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Satellite NavsSTAR — A History and
limes  Evolution of Navzga'bon
Cover Story Satellites

By Len Losik

Man has looked to the stars to
navigate throughout known history.
Now, he has put a constellation of
stars into space just for that purpose.

Cover: The cover photo for this
issue of Satellite Times is an
artist’s rendition of a
NAVSTAR satellite orbiting

11,000 miles above the Earth. Len Losik takes a look at the history .
(P qinting courtesy of Phil of all the United States’ navigation Clobad
Chien and Rockwell satellite programsin thisfeature story Prsitioning
International) starting on page 10. Systen
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GPS Explained

By Steve Dye

Pseudo-Random Codes, Rubidium Atomic Clocks, and Selected
Availability. This is just some of the terminology you will encounter
when you use the Global Positioning System. What is GPS and how
does it work? Satellite Times Navigation Satellile columnist Steve Dye
sorts through the GPS lingo in his story starting on page 14.

GPS — Putting it to Use

A major revolution is underway in the GPS consumer market,
as new receivers become affordable for almost anyone. New
applications for using the GPS system are developed every day.
Author Haskell Moore looks at some of some of these applica-
tions and the equipment you will need to enjoy the benefits of
the Global Position System. Story starting on page 18.

By Philip Chien, Earth News
One of the more obvious applications for a GPS receiver is
onboard a spacecraft. Author Philip Chien shows how a constel-

lation of spacecraft in orbit is helping other satellites navigate
through space. Story on page 22.
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SAT TRACKER™ & Nova
the best Satellite
Tracking solution!!

SAT TRACKER™ , Nova and
Frequency Manager have
been combined to offer a
complete hardware and soft-
ware combination for your station
and rolor control systems as well as
logging. Nova provides full position infor-
mation (azimuth, elevation, range. height, frequency . mode. etc.) in
real time. Data is automatically updated approximately S times per
second on a 33 MHz ‘486. All functions are accessed via the mouse;
you may operate Nova and SAT TRACKER™ almost entirely with-
oul touching the keyboard.
Nova includes 16 maps in 2 sizes. for a total of 32 maps. Mercator
Ech«.uon (rectangular) with zoom view of any continent, whole-
arth central longilude may be set for Europe. North Amnca or the
Pacific: country name labels on/off; up-to-date politicat boundaries:
easy-to-sce salellile footprints: up to 6 satellites plotted simulta-
neously. Orthographic (view from space) projection with full Eath
positioning and manipulation, ground tracks. foot prints, and real-
time orbit shapes: up o 6 satellites visible. Sky temperature (3 bands:
50, 136, and 5)00 Hz) with current satellite and antenna posilions.
Radar map showing all visible satellites and antenna position. Grid
square maps centered anywhere in the world. with point-and-click
bearing/distance display. AutoTracking via the popular SASI Sat
Tracker, Kansas City Tracker, and AEA ST-1 hardware interfaces.
Nova also includes full contro! of frequency (with or without real-
time Doppler compensation) and mode of all modern satellite trans-
ceivers: ICOM twins. ‘970. ‘820, and others, Yaesu FT-736, Ken
wood TS-790. Frequency adjustment is made by on-screen knobs,
buttons, sliders, or the key- [F] SAT TRACKER™

board. TX and RX may be ad- Eran

A

justed separately or linked (nor-
mal or inverted). Frequency
control is through a user-select-
able serial port via Frequency
Manager or the radio manufac-
tures interface (not required
with Frequency Manager). 370 - Trs
menwries are available for your JREEEN

local repealers, etc., plus 8 indi- § 3% |7, ]
vidual memories for each sateflite.
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: EV700D5X
Satellites pass through space in mree
dimensnons‘ and the :
EV700D5X is designed to
track satellites. This AZ -

SEL Rotator is fully com- &
uter compatible using
at Tracker Software or

other user programs.
EV700D5X is the stron-
gestAZ-EL

system —
available g
for todays
amateur
market.

:

{ tune parameters. =

Additional features
of Nova:

* Built-in logging

(separate logs for each satellite if desired)
Super-easy Keplenan ciement updating

(AMSAT or NASA 2-hine;

Real honzon modeling tor user-defined
foolprint display

Satellite editor with drag-and-drop arrangement
of satellites and groups (20 groups of up to 30
satellites/group)

Lip to 2.400 satellites in database

Fast rise-set AOS/1.OS calculations

* Multiple-satellites/one observer

One sateflite/two observers with mutual

window information

Multiple Satellites/Multiple observers in real timne

* Satellite-to-satellite (+/~ one or two observers)

co-visibility

* Full eclipse predictions

turbit-by-urbit and full day summaries)
Sateilite Script, a time-ordered sequence

of multiple passes of multiple satellites;

printed listing or real-tiine antenna control
Daily and Monthly Moon conditions
Customized grid square maps for any location,
with point-and-click bearing/distance
calcutations (maps may be laser-printed)
2.000-qity + DXCC country + EME directory
databases + Buckmaster & QRZ! CD-ROM jookup
Inciudes three TSR programs for background
tracking/uning (ICOM., Yaesu, Kenwood)

System requirements:

‘the combination of SAT TRACKER™ and Nova require only 420KB of conven-
tional memory. Requires a math coprocessor, VGA graphics, mouse, and about 2
MB of hard disk space.  SAT TRACKER™ and Nova run as DOS or Windows 95.
Call your Dealer for $$$$.

Skywave Pro agattn

Predtctton Software for
Windows 3.1/Windows 95

Pick a location from SKYCOM 2.0's database of over
400 call sign prefixes. Tell SKYCOM 2.0 where you
are, your transmitter power, your antenna gain. In-
put the current solar flux
or sunspot number.]
SKYCOM 2.0 instantly || ™
predicts and evaluates || = e bwan Fee=.:
the MUFs expected for o R S
each hour of the day,
calculates total path
loss, and tells you the
proper beam headings.
SKYCOM is simple
enough for the newest

"L i g Wt

Lommods, 9T Lemglinds: 77.773

R

M—.B.Il

a0 ‘—< ;
novice yet sophisti- .-nmE]a
cated enough to enable S N

advanced users to fine

CONTACT YOUR
FAVORITE DEALER

lectronic Distributors Inc.
325 Mill Street
Vienna, VA. 22180
Ph: (703) 938 8105
FAX: (703) 938 6911

Exclusive North and South American Distributors
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DOWNL|INK

By Larry Van Hom
Managing Editor

Grove Communications Expo

s I sit here in Brasstown and pre-

pare this edition of Downlink, snow

covers the ground and the worst
winter cold in several years is finally start-
ing to moderate. But as the cold weather
disappears and the temperatures rise, I
was prompted to remind you of one of
the hottest radio events of the year — the
Grove Communications Expo 96 on Oc-
tober 18-20, 1996.

