravity is much greater than that
of Mars and, in fact, the gravitational pull of
Mars has no practical influence on the orbits
of these satellites. As such, there is no pointin
developing amodel (and increasing the com-
putational complexity) that includes such an
effect.

When the predecessor to SGP4 (SGP or
Simplified General Perturbation) was devel-
oped, most artificial satellites were in low-
Earth, circular orbits where the primary ef-
fects were the Earth’s gravity (including some
of the major perturbations due to its non-
spherical shape and non-uniform density)
and atmospheric drag. Things such as solar
and lunar gravitational effects and solar pres-
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sure had a negligible effect on these orbits. As
aresult, the model was developed incorporat-
ing only these effects. In addition, simplifica-
tions could be made since the mass of these
artificial satellites is much much less than the
mass of the Earth, and the effect of third
bodies could be ignored.

To eliminate the need to numerically in-
tegrate the position of each satellite (a par-
ticularly time consuming computational pro-
cess), an analytical model was developed that
allowed the position to be calculated directly
at the time of interest (for more information
on numerical integration versus analytical
models, see this column in the March/April
1995 issue of Satellite Times). This analytical
model required a series expansion in terms of
the orbit’s eccentricity—a term that is usually
small for the class of orbits being examined.

Both the reduction in the number of
effects influencing the orbit of the satellite
and the conversion from a numerical integra-
tor to an analytical model served to consider-
ably reduce the computational load of pre-
dicting the position of a given satellite. At the
same time, however, it also reduced the accu-
racy of these predictions and placed some
assumptions on the orbital characteristics be-
ing modeled to ensure the accuracy is main-
tained within reasonable limits.

These assumptions include the satellite
having a negligible mass compared to that of
the Earth, with no third-body gravitational
effects,and having anear-Earth orbit—where
the effects of the Earth’s gravity and atmo-
spheric drag dominate—with a small eccen-
tricity. With the exception of the low eccen-
tricity, neither the orbit of the moon or the
Earth around the sun (to calculate the posi-
tion of the sun) meet the remaining model-
ing assumptions. Since the orbital elements
in the two-line element sets are generated by
fitting observations to the SGP4 orbital model,
trying to fit elements to orbits which do not
satisfy our modelingassumptionswillresultin
predictions which are likely to have large
€errors.

As can be seen from this development,



therefore, there can be no two-line element
sets for the position of the moon or the sun
(actually, the Earth’s orbit around the sun).
Equally important, it can be seen that predic-
tions for orbits which have high values of
eccentricity will likely be less accurate than
those with small eccentricity.

Of course, as satellites began to be
launched into higherorbits, otherlimitations
in the SGP model’s assumptions became ap-
parent. In particular, above a certain altitude,
effects such as solar-lunar gravity, solar pres-
sure, and gravitational resonances with the
spin of the Earth dominate over that of atmo-
sphericdrag. Asaresult. SGP was modified to
become SGP4 (or really, SGP4 and SDI’4).
SGP4isvalid for near-fiarth orbits with periods
of 225 minutes (an altitude of roughly 5,000
ki) or less while SDI4 is valid for deep-space
orbits above that (well, at least out to geosyn-
chronous altitude).

As would be expected, several tradeotis
had to be made in developing the SDI'4
portion of the model. Of course, some addi-
tional effects are included in this new model
whileatmosphericdragiseliminated, increas-
ing the overall computational load. In addi-
tion, since the series expansion in eccentricity
modeled only the Earth’s gravitational effect,
some numerical integration was required 1o
handle some of these new effects. The result
is what is referred to as a semi-analytical
model—again increasing the computational
load. However, without these changes, the
accuracy of predictions for orbits above the
225-minute cutoff would be significantly re-
duced.

Down to Business

Just as a separate model is required to
handle deep-space orbits, separate models
are needed to predict the position of the sun
or the moon with reasonable accuracy. As-
tronomers have expended considerable ef-
fortin developing models to predict the posi-
tion of these bodies with extremelv high accu-
racy for use in calculating circumstances for
solar eclipses. In fact, at the beginning of this
century, EW. Brown spent twentyyears devel-
oping his theory of the motion of the moon—
ten vears to develop the equations and an-
other ten years to check them!

In the case of the sun’s motion, not only
must theory account for the Earth-moon or-
bit about the sun but also the rotation rate of
the Earth and the nutation and precession of
the Earth’s axis. The moon’s orbit is influ-
enced by the gravitational attraction of not
only the Earth and the sun but also of the
planets, together with interactions with the
Earth’s ocean tides. ligh accuracy predic-
tionsrequire equationswith hundreds of terms
to account for the various effects.

For more practical applications of pre-
dicting the position of the sun and the moon

for calculating satellite eclipse circumstances
or the rise and set times of these celestial
bodies, an excellent source is Jean Meeus'’s
Astronomical Algovithms. As the title suggests,
this book covers a wide range of algorithms
relating to astronomical circumstances—in-
cluding how to calculate the position of the
sun (chapters 24 and 25) and the moon
(chapter 45).

For the sun, Mecus’s algorithm—similar
to the one in my SGP4 Pascal library—pre-
dicts the sun’s position to 0.01 degrees (two
percent of the solar diaineter) by assuming a
purely elliptical motion for the Earth and
ignoring perturbations from the moon and
planets. Each calculation only requires evalu-
ation of cleven low-order polynomial equa-
tions with a dozen trigonometric evaluations.
As seen in this column in the September/
October 1996 issue of Satellite Times, this makes
it possible to calculate when Earth satellites
are visible to observers on the ground by
calculating the elevation of the sun and the
position of the Earth’s shadow.”

Meecus's algorithm for the calculation of
the position of the moon isconsiderablymore
complicated. The calculation is based on a
summation of sine and cosine terms which,
while significantly reduced from the hun-
dreds of terins necessary for high accuracy
computations, still requires ninety trigono-
metric evaluations. Using only these more
significant terms, however, the algorithin is
stillable to provide accuracy of approximately
10 arcseconds in geocentric longitude and 4
arcseconds in geocentric latitude.”

An Interesting New
Application

Back in August of this vear, I received an
e-mail inessage from Gary Eldridge wanting
1o know how to predict the position of the
moon. Seems Gary has become hooked on
watching satellites transit (cross the surface
of) the moon’s disk through his telescope.
After relating his initial experiences, I can see
why:

Got a GREAT silhouette view of Mir
last Saturday night and some other
unknown satellite afew weeks prior.
The detail was incredible while using
an 8inch reflector scope and 17mm
eyepiece.

Of course, the real problem here is figur-
ing out just when a satellite is going to transit
the moon (or the sun) so as to know when to
look. Up to now, he's been using something
of a brute force approach—running a large
catalog of objects against a star background
and examiningin detail those that come close
to the sun or moon.

I think this problem would make an inter-
esting project for an upcoming column(s)
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since it has several intriguing aspects. First, it
will be necessary to develop code to predict
the position of the moon (to go along with
that for the sun) which can be used with the
SGP4 orbital model. Then, it will be necessary
to define the circumstances of a successful
transit: (1) the sun or moon above the
observer's horizon, (2) for lunar transits, a
minimum phase for the moon and the sun
being a certain distance below the horizon,
and (3) the satellite crossing the iluminated
portion of the object’s surface.

The challenging part of this project will be
to come up with efficient ways to reduce the
number of cases examined. The intriguing
part is two-fold. First, since the satellite will
transit the sun or the moon’s disk, it is trivial
to know exactly where to point a telescope
(and track) to watch the transit and the back-
ground should be bright enough to make it
easy to photograph or videotape the event.
Second, it will be interesting to see just how
much detail can be discerned of the satellite
as it transits since, according to Gary, there
seems to be some disagreement:

| seem to have caused some
controversy among other
astronomers as to whether an
amateurtelescope canresolve such
detail on an orbital satellite. | would
not have thought so either until |
started seeing these things. Itseems
that when they cross in front of the
Moon, the silhouette image reveals
incredible detail. Solar panels and
other structures can easily be seen.

Ofcourse, observation and timing of these
transits will also serve to visually demonstrate
the overall accuracy of the orbital model, as
discussed in our last column on “Real-World
Benchmarking.”

I hope you will join me on this journey.
Not only will we be covering new ground, but
the development of an efficient tool to pre-
dict satellite transits is likely to spark a new
aspect of visual observing. And I, for one, am
looking forward to seeing your best photo-
graphs so we can share them with the world.

If you have any questions or comments
regarding this column, please feel free to
contact me at tkelso@grove.net. Until next
time, keep looking up!

' Robert E. Shannon, Systems Simulation: The
Artand Science (Englewood Cliffs, N J.: Prentice-
Hall, Inc., 1975), p. 4.

* Ibid., p. 7.

* Quoted in Thomas H. Nayloretal., Computer
Simulation Techniques (New York: John Wiley
& Sons, 1966), p. 9.

' Shannon, p. 15.

Jean Meeus, Astronomical Algorithms (Rich-
mond, Va.: Willmann-Bell, Inc., 1991), pp. 151-
153.
¢ ibid., pp. 307-313.
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By Phillip Chien

AMSAT OSCAR-13

ne of the most productive ama-

teur radio satellites has finally

reached the end of its operating
life—AMSAT OSCAR-13 (AO-13). On De-
cember 5, 1996 it dipped below an altitude
of 74 km, and burnt up on reentry into the
Earth’s atmosphere.

Before launch AO-13 was called Phase
3C (P3C)—three for the third major incre-
ment in amateur satellites. Phase 1 satel-
lites were simple, experimental, battery-
powered beacons; Phase 2 satellites had
active tranceiversand solar cells; and Phase
3satellites are more sophisticated satellites
launched into high altitude elliptical or-
bits. The Cin Phase 3C indicates the third
satellite in that series.

AMSAT’s Phase 3D project was started
in 1991, and the spacecraft is currently
under construction. Launch of Phase 3D is
anticipated in the first half of 1997.

All of the Phase 3 satellites have been
international projects, with amateur radio
operatorsfrom Germany, the United States,
and other countries participating in the
spacecraft’s design and construction.

The first Phase 3 satellite, Phase 3A was
lost due to the failure of its Ariane 102
launch vehicle (May 23, 1980).

Phase 3B was built as a replacement
satellite, and was successfully launched on
Ariane 106 on June 16, 1983. After it
achieved orbit it was renamed OSCAR (Or-
biting Satellite Carrying Amateur Radio)-
10 or AO-10. Its early days were more excit-
ing than anyroller coasterride. It turns out
that the third stage of the Ariane launch
vehicle accidentally hit AO-10, damaging
one of the antennas.

Improper motor firings resulted in only
oneshortengine firing, so the final planned
orbit was not achieved. Still, it was success-
fully put into operation and happily wel-
comed by the ham radio community. AO-
10has turned out to be an incredibly long-
lived satellite, surviving well beyond its
planned lifetime. As expected its batteries
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have failed, and its computer eventually
succumbed to the high radiation dosage.
But it continues to work as long as its solar
arrays generate enough electricity to power
its transponders.

As Phase 3B was being prepared for

launch the international AMSAT groups
started to think about Phase 3C, a more
sophisticated clone of Phase 3B.
The project was developed primarily by
U.S. and German hams, but many other
ham radio groups and individuals around
the world also participated.

Phase 3C was a roughly triangular-
shaped spacecraft 600 x 40 x 200 centime-
ters The center core of the spacecraft held
the two-compartment tank which was filled
with the monomethyl hydrazine and nitro-
gen tetroxide propellantsand the German-
built 400 Newton (90 pounds force) rocket
engine.

The computer was centered around an
RCA 1802—a 1970s era microcomputer.
While extremely underpowered by today’s
standards, it was adequate for the task and
capable of handling a fair amount of radia-
tion.

Each of the three arms held several
electronic boxes, including the battery
charge regulator, integrated housekeep-
ing unit, and radio frequency (RF) tran-
sponders. Both sides of each arm was cov-
ered with solar cells, for a total of six solar
panels. The ‘antenna farm’ consisted of
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omnidirectional 2-meter and 70-cm mono-
poles, three two-element beams for 2-
meters, three dipoles over reflectors for 70-
cm, a 5 turn 23-cm helix, and an 8 turn 13-
cm helix. The 2-meter and 70-cm direc-
tional antennas had phasing harnesses for
right hand circular polarization.

AO-13operated on the 2 meter, 70-cm,
23-cm, and 13-cm amateur radio bands.
AO-13's cross-band transponders were con-
figured for Mode B—70 cm lower sideband
(LSB) uplink and 2-meter upper sideband
(USB) downlink; Mode S—70 cm uplink
USB and 13 cm USB downlink; and Mode
L—uplink 23-<m LSB, downlink 70<m
USB). Linear transponders permitted many
users to operate simultaneously.

Phase 3C was launched on June 15,
1988, on Ariane 401, the first flight of the
Ariane 4 launch vehicle (V22). The launch
vehicle was flown in its 44LP configuration,
two solid and two liquid boosters. P3C’s
sister satelliteswere Panamsat 1and Meteosat
P2.

After Phase 3C successfully achieved
orbit it was renamed AMSAT-OSCAR 13,
since it was the thirteenth amateur satellite
to reach orbit.  Several firings of the
rocket engine were required to convert the
initial Ariane 4’s geosynchronous transfer
orbit of 223 x 36,077 kilometers with an
inclination of 10 degrees into OSCAR-13's
operational orbit of 2,500 x 36,000 kilome-
ters with an inclination of 57 degrees. The
spacecraft controllers were especially ner-
vous, since things didn’t operate properly
during the AO-10 engine burns. The burns
went well, and by mid-July AO-13 had
reached its operational orbit.

On July 22, 1988, OSCAR-13 was offi-
cially opened for ‘business’ at 15:00 UTC. It
had traveled around the Earth 80 times,
with plenty of spacecraft testing by the
ground control operators until that point.
The first ham to use the satellite was Dick
Jansson WD4FAB, who later became
AMSAT-NA's vice president of engineer-
ing.
AQ-13s elliptical orbit was designed to
permithamslong periods of uninterrupted
communicationsacrossverylarge distances.
Atapogee AO-13 viewed overa third of the
Earth’ssurface. The orbital parameterscom-
bined to result in very favorable operating
windows for most hams. Tri-continent nets
and conversations were quite feasible due
to AO-13's orbit.

What wasn’t suspected when AO-13was
launched was the inherent instability in its
orbit. At apogee the satellite is much closer
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to the moon, which tends to ‘pull’ AO-13
upward. Combined with the Sun's gravita-
tional force, and to a lesser degree the
Earth’s non-uniform shape and gravita-
tional influences from the other planets,an
orbitgradually changes over time. Unfortu-
nately, it turned out that AO-13's orbit was
inherently time-limited; within a decade its
perigee would decrease until it hit the
Earth’s surface, unless something else hap-
pened first. Of course something else did
happen—AQ-13 burned up in the Earth’s
atmosphere well before it reached the sur-
face.

Whileit’s possible to calculate with a fair
amount of accuracy what orbit a satellite
will end up in after several years, it’s impos-
sible to choose a final orbit and determine
from thatwhatorbit thesatellite hastobe in
at the start.

AO-13'slastdayswere calculated byJames
Miller G3RUH, one of the AO-13 ground
station operators. Several years earlier he
predicted that AO-13 would make its last
orbit around the Earth in the first week of
December 1996. What’s especially amazing
is the calculations were performed by a
program written in BASIC on an 8 bit
Acorn computer!

James Miller’s analysis indicated that
AO-13 would encounter intense heating
towards the end of its life. Every watt of
energy which was used by the launch ve-
hicle to put AC-137 into orbit would be
converted back into heat as AO-13scraped
the Earth’s upper atmosphere. It was obvi-
ous that the spacecraft’s electronics would
fail well before the spacecraft reentered;
the only question was when and for what
reason. His analysis is available on the
Internet in AMSAT’s archives at ftp://
ftp.amsat.org/amsat/satinfo/aol3/

decaykep.zip.

in orbit and operational
before AO-13's demise to
provide uninterrupted coverage for ama-
teurs, but delays to the Ariane 5 launch
vehicle prevented that from happening.

On November23,1996,at0306 UTCon
orbit 6478, Peter Guelzow DB20S reported
that the current on panel 3 went to zero,
indicating that either a solder joint melted
or something else caused the solar panel to
fail. In addition, telemetry indicated that
the temperature jumped toover 80 degrees
Celsius—much higher than the normal
operating temperatures. Even with a lost
array the transponders continued to oper-
ate and hams reported strong signals.

By this point it was quite clear that the
end was coming quickly. With each perigee
pass hams wondered—will this be the last
operational orbit?

On orbit 6480 as AQ-13 came over Gra-
ham Ratcliff VK5AGR’s horizon on Nov 23
2315 UTC, the telemetry indicated that
four more solar panels had failed, leaving
only solar panel 5 in operation. Graham
sent the command to shut off all of the
transponders to conserve power, finishing
AO-13'slong service to the ham radio com-
munity. At this point only the engineering
beacon was left on, transmitting spacecraft
telemetry, including the rising tempera-
ture detected by its sensors.

One orbit later at 5:38:16 UTC on No-
vember 24, Graham reported that the AQ-
13's engineering beacon ceased transmit-
tingand AO-13was officially declared dead.

AO-13remained in orbit as a dead hulk
for another 12 days before its reentry. Ac-
cording to James Miller’s best estimates
AO-13entered the Earth’satmosphere over
North America on December 5 at 0900
UTC.

USSPACECOM feels that reentry oc-
curred on the December 6 at 0157 UTC,
which would place its reentry over Africa. In
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either case during AO-13’s 3096 days in
space it had traveled over 1.05 billion kilo-
meters—almost the distance of the Sun to
Saturn.

Figure 1 is derived from ST staffer Dr.
TS Kelso's long-term archive of AO-13 two
line elements stored on his Grove Enter-
prises web page (http://www.grove.net/
~tkelso/).Itookall of the archival elements
for AO-13since its launch and used a set of
word processor string searches to edit it in
to a format which could be loaded in to a
spreadsheet. Simple physics formulas were
used to convert the information in the two
line element sets into real-world numbers.
There are a couple of glitches in the data,
due to the methods used by NORAD to
calculate orbitsfor long termsatellites. Note
how rapidly the apogee decreases after June
1996, and how the perigee moves down
towards the top of the Earth’s atmosphere.

Shortly before the end, hams around
the world were surprised by the following
announcement in AQ-13's telemetry bea-
con from ground station:

Stacey Mills W4SM - “M QST de AO-13
BIRTH ANNOUNCEMENT 1996 Nov 20
0240 EST

My child, P3D, began “thinking” today
when its IHU was activated. I'm glad I lived
long enough to learn of this wonderful
event. I wish P3D a long, functional life.
Do not grieve for me when I'm gone. I'm
only metal, plastic, & sand. My “life” came
from enriching the lives of those who built,
commanded & utilized me, and it’s been a
good “life”. Danke Karl, et al. No regrets.
The baton will soon be passed. AO-13 sign-
ing off....”

Farewell old, friend. Your amateur ra-
dio friends here on Earth will miss you. Sy
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By Steven J. Handler

WFMT Classics and Fine Arts
Get No Finer

ike buried treasure for the mind,

WFMT’s radio signal lies hidden,

piggybacked on WGN
Television’s signal carried on
Galaxy 5 channel 7. In stereo,
using the 6.30 and 6.48 MHz
audio subcarriers to deliver
their programming, this
unique fine arts radio station
showcases the cultural life of
Chicago and brings home to
Chicago the best of other cul-
tures from other corners of
the United States and the
world.

In 1051, more than 45years
ago, WFMT debuted its fine
arts format which continues to
this day. It brings listeners a
mix of music, drama, poetry,
and other unique program-
ming. Located in studios in
Chicago, lllinois, WFMT’sover
the air FM radiosignal on98.7
MHz reaches listenersin parts
of four states, Illinois, Wiscon-
sin, Michigan, and Indiana.
However, through the use of
satellite, its world class broad-
casts are able to grace the
homesoflisteners throughout
the United States and parts of
Mexico and Canada.

WFMT’s hallmark is live
concert presentations found
almostmowhere else. Live pro-
gramming includes weekly
chamber music concerts, pre-
sentations from the Chicago
Cultural Center, opening
night performances from the
world renowned Lyric Opera
of Chicago,andsimulcastswith
Chicago’s public television station WTTV
(Channel 11). In addition, an annualseries
of drama presentations is aired that show-
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cases the talent of Chicago area theater
companies. In addition to live perfor-

WFMT transmitters are atop the John Hancock Center in downtown
Chicago, shown here adjacent to WFMT street banner.

mances, WFMT has more than 65,000 re-

cordings, many of which they taped, in its

library and available to be assembled into
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daily programming.

WFMT was founded by Bernard and
Rita Jacobs in 1951 and is now an operating
division of Window To The World Commu-
nications, Inc, anot-for-profit organization.
The Jacobs operated the station until 1968
when, because of facobs’ long illness, they
sold it to WGN Continental Broadcasting
Company, the parent of Superstation WGN.
In 1969, Continental donated WFMT to
the Chicago Educational Television Asso-
ciation, the predecessor to WindowTo The
World Communications, Inc.

Each year over 15,000 listeners donate
$400or more tobecome members of WFMT’s
Fine Arts Circle. Although supported in
part by donations, WFMT is
not a public radio station. It
carries advertising. However,
unlike almost any other radio
station, all advertising copy is
read by WFMT’s announcers.
Rather than the rat-tat-tat pat-
ter of commercials and adver-
tisements found on other sta-
tions, WFMT’s soothing an-
nouncers glide the advertise-
ments across the airwaves to
landgentlyin thelisteners’ ears,
rather than assaulting their
minds.

With a budget of about five
milliondollarsayear, their staft
of 37 full time and eight part
time employees strives to air
the finest of fine arts program-
ming. Until 1995, WFMT oper-
ated from studios in Chicago’s
loop. To meet the superior
quality required, a custom de-
signed two-story high musicstu-
dio was built. Isolated from all
noise and vibration, it brought
concert hall acoustics to live
andrecorded broadcasts. Inad-
dition to shielding the studio
complex from the daily sounds
of the six million plus people
that call the Chicago area their
home, the studio was specially
shielded to minimize electrical
interference. With almost an
all out war mentality, their en-
gineers used a fiber optic sys-
tem to carry data within the
studiocomplex to preventcom-
puter generated noise from pol-
luting the audio signals.

In 1995, WFMT moved from its loop
location to its newly constructed facility on



Neotek Mixing Console

the near north campus of its sister station,
WTTW-TV, the Chicago area public TV
station, which is also owned by Window To
The World, Inc. The ceiling in its current
music performance studio is over 18 feet
high to eapture concert hall quality. Only
the best components were used in the stu-
dio, lest a technical deficiency mar the
quality of WFMT'’s broadcasts.

Technology Pioneer

Chicago may be known as the Second
City, but WFMT has been the home to
many technology firsts. In June of 1982,
they conducted the North American broad-
cast premier of the CD (compact disc).
Sony, a world leader in audio products,
brought this technology to WFMT because
of its audio excellence. This first was fol-
lowed by WFMT'’s broadcasts premiering
the DAT (digital audio tape cassette) and
more recently, the SONY mini-disc
reordable CD.

Alongthe way WFMT has experimented
with ways to improve the audio quality
enjoyed by listeners. It was one of the first
stations to broadcast quadraphonic sound,
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although this format is no longer used.
They experimented with technology by
broadcasting Chicago’s internationally fa-
mous Lyric Opera’s opening nights live in
four-channel sound, although it’s now
broadcast in stereo.

Bill of Fare
WFMT records live performances for

their Chicago Theaters On The
Air series. In 1996 they
brought listeners great plays
including This Town, The Mis-
anthrope, The Manchurian Can-
didate, and Escape from Para-
dise. These performances in-
cluded such renowned stars
such as Stacy Keach, Paul
Winfield, Matha Lavey, Gates
McFadden and Ed Begley, Jr.
The 1997 season, consisting
of ten performances by Chi-
cago drama companies, be-
gins taping in January for
broadcast beginning in April.
Weeklylivesoloand cham-
ber music concerts emanate
from WFMT’s performance
studio on Monday nights at 9
p-m. Eastern Standard Time
(EST). 1997 will bring a spe-
cial series of concerts begin-
ning January 27th, celebrat-
ing the 200th anniversary of
the birth of Franz Schubert.
For those interested in exer-
cising their gray matter, Chicago native and
famed author Studs Terkel’s program can
be heard weeknights at 11:30 p.m. EST.
WFMT doesn’t limit its live perfor-
mances to Chicago. Opera of the Week, which
airs at 1:30 p.m. EST each Saturday, in-
cludes live performances from the Metro-
politan Opera in New York. In addition to
cultural programming, on-air radio-thon
events raise more than $500,000 a year for
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Chicago SymphonyOrchestraand $250,000
for the Lyric Opera of Chicago.

For the History Books

Recognizing that their fine arts pro-
grammingneeds to be accompanied by the
genteelvoices of refined announcers, many
have backgroundsin musicand theater. To
say that their announcers are dedicated to
fine arts is an understatement. One
announcer’s personal record collection
exceeds the 60,000 LPs, CDs, and other
recordings in the station’s large sound re-
cording vault.

Mike Nichols, of the comedy team May
and Nichols and late of television fame, was
an early WFMT announcer. Joining the
staff in 1953, he started the Midnight Special
program. The Midnight Specialis an eclectic
blend of folk music, comedy and show
tunes. It currentlyairs on Saturdays from 10
p-m. to 1 a.m EST. Another little known
historical note involves the famous song
City of New Orleans. The late Steve Goodman
is reported to have written the song while
traveling on a train from New Orleans to
Chicago. After arriving in Chicago, he pro-
ceeded to WFMT’s studio and performed
City of New Orleans for the first time, live on
the Midnight Special program.

WFMT also established the Beethoven
Satellite Network. Since 1986 this classical
music format station has been distributed
by satellite to radio stations around the
country. It currently is broadcast to radio
stations nationwide using digitallyencoded
signals on Galaxy 4 satellite, channel 3, with
a SCPC audio of 72.0. On New Year’s Day,
1997, the old 11 hour a day programming
format changed to around the clock broad-
casting.

WFMT goes far beyond other merely
classical stations to bring the listener the
highest quality programming whose rendi-
tion is extremely faithful to the original.
Restassured, if WFMT broadcast the sounds
of a thunderstorm, you would need a rain-
coat to listen to the symphony of droplets
and drumbeats of thunder. As Jon
Kavanaugh, spokesman for WFMT, said in
a recent interview, WFMT and its radio
network are “More than a commercial ra-
diostation—WFMT and the radio networks
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operate as a fine arts insti-
tution.” Don’tjust take my
word for it: tune in to
WFMT, one of the great
things you’ll find On The
Aur.

More Treasure of Satellite
Mantra!

Not satisfied with any of the satellite TV
guides that I reviewed in my column a year
ago? Check out the Superstar Entertainment
Guide which covers C-band programming.

A sample issue of this monthly graced
my mailbox. Measuring about 8-3/8 inches
wide by 10-3/4 inches in length, it con-
tained over 330 pages. The eighteen full
color pages included articles about satellite
television and programming. The balance
of the issue was printed on a paper similar
to newsprint. Program listings were dis-
played in a grid format. Separate time bars
(Atantic, Eastern, Central, Mountain and
Pacific) were displayed at the top of each
page and were divided into half hour time
blocks. Following down the page, the pro-
grams were listed by categories including
the premium channels, music, religion,
sports, basic/varietychannels, superstations,
Denver 5, PBS, PT East, PT West, Pay per
view, and adult. Within each category the
channels were listed alphabetically.

Other sections of the magazine include
a three page wild feeds list, an alphabetic
listing of movies with a brief description of
the movie, a sports section with listings

arranged chronologically for each sport,
and a “specials” section. For each sport
listed, a calendar was provided listing the
specific sporting events, and including the
satellite and transponder.

The “movie” section listed movies al-
phabetically, and included a movie rating,
brief description about the movie, the stars’
names, the movie length in minutes, and
the day of the month, time, satellite and
transponder on which the movie aired.

The color center section included a
“directory” page with a channel lineup. It
listed by category those stations covered by
the guide. A two page satellite chart listed
the C-bandsatellitesin a grid, showing their
transpondersand the user broadcasting on

B S I Around the Clock

Beethoven Satefiite Network Americas 24-hour classical music service

each. The chartwas color coded toindicate
adult, networks/superstations, pay perview,
premium, Spanish, sports, religious and
variety stations. It also indicated whether
the channel was available by subscription
only. Information about each satellite in-
cluded the name, whether the satellite uses
normal or reverse polarity, and the exact
position in the satellite arc.

For more information contact Super-
star at (800) 225-5772. Sy
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SUPPORT THE AMATEUR SATELLITE
PROGRAM

ger the NEW INOVA for Windows® or DOS

o AMISAT

The Windows version features:

Over 100 maps covering the Earth, individual continents, the
sky, and Nova’s innovative RADAR display

Real-time tracking of an unlimited number of satellites
User configurable views, each separate from the others

Fast, accurate tracking of Earth-orbiting satellites, The Moon,
the Sun and other celestial objects including the planets

Free upgrades

Requires 386 or better with math coprocessor
& 10 MB of hard disk space

Windows 1s a registered trademark of Microsoft

AMSAT Members $50 Non-members $60

Visa & MC accepted

QF-137 Quadrifilar

The Ultimate Polar Wefax Anfenna

\)/

Join the
Wefax elite!

Remove the weak link in
your APT reception system
with the Quorum QF-137.

Eliminate the signal nulls
and fades common to other
APT antennas.

Call for more informatiom
concerning the QF-137
and Quorums’ full line of
high performance

Weather Fax products.
Available from the AMSAT office:

850 Sligo Ave. Suite 600

[ ] o
Siver Spring, MD 20910 Quorum Communications

(800) 982-9614 (US & CA) or (214) 915-0256
Email info@qcom.com http://www.qeom.eam

Phone: 301-589-6062 FAX 301-608-3410

g g S

NES ROV OVER THER

RADIO'S BESTSELLING MAGAL

Every month Short Wave Magazine prus
has essential information on -CR;. Snesas "ENEY AVAILABLE FROM
scanning, decoding, maritime b= TI'(IJESF%LLOWRI?G
beacons, propagation, satellites, =, R E
broadcasting, and much more. 3 GILFER ASSOCIATES INC
. a 5 = | 52 Park Avenue, Park Ridge
In fact it has all the information a N] 07656 ’ ’
short wave listener could possibly Free Toll: 800 Gilfer - 1
TUCKER ELECTRONICS
1801 Reserve Street, Gasland,
¢ Wii;él-eTs . features on new products, TX 75042
YA T mm, antennas, packet radio, HF band, Free Toll: 800 559 7388
x..b... - vintage radio construction and ELECTRONICS
other topics as well. | EQUIPMENT BANK
Practical Wireless is the monthly gfg:‘l&‘ﬁ:s‘\”{;ﬁ&}){m
£l magazine no radio amateur should Tel: 703 938 8105
be without. SUBSCRIBE

. ARENOW AVALABLE OVER HERE NOW:

Buy both of Britain’s best selling radio magazines in the US from Grove Fnterprises, Inc.
PW-$45, SW-$45. Together-$80. Call to order: 1-800-438-8155; FAX 704-837-2216.
Visit our Internet site as www.grove.net.
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NTERNATIONAL

By George Wood
wood@srs.sr.se

Murdoch’s Adventures

SkyB, in no hurry to get

involved in digital broad-

casting when it already
dominates the analog market, has
swapped digital ransponders with
its new friend, Germany’s Kirch
Group. The dealinvolves Sky hand-
ing over its four remaining (and
unused) digital transponders on
Astra 1F and IFin return for an
unspecified number of transpon-
ders on the new Astra satellite that
will be launched to 28.2 degrees
East. The /Fand [Ftransponders
will now be used to boost the out-
put of the German DF1 package in
which Kirch and Sky are partners.
DF1 was launched in July using
seven transponders.

Sky will use its new transpon-
ders at 28 degrees East to increase
the channel count for its own digi-
talservice, due tolaunch soemtime
during 1997 with 200 to 300 chan-
nels. Sky had already booked half
the transponders on the satellite.
But there’s some doubt as to what
will happen when the package is
launched.

Writing in a magazine called
What Satellite TV, noted British me-
diaobserver Barry Fox hasobserved
that, since Sky and Astra both say
the analog services will continue
for the forseeable future, it will be very
ditficultto get the millions of current BSkyB

The Astra 1E Satellite 3
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viewers to buy newreceivers. Virtually all of
them have fixed dishes aimed at Astra’s 19
degrees East, and it perhaps may be even to
get them to move theirantennas to the new
position at 28 degrees.

The German alternative to DFI has
fallenapart. On September 19, Bertelsmann
and its L.uxembourg-based partner CLT
announced they had abandoned plans for
a digital pay-TV service. That was followed
by the announcement that Deutsche
Telekom is leaving MMBG, the group of
broadcasters and companies once created
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to distribute digital TV in Germany.

But a few days later Bertelsmann said
that the German cartel authorities view any
involvement by Rupert Murdoch in the
German pay-TV broadcaster Premiere criti-
cally. Murdoch’s BSkyB has been promised
a 25 percent stake in Premiere as part of
Murdoch’s alliance with German media
mogul Leo Kirch. According to
Bertelsmann board member Thomas
Middlehoff, BSkyB’s involvement with
Kirch’s DF1 is thus thrown into question.

Sometimes the moves and counter-
moves in the German media mar-
ket seem to be based on Dallas, or
perhaps Alice in Wonderland. Stay
tuned.

BBC World Service radio has
closed its satellite downlinks on
Hot Bird and Eutelsat 1I-F1, which
share 13 degrees East,on both the
EBN and BBC World transpon-
ders. This is to provide bandwidth
foranewdigital controlsystem for
BBC relay stations and
rebroadcasters. The BBC radio
Astra relays continue.

The BBC is not abandoning
13 degrees East, however. BBC
World has extended its contract
on Eutelsat II-F1until 1999. The 24
hour TV news channel has also
concluded a 12 year agreement
until 2011 for carriage on Hot Bird
5,whichisscheduled toreplace II-
F1 in 1999.

The owner of the Weather
Channel, Landmark, hasacquired
50 percent of Pelmorex, which
owns the rival Weather Network.
The deal will lead to the Weather
Channel becoming Britain’s (and
presumably Europe’s) sole TV
weather channel from this spring
onwards, as the Weather Network
will be closing. The Weather Net-
work has been cable only in Brit-
ain, while the Weather Channel has been
part of the Sky Multichannels package,
operating for a few hours every morning.
sharing Astra transponder 60 with Sky
Movies Gold.

Sister channel Travel TV ceases its ana-
log broadcasts on Intelsat 601 on January 1,
1997. They are being replaced with the
clear MPEG-2 digital transmissions that
began on Astra transponder 71 on Novem-
ber 1. The German children’s channel
Kindernet has also stopped analog trans-
missions on Intelsat 601 in favor of digital



FIRST IN BUSINESS WORLDWIDE
transmissions on Astra transponder 71.

Luxembourg-based CL.T, now part of
Bertelsmann, started a new satellite chan-
nel to Poland, called RTL 7, on December
7. CL.T failed to win a Polish broadcasting
licence two years ago.

Programming is being prepared bya 50
member team in Warsaw, sent to Luxem-
bourg, and then beamed back to the 13.5
million Poles with access to cable and satel-
lite TV. The station says it will abide by
Polish bans on cigirette and alcohol adver-
tising.