For those of you who have never at-
tended this event, a little explanation is
necessary. In 1990, ST ssister publication
— Monitoring Times— sponsored the first
annual MTradio convention at the Hyatt-
Regency in Knoxville, Tennessee. It was
an October weekend filled with seminars,
tours, prizes, equipment exhibitors, dem-
onstrations, and a great Saturday night
banquet with a keynote address delivered
by Richard Carlson of the Voice of
America.

Intense discussions; good fellowship;
DXing in rooms, on the balconies,and in
the park — these were some of the best
memories of that first year in Knoxville. It
was a rare pleasure to be with other folks
who share the same enjoyment in moni-
toring the radio waves.

Those of us in attendance came home
with the feeling we had attended the
finest radio convention ever hosted. I
guess what really made that weekend for
me was the way Bob and Judy Grove put
the weekend’s activity together — it was
truly a class act by the dedicated people
here in Brasstown. The entire Grove staff
did afantastic job and set the standard for
others to emulate.

It is now six and a halfyears later, and
even though the name has changed, it’s
the same great staff of Grove Enterprises
that will put on the 7th annual Grove
Communications Expo.

If you are a space junkie, have an
intense interest in monitoring satellites
or fascination for the radio astronomy
field, don’t miss the third weekend of
October in Atlanta. Quite a few of your
favorite ST writers will be there and shar-
ing their expertise all weekend long. The
list of ST staffers is not complete yet, but
here are the luminaries from the Satellite
Times staff that have signed up thus far:

Donald Dickerson (Personal Commu-
nication Satellites), Steve Dye (Naviga-
tion Satellites), Bill Grove (SpaceNet),
Dr. TS Kelso (Computersand

DINNERWARE
SALE
25% ofFF

I WANTED To BECOME

BUT T weEDEP A DOCTORATE DEGKEE

A TRACKING STATION DisH,

Satellites), Jeff Lichtman (Ra-
dio Astronomy), John
Magliacane (Amateur Satel-
lites), Ken Reitz (Beginning
Satellites), Keith Stein (Sat-
ellite Listening Post/Launch
Schedules), and Dr. Jeff
Wallach (Weather Satellites).

In addition to the ST staff,
I have invited two special
guests who will share their
satellite expertise during the
weekend. Keith Baker, Vice
President for strategic plan-
ning from AMSAT, and Tom
Taylor, columnistin the Tran-

Geag

For THAT /..
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sponder (a TVRO industry publication),
will host forums in their areas of exper-
tise.

A major event that will run concur-
rent with the Expo during the weekend is
the fall conference of the Society of Ama-
teur Radio Astronomers (SARA). If you
have an interest in this field of space
study, this is a great opportunity. SARA
will be hosting seminars, demonstrations,
and workshops throughout the weekend.

Finally, the highlight of the weekend
for me will be the opportunity to meet
and hear NASA Astronaut Dr. Ron Parise.
Dr. Parise is a noted astronomer and has
participated in two space shuttle missions
(both were Astro astronomy missions).
He will be the keynote speaker at the
Expo Saturday night banquet, and his
after dinner speech is sure to be enlight-
ening and entertaining.

Butthere is more to the Expo than just
space related events—much, much more.
Because of this, both Grove publications
have started a regular column that will
provide you with updates on Expo activi-
ties and speakers. Be sure to check it out
in each issue of MTand ST to find out the
latest details of the communications event
of the year — the Grove Communications
Expo 96.

As Stu Gurske of Swagur Enterprises
after last year’s Expo put it, “We drove
over 28 hours and 2,116 miles to attend
the Expo and felt it was well worth it.”

Iwould like to take this opportunity to
welcome a new writer to the Satellite Times
family of writers. Steve Dye is our new
Navigation Satellite columnist and you
cansee some of his handiwork starting on
page 14 in this issue.

Now it’s time to turn the page and
launch into this special edition on GPS
satellites from your space magazine of
record — Satellite Times.
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Hubble confirms new
black hole

Sleep well. We're all passen-
gersaboardaplanetthat’sdrift-
ing with oursolar systemamidst
astronomical whirlpools called
black holes that swallow galax-
ies alive.

That seems to be supported
by recent findings of the
Hubble Space Telescope, which
has confirmed yetanother mas-
sive black hole — and a cloud
of space dust 800 light years
wide spiraling into the hole’s
voracious appetite, according
to a December report by the
European Space Agency.

But don’t run out and
double your life insurance just yet. The
hungry monster is 100 million light-years
away from earth in a galaxy called NGC
4261 in the direction of the constellation
Virgo.

“This new discovery should lead us to
anew understanding of black holes,” says
Holland Ford of John Hopkins Univer-
sity, in Baltimore. “The new Hubble ob-
servations have moved us beyond the
question of whether black holes exist.
Now we can work on the demographics of
black holes and address a number of
other questions.” Ford and other scien-
tists want to know if every galaxy has a
black hole. They also want to know how
black holes work.

Predicted by Einstein’s general theory
of relativity, a black hole is believed to be
a compact and massive object with such
powerful gravity that nothing — not even
light — can escape its pull.

By measuring the speed of gas swirling
into this newly confirmed black hole,
astronomers calculated its mass to be 1.2
billion times that of our Sun, condensed
into a region not much bigger than our
solarsystem. The dustcloud, which in the
telescope looks like a spectacular geo-
metric disk, contains enough mass which,
ifsqueezed togetherlike snowballs, would
make 100,000 stars the size of our Sun.

Priorto Hubble, astronomers doubted
the existence of dust in elliptical galaxies

6 SATELLITE TIMES
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By Wayne Mishler, KG5BI

This is a Hubble Space Telescope
image of an 800-light-year-wide spiral-
shaped disk of dust fuellng a massive
black hole in the center of galaxy,
NGC 4261, located 100 million light-
years away in the direction of the
constellation Virgo. (Photo courtesy
of L. Ferrarese, Johns Hopkins
University and NASA)

b -

The Galileo probe parachuting into the Jupiter atmosphere. (Painting by Ken

Hodges)
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like NGC 4261, thought to have stopped
making stars for lack of interstellar gas
and dust, the essential ingredients in a
star recipe. But Hubble isshowing dust to
be common in the centers of elliptical
galaxies. Astronomers believe the dust
may be debris from another galaxy which
collided with NGC 4261. Over the next
100 million years or so the black hole is
expected to feed on the debris and spit
out spectacular fireworks.

Scientists believe that the universe is
expanding, becoming ever larger, and
that collisions between galaxies may have
been more common in the past when the
universe was smaller. But in simulations
astronomers have had difficulty getting
model galaxies to collide with each other,
because of the dvnamics involved.