One of Europe’s most exotic satellite
channels, Thaiwave from Thailand, is back
on Eutelsat [I-F'3 on 11.163 GHz. Mean-
while, there’s been a very strange screen on
Eutelsat II-F4at 7 degrees East, which carries
programming for the European Broadcast
Union. They use a system called sound-in-
svnc, which resultsina fuzzy picture with no
sound for ordinary viewers.

There are devices on the market which
can restore the picture, but not the sound.
At any rate, just before the American elec-
tion,while tuningin to 11.428 GHzon I1F3,
I discovered the output of a BASYS news
computer system on the screen. BASYS is
one of the most popular newsroom sys-
tems, used by CNN, the BBC, and hundreds
ofotherradioand television stationsaround
the world. The screen on FEutelsat 1I-F4is a
bit too fuzzy to work out what it is, but the
language seems 10 be English. On one
occasion, the BASYSscreen wasreplaced hy
an *EBU Moscow” screen. ltwould be inter-
esting to know who is putting their BASYS
systemn on satellite.

Here are new channels on the Russian
GALS 1/2 (36 degrees East) (all SECAM):

11.766  NTV+ Sport

11.835 NTV+ Music

11.919  NTV+ Mir Kino (World of Cinema)
12.166  NTV+ Nashe Kino (Our Cinema)
Scandinavia

As I write, it’s unclear whether Nethold
managed to launch Scandinavia’s first digi-
tal television package by Christmas.

The start, scheduled for the fall, has
been delayed severat times. This despite all-
out production of the necessary digital re-

ceiversat Nokia'sfactoryin Motala, in south-
ern Sweden.

The service will initially include 19 TV
channels and 40 CD-quality themed radio
channels from DMX. The TV channels
include:

Nethold’sown Filmnet, SuperSport, and
Hallmark Entertainment, along with Dis-
covery, the Children’s Channel, Bloomberg
Information Television, NBC, CNBC, EBN,
Country Music Television, the Weather
Channel, the Travel Channel, Performance,
and Sweden’s Kanal 5 and Noirway's TV
Norge.

Later on, interactive home shopping,
Internet access, movies-on-demand, and
impulse pay-per-view will be added.

The TV channels have been available
for several months on Nethold’s digital
transponders 73,77,93,and 97 on the Astra
satellites, and Nethold launched a similar
package to the Benelux countries this past
sumimer.

The situation has been complicated by
a German company that has been import-
ing digital receivers into Swe-
den. These are intended for the
German market,and,according
to Nokia, after a short period
they will no longer decode the
Nethold signals.

TV1000 also made a mess of
itslaunch toFinland in October.
Its two film channels TV1000
and TV1000 Cinema broadcast
uncoded during the launch
weekend, and the centerpiece
of the entire advertising cam-
paign for subscribers, both in Finland and
Sweden, was the broadcast of the film Pulp
Fiction. Unfortunately, something hap-
pened during the uplink, and the screen
went blank in the middle of the movie for
an entire hour. Rather than stop the film
and start it again when the trouble was
fixed, TV1000 just kept rolling—a move
that did not win it many friends. The
uncoded broadcasts continued for several
more days than initiallyannounced, appar-
ently in an attempt to mollify outraged
viewers.

While TV1000’s owner Kinnevik has no
immediate plans for digital broadcasting, it
hasgotten involved in the digitaldomain in
a different way. Kinnevik’s general enter-
tainment channel TV3 Sweden is now al-
lowing viewers to surf the Worldwide Web
for free, using teletext. This is the Euro-
pean system of providing hundredsof screen
pages of information transmitted in the
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blank spaces at the top and bottom of TV
screens. Teletext typically provides program
guides; news, weather, business, and sports
news; classified ads; and sometimes even
extensive railroad schedules. (The BBC'’s
teletext carries arrivals information from
London’s Heathrow Airport.)

TV3viewers can punch up teletext page
801, and then dial a Stockholm telephone
number. From then on they can use their
telephone touch buttons to net surf. The
system uses the Lynx text-only browser, as
teletext offers only clunky images, so there
aren’t any graphics, but it does work, and
it’s free, at least except for the phone call.

Because TV3 is carried in D2-MAC on
the Siriussatellite at 5 degrees East, anyone
who can receive that satellite can actually
watch other people netsurfing. On cable
you need a teletext- equipped TV to view
the pages, but D2-MAC includes built-in
teletext, which works evenif you don’t have
a subscription card to view the channel.
The Web-surfersare allocated teletext pages
between 780 and 799; thus if you check out
some of those pages you can
often find people using the sys-
tem.

The only really major media
news in Europe recently has
been Kinnevik’s new relay of a
number of channels from
Viacom from the Nordic satel-
lite positions. On Sirius, at 5 de-
greesEast,VH-1isnowon 11.785
GHz, and Nickelodeon is shar-
ing 11.862 GHz with Kinnevik’s
youth channel Z-TV.

According to What Satellite TV, the Ger-
man version of Nickelodeon, currently on
Astra transponder 49, will move to the cur-
rent Swedish Nickelodeon Astra transpon-
der 27 soon.

MTV is supposed to be joining
Kinnevik’s offerings next year, but the sta-
tion has already taken over the former
Norwegian TV Plus transponder on 11.679
GHz on Intelsat 707, which shares 1 degree
West with TV-Sat and Thor.

The Sci-Fi Channel hadastrange launch.

The Intelsat 707 Satellite
Spacecratft in Orbit

Coverage Contour

\’,3@%? o
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Originally Sci-Fi was reported to be coming
to the TV-Satsatellite at 1 degree West.

Instead it started on the aging Tele-X at
the other Nordic position at5 degrees East,
on 12.600 GHz. But within a couple of
weeks, Sci-Fistarted on TV-Sattoo, on 12.054
GHz. According to Kinnevik’s distribution
subsidiary Viasat, the move is because of
Tele-X's weaker signal. Sci-Fi has been in the
clear, but according to Viasat encoding in
Eurocrypt starts on January 1, 1997.

Sci-Fi will not be included in the CTV
package on Thor (CNN, Discovery, TCC,
Eurosport Nordic,and MTV), instead it will
be included in its own package with Nickel-
odeon and VH-1. Viasat has plans to in-
clude more channels in this new package,
but rather than renting new transponders,
they will use the Murdoch method of shar-
ing existing transponders.

Ironically, because teletext is already
included in D2-MAC, Kinnevik was initally
unable to provide the well-known Domin-
ion teletext pages for the Sci-Fi Channel.
Kinnevik's subsidiary MTGand uplink part-
ner Swedish Teracom lacked the equip-
ment to convert teletext to the MAC for-
mat. Teletext hasbeen graduallyintroduced
on Sci-Fi, VH-1, and Nickelodeon.

There was also confusion over the ap-
pearance of the BBC's subscription enter-
tainment channel BBC Prime at 5 degrees
West. It was initially reported that it would
take MTV’s old transponder on Thor at
12.092 GHz. But instead Filmnet 1 moved
to that transponder in mid-November, leav-
ing Intelsat 707 at the same position. BBC
Prime took over Filmnet 1's Intelsat 707
transponder on 11.133 GHz, as part of the
CTV package.

Because Filmnet, like TV1000, shows
hardcore pornographylate atnight—some-
thing that is completely banned in Britain
in all forms, even video—there has been a
major market for pirate Filmnet
decoder cards. While Intelsat 707
can be seen in Britain, Thor can-
not, and one reason for the move
must have been to make it harder
for people outside Scandinavia
watch the channel.

However, Filmnet is still avail-
able across Western Europe on
Astra, where Nethold also has its
new digital package. Nethold's
subsidiary Multichoice has denied
reports that it will soon leave ana-
log transponder 11 on Astra to make room
for Britain’s new Channel 5. According to
UlfPersson, head of Filmnet Television AB,
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transmissions will continue as previously,
and if the Filmnet | transponder is to be
closed, thiswillbe announced well ahead of
time.

Chief Executive David Elstein says Chan-
nel 5 is likely to launch in late March 1997,
three months later than planned. Elstein,
who came to Channel 5 from British Sky
Broadcasting, says he hopes the channel
will be on satellite and cable from the start,
and that its inclusion will strengthen Sky’s
satellite offerings.

More Murdoch

Outside of the Fox Network in the U.S.
and British Sky Broadcasting in Europe,
Rupert Murdoch is involved in satellite
ventures to every continent. Here are some
news tidbits from Planet Rupert.

The Saudi Arabian owned Middle East-
ern satellite broadcaster Orbit has signed
an agreement with Murdoch’s Asian satel-
lite broadcaster Star-TV, for a package of
services to be carried on Orbit's digital
radio and TV network.
The deal came five
months after the Saudi
firm cancelled a con-
tract for the BBC's Ara-
bic news channel, after
the BBC broadcast a
program which
criticised Saudi Arabia’s
human rights record.
(Orbit and Murdoch seem to be on the
same wavelength—Murdoch dropped BBC
World from Star after similar protests from
the Chinese authorities.)

According to an Orbit spokeswoman,
Star Movies, Star Sports, Sky News, CNBC,
NBC, and a Filipino movie channel called
Viva Cinema will be joining Orbit.

An English-language satellite channel
from Star-TV will air Hindi programs to
India at prime-time. A key part
of Star Plus’s new line-up will be
news bulletins in Hindi and En-
glish focused on India. Gene
Swinstead, Star TV’s managing
director for India, says the
Indianization of Star Plus is part
of astrategy bythe channelacross
Asia to offermore local program-
ming.

Murdoch’s New Zealand
newsgroup, Independent News-
papers, announced in October it was in
talks to buy a substantial shareholding in
the country’s largest pay-TV operator, Sky
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The Turksat 1C Spacecraft

The PanAmSat 3 Satellite

Network TV. Despite the name, Sky Net-
work TV has had no connection with
Murdoch’s European operator, British Sky
Broadcasting. Thatapparentlyis changing.

October 30 saw the inaugural launch of
the Sky Entertainment Services satellite di-
rect-to-home service to Brazil, jointly owned
by Organizacoes Globo, Murdoch’s News
Corp, and TCI. Sky will offer 40 channels,
expanding to 140 later in 1997. Sky has
made an initial purchase of 100,000 digital
MPEG-2 DVB receivers from Pace, which
will cost around USD 925 each, with an
average monthlysubscription fee ofaround
USD 37. Initially the service uses four tran-
sponderson the PAS-3satellite (nowowned
by rival Hughes/
DirecTV). In the
longer term, the
new PAS-6 satellite
is to devote 12
transponders for
the Brazilian sub-
scribers. (Unless
Hughes puts a stop
toit.)

Plans continue to launch Murdoch’s
new direct-to-home satellite ventures, Ja-
pan Sky Broadcasting and American Sky
Broadcasting.

On the other hand, Israeli tax officials
raided a hi-tech firm owned by Rupert
Murdoch on October 20, confiscating files
and computer data to gather evidenceina
$150 million tax evasion case. Israeli Radio
says 70 tax agents raided a factory in Haifa
and offices in Jerusalem. The station re-
ported that the Murdoch company News
Datacom Research Ltd (NDR) had devel-
oped sophisticated technology what was
created locally and
smuggled abroad with-
outreportingthe trans-
actions to the tax au-
thorities. NDR has de- [
veloped encryptionsys- [
tems for Murdoch’s
pay-TV satellite net-
works. The company
issued a statement re-
jecting the charges as




being “without merit.” A spokeswoman for
the Income Tax Authority has denied re-
portsthe authorityhaspetitioned the Jerusa-
lem District Court to detain Murdoch if he
enters Israel.

Middle East

Turksat 1C re-
placed Turksat 1B at
42 degrees Easton 26
September, with a
new channel line up,
and withnewfrequen-
cies for all channels.

The European
beam is reported to
be weaker than IB
(which was pretty
weak in Northern Eu-
rope, home of many Turkish immigrants),
but it has several more channels nowwhich
only were on the Turkish beam before.

Here is the new TV channel line-up for
Turksat 1C:

European Beam
10.965V ATV

11.008V Cine 5 (encrypted in Nagravision)
11.048V Show TV
11.091V  Samanyolu TV
11.142V Kanal 7
11.185V Euro D

11.475V TRT1

11.500V TRT 2/TRT Gap
11.568V TRT 3

11.600V TRT 4

Turkish Beam
10.975H HBB
11.025H Kanal D
11.075H Kanal 6
11.126H Cine5
11.175H Show TV
11.468H Kanal 7
11.556H TRT 1
11.592H TRT 2/TV Gap
11.680H TRT Avrasya

Turksat 1Bis moving to 31 degrees East
and probably be used for telephony and
digital transmissions.

Several channels have started on Arabsat
2A at 26 degrees East. All are available in
PAL, except Saudi TV.

3.720R
3.741L
3.802

3.823L
3.843R
3.864L
3.905L

Sharjah TV

LBC Sat promos
Nile TV International
Bahrain TV

CNN Intemational
Future TV test card
Sudan TV

3.925R Saudi Channel 1 The Arabsat lIA month for the service, which
3.946  CFl-Canal France Spacecraft will be known as Astro. It in-
IEnternatiqnaI/MCM Coyeoians cludes Malay, Chinese, and
uromusique i
3.993R Saudi Channel 2 Tamil program language
4058L EDTV-Emirates Dubai TV channels. Hong Kong’s TVB
4167  KTS (Kuwait) is supplying programs for the
4.180L Yemen TV Chinese channel, and India’s
4410 OmanTV state-run Doordarshan will
12.521 Al Jazeera (Qatar)

provide programming in In-

12.578V SRT (Syria)
12.620V Abu Dhabi TV
12.720H ART 4 Movies

Qatar’s first satellite channel
wenton the airon November 1. Al

dian-languages.
International channels
include CNN, NBC, CNBC,
Asian Business News, Star
Sports, Star Movies, Star Plus,

Jazeera (the Arabic word for “is-
land”) will transmit for almost six
hours a day. It is being operated by the
private Qatar Satellite Channel Corpora-
tion, and features political, economic, and
sports events, as well as talk shows and
entertainment. Itisbroadcasting on Eutelsat
IIF3 11.080 GHz and Arabsat 2A 12.521
GHz.

Arabsathasa WWW home page athttp:/
/www.arab.net/arabsat/

Arabsat has awarded a contractworth at
least $90 million for its third second-gen-
eration satellite to France’s Aerospatiale.
Thessatellite, which maybe called Broadcast-
ing Satellite System 1 (or BSSI), may be
launched in 1998 or early 1999.

Welknme 10 ARABSAT o the Web

e L
Asia/Pacific

Russia’s Express 6 has started transmit-
ting at 80 degrees East. Strong signals have
been monitored around the Arabian
peninsuala on 3.725, 3.830, 4.025, 4.075,
and 4.128 GHz.

The TV Shopping Network has started
on Indonesia’s Palapa C2 on 3.880 GHz.

Malaysia launched a digital satellite ser-
vice on September 25, including 22 TV
channels and eight radio channels, using
the Measat-1 satellite. Subscribers will need
60 cm dishes and will pay around $32 a
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ESPN, HBO, MGM Gold,
Disney, Cartoon Network,and
the Discovery Channel. Initially the service
will only be available in Malaysia, but there
are plans to expand into India, Indonesia,
Taiwan, the Philippines, and eastern Aus-
tralia.

Last, but not least, just a note that the
World Radio Network hasappointed Simon
Spanswick as Director of Corporate Affairs.
Like virtually everyone else at WRN Simon
comes from the BBC (in this case the World
Service),and has been host of the Waveguide
program as well as the long-serving Assis-
tantSecretary General of the European DX
Council, the organization bringing together
clubs for shortwave listeners in Europe. So
he brings with him broadcast experience as
both broadcaster and listener. Best of luck!

Thanks to Richard Karlsson, James
Robinson, SATCO DX Chart Update, Curt
Swinehart, and Tele-satellit news for their
many contributions. All frequencies in this
column are in GHz and all times in UTC.

Sr

Q) Satellite Pro-.Earth satellite track-
ing software for high accuracy ephemeris & for
optical & radio tracking (uses USAF SGP4/SDP4
propagation models). Flies up to 200 satellites
simultaneously, manage database of up to 20,000
satellites; edit, add or delete. Comes with nearly
6,000 NORAD satellite orbital element sets ready
to use. Displays Earth
ground tracks on world
maps (orthographic or
equal area) or zoomed
in closeups. Sky maps
of satellite paths with
stars, planets, Sun,
Moon. Space view of

i 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, Fax 412-422-9930

E-mail: mail@zephyrs.com

Zephyr Services, 1900 Murray Ave. Dept. S,
Pittsburgh PA 15217. Our 15th year. Free Catalog.
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By Doug Jessop

Scrtellite Home Viewing Act:
The FCC Response

n a recent issue, Satellite Times editor

Larry Van Horn made comment about

the Satellite Home Viewing Act. Based
on the amountofatten-
tion that the subject has
been receiving in DBS
circles, I thought you
mightbe interestedina
letter thatSaul Shapiro,
Assistant Bureau Chief
for Technology Policy, Mass Media Bureau,
Federal Communications Commission, posted
inarecent broadcasting related group discus-
sion...

“On the topic of network programming on
satellites, or more specifically local program-
ming on Hughes’ DSS or other direct-to-
home (DTH) satellite video services:

The rules of retransmission are governed
by the Satellite Home Viewing Act which was
enacted by Congressto protectthelocal broad-
cast licensee’s revenue stream byinsuring that
all viewers served by the local signal would
only receive the network programming (and
resultant advertising dollars) from the local
over-the-air signal provider and to keep view-
ers watching the local affiliate as opposed to
the distant one for non-network program-
ming.

In the cable context, network-
nonduplication rules ensure that local view-
ers receive national broadcast network pro-
gramming via the local affiliate, although
cable operators may carry, with appropriate
retransmission consent, more than one affili-
ate of a broadcast network. Cable viewers thus
may have side-by-side access to the non-net-
work programming of more than one affiliate
of the same network. These regulatory struc-
tures are designed to protect, supposedly, the
values engendered by “localism,” and cer-
tainly serve to protect the revenue streams of
local licensees.

DTH satellite services have whatis called a
“compulsory license” which allows them to
retransmit, to households unserved by a lo-
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cally based signal affiliated with a network, (or
an unaffiliated, non-network signal, such as
superstations WTBS and WGN), without get-
ting copyright
clearance from
the content pro-
ducers. That is,
the copyright
holders are re-
quired (that’s the
compulsory part) to license their program-
ming so that it might reach unserved house-
holds.

Satellite carriers pay a per-subscriber roy-
alty to the U.S. Copyright Office, which dis-
tributes the pool directly to copyright hold-
ers.

Cable systems have a different compul-
sory license that permits them to retransmit
television broadcast signals, subject to a dif-
ferentroyalty schedule. Cable systems also are
subject to the “must carry” and retransmis-
sion consent provisions of the Communica-
tionsActand to network nonduplication rules.
Satellite carriers are generally subject to the
statutory retransmission consent provisions,
too, but there are exceptions for network
stations and for non-network stations that
were retransmitted by satellite as of May 1,
1991.

So when you sign up for DirecTV,
PrimeStar, USSB, Echostar, AskyB, whatever,
the only way they can legally supply you with
a network feed is if you live in an unserved
area (called “white areas,” I guess because all
yougetiswhitestaticonyourscreen). Hughes’s
DirecTV has a deal with some network affili-
ates (they are not the Denver based affiliates
or O&O) to provide their feed to unserved
households for a small fee, to make up in part
for the lack of their ability to supply a local
signal.

The SHVA requires satellite carriers to
furnish broadcast licensees with subscriber
lists. The networks and stations may chal-
lenge the “unserved household” status of any
subscriber. In response, the satellite carrier
must either terminate service within 60 days
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or do a signal strength test at the subscriber’s
home.”

New Satellite Service for
Apartments

According to a report in the Wall Street
Journal, Tele-Communications Inc. recently
announced plans to invest $40 million in a
jointventure with hotel-industry telecommu-
nications concern LodgeNet Entertainment
Corp. to provide direct-broadcast and inter-
active television services to apartment build-
ings. TCI Satellite Entertainment Inc., which
was reportedly spun off to shareholders of
TCI recently, will pay $5.4 million and then
provide LodgeNet with $34.6 million in digi-
talsatellite equipment in exchange for 37%
of LodgeNet’s ResNet Communications Inc.
unit.

ResNet was created by the company this
year to expand its hotel-based technology to
apartment complexes. TCI Satellite president
and Chief Executive Officer Gary Howard
said the venture will help to target the six
million apartments in buildings of 200 units
or more in the US. According to LodgeNet,
apartment complexes offer a market more
than three times as large as the hotel room
market.

Tele-Communications Inc.’s plan to offer
stateside satellite television service using Ca-
nadian satellites was rejected by the Federal

Communications Commission in November.
Digout the lastissue of this column and you’ll
remember that the powers that be in the land
up Northare not exactly thrilled with the idea
of U.S. broadcast influence into their coun-
try. In reaction to
the FCC’s deci-
sion, TCI an-
nounced that it TC l
would launch its
own satellite, an
option which will deliver less than half of the
200 channels the company originally envi-
sioned. In the “no kidding” department, the
FCC ruled that it can’t grant a license to TCI
and its partners without approval from the
Canadian government, whichitdoesn’t have.
TeleCommunications Inc., the nation’s
largest cable operator, announced that it is
cutting 2,500jobs, or 6.5% of its work force. In
addition, it will freeze or reduce salaries for
up to 100 senior managers, including Chair-
man John Malone. In an effort to cut costs
TCI will also review expenses in its 1997 bud-
getthataren’t directly related toserving its 14
million cable TV customers.
According to analysts, TCI is making a serious
effort to boost its cash flow in order to assure
investors that the company can retain its cus-
tomers—even in the face of subscriber rate



increases.

“All this is indicative of serious problems
at the company,” said Hal Vogel, of Cowen &
Co. in New York. LaRae Marsik, a TCI spokes-
woman, said employees were notified in early
December that they would be fired and re-
ceive a severance package. The moves are
expected to save about $75 million in annual
overhead costs for the company. The com-
party posted aloss of $120 million on revenue
of $5.1 billion in 1995.

The Discovery Channel and the British
Broadcasting Corporation have announceda

jOil] inveslmen ( Of
(]

$500 million to
CHANNEL

make programs
and launch new
channels in the
United Statesand
elsewhere. Ac-
cording to the
slulemcnt,purentl)iscoveryC()mmunicalions
Inc. and BBC Worldwide Ltd., the commer-
cial arm of the BBC, will create hundreds of
hours of new programs.

Discovery wiil finance the venture with
access to the vast program library of the BBC.
Sure, the Canadian government doesn’t want
to have anything to do with U.S. program-
ming, but the “old country” across the pond
sees us as a lucrative market. (Sarcasm alert).

Two new cable sports channels hit televi-
slon screens since our last issue, joining the
already-crowded field of competitors in the
sports channel biz. ESPNews rolled its service
outto 1.5 million subscribers initially and Fox
Sports Net to more than 20 million. In addi-
tion, by the time you read this Time Warner
Inc., which owns Cable News Network and
Sports Hllustrated magazine, will launch CNN/
SI (are swimsuit competitions coming to TV
near you?). ESPNews and CNN/SI are both
obviously going after young male demos.
The big question is if people will really be
willing to pay for another in a plethora of
sports offerings already available.

As reported in an earlier column, Fox
inaugurated a new live 24-hour news channel
called....drum roll please....the Fox News
Channel (FNC). The new news channel has
found a home a1 DirecTV. "The Fox News
Channel’s diverse mix of breaking news,
sports, entertainment and business news is a
welcome addition to our programming
lineup,” said Stephanie Campbell, vice presi-
dent of Programming for DirecTV. "We be-
lieve our existing and future subscribers will
enjoy and ben-

efitfromFNC’s

original pro- - LNAT[ONAL
gramming and I'\ I{GEOGRAPHIC
its 24-hour ser- SOCIETY
vice.” D 1990 NATIONAL GECGRAPHIC SOCIETY

NBCund National Geographic Television
have formed a joint venture to launch Na-
tional Geographic channels throughout the
world in 1997. The channels will carry docu-
mentary, drama, and children’s shows, using
National Geographic’s library of nature pro-
gramming as well as shows that will be ac-
quired. NBC's US network and its European
channelalready carry programming produced
by National Geographic. To start, the venture
willlaunch cable-and satellite-delivered chan-
nels in Latin America, Europe and Asia, in
cooperation with local partners it each terri-
tory.
The Wall Street Journalreports that Viacom
Inc. will take another step to secure an outlet
for its Paramount television studios, by exer-
cising its option to buy half of United Para-
mount Network from BCH Communications
Inc,, a subsidiary of Chris-Craft Industries
Inc., for $160

million. The o
purchase comes
as the network
has begun to -

show signs of

competing with the major broadcast networks.
Paramount launched the network in 1995
with three nights a week of programming.
Nine of the 11 TV stations owned by Viacomn’s
Paramount Television Group are UPN atffili-
ates and the company recently began 10 re-
shape its station group to include more UPN
affiliate stations.

News Corp and Time Warner's
Latest Tiff

Bigboybravado continues between Rupert
Murdoch’s News Corp. and Time Warner .
This ume Time Warner wants the Federal
Communications Commission to deny MCI
Communications Corp.’s application for a
U.S. direct-broadcastsatellite license. Accord-
ing to Time Warner, it MCI is acquired by
British Telecommunications PL.C, it will not
be eligible for the license. In a letter to FCC
chairman Reed Hundt, Time Warner Presi-
dent Richard Parsons said MCI "would not be
eligible to hold a DBS license under FCC
rules” because it will soon be owned by a
foreign corporation.

With theletter, Parsons took aimat Rupert
Murdoch’s News Corp., which is MCI's 50%
partner in the planned satellite-TV service,
American Sky Broadcasting. News Corp. is
"an Australian company that, as a foreign
entity, was already ineligible to bid directly for
the DBSlicense,” Parsons added. The letter is
being viewed as the latest barrage in the very
public battle between Time Warner which
recently bought Turmer Broadcasting Systems
Inc., and News Corp.
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Of course, this same kind of baule was
fought a couple of years back when compet-
ing networks tried the same kind of argument
against Aussie ownership of the FOX net-
work. We all know what happened there:
Rupertisstillaround and the network lawyers
have new cars in the garage.

USSB Stock Hits All Time Low

The fierce battle for DBS supreimacy con-
tinues. USSB, one of the original players in
the DBSarena, hitan atl-time low on the stock
market in November ($10.75 a share). In a
thrilling experience for the Hubbards, the
stock market plunge happen to coincide with
a shareholder’s meeting.

An analyst for the lead underwriter of
USSB’s February 1996 initial public offering
switched her rating on the company’s stock
from a “strong buy” to a “hold.”

Chief Executive Stanley E. Hubbard
pointed out o shareholders that retailers
such as Target and Best Buy now offer 11
brands of the satellite dish system shared by
USSB and the General Motors DirecTV unit,
making it the industry standard. DirecTV,
which offers more than 175 channels, is par-
ticularlystrong in sports programming; USSB
offers inore than 25 channels, mostly movie
channels. Hubbard said USSB'sservice is gain-
ing greater acceptance, particularly in cable
TV’s stronghold urban and suburban areas.

But even though USSB’s programining
revenue grew from zero in 1994 10 $192
miilion for the year ended June 30, CS First
Bostort analyst Laura Martin cited slower than
anticipated growthinthe directsatellite broad-
cast industry as a reason for downgrading the
stock.

DirecTV, which shares a satellite with
USSB, has revised its expected number of
subscribers by vearend from a high of 3
million, which it predicted in August, to 2.3
million, an estirnate it made in November.
(USSB had slightly more than 1 million sub-
scribers as of September.) At 2.3 million,
DirecTV’s subscriber base would have grown
86 percent from 1995, but it was less growth at
« higher cost per customer, Martin wrote.

DirecTV oftered a $200 consuiner rebate
onsatellite dishes with prepaymentof ayear's
programming. Along with USSB, which pro-
vided a subsidy of $40 per household to the
manufacturers, DirecTV bought down the
price of satellite hardware from $599 to $399.
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Starting in August, the dishes were advertised
for $199, counting the prepayment rebate.

Martin wrote that the largely ineftective
pricing promotion, launched against one
‘underfinanced’ high-power direct broadcast
competitor, EchoStar, will be difficult to dis-
continue.”

Another One Bites the Dust....

Day & Date is dead. The daily hour-long
afternoon newsmagazine which was syndi-
cated by CBS-owned Eyemark Entertainment,
was scheduled to pull the plug on production
Dec. 3. Previously taped episodes of the show
will air through Jan. 3, 1997.

ABC has announced that it will cancel the
daytime soap The City on March 28 and re-
place it on June 2 with GH2, a new half-hour
daytime drama, billed as a spinoff of ABC's
General Hospital. The spinoft will “explore the
entire town of fictional Port Charles, focusing
on Port Charles University’s Medical School,
adjacent to General Hospital...where ideals
clash with reality, where passion and ambi-
tion conflict with dreams and where goals are
continually being redefined in the face of life-
and-death situations.” Where do they get this
stuff...

Bryant Gumbel, who leaves NBC’s Today
Showin January, has been spotted with execu-
tives of rival network ABC. Rumor has it, says
New York magazine that ABC has proposed an
“edgy” talk show on Thursday nights for
Gumbel. The talk show might be linked to
Diane Sawyer’s “flirtation” with CBS. If Saw-
yer left ABC, a source told the magarine,
“Bryant would be a good guy for PrimeTime.
He could even substitute for (Ted) Koppel.”
Gumbel’s agent, Ed Hookstratten, said his
client “does not and will not decide on any-
thing before the first of the year.”

Comedy Centraland VH1 are outin many
cities and a new nature channel is in as TCI
rearranges its lineup for most subscribers.
TCI said it was making the changes to
strengthen its cable offerings. Also gone will
be superstations WGN and WWOR (much to
the chagrin of'alot of sports and movie fans).
The Travel Channel and E! Entertainment
Television will be eliminated in many areas.
TBS and the Discovery Channel will be added
to the basicservice. Some cities will get the Sci-
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Fi Channel and others the History Channel
because of channel availability and customer
requests.

V-CHIP

Okay, okay, the TV programming writers
have actual gotten together to get their V-
Chiprating system put together (Iadmit it was
soonerthan Ithought, butgive meabreak...are
youreally going to buyanew TV thatlocks out
programs when your current TV works just
fine?)

The New York Daily News reports that De-
cember 19 may mark the end to months of’
speculation about a television ratings system
that would accompany the “Vchip.” On the
19th, the television indusuy will release de-
tails of its new system by which producers and
distributors will label shows based on their
content. The system is the result of “Vchip”
legislation, which urged the industry to de-
velop a system that would work with the "V-
chip” which must be installed in sets begin-
ning in 1998.

If successful, the “V-chip.” along with the
ratings system, will assist parents in determin-
ing which shows are most suitable for their
children’s viewing. That’s all well and good,
butwhatsome people seem to be forgeuing is
a key provision in the legislation: If the
industry’s “voluntary” system doesn’t satisty
the Federal Communications Commission,
the agencyis authorized to come up with one
of its own. Whether or not the system pre-
sented by the industry will be satisfaciory
remains o be seen. Read between the lines
andyou cansee thatlam notabig fan of more
government intervention and regulation.

As reported in this column earlier, the
industry’s system is similar to that of the Mo-
tion Picture Association’s system, which la-
bels feature films. A recent report in the Los
Angeles Times said the new system will rate
shows as “G,” “PG” or "PG” with an added age
advisory. Shows with violent scenes and/or
intense, “adult” sitnations mayv be rated “PG-
17.” In addition, ratings such as “PG-13" and
“PG9” would be implemented for shows like
Law & Orderwhich deal in mature themes but
avoid violence, profanity, and nudity.

PROGRAMMING NOTES

The LosAngeles Timesreports thatQuentin
Tarantino is in line to direct an episode of
Fox's The X-Files that would air following the
Super Bowl broadcast in Januarv; however,
his lack of Directors Guild of America mem-
bership could prevent him from doing so.
Sources say the Pulp Fiction director is cur-
rently negotiating with the DGA for a waiver
allowing him to direct The X-Filesepisode, and
both sides hope to resolve the matter.
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However, because the DGA granted
Tarantinoasimilar waiverlastyear todirectan
episode of er—and assumed that he would join
the guild soon after—the DGA might be less
permissive this time. Tarantino declined com-
ment, but a spokeswoman said that he does
plan tojoin the DGA at some pointand is “not
makingapolitical statement” bydelaying mem-
bership. A DGA spokesman declined to com-
ment on the waiver, but said the guild looks
forward 1o Tarantino joining its ranks.

International Note

INTELSAT and ENTEL have launched a
new Ku-band satellite service which uses digi-
tal transmission technology to improve pic-
ture quality and signal strength to viewers in
Chile.

ENTEL is leasing 36 MHz of capacity on
the INTELSAT 706satellite at 307° East longi-
tude. The network of the Catholic Universitv
of Chile and the Megavision network are the
first Chilean broadcasters to use the service,
with the signal being uplinked from the
Longovilo earth station.

Chile is the first Latin American countryto
use Ku-band capacity for the distribution of
TV programming from the main TV studio to
distant transmitting sites (SNATV).

“Satellite transinission of broadcasting sig-
nals is uniquely adapted to Chile's geogra-
phy.” said Fernando Pavez, ENTEL Satellite
Project Manager.

“We are pleased to ofter this new high-
quality, digital service to our customers and we
anticipate that many other broadcasters and
private network users will take advantage of
this technology 1o further develop their busi-
ness.”

Can I get an Amen....

In a recent column I noted a new gospel
musicchanneland admitted that I really wasn’t
sure what the difference was in different kinds
of gospel music. [ want to thank Satellite Times
reader Mr. Paul Rawlingsfor enlightening me.

Mr. Rawlings wrote, “Gospel music has a
great diversity. Bluegrass and country gospel
music tend to focus on the instrumentation of
the songs rather than the vocals and stick with
familiar old songs. On the other hand is south-
ern gospel music, notto be confused with what
is sometimes called “black” gospel music.
Southern gospel music focuses on the vocal
arrangements; the smooth vocal harmonies of
the male quartetstyle of the 30’s, 40’s and 50’s
is the backbone of this style of music.”

Your comments are always welcome. The
best way to get in touch with me is through the
Internet at: http://www.searcher.com/
STcomments.html Sy




Telephone from Anywhere in the World,

Via Satellite!

Just imagine, this ultimate communi-
cations device, the world’s smallest por-
table satellite telephone, allows you to
communicate anywhere, anytime, via the
powerful Inmarsat satellites. Just unfold
the flat, side-panel antenna panels from
this compact, lightweight radiotelephone,
and guide it easily toward the closest
satellite by watching the LED light bar.

IDEAL FOR DISASTER COMMU-
NICATIONS! When all other wire and
radio communications circuits are down,
your portable terminal can instantly sum-
mon and coordinate rescue and relief
teams. From the arid desert to the bleak
antarctic, from an Andean mountain peak
to a life raft in the Pacific, worldwide
telephone access is at your fingertips with
the microCOM-M.