There is another mystery associated
with the discovery. The black hole is off-
set from the center of the galaxy, and
from the disk’s center as well. The con-
sensus is that the black hole once was at
the center of its galaxy, but something
pulled it 20 light-years to the side.

Which of course prompts the ques-
tion: How do you move a black hole?
Some believe that it might have moved
itself. They theorize that debris sucked

!



into the core is heated to tens of millions
of degrees by gravity and spewed out as
hot gases which push the core like jet
blasts from a rocket engine.

One of the ways astronomers locate
black holes with Hubble is by measuring
the rotation of gases with spectrographs.
Like water spiraling into a drain, gases
rotating into a black hole display an un-
mistakable signature. The speed of gases
orbiting a black hole increase as they
move nearer the center.

The search for more black holes con-
tinues.

Jupiter probe’s last words may
change history
The Galileo probe’s final words to the

mother ship while plunging to destruc-
tion into the clouds of Jupiter may cause

" SATELLITE JYONITOR |

have enough power for a direct flight to
Jupiter, scientists had to improvise. They
used the atmospheric pull of a nearby
planetin a Star-Trek “sling-shot” maneu-
ver. This gave Galileo enough momen-
tum to reach Jupiter, but required an
angled approach like a pool-room bil-
liard shot.

No sooner had they solved that prob-
lemwhen othersappeared. Galileo’s main
antenna failed to deploy, preventing
transmission of data. And at a crucial
moment the onboard tape record stuck
in rewind mode. Even so, enterprising
scientists were able to pull essential data
from the ship.

Galileo released its probe last July 12
about 50 million miles from Jupiter. The
probe coasted quietly to a spotjust north
of Jupiter’s equator. About six hours be-
fore entry, an onboard timer activated

the probe’s lithium/sulfur dioxide bat-
tery necessary to power the six onboard
science instruments. The probe then be-
gan its descent.

Within the first minute of entry, the
heatshield began 10 erode. Aerodynamic
forces slowed the probe to about the
speed of sound. An explosive charge in
the rear heat shield fired, deploying a
pilot parachute. This pulled off the back
cover and deployed the 8-foot-wide main
parachute. Additional explosive charges
fired, releasing the forward heat shield.

Two minutes later the science instru-
ments inside the descent module began
reading atmospheric temperature, pres-
sure, density, and composition. The data
was radioed back to the Galileo space-
craft 125,000 miles away, which relayed it
hundreds of millions of miles to earth.

Momentslater the probe wasdestroyed

scientists to rethink their as- ——
sessment of how earth was
formed.

The composition of
Jupiter’s atmosphere was dif-
ferent than expected. “The
data we gathered may change
the way we look at our own
beginning. It is especially sig-
nificant for scientists, educa-
torsand theologians,” one ana-
lyst told reporters, without
elaborating.

During its voyage, the
Galileo spacecrafi was not with-
out problems, even though
NASA gave it a clean bill of
health just before the launch-
ing of its Jupiter probe last
summer.

The mission was delayed
several times between 1978
and 1986 as different launch
vehicles were considered. The
1986 explosion of the space
shuttle Challenger compli-
cated matters and set nerves
on edge. Cautiousen-
gineers launched Galileo in
1989 from the shuttle Atlantis
withan under-powered rocket
toavoid damage to the shuttle.
Because the rocket did not

by heat and pressure. But its
last words will live forever in
the archives of science.

Atlantis gets its own
MIR parking spot

The U.S. space shuttle is get-
ting to be a regular visitor to
the Russian MIR space station.
The shuttle even has its own
parking spot.

During the last U.S. visit,
Atlantis commander Kenneth
Cameron attached a docking
module permanently to the
Krystall module which attaches
to MIR. He made the connec-
tion even though his view was
blocked by the docking mod-
ule. The design of the two mod-
ules connected end to end pro-
vides safe clearance between
theshuttleand MIR. The dock-
ing module will serve as the
designated parking spot for all
future space shuttle missions
to the Russian space station.

Atlantis also delivered two
folded 18 meter solar arrays to
MIR.

March/April 1996
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U.S. military sends first
message through space

The U.S. Joint Chiefs of Staff have
opened a new age in satellite communi-
cations by sending a message halfway
around the world using Milstar’s crosslink
antennas.

A spokesman for Lockheed Martin
Missiles and Space says this marks the
first time in history that a communica-
tions signal has been sent over such a
long distance through more than one
satellite without the use of ground relay
stations.

The message was uplinked to Milstar
DFS-1, which processed and relayed the
signal to Milstar DFS-2, via the crosslink
antennas on both spacecraft. The trans-
mission was then downlinked to the U.S.
Pacific Command, Camp Smith, Hawaii,
and to the U.S. Adantic Command, Nor-
folk, Virginia.

This type of military communication
is more secure and reliable. “Milstar’s
satellite to satellite crosslinks ensure se-
cure, survivable, worldwide communica-
tions,” says Lockheed, primary con-
tractor for the project. “It reduces the
Pentagon’sreliance on vulnerable and
expensive ground relay methods.”

All Miistar satellites incorporate
two crosslink dish antennas located at
opposite ends of each spacecraft.
These antennasare unique to Milstar.
Eventually they will be used to con-
nect all four Milstar satellites and be
controlled from a fixed or mobile
control station.

Securityisassured by beaming nar-
row transmissions from one satellite
to another at frequencies that would
be absorbed by the earth’s atmo-
sphere. This means that the transmis-
sions between satellites could not be
intercepted by earth stations. And
Milstar’s signal processing and encryp-
tion prevents interception in space.

Milstar’s “switchboard in the sky”
concept is a departure from all cur-
rent communications systems. Oper-
ating primarily in the high frequency
(EHF) and super high frequency
(SHF) bands, the Milstar system is

8 SATELLITE TIMES

designed to provide adaptable, secure,
and survivable communications between
fixed or mobile terminals. They are for
the sole use of the U.S. Air Force, Army
and Navy.

The system employs five technologies
not found in any previous military satel-
lite coinmunications svstem.

¢ On-board signal processing

® On-board signal routing.

* On-board resource control.

* Crossbanding (the ability to
receive a signal through one
antenna at one {requency, and
process and relay it through a
different antenna at a different
frequency).

* Specially designed crosslink
antennas.

These technologies make the system im-
mune tojammingand interception. They
provide exceptional mobility. And they
make it possible to “frequency hop” across
a 2 GHz bandwidth - a first for communi-
cation satellites.

Artist rendition of the Sea Launch
system. (Painting courtesy of the Boeing

March/April 1996

These new technologies also elimi-
nate the need for bulky, immobile, high-
maintenance and vulnerable ground sta-
tions. This enables theater commanders
to establish and control their own cus-
tomized networks from a single location
using one or more satellites as the
network’s processing hub. Set-up takes
minutes instead of weeks.