Whether voice or optional data or
fax is required, the microCOM-M is
the world’s smallest, lightest, and low-
est-priced Inmarsat telephone termi-
nal, providing instantand reliable glo-

" bal telephone communications.
Crystal-clear primary or backup
communications from remote outposts
‘ and field parties are assured for survivalists, contractors, paramilitary units,
meitp::;xfziz Z‘:;:Zw marine operations, missionaries, scientific expeditions, industrial explorations,
PWRO1 Portable fleet management, clandestine operations, emergency response teams, rescue
Power Station (at operations, relief agencies—any application requiring reliable, failsafe commu-
right), only $59.95. s .6 3 g
nications on a moment’s notice.
Measuring only 6.8" x 11.3" x 2.8"—just 1/8 cubic foot—and weighing in at
a scant 5.5 pounds, the rugged microCOM-M is housed in a durable, impact-
resistant, compolymer and diecast aluminum case. The potent 50 watt transmitter
can be powered by 10-16 VDC with its cigarette lighter power cord, AC adaptor,
or accessory battery pack. Order PHNO1, only $7999.95.

Ships complete with satellite telephone, handset with 7 feet of
cable, 12 VDC power cable with cigarette lighter adaptor, soft
carrying case, quick start guide, and user manual with compass.

L g o s . “‘: -
Bob Grove personally tested the Magellan
MicroCOM-M at our Brasstown, N.C.

offices recently. “This is a class act,” he GROVE EN"ERPR'SES, INC.
said. “Zeroing in on the Inmarsat satellite 1-800-438-8155 US & Canada
took only a few seconds using the LED { . i\ 704-837-9200
ﬁgﬁht bar. Aqd the connection was great. “!"!,,' FAX 704-837-2216

er traveling several thousand miles to U 7540 Highway 64 West
the Inmarsat satellite and back to Earth :

Brasstown, NC 28902

again, the signal was loud and clear.”




ubble Space Telescope evokes a new sense of
awe and wonder about the infinite richness of
our universe in dramatic, unprecedented pic-
tures of celestial objects. Like a traveler sharing their
best snapshots, ST presents a selection of Hubble’s D
most spectacular images for 1996. These images are
courtesy of the Space Telescope Institute and NASA.

I

This colorful image from the
Hubble shows the collision of two
gases near a dying star.
Astronomers have dubbed the A »
tadpole-like objects in the upper 43 dss
right-hand corner “cometary
knots” because their glowing
heads and gossamer tails
resemble comets. Although
astronomers have seen gaseous
knots through ground-based
telescopes, they have never seen
so many in a single nebula.
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Hubble images
reveal supersonic
comet-like
objects in heart of
galaxy.

Left, this Hubble Telescope
image reveals stellar death
process (Planetary NebulaNGC
7027).

Below, Hubble detects
searchlight beams and
multiple arcs around a
dying star (Egg Nebula
(CRL 2688).

. Hubble finds an hourglass nebula around a dying
- | & star.

January/February 1997 SATELLITE TIMES 83
World Radio History



Below, Hubble’s deepest-ever view of the universe unveils myriad galaxies back to
the beginning of time. Inset at left shows a small portion of the Hubble deep field
image. Arrow points to a very faint galaxy that appears to be more distant than any
known previously. Other galaxies in the image are at smaller distances.

. ) . ; ’ Hubble captures dynamics
g - = ~ ) " -t of Crab Nebula (right). The
. : 2 e S photo at left is a ground-
. <4 . " ; ' based telescope image from
i - @ 2" & ¢ . ‘ Mount Palomar.
. o .

Super-sharp
view of the doomed \
star Eta Carinae ~~

The Hubble Space Telescope has
snapped this view of several star
generations in the central region of the
Whirlpool Galaxy (M51), a spiral region
23 million light-years from Earth in the
constellation Canes Venatici (the
Hunting Dogs).
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L RTH WATCH

Noamibia Sand Dunes

By Larry Van Horn

his spaceborne radar image shows part of the vast Namibia
Sand Sea on the west coast of southern Africa, just northeast
of the city of Luderitz, Namibia.

The magenta areas in the image are fields of sand dunes, and
the orange area along the bottom of the image is the surface of the
South Atlantic Ocean. The region receives only a few centimeters
(inches) of rain per year. In most radar images, sandy areas appear
dark due to their smooth texture, but in this area the sand is
organized into steep dunes, causing bright radar reflections off the
dune “faces.” This effect is especially pronounced in the lower
center of the image, where many glints of bright radar reflections
are seen.

Radarimages of this hyper-arid region have been used to image
sub-surface features, such as abandoned stream courses. The
bright green features in the upper right are rocky hills poking
through the sand sea. The peninsula in the lower center, near
Hottentott Bay, is Diaz Point; Elizabeth Point s south of Diaz Point.

This image was acquired by Spaceborne Imaging Radar-C/X-

Band Synthetic Aperture Radar (SIR-C/X-SAR) onboard the space
shuttle Endeavouron April 11, 1994. The image is 54.2 kilometers
by 82.2 kilometers (33.6 miles by 51.0 miles) and is centered at 26.2
degrees South latitude, 15.1 degrees East longitude. North is
toward the upper left.

The colors are assigned to different radar frequencies and
polarizations of the radar as follows: red is L-band, horizontally
transmitted and received; green is L-band, horizontally transmit-
ted, vertically received; and blue is C-band, horizontally transmit-
ted, horizontally received.

The radars illuminate Earth with microwaves allowing detailed
observations at any time, regardless of weather or sunlight condi-
tions. SIR-C/X-SAR uses three microwave wavelengths: L-band (24
cm), Cband (6 cm) and X-band (3 cm). The multi-frequency data
is used by the international scientific community to better under-
stand the global environment and how it is changing. SIR-C/X-
SAR, ajoint mission of the German, Italian, and United States space
agencies, is part of NASA’s Mission to Planet Earth.
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by Wayne Mishler, KG5BI
emcail: mishler@ipa.net

nd you thought the 18-inch dish was small. The galaxis (spelled in lower case)

company would like you to take a look at their new antenna. It measures 15-

1/2x8-/2x 1-1/2inches. Yet it pulls in over 100 analog and digital television
and radio stations with maximum reception performance, says its creators.

As antennas go, smaller is bigger.

The new galaxis Future 1 Planar Satellite Antenna, which the manufacture saysis the
smallest in the world (we’ve heard of none smaller), was unveiled at a press demonstra-
tion and luncheon in Manhattan on October 8. It promises to simplify and enhance
satellite and microwave reception for millions of consumers. The weatherproof design
makes it ideal for both home and mobile installations including recreational vehicles
and boats.

The Future 1 is the first in a family of new products designed by galaxis to compete
in the growing demand for direct satellite delivery systems. That demand is expected
to grow from 5 to 15 million units by the turn of the century. Other galaxis products in
the new family will include a converter that can receive signals from two or more orbital
positions and a two-way, bi-directional antenna that can support local loop networks.

“We're working on distribution agreements and manufacturing partnerships to
ensure that we can deliver the highest quality technology at the most economic price
levels to really move satellite communicationsinto the 21 st century,” says Jim Clingham,
galaxis senior vice president.

The galaxis USA Ltd. firm isa subsidiary of European-based galaxis Holding GmbH,
Lubeck, Germany, which develops, manufactures, and markets innovative solhutions in
satellite reception and communication. Their 1997 sales are expected to exceed $500
million worldwide.

For more information on the Future 1 you can call Scott Treibitz or Madelyn Smith
at galaxis USA Itd., telephone 703-276-2772.

86  SATELLITE TIMES January /February 1997

TV Antennas for Jetliners,
Baseball at 30,000 Feet

There is a new type of antenna on the
horizon that you probably won’t rush out
and buy. Itwill cost upwards of $50,000. But
you may be using one sooner than you
think, if you fly on passenger jets.

Several companies are developing ver-
sions of this new antenna system which witl
allow high speed vehicles such as aircraft to
lock onto satellite signals. Hughes and
Datron, working in a partnership, have
already installed such asystem on the Delta
767 Spirit of Delta airliner.

“Passengers loveit,” saysaspokesperson
for Hughes. They were treated to coverage
of the 1996 World Series hetween the At-
lanta Braves and New York Yankees, deliv-
ered by DirecTELEVISION as an in-tlight
service aboard the Spirit. DirecTELEVI-
SION has been providing live digital broad-
cast television to that aircraft since August.
Other airborne programming available to
Spirit of Delia passengers includes CNN,
Headline News, Discovery Channel, and
CNBC.

More companies, including Boeing, In-
Flight Phone Corp., and Harris Corp., are
expected to follow suit in the next few
months. Currently there are plans to install
the systems on 300 Continental Airlines
next summer. Delta and Continental are
considering a merge, which may affect the
deal.

But sooner, rather than later, you can
expect to see a screen and a telephone at
every seat aboard all airliners, enabling you
to watch your favorite satellite television
programs while airborne. But be prepared
10 pay $5 or so for the service. Those anten-
nas don’t come cheap.

Gateway 2000 Offers Free

Satellite System

Planning to buy
computer? You
ORK

might want to take a
closelookat Gateway NET
2000. At press time

((((M\Q
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they were offering a free EchoStar DISH
Network digital satellite system with the
purchase of certain computer models and
convergence PC-elevision sets.

For a limited time, when you buy a
qualifying package from Gateway, you will
receive a coupon for a free DISH Network
svstem with the purchase of a oneyear
subscription to America’s Top 40 program-
ming package which sells for $300.

The satellite system
includesastate-of-the-art
fullyMPEG-2/DVB com-
pliantdigital receiver,an
18-inch satellite dish,
and an infrared remote
control.

The plan targets customers interested
in accessing digital entertainment via their
PC computers. “This is a win-win situation
for EchoStar, Gateway, and, most of all,
consumerswhogain exceptional value from
our programming, hardware and accesso-
ries,” says Carl Vogel, presidentof EchoStar.

For details telephone 800-Gateway.

Sports Fans: Watch for
ESPNEWS

ESPN, Inc., willsoon debutits ESPNEWS
24-hour sports news service via the Hughes
Communications, Inc., Galaxy 9 satellite,
transponder 21. The service will be trans-
ferred to Galaxy 10 when that satellite is
launched in 1998. This will give ESPNEWS
a long-term home in the nation’s newest
cable community located at 123 degrees
West longitude,

“With ESPNEWS on our Galaxy 9 satel-
lite, more than 14,000 cable head-ends in
the United States can easily find top sports
news from the worldwide leader in sports,”
says Carl Brown, senior vice president of

Galaxy Satellite Services. ™
J g

om THE "

" L.. Patrick Mellon, ESPN
senior vice president, predicts the new ser-
vice will become one of the fastest growing
cable networks launched in the 1990s.

Golf Channel Expands to
Asian Viewers

The PanAmSat Corporation says The
Golf Channel is now being distributed in
the Asia-Pacific region via the PAS-2 satel-
lite.

“Demand for The Golf Channel has
grown exponentially since it began broad-
casting in the United States less than two
vears ago, and we share the belief that the
channel will be particularly popular in Ja-
pan,” says David Berman, senior vice presi-
dent of PanAmSat.

“Digital technology and our unparal-
leled satellite and teleport facilities allowed
us to help the channel reach the eager Asia
market and become an international player
virtually overnight,” he adds.

The Golf Channel is transmitted in digi-
tal form via the PAS-2 C-band Pacific Rim
Beam, which provides extensive coverage of
Asia. The service is being transmitted from
PanAmSat’s temporary earth station in
Sylmar, Calif. In December, digital trans-
mission was to have been transferred to the
firm’s newly constructed Pacific Ocean Re-
gion teleport in Napa, Calif.

Featuring Arnold Palmer, The Golf
Channel began broadcasting in the U.S. in
January 1995. It offers a variety of golf-
related programming including how-to pro-
grams, interviews, and extensive tournament
coverage.

Andrew Corporation
Announces Product Line

z(.nnv

The Andrew Corporation, an S&P 500
companysupplyingcommunications equip-
ment and services from its base in Orland
Park, Ill., offers avariety of products for PCS
operators.

Their new TA1915 Tower Top System
includes both a tower top amplifier and
ground unit which adds a 15 decibel boost
to low power and distant PCS signals. A full
PCS bandpass filter eliminates signals out-
side the band before sending them to the
base station.

The company’s ACCESS 1700 series fi-
ber optic fed, bi-directional amplifier for
PCS systems enables operators to centralize
base-station equipment and use less fiber
optic microcells to distribute RF signals.

Anew cable tap makes it fast and easy to
extend the coverage of in-house RF systems.
The taps can be installed anywhere along
the length of a main feeder cable. This
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increases coverage
without the need for
expensive power divid-
ers or directional cou-
plers.

Numerous other
amplifiers, connectors,
and PCS accessories
are available in the An-
drew productline. For
more information on
what the company offers you can contact
their customer support center at 800-255-
1479.

Flight & Space Fam.ily
Magazine Debuts

A new general interest family publica-
tion, entitle Might & Space, edited specifi-
cally for middle school students, parents
and teachers will be distributed to students
at the beginning of the 1997 school year.

The magazine is being published by
Don Fink, the former editor-inchief of
Aviation Week and Space Technology. “Aero-
space activities represent a powerful and
inspirational force that appeals to young
and old alike,” he says. “With Fight & Space
we’ve designed an editorial product that
will stimulate interest in math, science and
physicsamong middle school youngsters. It
willhelp parents and teachers mentor their
children’slearningprocess. The magazine’s
mission is to offer real life learning experi-
ences that will show young readers how
these disciplines relate to their daily lives
and what prospects they offer for the fu-
ture.”

The magazine is being sponsored by
Rockwell Aerospace and Defense. “We de-
cided to support IHight & Space because
their efforts are focused on the kind of
broad visionary goals that we have long
supported as a corporation,” says John
McLuckey, presidentand CEO of Rockwell.

By spelling out “high-tech” concepts in
layman’s terms, Fight & Space plans to fill
an information void for young and adult
readers, and inspire next generation aero-
space pioneers.

Hight & Space has joined with the 4H
organization, the Air Force Association’s
Aerospace Education Foundation, the Civil
Air Patrol, the Experimental Aircraft Asso-
ciation, and space oriented groups includ-
ing the Challenger Center and Young As-
tronauts. The magazine will be a part of the
coordinated program these groups are
forming to foster interest in aviation and

space.  §r
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By Philip Chien

STS-82: the Hubble Servicing
Mission—Take 2

hen the /{ubble Space

Telescope was approved

by Congress in 1974, it
was with the understanding that the
spacecraft would have to be ser-
viced by the space shuttle. This lim-
ited the spacecraft toa relatively low
orbitwhich could be reached by the
shuttle on a rendezvous mission.

Hubble excels as a technology
tool. With over 600 hours of
spacewalks necessary to assemble
the International Space Station,
Hubble is an excellent real-world
training tool where astronauts and
flight controllers can develop the
skills theywill need toassemble space
station. During the first Hubble ser-
vicing mission (STS-61), astronauts
spent over 71 person-hours on five
EVAs replacing Hubble's compo-
nents.

Surprising many outsiders—but
not those who knew the shuttle pro-
gram and how well the crew was
trained—the first service mission
followed the flight plan almost per-
fectly. One of IHubble's old solar ar-
rays had 1o be tossed overboard,
following the exact procedure which
theastronauts had trained forin theirsimu-
lations. In the end, the successful mission
seemed almost anti-climactic.

For the past three years astounding im-
ages from Hubble's repaired optics have
stunned the world, making magazine cov-
ers and the evening news. Project Scientist
Ed Weiler put it best, “Twenty years from
now spherical aberration will just be a mi-
nor footnote in Hubble's long and distin-
guished career.”

This time around, the pressure isn’t on
the STS-82 mission, unless something goes
wrong. NASA’s alreacly proven that astro-
nauts can repair f{ubble in orbit without
damaging it. Now the object is to service it
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and improve Hubble's capabilities.

Two new, second-generation science
instruments—the nearinfrared cameraand
mutltiobject spectrometer (NICMOS) and
the space telescope imaging spectrograph
(STIS)—were officially approved in 1984,
well before / lubblewas even launched. They
had been planned for installation on the
1993 servicing mission, but got delayed
threc years due to the spherical aberration.
In addition, most of the budget for the
corrections to [{ubble's optics were taken
out of the funding for these instruments,
reducing their capabilities.

NICMOS extends Hubble's capabilities
into the infrared wavelengths. Hubble was
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designed primarily as an ultraviolet tele-
scope, with some instruments also observ-
ing visible light. There have been a couple
of previous infrared space observatories,
most notably the Infrared Astronomy Satellite

(IRAS), Cosmic Background Explorer (COBE),
and Infrared Space Observatory (1SO). Infra-
red instruments have to be cooled to cryo-
genic temperatures so they're limited by
the amount of liquid helium which can be
carried. NICMOS’s primaryadvantage over
previous infrared spacecraft is resolution.
Hubble's extremely large mirror permits
more photons to be collected, permitting
dimmer objects to be viewed than
as possible by previous spacecraft.

However, NICMOS is cooled
by a dewar filled with solid nitro-
gen at 58 degrees Kelvin (-355 F).
NICMOS operatesata higher tem-
perature than previous infrared
telescopesin space, which will limit
some types of observations. 100
kilograms of solid nitrogen are car-
ried in NICMOS’s dewar, enough
for about three years of observa-
tions. It’s conceivable that NASA
may decide to develop an on-orbit
‘refueling’ system which can re-
load NICMOS with a new load of
nitrogen on a future Hubble servic-
ing mission.

STIS is the first imaging spec-
trograph in space. Spectrographs
use prisms or gratings to spread
light into rainbows. Most spectro-
graphs consist of one row of detec-
tors, similar to the scanner in a fax
machine which reads a page one
line at a time. Dark or bright lines
in the spectra indicate the pres-
ence of elements within the light
source, or between the lightsource
and observer.

While camerastake prettypictures,
spectrographscan provide much more use-
ful numerical science, determining the
chemical makcup of astar, or measuring its
rotation, or thespeed it’s moving relative to
the Earth.