The Milstar satellites were lannched
separately in 1994 and 1995 from Cape
Canaveral Air Force Station, Florida.
Launches of four additional satellites are
scheduled in 1999 with capabilities for
improving the tactical utility of the sys-
tem. Each satellite has an expected life
span of 10 years.

World's first graphite fuel tank
to be installed in Clipper

The world’s first graphite composite
tank designed to hold liquid hydrogen at
423 degrees Fahrenheit below zero has
been built by McDonnell Douglas and
tested for installation aboard that
company'’s Delta Clipper advanced reus-
able launch vehicle. Testing was done
by the NASA Marshall Space Flight
Center in Huntsville, Alabama.

The Delta Clipper (DC-XA) single-
stage vertical take-off, vertical-landing
vehicle is to undergo continued flight
tests at the U. S. Army White Sands
Missile Range in New Mexico, in mid-
1966.

“This will be the first graphite epoxy
cryogenic fuel tank to undergo flight
testing,” says McDonnell Douglas DC-
XA program manager Dave Schweikle.
“Thetank was designed and fabricated
by our company to (contain liquid
hydrogen) and serve as an intregal
part of the DC-XA’s structure.”

Commercial satellites to be
launched from floating
platform at sea

A new launching systemn called Sea
Launch will boost commercial satel-
lites into space from a platform in the
Pacific Ocean. HughesSpace and Com-
munications International has signed



up for at least 10 launches from the float-
ing launch site over the next five years.
The first launch is planned for mid-1998.

“Sea Launch is another solution to
what we see as a need for assured launch
slots over the nextfewvears,” saysa Hughes
spokesman. "Hughes has a backlog of 41
satellites (as of December 7) to be
launched. Most of them are our large HS
601 and 702. We need a varied supply of
rockets so our customers can be assured
of gelting into space on time to meet
their business plans.”

The three-stage Sea Launch vehicle is
capable of carrying both satellite models
into low, medium or geostationery earth
orbits. The satellite processing facility is
planned to be developed in Long Beach.
The launch platform and accompanying
command ship will depart from that port.

PanAmSat to expand services
throughout Americas

PanAmSat has asked the federal gov-
ernment for approval to operate several
new international communications satel-
lites that will expand its broadcast and
telecommunicationsservices throughout
the Americas by the year 2000.

The Federal Communications Com-
mission is considering the request to op-
erate the satellites in orbital locations in
space that traditionally have been reserved
for domestic U.S. satellites. The two or-
bital slots — 79 degrees West and 103
degrees West — would be used for inter-
national communications in the C-band
and Ku-band frequencies.

In addition, PanAmSat has asked for
FCC approval to operate two additional
satellitesin the K-band frequencies. These
would be located at 58 degrees and 79
degrees West, and would enable the com-
pany to provide commercial video and
data communications services by the end
of the decade.

Satellite worldwide fcox service
planned
TMI Communications of Canada plans

to develop a facsimile service for use on
the MSAT Network. This new service
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would store and forward errorfree fax
messages via satellite to and from any
MSAT Communicator located anywhere
in North America to anywhere in the
world. Subscribers would have access to a
variety of fax mailbox features including
retrieval of messages at public switched
telephone network locations, deliverysta-
tus of sent messages, and the ability to
broadcast a single message to multiple
addresses.

The MSAT (mobile satellite) commu-
nications network is operational and plans
to be in commercial service by the end of
this year.

And finally ...

It doesn’t seem to be a problem for
dogs. Finding fire hydrants, that is. But
most firefighters aren’t built that way.
Dalmatians mavbe. But they don’t count.
Although one wonders why they couldn’t
be trained for the job.

“This business of standing up in the
seat of your pumper and looking to the
left and then looking to the right (for a
fire hydrant) is no good,” says a dis-
gruntled firefighter in Braintree, Mass.
Especially when the owner of a burning
house is screaming at you to do some-
thing.

The fire department of nearby
Marshfield has asolution. No, not Dalma-
tians. The Global Positioning Systein.

GPS, as you know, was developed by
the Pentagon as a navigational tool. The
system relies on satellites that transmit
continuoussignals around the world. GPS
receivers on the ground compare signals
from three or more of these satellites to
provide ground coordinates.

The Marshtfield fire departmentsolved
their hydrant location problem by pur-
chasing a handheld GPS receiver. When
dispatching units to a fire, the dispatcher
gives both the address and the coordi-
nates of nearby hydrants. Fircfighters
enter the coordinates into their new GPS
receiver, and follow it to the nearest hy-
drant.

Alas, it’s a dog’s life. S

Sources:
Energia LTD, European Space Agency, Hughes
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Space and Communications Company,
Lockheed Martin Missiles & Space, McDonnell
Douglas, PunAmSat, Patriot Ledger-Quincy,
Mass., TMI Communications.
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NAVSTAR — A History and Evolution
of Navigation Satellites

By Len Losik

an has looked to the stars to
navigate for all known his-
tory. Now, man has put a
constellation of stars into space just for
that purpose.
The Soviet Union may have launched
the first man-made satellite in space, but
the United States was the first to launch
satellites to navigate by. It wasn’t long
after Sputnik successfully orbited the Earth
that the U.S. Navy began to use space for
one of their most important needs —
navigating.

The constellation of starsis called
GPS, short for Global Positioning
System and these man-made stars
are called NAVSTAR (Navigation Sat

Navigational

Technology . e

Satellite ellites for Timing and Range).

(NTS). A

Courtesy of TRANSIT Satellites

g:sggr‘f,: NAVSTAR is the result of almost 31
Laboratory years of satellite evolution beginning with

the U.S. Navy TRANSIT satellites. TRAN-
SIT satellites were the first satellites in
space dedicated to navigation.

Satellite navigation was invented and
patented in 1958 at John Hopkins Univer-
sity Applied Physics Laboratory (APL). It
was created after APL personnel observed
and identified the phenomenon of Dop-
pler shift on the Russian Sputnik down-
link frequency as it orbited over Ameri-
can ground stations.

Realizing that Sputnik’s position in
space could be calculated from its Dop-
pler shift alone, APL sought out funding
from the Navy to prove the concept of
satellite navigation. The Navy and the
APL. were both working on the Polaris
submarine program at that time.

Polaris lacked a systein that could pro-
vide fast and precise navigation for Navy
subinarines that needed to remain under-
water toavoid detection. The Navy quickly
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funded the TRANSIT program and the
system concept was tested, designed, de-
velaped, built.and launched by 1960. The
program became operational in 1964 and
were made available for public use in
1974,

Each TRANSIT sateliite’s orbit was
calculated from Doppler measurements
taken at TRANSIT groundstations located
around the world. Orbitpredictions, based
on the recent orbit characteristics, were
generated and uploaded to each TRAN-
SIT satellite. This information is then re-
broadcast to Earth for the user equipment
to update with local Doppler measure-
ments. The TRANSIT user equipment
needed a close guess of its location at the
start.

Today, the TRANSIT system consists
of seven operating satellites orbiting at
600 nautical miles. Navigation solutions
are notavailable continuously. A user may
have to wait up to eight hours with inter-
vals as long as 24-hours to get an accurate
fix. This has been highly satisfactory for
most TRANSIT users needs which tend to
be ships at sca. TRANSIT has been an
extremely successful programfor the Navy.
There has been over 80,000 userreceivers
sold since the inception of the program.

NAVSTAR has taken over for TRAN-
SIT and the program will come to the end
in 1996. The program consists of over 50
satellites built and launched over the 31
vears of service. Many of the people that
designed and developed TRANSIT satel-
lites remain at APL and will participate at
the end-of-the-project’s celebration
planned for 1996.



The TIMATION Satellites

The development of the concept for
TIMATION satellites began in the spring
of 1964 at the Naval Research Laboratory
(NRL). TIMATION I and II were used to
validate NRL'’s concept of position deter-
mination (navigation) using clock syn-
chronization between the user and a satel-
lite. That concept required accurate time
transfer to different points around the
world.

TIMATION Iwas verysmall, it weighed
only 86 pounds and used six watts of
electrical power. TIMATION II was
launched in 1969 and it was just a litde
larger at 125 pounds with 18 watts of
power. TIMATION I and [l were launched
into a 500 nautical mile orbit inclined 70
degrees. The third satellite in the series,
TIMATION III, was later renamed the
Navigation Technology Satellite I, and
launched on July 14, 1974.

One of the early successful projects
with the TIMATION series of satellite in-
volved a moving vehicle on the ground.
Signals in the UHF spectrum from
TIMATION I were used to successfully
navigate a truck around the Washington
D.C. beltway in 1964.

Experiments conducted on
TIMATION satellites included:

e Using space based rubidium and ce-
sium frequency standards

* Measuring relativistic effects on navi-
gation solutions

¢ Isolating ionospheric and multi-path
€rrors

* Using a laser reflector for indepen-
dent satellite range measurements

* Multiple types of solar cell panels for
measuringlong term degradationand
output performance

* Time synchronization tests with the
Naval Observatory and Royal Obser-
vatory in England

* Multiple orbit altitude tests

¢ Side-tone ranging tests.

In 1968, the Joint Chiefs-of-Staff di-
rected the Navy to combine TIMATION
with an Air Force system named “621B,”
and develop a system that would meet all
the military services needs. The outcome
of this merger was the NAVSTAR GPS.

The Air Force 621B project was study-
ing geosynchronous, inclined orbits at
22,000 mile altitude. NRL maintained that
a small number of satellites in several

orbit planes with lower orbits for
NAVSTAR'’s, would yield more 4-satellite
position solutions to users. This concept
survived great scrutiny and forms the ba-
sic structure of the NAVSTAR constella-
tion in use today.

The NTS Satellites

After the TIMATION program, came
the Navigational Technology Satellites
(NTS) in 1968. NTS I and NTS II were
built and launched by the Naval Research
Laboratory. Both satellites were proof-of-
concept platforms that pre-dated the
NAVSTAR satellites.

NTS I was the first satellite to use the
rubidium frequency standard in space.
NTS II was launched later and used 2
cesium standards for timing.

These frequency generators were built
for ground use, but modified for operat-
ing in space. NTS II suffered a failure at
launch and so it’s ce-
sium standard never
operated in orbit, but
NTS I had several
weeks of on-orbit op-
erations validating
both the on-board
pseudo-random,
noise signal assembly
(PRNSA) design for
space operations, and
ground-user equip-
ment performance.

The NTS user
equipment receivers
acquired and locked
onto the PN spread
spectrum  signal.
Once lock-on was
achieved the equip-
ment demodulated,
and decoded the sig-
nal resulting in a posi-
tion solution. The so-
lutions from NTS I
were extremely accu-
rate. Soaccurate, that
many people in-
formed of the perfor-
mance doubted the
results.

NTS III was
planned by NRL, but
Rockwell Interna-
tional, the supplier of
BlockINAVSTAR sat-
ellites was finishing
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the last Block I NAVSTAR at the same
time that the spacecraft was planned to be
used for testing. The Air Force decided to
use Block I NAVSTAR to test the same
items that was 10 be tested on NTS 11, so
it was not launched.

As the combined NRL-NTS and the
Air Force-621B projects renamed
NAVSTAR GPS progressed, NRL redi-
rected its activities to research, evaluate
and develop newtiming technologies suit-
able for GPS. One of those technologies
that was found to have potential was the
hydrogen maser.

The hydrogen maser was being tested
by the Air Force for it suitability and on-
orbit characteristics and performance.
One Block II NAVSTAR was converted 10
atestsatellite in the late 1980’s for just this
purpose. It was renamed and provided to
the testbranch of the Air Force forlaunch-
ing into space.

NAVSTAR Block | and Block Il below- Built by Rockwell
International. Courtesy of the Air Force Space and Missile
Systems, Public Affairs
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The NAVSTAR Satellites

NAVSTAR is the space segment of the
Global Positioning System. The GPS acro-
nym is from the days when the only mis-
sion envisioned for these satellites was to
provide the world’s only space-based user
positioning system.

Using a pseudo-random, time division
multiple access (TDMA) spread-spectrum
downlink, each NAVSTAR's orbital posi-
tion and time is sent to anyone with GPS
user equipment. PN spread spectrum has
unique qualities that are advantageous to
NAVSTAR users. User receivers need a
very low signal-to-noise ratio so they can
be inexpensive. The RF power to the user
can be extremely low (about -166 dBm).
This results in a less expensive, less power-
ful satellite.

The orbital position that each
NAVSTAR satellite transmits to the Earth,
is an orbit prediction of where the
NAVSTAR was supposed to be from the
last time that its navigational mermory was
updated. Ground software uses Kalman
Filtering to evaluate past orbit position
and frequency standard drift and predict
future orbit and on-board clock behavior.
This prediction is then uploaded to each
NAVSTAR and retransmitted on the I
band navigation downlinks as NAVSTAR
orbit position and time. All significant

NAVSTAR IIR - Built by Lockheed Martin.
Courtesy of the Air Force Space and Missile
Systems, Public Affairs.
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TRANSIT (Series 1) - Built by
Johns Hopkins University
Applied Physics Laboratory.
Courtesy of Johns Hopkins
University Applied Physics
Laboratory.

variables are compensated for in the pre-
diction by ground software techniques.