Unlike conventional spectrographslike
Hubble's existing faint object spectrograph
(FOS) and Goddard high resolution spec-
trograph (GHRS), the STIS has a two di-
mension detector, like the CCD chip in a
home camcorder or digital camera. It can
view an entire galaxy at once—showing
how the chemical composition varies from
the core to the outerregions. Investigations
which take manyseparate observationswith
Hubble'sexistingspectrographscan be done



in a single STIS observation.

In addition to the two science instru-
ments,seven secondarytasksare scheduled
for the four planned STS-82 EVAs.

Hubble has three fine guidance sensors
(FGS). Two need to be replaced, but NASA
only has one spare available. The FGS are
used to aim Hubble precisely on target, and
at least two must be operating properly to
perform science.

Ground controllers are fairly certain
that at least one of the two sick FGS will fail
before the next Hubble servicing mission in
1999, so they’re anxious to replace the FGS
which is more likely to fail. The failed unit
will be returned to Earth to be repaired and
refurbished, and will almost certainly be
flown up to Hubble on the 1999 servicing
mission.

Hubble has three engineering and sci-
ence tape recorders (ESTR). These are
1970s technology mechanical data record-
ers and prone to failure. ESTR #1 will be
replaced with a new solid state recorder
(SSR). The SSR can store 12 gigabits of
information in its 36 memory modules—
ten times the capacity of the existing ESTR.

In addition, ESTR #2 will be replaced
with a ground spare unit. ESTR #3 remains
in good operating condition.

During the first servicing mission some-
thing extremelystrange happened. Ground
controllersgotsomestrange readings which
seemed at firstglance toindicate that Hubble
was no longer attached to the shuttle. They
asked the astronauts to take a peak out of
the window, just toverifvthat Hubblewasstill
there!

It turned out that one of the data inter-
face units (DIU#2) was fried when power
was applied directly to the A side. It was
switched to the alternate B side and has
been functioning for the past three years.

Initially it was felt that it wouldn’t be a
problem, since most of the telemetry chan-
nels could be monitored through software.
But it turns out that there are 60 to 80 lost
telemetry channels which can’t be sup-
ported by the malfunctioned “A” side if the
“B" side were ever to fail. The replacement
unit has the proper buffering circuits to
prevent another accidental over voltage.

The optical control electronicsenhance-
ment (OCE) is a simple electronics box
which will enhance the performance of the
fine guidance sensors.

During the first servicing mission the
astronauts noticed some loose insulation
around the magneltic sensing system units
which theyinstalled. So ground controllers
improvised and came up with a method of

manufacturinga
cover for the
loose insulation
in space.

The space-
walkers were
asked to tear off
a piece of spare
Kapton insula-
tion and bring it
into the crew
cabin. Pilot Ken
Bowersox was
faxed instruc-
tions on how to
cut the Kapton
into the proper
shape to make a
cover for the MSS insulation. He com-
mented that the best training he had for
building the MSS covers was Cut and Paste
class in kindergarten! Well, cut and paste
class, an excellent career in the Navy, and
three other shuttle missions gave him the
experience he needed to be assigned as the
commander of the STS-82 Hubble repair
mission.

The other members of the STS-82 mis-
sion will include pilot Scott Horowitz who
previously flewon the STS-75 mission, Ilight
engineer Steve Hawley, who previously flew
on the 41-D, 61-C, and STS-31 missions and
returned to active astronaut status afier
many years in management, and space-
walkers Mark Lee (STS-30, STS47, STS-
64), Greg Harbaugh (STS-39, STS-54, STS-
71), Steve Smith (STS-68), and Joe Tanner
(STS66). Lee and Harbaugh have EVA
experience earlier spaceflights; Smith and
Tanner will be making spacewalks for the
first time.

Originally Mark Lee had been schecl-
uled to fly on the first Hubble servicing
mission as a spacewalker, but was rejecied
by NASA headquarters due to his lack of
EVA experience. So he was assigned (o the
STS-64 mission where he got EVA experi-
ence bytesting out the experimental SAFER
(simplified aid for EVA rescue) jet back-
pack: he was subsequently assigned as the
payload commander for the STS-82 mis-
sion. Steve Hawley's most recent space-
flight, STS-31 in 1990, was the mission which
launched Hubble in to orbit.

NASA’s minimum success criteria for
the STS-82 mission is to install at least oue
of the twonewscience instruments, replace
the fine guidance sensor, and install the
solid state recorder. So the priority order
for the servicing mission is NICMOS, FGS,
SSR, STIS, DIU#2, ESTR#2, OCE, SADE#2,
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and MSS. NICMOS gets higher priority
than STISbecause itexpands /{ubble’s capa-
bilities into a new wavelength region.

Just in case, Discovery & also carrving a
spare reaction wheel assembly and gvro-
scope, even though there are now current
plans to replace them. And like any good
repairman, the F{ubble crew will have spare
fusesandan extremelycomprehensive 1ool
kit.

In some ways tlie STS-82 mission will be
moredifficult thanSTS61. Engineersdon’t
want to retract the solar arrays to minimize
the chance for dainage. So the astronauts
will have to work around the arrays, and
whenever Hubbleneeds to be rotated on its
lazy-susan turntable it will have to be tilted
forward to give additional clearance be-
tween the arrays and the shuttie’s tail.

A reboost to raise Hubble's orbit by 5 to
8 kilometers is desirable if possible. Since
the solar arrays will be open they'll tend to
shake during the reboost, and NASA has
experimented with how to do the reboost
in as gentle a manner as possible. The plan
is to use the shuttle’s smallest, lowest power
thrusters to gently rock the shuttle back
and forth—similar to rocking alarge refrig-
erator backand forth to move it. In terims of
fuel i’s an extremely incffident way of
increasing a spacecraft’s altitude, but it’s
expected to be the gentlest on the arrays.

If things go well on the servicing mis-
sion, Flubblewillreturn to science gathering
within a week or se after the servicing’s
completed. The existing instruments will
continue their scientific programs while
the new instruments are caklibrated and
adjusted. NASA is heping that the first
scientific results {rom the new science in-
struments will become available within five
to six months afier the STS82 servicing
mission.  §f
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Jeff Lichtman

Arecibo Upgrade (Part 1)

t the July 1996 meeting of the

Societyof Amateur Radio Astrono-

mers at NRAO, we had the plea-
sure hearing from the director of the
famous Arecibo Radio Observatory, Dr
Paul F. Goldsmith. Dr. Goldsmith also
heads the National Astronomy and lono-
spheric Center based at Cornell Univer-
sity.

Dr. Goldsmith touched on the history
of the Arecibo observatory and its recent
upgrade. In this two part article, I would
like to tell our readers a bit about this
world famous antenna. 1 will be using
information generated by Dr Goldsmith
and the Cornell staff.

For more than 30 years, the 305 meter
diameter radio telescope at the Arecibo
Observatory has been a very unique ob-
servational tool. The facilities and equip-
ment have been used for studying the
atmosphere, distant galaxies, radio and
radar astronomy, asteroids, and even
beaming a signal towards M13 (Galaxy in
the constellation of l.eo). The antenna
has some special features, such as possess-
ing the largest collecting area and the
highest sensitivity of any present radio
telescope facility.

Researchers at the Arecibo facility have
been hampered by the necessity of using
line feeds to properly illuminate the
spherical aperture of the antenna. While
effective at low frequencies, a line feed
offers only a narrow bandwidth at an
essentially fixed frequency. Observations
have thus been restricted to very narrow
frequency bands at a few specific frequen-
cies between approximately 100 and 2400
MHz. A combination of factors is now
permitting a major enhancement of the
facility’s capabilities. The new ingredi-
ents include a much improved capability
for numerical analysis and optimization
of reflector antenna systems, advances in
structural engineering, and computer
control of complex systems. With these
new capabilities, an all reflective correc-
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tor system has been developed for the
Arecibo Telescope, which will allow ob-
servations with significantly enhanced
sensitivity over the frequency range from
300 MHz to at least 10 GHz.

Historical Background

Originally the telescope wasdeveloped
to study the Earth’s ionosphere. Profes-
sor William Gordon of the School of Elec-
trical Engineering at

Cornell envisioned us-

ingaradar reflection to Center |
measure the density of Curvature |
electrons, as well as |
other properties of the |

)

atmosphere between Focus
100 and 1,000 kilome-
ters above the Earth’s
surface. Thistechnique,

Incident Rays

reflector is that it has no preferred direc-
tion, so it can be steered by moving the
feed only. A spherical antenna also has a
major drawback, in that instead of focus-
ing incident radiation to a point, it brings
it to a focal line.

Coincidence would have it that ARPA
had been funding engineers to studyboth
how to use spherical antennas and the
concept of the line feed that had been
developed. It was suggested to Gordon
that by making the Arecibo antenna a
steerable spherical system rather than a
fixed pointing parabolic system, it would
not only be more useful for atmospheric
science, but could also play an important
role in radio astronomy. This far-reaching
concept certainly was one of the key
factors that has contributed to Arecibo’s
remaining a productive scientific facility
for over three decades.

Understanding line feeds is critical to
the appreciation of the success of Arecibo,
as well as the motivation for the upgrade
presently underway.

Figure 1 shows a diagram of rays from
adistant source which has
been reflected by the
sphericalsurface of the pri-
mary reflector and the ap-
proaching focal region. As

is well known to amateur
telescope makers (among
{ | others), rays that have
passed not too far from
the center of curvature of

called incoherentradar
scatter radar (ISR), was
proposed by Gordon in the late 1950’s,
when there was very little data on this part
of the Earth’s surroundings.

Hisinitial calculations suggested avery
large antenna would be required for ISR,
and a nominal diameter 305 m (1000
feet) was agreed upon. In discussion with
federal agencies, in particular the newly
formed ARPA (Advanced Research
Project Agency), the suggestion was made
that the antenna should be steerable that
is, be able to point to different directions
of the sky rather than simply looking
vertically, which at that time was thought
to be all that was required for research in
atmospheric physics.

While attractive in principle, this might
seem to pose an unmanageable technical
problem, since the pointing of a 1000
foot diameter antenna in various direc-
tions is hardly a simple task. The tech-
nique suggested was to make a spherical
primary reflector, rather than a parabolic
reflector, as would normally have been
used. The great advantage of a spherical
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Figure 1. Schematic of Rays

a sphere are brought to a
focusatadistance equal to halfthesphere’s
radius, called the paraxial focus. Rays pass-
ing further from the center of the curva-
ture do not come to a focus at this same
point, but cross the axis closer to the
surface of the sphere. This is a geometri-
cal property of a spherical mirror, and is
independent of wavelength.

The 305 meter diameter primary re-
flector of the Arecibo telescope has a
radius of curvature of R=265 meters, and
its paraxial focus is located 132.5 meters
(435 feet) from the surface of the an-
tenna. The inability to focus all the rays to
apointis called sphericalaberration, which
is sometimes a nuisance for optical tele-
scope makers (such as Hubble before the
repair). For the Arecibo telescope, rays
striking the edge of the primary reflector
cross the focal line approximately 29
meters (96 feet) below the paraxial focus.
Thus, what one must do to illuminate
efficiently the entire antenna, is to pro-
vide a means of collecting radiation along
a line this almost 30 meters long.



We can use the reciprocity principle to
consider howaline feed and the spherical
Arecibo primary work together as a trans-
mitting system. This is more than a conve-
nience, since the telescope is regularly
used in exactly this fashion.

In the transmit mode, the feed has to
illuminate each partof the primary reflec-
tor with amplitude and phase such that
after reflection from the spherical pri-
mary, a plane wave in the aperture plane
of the antenna is produced. The inner
part of the antenna is illuminated by the
energy radiated from the top of the line
feed, while radiation from near the tip of
the feed illuminates the outer part of the
antenna. In order to achieve the required
phase distribution across the aperture
plane, the phase velocity in the line feed
must increase from the top to the bottom.

For a full length Arecibo feed, the
phase velocityis approximately three time
the speed of light at the tip of the feed.
This variation is accomplished by having
the line feed be a sequence of sections of
waveguide with gradually reduced dimen-
sions. The propagation of a wave in a
metallic guide has a characteristic cutoff
frequency, f, below which propagation is
not possible. Asthe frequencyapproaches
the cutoff frequency in the propagating
range, (i.e., frequency just greater than f)
the phase velocity increases aboveitsvalue
in free space, the speed of light. Byarrang-
ing the taper of the line feed size, the
phase velocity of the propagating wave,
and thus its phase shift, can be controlled.
Rays which travel a certain distance down
the feed, then to the reflector, and finally
to the aperture plane, end up in phase as
desired.

The design of the line feed is compli-
cated by the need to control the amount
of energy radiated at each position along
it. Radiation occurs through apertures
cutin the waveguide wall. In practice, the
amount of radiation depends on the aper-
ture size, but the apertures themselves in
turn affect the phase velocity of the wave.
Thus, the final design of the line feeds is
an elaborate and tricky business.

Line feeds have been built and oper-
ate satisfactorily up to 2.4 GHz, but only
the one at 430 MHz frequency is a full
length line feed which illuminates the
entire aperture of the antenna. This fecd
achieves the maximum gain when point-
ing at the zenith, but suffers from vignett-
ing due to the fact that as the feed is
moved from pointingat the zenith, part of
the illuminating pattern spills over past
the edge of the primary reflector. The

gain of the antenna thus varies signifi-
cantly with angle from zenith. At higher
frequencies, shorter feeds (typically 13 m
long) have been used, which illuminate
the central 214 meters (700 feet) of the
primary antenna.

Line feeds suffer the severe drawback
of very restricted bandwidth. The origin
of the problem is the dispersive nature of
the propagation in the waveguide, which
results in the radiation from the feed no
longer having the desired phase outside
of a relatively narrow frequency range.
The useful bandwidth of a full length
Areciboline feedisapproximately 10 MHz,
while shorter feeds have approximately
45 MHzbandwidth. Over theyears, afairly
large number of line feeds have been
constructed, but it’s obvious that to ex-
ploitfully the several gigahertzbandwidth
of the antenna, an unreasonably large
number of feeds would be needed, since
each has a fixed center frequency.

The beam direction of the antenna is
varied by moving the line feed along a
circular arc centered on the center of the
curvature of the primary reflector. The
arc has a radius of curvature equal to the
132.5 meters paraxial focal length. On the
Arecibo telescope,
this arc is defined
by an elevation
track, which covers
angles up to 20 de-
grees away from the
zenith. The eleva-
tion track is located
on the bottom of an
armwhichrotatesin
azimuth. Thearmis
held by a system of
trolleys which run
on a zenith rail.
There is also a bearing at the center of the
azimuth track which provides lateral loca-
tion. The entire steerable feed section,
including the arm and tracks, is supported
on a large triangular platform, which in
turn is suspended by cables from three
concrete towers located around the pe-
rimeter of the primary reflector, as shown
in figure 2.

Moving the feed does give the Arecibo
antenna the ability to point in any direc-
tion within 20 degrees of the zenith. This
is, however, somewhat limited for radio
astronomical studies. It was one of the
factors leading to the siting of the tele-
scope in Puerto Rico, which is at a rela-
tively low latitude of 18 degrees. By put-
ting the telescope there, a relatively large
fraction of the sky can be seen even with a
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Figure 2. View of Arecibo

limited pointing range. In particular, the
plane of the elliptic, in which the sun and
the planets orbit, is readily accessible by
Arecibo.

From the early days of the observatory,
it was anticipated that radar studies of
objects in the solar system would be of
interest, and this held true. Another fac-
tor was the terrain found in Puerto Rico,
where a large limestone sinkhole pro-
vided a natural starting point for con-
struction of the 305 meter reflector.

The antenna’s location is approxi-
mately 15 km south of the city of Arecibo,
Puerto Rico. Construction of the site be-
gan in 1960. The project was managed by
Cornell University under contract with
the Air Force Cambridge Research Labo-
ratory and was funded by ARPA. Despite
the advantage afforded by a natural sink-
hole of karst terrain, some 200,000 cubic
meters of soil had to be excavated, and
approximately 160,000 cubic meters of
compacted fillwasused toshape the spheri-
cal cavity.

The original antennasurface consisted
of a half inch square mesh suspended on
steel cables in arectangular grid. The first
line feed was installed in August 1993.
One of the earliest
significant scientific
accomplishments of
the observatory was
the determination of
the rotation rate of
the planet Mercury,
which turned out to
be 59 days rather
than the previously
thought 88 days. This
work published in
1965 was the first of
Arecibo’s many sci-
entific contributions.

In the next part of this article, we will
be talking about astronomy research at
Arecibo and the upgrade in progress.

If any of you are planning to vacation
in Puerto Rico, a side trip to Arecibo
promises something youwon’tforget; just
the size alone is overwhelming. St
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1400 -
1500 -
1530 -
1625 -
1645 -
1700 -

World Radio Network Schedules

WRN 2- N. American Multi-lingual Service
Galaxy Five (125 deg West) transponder 6-3.820 GHz
(TBS) vertical polarization, audio subcarrier 6.2 MHz.
Please note that programs listed below with an asterisk (*)
are subject to pre-emption without notice. All times East-
ern (UTC +5 hours)

0030 -
0255 -
0400 -
0600 -
0625 -
0630 -
0700 -
0800 -
0900 -
0927 -
1000 -
1005 -
1030 -
1100 -
1130 -
1200 -

“WRN Announcements, until....

*YLE, Church Service (Sunday only)

“WRN Announcements, until....

[YLE Radio Fintand], News in Finnish

YLE, News in Swedish

YLE, News in English

“WRN Announcements, until....

RTE News in Irish

Radio Prague in Czech

*WRN Announcements, until....

YLE, Radio Finiand, News in Finnish

YLE, Regional News

YLE, News in Finnish

YLE, News in Swedish

YLE, Easy Listening Music and Chat in Finnish
“Vatican Radio, news in French, English, Alba-
nian, Slovene, Croatian, Hungarian, Czech, and
Slovak

*WRN Announcements, until....