NAVSTAR uses two L-band downlinks
for GPS user equipment. L1 is at 1575.42
MHz and L2 is at 1227.60 MHz. Two
frequencies are used so that atmospheric
delay for each can be compensated for at
the instant the data is taken for a
positionsolution by the userequip-
ment. L1 and L2 are uniquely ef-
fected by the atmosphere and the
combined effects are cross corre-
lated to determine actual delay for
all NAVSTAR users.

The first GPS satellite was
launched on February 22, 1978,
and became the heart of the new-
est space-based navigation systemn.
The Air Force named the first GPS
satellite that reached its correct
constellation  position —
NAVSTAR 1. Three more GPS
spacecraft were launched in 1978.
A complete launch history can be
found in the Satellite Services Guide
in this issue of ST,

NTS satellites were originally
going to be compatible with the
NAVSTAR system and be part of
the first GPS constellation, but de-
velopmental evolution of the navi-
gation package on BLOCK I
NAVSTARs, prohibited it.

Conservative estimates made
within the Air Force by their mis-

sion planners in the 1970’s indicated that
over the 30 years of planned GPS system
use, life cycle (total project) costs could
exceed US$30 billion. This analysis was
done using an early 4 years of usable satel-
lite life. Early estimates indicated thatover
200satellites would be needed to keep the
GPS constellation full of working satellites
for 30 years.

GPS satellite on-orbit life was dictated
by the life of the rubidium frequency stan-
dards on each NAVSTAR. The NTS satel-
lites had 2 rubidium standards. NAVSTAR
1, 2, and 3 carried 3 rubidium standards
each. NAVSTAR 4 was first to carry 4
frequency standards, 3 rubidium and 1
cesium standard.

The Space Shuttle and
NAVSTARs

The NASA space shuttle had an impact
on the GPS constellation design. When
the concept was first drawn up, the mili-
tary was ordered to launch GPS on the
space shuttle. The shuttle cargo bay could
hold up to four NAVSTAR spacecraft.

A plan was developed to launch the
entire GPS constellation of NAVSTAR
using the shuttle in 18 months. This was
faster than the previous plan of 5 to 7 years
using expendable launch vehicles (ELV)
launched from Vandenberg Air Force
Base. However, the inclination that the
space shuttle would go to with a full cargo
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bay of NAVSTAR'’s was only 28.5 degrees.
Previous ATLAS E/F launches from
Vandenberg injected a single Block I
NAVSTAR’s into 63 degree inclined orbit
planes. The higher inclination was desired
to improve polar coverage.

The STAR 37 Thiokol solid rocket mo-
tor would get over 28 degrees of plane
change and could get the NAVSTAR to its
proper orbit altitude, inclination and ec-
centricity. This plus the 28.5 degree inclina-
tion from the space shuttle meant that the
NAVSTAR orbit plane inclination target
was 55 degrees. However, after the space
shuttle Challenger failure in 1986, the gov-
ernment decided to launch the NAVSTAR
spacecraft using a special DELTA Il rockets
into the 55 degree inclined orbits. The
NAVSTAR GPS system design had been
completed with a 55 degree inclination as
the target. The impact to change back to 63
degrees inclination was large, expensive
and not justifiable.

Conclusion

NAVSTARs are very different among
military satellites. Unlike military commu-
nications satellites, weather sat-
ellites, imaging, defense
supportand reconnais-
sance satellites,
the Navy and

TRANSIT (Series 5) -
Built by Johns Hopkins
University Applied
Physics Laboratory.
Courtesy of Johns
Hopkins University
Applied Physics
Laboratory.

NAVIGATION SATELLITE CHARACTERISTICS

NAVSTARS

TRANSIT TIMATION NTS | BLOCKI BLOCK HA BLOCK IR BLOCK UlF I
Orbit 600 500 7.5 10.9K 10.9K 10.9K 10.9K
Altitude (nmi) 10.9K
Inclination 90 70 125 63 55 55 55
(Degrees) 63
Orbit Period 1.5 1.5 6 12 12 12 12
(Hours) 12
Mean Mission i i *k 4.5 4.5 7.5 10
Duration(Yrs)
Design Life 8 *r B ) 7.5 10 12
(Years)
Weight 270,190 85 640 1739 1739 4480 *
(Ibs) 130,165 125 950
Size(ft) 3 ft diabali very small 5X3 8XS5 8X5S 6X5 *

3.6 X2.6 cyl! small
1.5 X 0.8 oct
Power 3 6 100 410 700 970 *
(Watts) 10 18 400
20
35

Navigation 54/108 150 335 1227.60 1227.60 1227.60 1227.60
Frequencies 162/216 335 1580 1575.42 1575.42 1575.42 1575.42
(MHz) 54/324 400 1227.60

136/224 1580 +/-20.6

421/448

150/400

* BLOCK IIF NAVSTARS haven't been built yet, and so these parameters aren't known.
*¥ Not Applicable

Air Force planned for NAVSTARs to
be used by the civilian community
and military resources just like the
Navy TRANSIT system.
The future for NAVSTARs is
bright. Continued space ex-
ploration will mean an ex-
panding role for
NAVSTAR. Originally
conceived for surface-
of-the-Earth and near
earth navigation,
NAVSTAR can be
modified to pro-
vide navigation
service above
the NAVSTAR
GPS constellation.
NAVSTAR is one of the
very few satellites that provide
services to other satellites.
NAVSTAR is now effecting how fu-
ture satellites will operate.. Future sat-
ellites, including NAVSTAR could cost
much less, be lighter and use less power
because the attitude and orbit control

subsystems can be replaced with simple
algorithms for using NAVSTAR data.

NAVSTAR will continue to lead space-
based navigation into the next century.
The Air Force has now been joined by the
rest of the world in using this fantastic
system and this makes the NAVSTAR satel-
lites shine even brighter. Sy
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Without doubt, the Global
Positioning System (GPS) has
made an enormous impact on
the way navigation and track-
ing is performed. The applica-
tions, whether commercial or
recreational have created a bil-
lion dollar industry, that will
surely continue (o grow.

i _ 5
Pholo countesy of Magellan

By Steve Dye

he GPS system is owned and fi-

nanced by the U.S. Department

of Defense (DoD), and consists
ofa constellation of 24 satellites, orbiting
the earth. The system has both military
and civil applications, and has proven
itself to be the most reliable form of
navigation and location finding ever. So,
how does the system that gives every
square meter on the planet a unique
address, and tell a lost climber in the
middle of nowhere what his location is
work?

The way in which GPS calculates the
receivers position on earth is based on a
few very simple geometry principles with
some clever computing algorithms that
determine the distance of the receiver
from the satellites. These, among other
principles will be described in this fea-
ture and will provide alot of answers as to
the way in which just a receiver, and one
with an extremely small antenna for sat-

Two possible
locations

FIGURE 1

Intersecton of three spheres providing a
location fix.
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ellite signals, can actually fix your posi-
tion, with surprising accuracy.

Location in Two and Three
Dimensions

The means by which GPS locates the
receivers position on the earth’ssurface is
in essence, triangulation. There is a lot
more to it than this of course. but triangu-
lation. the age old method of navigation,
is the basis by which GPS provides a loca-
tion.

In space, we have three dimensions,
and in reality, we would need four refer-
ence points to fix a location, giving alti-
tude as well. Consider being positioned
on the earth, 16,000 km from Satellite A,
17,000 km from Satellite B and 18,000 km
from Satellite C. In a three dimensional
scenario, we have to approach things dif-
ferently. Asatellitessignal in three dimen-
sional space, would form an imaginary
spherewith the satellite atthe center. The
outersurface representing the pointwhere
the signal is received. This would pin-
point the location of the receiver to some-
where on the surface of this imaginary
sphere. If it were known that we were a
certain distance from another satellite,
the imaginary sphere this signal produces
would intersect, the first sphere, forming
a circle. The position of the receiver has
now been narrowed down to somewhere
on the circles circumference. If a third
range was introduced from another satel-
lite, then the location could be narrowed
down to ane of two places: the intersec-
tion of the second circle on the first.

Figure 1 illustrates this. To be abso-

lutely correct, we would need a fourth
satellite to finally locate our position in
three dimensional space. However, one
of the intersection points, though exis-
tent of course, has a value not considered
practically possible. The satellite receiver
can actually calculate which reading to
determine as the correctone, based onan
algorithm that determines which inter-
section point to select. So, as can be seen,
in terms of locating a point on the earth’s
surface, three satellites and some decisive
algorithms in the receiver will produce
the location on the earth’s surface.

Calculating the Distance

Now thatwe have established the rather
elementary methodsoflocating ourselves,
a method of calculating the real distance
from these satellites needs to be found.
GPS again, adopts a widely used principle
of science; the velocity of electromagnetic
radiation and time taken for a signal 1o
reach a position, thus yielding a distance.
The equation is simply

Speed = Distance/Time. Giving Distance
= Speed * Time.

This straightforward principle incor-
porated in the receivers algorithms will
utilize the finite time it takes from each
satellite to reach the location of the re-
ceiver, and multiply it by the constant
velocity of electromagnetic radiation to
return a distance value. So far, the above
descriptions have spared the critical ele-
ment that enables GPS to accurately lo-
cate a position —timing. The very essence
of this all is the timing. In short, the
receiver determines its distance from the
satellite by timing the signals arrival time,
and calculating the distance from that.

Pseudo-Random Codes

If a GPS satellite transmitted a known
signal at a known time, then the receiver,
having received and decoded the signal
would be able to calculate the time it takes
for the signal to arrive and derive a dis-
tance value from the satellite. The actual
signals the GPSsatellite transmits are a set
of codes that are also generated by the
receivers. The receiver compares the re-
ceived code to the transmitted code and
after some processing, is able to deter-
mine the signals ime lag from the satel-
lites, once both satellite and receiver are
synchronized.

Toillustrate this with asimple analogy,
imagine two persons on a football field,
with each standing at the opposite ends of
the field, watching for a signal they both



FIGURE 2
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(1)

A pseudo random code with the time lag
(1) between satellites transmitted and
receivers generated code sequence.

can see that orders them to start counting.
When they start counting, (in seconds)
“one, two, three” eic., one pesron will, for
instance hear “one” when the other has
reached three shall we say. This is due to
the time interval caused by the sound
traveling the length of the foothall field.

Thusin ouranalogy, one person repre-
sents the GP'S satellite, transmitting its
timing signal, the second person repre-
sents the GPS receiver, transmitting the
same code. Now, as the receiver shouts sav
“three”, it heard “one” , meaning it took 2
seconds for the other persons counting to
reach hin.

As you can see, synchronization is the
key to accurately measuring the timing.
Rather than using a simple code as in the
analogy above, GPS actually uses a com-
plex series of pulses that look almost ran-
dom. Thev are in fact a sequence that
repcat every millisecond, forming a
pseudo-random code sequence. Figure 2.
shows a pseudo-random code and the re-
ceiver measuring the time lag.

This code is sent by the satellite at
known times precisely so that the patterns
occur at set times. When the receiver gen-
eratesits code, (the same code the satellite
generates), it “shifts’ the code around in
the time domain until it correlates or
maitches with that of the received code
from the satellite. The amount of time by
which the receiver had to ‘slide’ its code is
the time 1aken for the signal to reach that
point on earth.

Atomic Clock

In order to achieve a high level of
timing accuracy, atomic clocks are
mounted on board each satellite. Atomic
clocks such as these achieve accuracies in
the order of nanoseconds, and to ensure
this level of accuracy is maintained at all
times, each satellite has four such clocks
on-board with three on stand-by acting as
back-ups. The same cannot be said how-
ever, for the receivers. Such devices would
make the prospect of cheap and portable
recciversimpossible. Atomic clocksineach

off-the-shelf receiver would be impractical,
so less accurate timing systems are em-
ployed.

This does in fact introduce a problem
whereby an error in positioning can be
introduced due to the difference in accu-
racy between the two timing systems. This
error can be significant and in order to
correct i, a fourth satellite measurementis
required to finally fix the position. If three
accurate measurements were used, a rea-
sonable, but-less-than accurate positioning
would result. However, if four less-than-
perfect measurements are taken, the loca-
tion can be determined with accuracy as
you will see later on in the article.

Timing Errors

To illustrate the effect of accuracy, the
velocity of electromagnetic radiation is 3E
8 Ms' If the accuracy of the clocks differs by
as much as 1000th of a second, then a
ranging error of 3E 5 meters or 300 km
would result! This calls for the obvious
need for accurate timing in the receiver.
Figure 3. illustrates the effect timing errors
have on ranging measurements in two di-
mensions. The thick bands offer a multi-
tude of possible positions due to the pos-
sible ranges.

There is another possibility associated
with timing errors — if a gross error oc-
curred where the timing was off by an
appreciable amount, all (imaginary)
spheres would not intersect at the same
point. There would be an impossible solu-
tion derived from the algorithms where
there is no point of intersection that satis-
fies all three satellites. With a fourth mea-
surement, the algorithms can start deter-
mining if these imaginary points of inter-
section are in fact feasible. If, after calculat-
ing the distances, no intersection point
results from all satellites, the algorithms
starts adding or subtracting plausible
amounts off the timings from all satellites
until a point is reached, where all timings
intersect. The end result, being the loca-
tion of the receiver. This is a point worth
remembering, you can’t obtain a reliable
reading unless you have “visibility” to at
least 4 satellites.