*Radio Viaanderen International in Dutch
*Radio Netherlands in Dutch

*WRN Announcements, until....

“YLE, News in French

*Polish Radio Warsaw in Palish

Radio Budapest in Hungarian

YLE Radio Finland, Devotional Music

YLE, News in Swedish

YLE, News in Finnish

YLE, Easy Listening Music and Chat in Finnish
YLE, Current Atfairs in Finnish

YLE, Dacumentaries in Finnish

YLE, New Classical releases in Finnish (Sun}
YLE, Easy Listening Music in Finnish

YLE, News in Finnish

YLE, News in Finnish

YLE, Devotional Pragramming in Finnish

YLE, News in Swedish

YLE, Programme Information in Finnish

ORF Radio Austria International in German

WRN1- European English Service

Astra 1B (19 deg East) transponder 22-11.538 GHz (VH-1)
vertical polarization, audio subcarrier 7.38 MHz.

WRN is also available on cable and local radio stations.
WRN Erogram information can be heard daily at 0125 and

1025 BST. Itis also available on VH-1 text pages 222, 223,
224. All times UTC (Central European Time +1 hour)
0000 - Radio Budapest
0030 - Radio Netherlands
0127 - Earth and Sky (Daily Science Series)
0130- ORF Radio Austria International
0200 - NPR All Things Considered (repeat)
0300 - CBC As /t Happens (Tue-Sat)
RCI News, and Features (Sun and Mon)
0400 - Polish Radio Warsaw
0430 - BBC Europe Today (Mon-Fri)
Glenn Hauser's World of Radio (Sat)
UN Radio From New York (Sun)
0500 - PRI Market Place (Tue-Sat)
Radio Romania International (Sun)
SABC Channel Africa-Johannesburg (Man)
0530 - YLE Radio Finland
0600 - Vaoice of America World Wide (Mon-Fri)
VoA Saturday (Sat)
VoA Sunday (Sun}
0700 - NPR All Things Considered (repeat)
0800 - ABC Radio Australia
0900 - Palish Radio Warsaw (Mon-Sat
C-Span Weekly Radio Journal (Sunday)
0930- Radio Canada International (Mon-Fri}
UN Radio (Sat)
1000 - Radio Prague
1030 - Radio Netherfands
1127 - Earth and Sky (Daily Science Series)
1130 - SABC Channel Africa-Johannesburg (Mon-Sat)
Glenn Hauser's World of Radio (Sun)
1200 - NPR Morning Edition (Maonday-Friday)
NPR Weekly Edition (Sat)
NPR Weekly Edition (rpt} (Sun)
1300 - NPR Morning Edition (Monday-Friday

NPR Weekend Edition (Saturday and Sunday)

1400 -
1500 -

1530 -
1600 -
1700 -

1730 -
1800 -
1830 -
1925 -
1930 -
2000 -

2015 -
2030 -
2100 -
2130 -
2200 -

2300 -

Radio France International

Voice of Russia (Mon-Fri)

Radio Romania International (Sat)

Voice of America-Communications World (Sun)
KBS Radio Korea International

ABC Radio Australia

ORF Blue Danube Radio (Monday-Friday)
Glenn Hauser's World of Radio (Sat)

SABC Netwaork Africa (Sun)

Radio Austria International

RTE News at Six

Radio Netherlands

News in Esperanto from Polish Radio Warsaw
YLE Radio Fintand

RTHK-News from Hong Kong (Man-Fri)

UN Radio from New Yark or Radio Denmark (alternate

Sat)

Health Watch (Sat)

Radio Romania International (Sun}

Radio Vlaanderen Internationa

Radio Sweden

Paolish Radio Warsaw

Voice of America World Report (Man-Fri)
VoA Today (Sat and Sun)

PRI The World (Mon-Fri)

NPR All Things Considered (Sat and Sun)

WRN2- European Multi-lingual Service
Eutelsat Hi-F1 (13 deg East) transponder 25-10.987 GHz (NBC)

vertica
that pr

| polarization, audio subcarrier 7.38 MHz. Please note
ograms listed below with an asterisk (*} are subject to

pre-emption without notice. All times UTC (Central European
Time +1 hour}

0309 -
0745 -
0830 -
0930 -

1130 -
1200 -

1530 -
1530 -

1630 -
2230 -
2230 -
2330 -

Vatican Radio

“WRN1 (NPR and ABC Radio Australia)

Vatican Radio (Sun) until 1130

Vatican Radio (Mon-Sat} until 1130, except Wed to

1200

“WRN1 (SABC Channel Africa) except Wed
Radio Studio Deita (Man-Fri} until 1300
*WRN1 (NPR Sat and Sun})

Vatican Radio

Radio Studio Delta (Mon-Fri)

*WRN1 (Sat and Sun Radio Vlaanderen-Brussels and
ABC Radio Austratia)

Vatican Radio

Radio Studio Delta (Mon-Fri}

*WRN1 (Sat and Sun})

“WRN1 (Mon-Fri)

WRN- Asia-Pacific English Service

AsiaSat-2 (100.5 deg East) 4.000 GHz, vertical polarization,
MPEG2 DVB, Symbol Rate 28.125 Mbaud, FEC 3/4, Select
WRN1 from audio menu. AET-Australian Eastern Time (UTC
+11 hours and for Hang Kang +8 hours to UTC).
UTC... AET
0000...1100 -  YLE Radio Finfand {(Mon-Fri)
UN Radio (Sat)
Radio Romania (Sun)
0030...1130 -  ORF Radio Austria International (Mon-Fri}
Radio Sweden (Sat)
Paolish Radio Warsaw (Sun)
0100...1200 - PRI The World (Tue-Sat)
NPR Weekend All Things Considered (Sun and
Man)
0200...1300 - RTE Dublin
0300...1400 -  CBC As /t happens (Tue-Sat)
0300...1400 -  Radio Canada International (Sun and Mon)
0400...1500 -  Polish Radio Warsaw
0430...1530 - Radio Budapest
0500...1600 - PRI Market Place (Tue-Sat)
UN Radio from New York (Sun)
UN Radio Romania (Mon)
0530...1630 -  ORF Radio Austria International
0600...1700 -  NPR All Things Considered (repeat)
0730...1830 - Radio Canda International
0800...1900 -  RTE Dublin
1000...2100 -  Radio Prague
1030...2130 -  SABC Channel Africa (Mon-Fri)
SABC Netwark Africa (Sat)
Radio Romania International (Sun)
1100...2200 - RTHK Hong Kong
United Nations Radio (Sat)
Glenn Hauser's World of Radio (Sun)
1130...2230 - KBS Radio Korea International
1200...2300 -  NPR Morning Edition (Monday-Friday)

NPR Weekly Edition (Sat)

1300...

1400...
1500...
1530...
1600...
1700...

1730...
1800...
1830...
1927...
1930...
2000...

2030...
2100...
2230...
2300...
2357...

0730 -
0800 -
0930 -
1000 -
1057 -

NPR Weekly
Edition (re-
peat) (Sun)
Radio
Canada In-
ternational
RTE Dubtin
Vaice of Russia

ORF Radio Austria International
Radio France Internationat

ORF Blue Danube Radio (Tue-Sat)
Glenn Hauser's World of Radio (Sun)
SABC Network Africa (Mon)

KBS Radio Korea International

RTE Dublin

Radio Netherfangs

Earth and Sky

YLE Radio Finland

RTHK Hong Kong (Tue-Sat)

Radio Romania International (Sun)
UN Radio and Heaith Watch (Mon)
Radio Vlaanderer International

RTE Dublin

ORF Radio Austria International
Radio Netherlands

Earth and Sky (Daily Science Series}

R

WORLD NADIO
nce-t-w-o-r-k

WRN- Middle East and Africa English Service

Intelsat 707 (1 deg West) 3.9115 GHz, right-hand circular-
polarization, Symbol Rate 8.022 Mbaud, FEC 3/4, MPEG2
Audio Stream. CAT-Central African Time (UTC +2 hours).

UTC... CAT
Next four hours can be heard in South Africa an SAfm 104-

107

2300...
2357...
0000...

0030..

0100...

0200...
0300...

0400...
0430...
0500...

0530...
0600....
0730...
0800...
1000...
1030...

1100..

1130...
1200...

1300..
1400...
1500...
1530...
1600...
1700.

1730...
1800...
1830...
1927...
1930...
2000...

2030...
2100...
2230...

0100 -
0157 -
0200 -

.0230 -

0300 -

0400 -
0500 -

0600 -
0630 -
0700 -

0730 -
0800 -
0930 -
1000 -
1200 -
1230 -

.1300 -

1330 -
1400 -

.1500 -

1600 -
1700 -
1730 -
1800 -

..1900 -

1930 -
2000 -
2030 -
2127 -
2130 -
2200 -

2230 -
2300 -
0030 -

Radio Netherlands

Earth and Sky (Daily Science Series)
YLE Radio Finland (Mon-Fri}

UN Radio (Sat)

Radio Romania (Sun}

ORF Radio Austria International (Mon~Fri}
Radio Sweden (Sat)

Polish Radio Warsaw (Sun)

PRI The World (Tue-Sat)

NPR Weekend All Things Considered (Sun
and Mon}

RTE Dublin

CBC As It Happens (Tue-Sat)

Radio Canada International (Sun and Man})
Polish Radio Warsaw

Radio Budapest

PRI Market Place (Tue-Sat)

UN Radio from New Yark (Sun)

UN Radio Romania (Mon})

ORF Radio Austria International

NPR All Things Considered (repeat)
Radio Canada Internationa!

RTE Dublin

Radio Prague

SABC Channel Africa (Mon-Fri)
SABC Network Africa (Sat)

Radio Romania International (Sun})
RTHK Hong Kang (Mon-Fri)

United Nations Radio (Sat)

Glenn Hauser's World of Radio (Sun)
KBS Radio Korea International

NPR Morning Edition (Monday-Friday)
NPR Weekly Edition (Sat)

NPR Weekly Edition (repeat) (Sun)
Radio Canada International

RTE Dublin

Voice of Russia

ORF Radio Austria International
Radio France International

ORF Blue Danube Radio (Tue-Sat)
Glenn Hauser's World of Radio (Sun)
SABC Netwark Africa (Mon)

KBS Radio Korea International

RTE Dublin

Radio Netherlands

Earth and Sky

YLE Radio Finland

RTHK Hong Kong (Man-Fri)

Radio Romania International (Sat)
UN Radio and Health Watch (Sun)
Radio Vlaanderen International

RTE Dublin

ORF Radio Austria International
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The following WEFAX broadcasts schedule was provided by the Dallas Remote Imaging Group.

West WEFAX (GOES-9) Schedule Effective

GOES 9 WEFAX Broadcasts Schedules

October 10, 1996

Time

Product
H 0000Z IR NW PS GMS

1 0000Z VS NW PS GMS

A 0000Z IR NW GMS

B 0000Z IR NE GMS

C 0000Z IR SW GMS

0 00007 iR SE GMS

GOES-9 2300Z NH IR
GOES-9 2300Z NH VS

W484 PG-WDS & TEMP FL50
W486 48HR 1000 STM/
ISOTACHS

W487 48HR 1000 STM/
ISOTACHS

W482 SIG WX PROG 400-70MB
W483 SIG WX PROG 400-70MB
W273 PG-WDS & TEMP FL100
W473 PG-WDS & TEMP FL50
GOES-9 0000Z NH IR
GOES-9 0000Z NW IR
GOES-3 0000Z SW IR
GOES-9 0000Z NE IR

GOES-3 0000Z SE IR

GOES-9 0000Z FO IR

GOES-9 0000Z NH VIS
GOES-9 0000Z US IR

GOES-9 0000Z NH WV
GOES-9 0000Z NW WV
GOES-9 0000Z SW WV
GOES-9 0100Z NH IR

GOES-9 0000Z NE WV
GOES-9 0000Z SE WV

GOES 9 0000Z FD WV
GOES-8 23452 NH IR

GOES -8 2345Z FD IR

GOES 8 23452 FO WV
POLAR DIR NH 010E-080W
w028

ICE CHART

ICE CHART

ICE CHART

ICE CHART

H 0300Z IR NW PS GMS

1 0300Z VS NW PS GMS

A 0300Z IR NW GMS

B 0300Z IR NE GMS

C 0300Z IR SW GMS
003002 IR SE GMS

GOES-9 0200Z \H IR

POLAR DIR SH 010E-080W

W029
POLAR D!R MEF 010E-060W
W030
POLAR VIS MER 040W-110W

w031
POLAR NIR MER 140E-070E
2

W03
POLAR OtR MER 040W-110E
W033
GOES-8 0245Z hiH IR
GOES-8 0245Z FD IR
GOES-9 0300Z NH IR
GOES-9 0300Z NW IR
GOES-9 0300Z SW IR
GOES-9 0300Z NE IR
GOES-9 03002 SE IR
GOES-9 0300Z FD IR
GOES-9 6300Z US IR
D2 04307 IR METEQSAT
D1 0430Z IR METEQOSAT
03 04307 IR METEQSAT
E6 0430Z MOIST METEOSAT
E7 0430Z MOIST METEOSAT
E8 0430Z MOIST METEOSAT
E9 04307 MOIST METEOSAT
GOES-9 0400Z NH IR
POLAR VIS NH 080W-170W

W034
POLAR V!S SH 080W-170W
W035

0522
0526
0530
0534
0538

0542

114G
1145

1150
1155

POLAR NIR NH 080E-010E W036
POLAR NIR SH 980E-010E W037

POLAR VIS MER 100W-170W
w038

POLAR NIR MER 080E-010E
W039

POLAR DIR NH 080W-170W
W040

POOLAR DIR SH 080W-170W

wo41

GOES-9 0500Z NH IR

H 0600Z IR NW PS GMS

1 06002 VS NW PS GMS

A 0600Z IR NW GMS

B 0600Z IR NE GMS

C 0600Z IR SW GMS

D 0600Z IR SE GMS

D2 0630Z IR METEOSAT

€02 0630Z VS METEQOSAT
€03 0630Z VS METEQSAT
C3D 0630Z VS METEOSAT
GOES-8 0545Z NH IR

GOES-8 0545Z FO IR

GOES-8 0545Z FD WV
GOES-9 0600Z NH IR

GOES-9 06002 NW IR
GOES-9 0600Z SW IR

W301 ANAL 1000 STM/WECS
W302 ANAL 1000 STM/WDS
W303 ANAL 1000 STMMWES
W304 ANAL 1000 STM/WDS
W305 ANAL 1000 STM/WDS
W306 ANAL 1000 STMAWDS
W307 ANAL 1000 STM/WDS
W308 ANAL 1000 STM/WDS
W309 PG-WDS & TEMP {1340
GOES-9 0700Z NH IR

W311 PG-WDS & TEMP #1240
W210 PG-WDS & TEMP FL240
GOES-9 0600Z NE IR

GOES-9 0600Z SE IR

GOES-9 0600Z FD IR

GOES-9 0600Z US IR

GOES-9 0600Z FD WV

POLAR DIR MER 100W-170W

W042

GOES-9 0800Z NH IR

H 0900Z IR NW PS GMS

1 0900Z VS NW PS GMS

A 0900Z IR NW GMS

B 0900Z IR NE GMS

€ 0900Z IR SW GMS

D 0900Z IR SE GMS

POLAR DIR NORTH POLE W043
POLAR DIR SOUTH POLE W044
GOES-8 0845Z NH IR

GOES-8 0845Z FO IR

GOES-9 0900Z NH IR

GOES-9 0900Z NW IR

GOES-9 0900Z SW IR

GOES-9 0900Z NE IR

GOES-9 0900Z SE IR

GOES-9 0900Z FD iR

GOES-9 0900Z US IR

W214 PG-WDS & TEMP 100
W215 PG-WDS & TEMP [L50
W216 PG-WDS & TEMP FL50
W217 PG-WDS & TEMP FL340
W218 PG WOS & TEMP FL340
W219 PG WDS & TEMP §L340
GOES-9 1000Z NH IR

W420 PG WOS & TEMP FL240
W221 PG WDS & TEMP FL240
W421 PG WDS & TEMP FL180
W222 PG WDS & TEMF FL180
W422 PG WDS & TEMP FL100
W223 PG WOS & TEMP FL100
W423 PG WDS & TEMP FL50
W430 24HR 1000 STM/
ISOTACHS

W431 24HR 1000 STM.
ISOTACHS

W432 PG-WDS & TEMP FL50
W440 SIG WX 400-70MB

1200
1205
1210
1215
1220
1225
1230

1234
1238
1242

1720

1810

GOES-91100Z WH IR

J 1200Z IR NW PS GMS
A1200Z IR NW GMS

B 12002 IR NE GMS

C 1200Z 1R SW GMS

D 12002 IR SE GMS
POLAR VIS NH 170W-100E

woo1

POLAR VIS SH 170W-100E
W002

POLAR NIR NH 010E-080W
W003

POLAR NIR SH 010E-080W
W004

POLAR VIS MER 170W-120E
W005

GOES-8 1145Z NH IR
GOES-8 1145Z FD IR
GOES-8 1145Z FO WV
GOES-8 12D0ZNH IR
GOES-9 1200ZNW IR
GOES-9 1200Z SW IR
GOES-9 12D0Z NE IR
GOES-9 12D0Z SE 1R
GOES-¢ 1200Z FO IR
GOES-¢ 12002 US IR
GOES-£ 1200Z NH WV
GOES-4 1200Z NW WV
GOES-9 12002 SW WV
GOES-4 1200Z NE WV
GOES-4 1200Z SE WV
GOES-91200Z FO WV
POLAR NIR MZR 020E-050W
w006

GOES-9 1300Z NH IR
TBUS NOAA-12

TBUS NOAA-14

SCHEDULE FiLE PART-1
SCHEDULE FI._E PART-2
WEFAX MESSAGE FILE
POLAR DIR NH 170W-10CE

W07

POLAR DIR SH 170W-100E
w008

POLAR DIR MER 170W-120E

w009

GOES-9 14007 NH IR

H 1500Z IR NW PS GMS

J 15002 /S NW PS GMS

A 1500Z NW R GMS

B 15092 NE IR GMS

C 1500Z SW 1R GMS

D 15007 SE IR GMS

POLAR VIS MER 130E-060E

w010

POLAR NIR V'ER 040W-1T1€W
W11

POLAR DIR MER 130E-Ot:0E
w012

GOES-8 14457 NH IR
GOES-8 14457 FD IR
GOES-9 1500Z NH IR
GOES-9 *500Z NW IR
GOES-9 150CZ SW IR
GOES-9 1500Z NE IR
GOES-9 15002 SE IR
GOES-9 1500Z FD IR
GOES-9 :500Z US IR
GOES-9 1500Z NH VS
GOES-9 1500Z NE VS
GOES-9 1506Z SE VS
GOES-9 1600Z NH IR
GOES-9 1600Z NH VS

W263 SIG WX 400-70Mis
W462 SIG WX 400-70MB
W356 ANAL 1000 STMAWDS
W351 ANAL 1000 STM/WDS
W352 ANAL 1000 STMANTGS
W353 ANAL 1000 STMAVDS
W354 ANAL 1000 STM/WVBS
W355 ANAL 1000 STMAVDS
H 1800Z IR NW PS GMS

J 1800Z VS NW PS GMS
A1800Z IR GMS

January/February 1997

B 1800Z IR GMS

C 1800Z IR GMS

D 1800Z IR GMS

GOES-9 1700Z NH IR

GOES-9 1700Z NH VS

W358 ANAL 1000 STM/WDS
W359 P& WDS & TEMP FL340
W360 PG WDS & TEMP FL340
W361 PG WOS & TEMP FL340
GOES-9 1800Z NH IR

GOES-9 1800Z NW IR

GOES-9 1800Z SW IR

GOES-9 1800Z NE IR

GOES-9 1800Z SE IR

GOES-9 1800Z FO IR

GOES-9 1800Z US IR
GOES-%1800Z NH VS
GOES-31800Z NW VS
GOES-9 1800Z SW VS
GOES-9 1800Z NE VS

GOES-9 1800Z SE VS

GOES-8 1745Z NH IR

GOES-8 17452 FD IR

GOES-§ 17452 FO WV
GOES-9 1800Z FO WV
GOES-9 1900Z NH IR

GOES-§ 1900Z NH VS

POLAR VIS NH 100E-010F w013
POLAR VIS SH 100E-010E W014
POLAR NIR NH 080W-170VY

W015
C\?OLAR NIR SH 080W-170M7
POLAR ViS MER 070E-000t
w017

POOLAR NIR MER 100W-120W
w018

POLAR DIR NH 100E-01CE W019
POLAR DIR SH 100E-01CE W020
POLAR DIR MER 070E-0t0E

w021
POLAR VIS NH 010E-080w
w022

POLAR VIS SH 010E-0804 W023
H 2100Z IR NW PS GMS
12100.2 VS NW PS GMS

A 2100Z IR NW GMS

B 2100Z IR NE GMS

€ 2100Z IR SW GMS

D 2100Z IR SE GMS
GOES-9 2000Z NH IR
GOES-8 2000Z NH VS
POLAR NIR NH 170W-106E
w024"*

POLAF: NIR SH 170W-1Gt:
W025

GOES-8 2045Z NH IR

GOES-8 2045Z FD IR

W268 PG-WDS & TEMP FL34C
W269 PG-WOS & TEMP [1.340
W270 PG WDS & TEMP FL240
WA470 PG WDS & TEMP FL 24G
W271 PG WDS & TEMP (240
W471 PG WDS & TEMP FL180
W272 PG WDS & TEMP FL180
W474 PG WDS & TEMP F-L100
GOES 92100Z NH IR

GOES-9 2100Z NW IR

GOES-9 21002 SW IR

GOES-9 2100Z NE R

GOES-9 2200Z NH IR

GOES-9 2100Z SE IR

GOES-9 2100Z FD R
GOES-92100Z US IR

GO=S-9 2100Z NH VS

GOES-9 2100Z NW VS
GOES-9 2100Z SW VS

GOES-9 2100Z NE VS

GOES-9 2100Z SE VS

GOES-9 2200Z NH VS

POLAR DIR NH 010E-050V
WO026"*

POLAR DIR SH 010E-080W
W027°
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TOCK
XCHANGE

Sfor misrepresented merchandise.

Satellite Times assumes no responsibility

Ads for Stock Exchange must be received 45
days prior 1o publication date. All ads must be
paid in advance to Satellite Times.

Ad copy must be typed for legibility.

NON-COMMERCIAL SUBSCRIBER RATES:
3.25 per word — Subscribers only!

All merchandise must be personal and radio-
related.

COMMERCIAL RATES: $1.00 per word.
Commercial line ads printed in bold type.

1-3/4” SQUARE DISPLAY AD: 350 per
issue. Send camera-ready copy or copy to be
typeset. Photo-reduction $5 additional charge.
For more information on commercial ads,
contact Debbie Davis, 704-837-6412.

SpecTrRUMGUIDE

THE THIRD EDITION
Radio Frequency Allocations in the
United States, 30 MHz-300 GHz

Reveals Cellular & PCS, Millimeter
Waves, Science & Space, Digital
Radio & TV, Radar, Unlicensed RF
Devices, Personal Radio and more!

Call your radio dealer or 800-460-0090

100 PAGE

H U G E CATALOG

» Shortwave Receivers

SATELLITE RADIO
BOOK & GUIDE

HACKERS

» Amateur Radio Gear

» Scanners

» RTTY & FAX Equipment
» Books and Accessories

NEW BOOK covers all Audio Services,
SCPC, Subcarriers, FM?, Facsimile,
Press Services, Weather Services
Simple how-fo-receive insiructions.
Satellite Radio Guide Included.
$16.95 plus $3 Priority Mail ($19.95 total).

CATALOG

100+ Items in 40 Pages. For
Hackers, Crackers, Phreakers
and Experimenters! 1¢’s FREE!

UNIVERSAL ELECTRONICS, INC.
4555 Groves Road, Suite 12
Columbus, OH 43232 (614)866-4605

$30.00 SRP 376 pp ISBN 0-9641546-1-7

ALl Universal Radio
MIRUIN 6830 Americana Pkway. ST
= Reynoldsburg, OH 43068

= Tel. 614-866-4267

GE SUPERRADIO III, custom designed with up to four noise-free SCA Channels. Performance guaranteed. Credit Card orders
accepted. (800) 944-0630.

1-520-726-2833

http://home.navisoft.com/nspi

TEST EUIPMENT-BONANZA! Free Shipping! Bird 4411W wattmeter, like new; elements for 2-30, 144-520, 400-1000 MHz,
leather case. Orig. cost $1383 (order TIN'75 $699.95). Tenney Jr. Environmental Test Chamber (order UTST-1 $2000.00). Hewlett
Packard Draft-Pro Excel Plotter MDL#7576A (order UPTR2 $2000.00). Grove Enterprises, P.O. Box 98, Brasstown, N.C. 28902.
1-800-438-8155.

LARGE ASSORTMENT of used test eqdp;ent for sale. Most instruments are priced at 10% of original cost or less. Request list.
Jim Stevenson, 3401 Sunny Slope Road, Bridgewater, NJ 08807. Phone: (908) 722-6157 Fax: (908) 722-6391

WANTED: SatelIiTe Times Volume #1, #3, #4, #5. Original or copy. Jim Dapkus, W6575 Dakota Avenue, Westfield, WI 53964.
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The foliowing 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
betow it, same as height.

AQUISITION OF SIGNAL (AoS): The time at
which a particular ground station begins to
receive radio signals from a satellite.

APOGEE: 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 elfiptical to some degree). This
number may be entered as a real value
between 0.0 and 360.0.

ASCENDING NODE: Paint at which the sat-
ellite 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 plane 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 Satellite
Situation Report and on the 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 OQbservatory, 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 it takes to complete 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.

0OPPLER SHIFT: The observed frequency
difference between the transmitted signal
and the received signal on a satellite down-
link where the transmitter and receiver are
in refative motion.

DOWNLINK: A radio fink originating at a
spacecraft and terminating at one or more
ground stations.

e. 4.
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DRAG: The force exerted on a satellite by its
passage through the atmosphere of the
Earth, acting to siow 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
orbitin terms of how close toa perfectcircle
itis. This number is given in the range 0f 0.0
to less than 1.0. An perfectly circuiar orbit
would have an eccentricity 0f0.0. Anumber
greater than 0.0 would represent an ellipti-
calorbitwith anincreasingly flattened shape
as the value approaches 1.0.

ELEMENT SET: (See ORBITAL ELEMENTS.)

ELEVATION (EL): Angle above the horizon-
tal plane.

EPHEMERIS: A tabulation of a series of
points which define the position and 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.

EPOCH DAY: This is the day and fraction of
day for the specific time the data is effective.
This number defines both the 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 sateliite 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 signals to,
a spacecraft.

INCLINATION (INC): The angle between the
orbit plane and the Earth’s equatorial plane,
measured counter-clockwise. 0 (zero) de-
grees inctination 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 last two digits of
the launch 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
piane 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 0to 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 foses radio sig-
nals from a satellite.

MEAN ANOMALY (MA): This number rep-
resents the anguiar distance from the peri-
gee point (closest point) to the satellite's
mean position. Thisis measured in degrees
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 MOTION (MM): This is the number
of complete revolutions the satellite 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.

DSCAR: 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 sateilite’s MEAN MOTION. This is
measured in various ways. The NASA Two
Line Orbital Elements use revolutions pe:
day.

PERIGEE: The point in the sateltite’s orbit
where it is closest to the
surface of the earth.

POSIGRADE ORBIT: Satellite motion which
is inthe same direction as the rotation of the
Earth.

RETROGRADE ORBIT: Satellite motion which
is opposite in direction to the rotation of the
Earth.

REVOLUTiION 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 NUMBER ATEPQCH: 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 ASCENSION 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 piane where the satellite crosses the
equatorial plane from south to north
(asecending node). itisgiven 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 lists 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 anot!er
segment and retransmits them.

TELEVISION RECEIVEONLY (TVR0):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
crosses the Earth’s equator going from south
to north in the spring. This peint in space is
essentially fixed and represents the reter-
ence axis of acoordinate system used exten-
sively in Astronomy and Astrodynamics.
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LINK

By Bob Grove, Publisher
E-mail address: st@grove.net

Gates’ Way (by) 20007?

fewdaysago I had the

interesting experi-

ence of visiting the
future. In our parking lot, I
unfurled the flat-panel array
of a tiny, portable Inmarsat
terminal, lifted the telephone
handset from its cradle, and
called my office—fifty feet
away. In seconds, the link was
established and I talked to our
sales receptionist.

The 50,000 mile trip to talk
to someone fifty feet away (I
waved to her through the win-
dow) cost $4.25 per minute,
and the Magellan terminal
sells for about $7000 (Want
one? Call Grove Enterprises!):
the experience was certainly
unique. It opened a window
on the future of communica-
tions. Unlike cellular tele-
phones, this little package
works anywhere in the world, from the sands of the Sahara to
the ice packs of the Antarctic, and voices are clear as a bell.

Things are looking up—uwayup! Future wideband Internet
activities will be relayed by satellite. Real-time video, stereo
audio, aswell as voice phone and data will be conducted from
home and office terminals which uplink to various constella-
tions of LEO satellites. And Bill Gates will be there.

Earlier this year, Gates scored a coup when the Interna-
tional Telecommunications Union (ITU) awarded Teledisc,
a major Gates investment, exclusive spectrum for Personal
Communications Services (PCS) use. Gates, whose sole com-
mercial focus is computer systems, would stand to reap
incredible dividends by offering Internet satellite services
with unrestricted bandwidth—the major obstacle to high-
resolution graphic imaging via the Net, which is now con-
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fined to narrow-bandwidth telephone lines.

Typical phone line data transmission is at a rate of only
28,800 bytes per second (28.8 kb/s), whereas orbiting birds
can deliver bandwidths in the hundreds of megabytes (Mb/
s), more than adequate for high definition services. But there
has to be hardware as well.

Gateway 2000 has just annnounced that, with every quali-
fying purchase of one of their computer packages, they will
include a coupon for a free EchoStar DISH Network when
accompanied by a paid subscription to the Ka-band satellite
TV service (see this month’s What'’s New column). Nice first
step.

It takes little imagination to envision the next step: tying
the Gateway computer system into the Internet from space.
Watch for it—coming soon to a dealer near you! Sy




IT'S EASY TO CAPTURE REALTIME IMAGES LIKE

THIS DIRECTLY FROM SPACE ON YOUR PC!

MultiFAX offers two professionally 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.

Version 7 Software Features Include: Integrated Satellite Tracking » Kansas
City Tracker Support - Capture Images to Hard Disk or Memory - PLL
Sampling < NOAA, Meteor, GOES, Meteosat, HF Fax < “Point & Click” User
Interface with Mouse Support « 1024x768x256 Colors/64 Gray Levels + Zoom
+ Simple, Powerful Image Enhancement + 10 User Definable Enhancement
Palettes - False Colorization  Unattended Recording « Visible and IR
Animation ¢ Calibrated IR Temperature Readout « “3D" Enhancement + Use
Your Images with Hundreds of Other Programs + Printer Support * 2-3 Mile
« 3.5 Milion 8 Bit Pixels for full NOAA Recording -«
Latitude/Longitude and Map Overlay (US included) « Reference Audio Tape °

Resolution (NOAA)

<« Section of a
muiti-spectral,
failse-colorized
NOAA APT Image of
the Northeast US.
This Image was
created directly
from a raw Image
file using the
MFCOLOR software
from Weather Dy-
namics.

To find out more
about the
MFCOLOR soft-
ware, log into the
MultiFAX BBS at
(716)425-8759.
Downiocad dozens
ofimages as weli as
software, demos,
and up-to-date
orbital elements.

There is no charge
to use the MultiFAX
BBS, it operates
from SPM-9AM EST
(24 hours on week-
ends) and supports
up to 28.8KB
modems.

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

MultiFAX MF-R1
Weather Satellite Receiver

v Synthesized Tuning - 10 Programmable Memories
v/ 137-138 MHz in § KHz Steps

v/ NOAA & Meteor APT

v/ GOES & Meteosat Fine Tuning for Downconverter
v/ Two Independently Adjustable Audio Outputs

v/ 12 VDC (switchable) for Antenna Pre-Amp

v/ Price Only $249 plus S&H

Clear, Complete 85+ page lllustrated User's Manual + Much More... Cali or Write for Complete Details

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

New A Internal demodulator with software: just $289 plus S&H. Write or call for
ddl‘ €Ss! more details or check out our Web site--http://Iwww.vnet.net/users/syzygy/

MultiFAX « 321 Mason Road ¢ Fairport, NY 14450 « 716-425-8759
FAX: 716-223-6198 BBS after 5SPM EST: 716-425-8759
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2V1/440MHz All Moile Dual Band Base Station
More Satellite Fun for EVERY Ham!

ICOM Makes the Best
Satellite Radio Even Better!

Satellite operation has never been so easy
or so advanced! ICOM’s taken the best fea-
tures from the IC-821H’s acclaimed pre-
decessor. the IC-820H, applied new ICOM
next generation technology. and added
even more outstanding features.

Sub Band Transmit and
Independent Main/Sub Band
Reception

-
Enjoy cross band full duplex operation! The s REAHY! mm

IC-821H is really two separate receivers
within one compact case. Use the indepen-
dent RF attenuators. noise blankers, IF shitt
circuits, and optional CW filters. Each band
also has its own S-Meter, squelch. volume
control, and independent mode selection.

Continuous Adjustable
Transmit Power

Better than just using a high/low setting.
the continuous adjustable transmit power
feature is satellite “friendly”. You’ll get
precise power control while you help ex-
tend the life of amateur radio satellites by
running the minimum power necessary.

9600 Baud Plug and Play

The same great 9600 baud

PC - Packet operation featuring

the modulation circuit

found in the IC-820H is still

here! It’s the only rig QST magazine found

to have efticient packet operation for both

transmitting and receiving at 9600 baud'.

ICOM’s famous CI-V computer interface
is included.

See how the best only get better. Visit your
ICOM dealer today or call 206-450-6088
for a free brochure.

* Compact and Lightweight! 9.5"(w)x3.7"(h}x9.4”(d), 11 Ibs.

* All Modes (FM, SSB, CW)

* fulti-Function Scanning

* +3 ppm High-Stability Crystal (0.5 ppm optional)

© Maximum Transmit Power: VHF—45W, (FM, (W)/35 W (55B)
UHF—40 W (FM, CW)/36W (5SB)

* 160 Memory Channels (60 more than the I(-82CH)

© Buili-In Electronic Keyer

* One-Touch Doppler Shift Adjustment

* Irequency Spot Function (beeps when a programmed frequency

is crossed)
® Stereo Headphone Jack & 2 External Speaker Jacks

* Mic Included
i ——
o Il

® (TCSS Encoder

O
ICOM

http:// weww.
icomamerica.com

Questions? {cntact ICOM Technical Support in the HomNe: forum on CompuServe @ 77540,525 (lnternet 75540 525@compuserve.com) ©1996 ICOM America, Inc. The ICOM logo is @ ragistered trodemork
of IOM, Inc * OST, Moy 1995. AN specifications subiect 1o change without natice or obliyation. AllICOM radios significantly exceed F( regulations limiting spurious emissions. Phota of the Large Megellanic
Cloud cwurtesy of NOAO. CompuServe is a registered trademark of CompuServe, Incorporated, an H&R Black Compony. B2THSATI 196Y
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