Error due to timinig

Location somewere In here "'
FIGURE 3 c

Positioning error due to variable timing.
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More on Pseudo Random
Codes

Users of GP’S equipment may have
pondered over the size of the antenna,
and wondered how such a small device
could receive anvthing at all, let alone
intelligable signals from a satellite. Well,
the reality of it all is the antenna itself is
anly capable of receiving noise: the noise
present in the atmosphere, with the GPS
signal literally buried in it somewhere.
This is where pseudo randomn codes come
into it as an important feature.

Noise israndom and to a lesser extent,
so are the GPS satellite signals. Although
buried in the noise, and the code looks
like noise, they are in fact an intelligible
signal witharepeateable cycle. The mcans
by which the signal is extracted is rather a
complex one, but can be simplified some-
what by way of explanation.

The keytoitis the fact that though the
GPS pseudo random code appears like
the random background noise, it isn’t,
and more to the point, the sequence of
the pseudo random noise is known
whereas the background noise isn’t. The
received signal or perhaps noise shall we
say is divided up into time periods or chips
as they are known. If the receiver output
“noise” is compared to the generated out-
put, there will be little comparison to be
made right away; the peaks of noise would
in all probability equal the nulls of noise
giving an average of zero.

However, if the receiver generated
codeisshifted in time appropriately, after
several time periods it will be seen that
there is an increase in the number of
matches of noise peaks coinciding with
the generated noise peaks. At the opti-
mum point, the receiver would have locked
onto the signal that was previously buried
in noise. This process has eftectively am-
plified the signal as it has lifted itself out of
the noises. This illustrates how the system
allows not only the use of small receive
antennas, butalso low poweramplifiersin
the satellites themselves to transimit and
receive low powersignals, buried in noise.

Figures 4 and 5 illustrate the processes
of extracting a signal from the noise. Asa
side note, this is the principle behind
Code Division Multiple Access (CDMA) a
system that will be chosen by some of the
Personal Communications System (PCS)
operators as their technology since it is
claimed to offer a higher capacity and
greater resilience to noise impairment.
This technology is also not new, and has
been in use by the military for consider-
able time. This modulation technique in
its various forms provides protection
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laysinduced as aresultofthisisin the order
of meters, and can be neglected.
Theionosphere,isadifferentsituation.
The GPS signal will be slowed down, and
the simplest receiversincorporate an offset
factor 10 compensate this. More sophisti-
cated receivers apply a calculation based
on the measured de-
lay time received bvan

Low level of
matches between
pseudo generated
signal with "noise”

o*

WA Y

additional frequency.
Another frequency
band is applied here
since there is a math-
ematical relationship
between frequency
and delay time. The

received by GPS
receiver. & _‘!_7
A high level of FIGURE 5

matches between

relative delaysare com-

pseudo generated signal with "noise" received by GPS
receiver. Signal effectively amplified and recovered.

against jamming and eaves-dropping.

More Factors Affecting
Accuracy

There are a number of factors that can
affect the accuracy of the distance mea-
surements that so far have not been dis-
cussed in the preceding text. These are
namely :

Atmospheric and lonosphere Delays
Multipath Error

Timing (Satellite)

Geometric Precision

Selective Availability

Atmospheric and Ionospheric
Delays

The speed of electromagnetic radiation
is constant in a vacuum, but will reduce
when traveling through the various layvers
of the atmosphere. To this end, the delavs
measured by the GPS receiver will yield
distance calculations, slightly off, because
these delays would force the receiver 1o
calculate alonger distance. The atmosphere
varies in propagation conditions accord-
ing 10 the weather, and is thus a forever
changing value. However, the type of de-

FIGURE 6 j3® o»®

Location shomewhere in here ‘

Positioning range error due to low angle
between respective satellites.
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pared, and the appro-
priate measurement
correction factors ap-
plied.

Multipath Error

Thisunfortunate phenomena happens
as a result of the direct signal path from
one satcllite or more reaching the receiver
having bounced off natural or man-made
obstacles reflecting the signal. This means
that the signal has traveled longer than it
should have, thus throwing uncertaintvinto
the calculations. It is worth mentioning
here, cellular radio systems in built up
areas rely on multipath as the predomi-
nant propagation mechanism, sometimes
with no direct path component in the sig-
nal. Since the satellites are higher than the
base station antennas used in cellular svs-
tems, the chances of a direct signal path is
very, very high compared to just a reflected
signal. However from experience, I wonld
not recommend trying to get a positional
fix in the ‘thick’ of Manhattan Island.
Timing

We have already discussed timing inac-
curacies at the recciver, but for errors in
the atomic clocks onboard the satellite,
other procedures are followed. DoD moni-
tors the status of all satellites, including the
errors in timing the atomic clocks may
produce. These are corrected by the con-
trol stations that monitor the satellites on a
24 hour basis. Obvious large errors can
occur due to a slight inaccuracy, and are
easily detected. Smaller errors are not so
easily detected, and induce a error in the
order of meters in the measurements.

Geometric Precision

The situation could easily arise, where
two satellites providing their ranging, have
a low angle of separation, and thus, their
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FIGURE 7

Location somewhere in here.

Positioning range error due to higher
angle between respective satellites.

intersection on the imaginary circle would
forman elongated box. If the angular sepa-
ration were higher, the intersection would
allow greater precision as it would produce
a smaller area of feasible locations. Figure
6 and 7 illustrates. Notice the thick lines
produced by the satellites, these again rep-
resent the measurement uncertainty due
to timing errors that exist. This problem is
easily eliminated by good receivers, choos-
ing which satellites to range. The receivers
would know the satellites positions from
information received, and select the four
most suitable satellites.

Selective Availability

In the event of war, or other hostile
conflicts, no matter where in the world, an
encmy may well benefit from the use of
GPSaswould any military force. Since DoD
has exclusive access to and the use of the
GPS system, it can purposely degrade the
accuracy by forcing timing errors in the
satellite clock systems. As previously dis-
cussed, thiswould cause errors, and render
the system unusable.

Military Use of GPS

In the event the above were to happen,
the US militarywould still be able to use the
system as they control the pseudo random
code patterns, and use another frequency.
In this situation, only the US military have
use of the system since they will have access
to the particular pseudo random codes the
GPS satellite and receivers generate, as
well as the frequency. The codes used for
this purpose are extremely resilient against

jamming and other forms of interference.

In the next issue of Satellite Timeswe will
look at differential GP’S, the method used
for centimeter accurate posioning. In ad-
dition, some of the applications and users
of GPS will be featured. ST

Steve Dye is a wireless system design consultant,
based in Arlington VA. Starting in the next issue
of ST, Steve will be a regular columnist
covering Navigation Satellites.
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(GPS: Putting it to Use

A major revolution is underway
in the GPS consumer market, as
receivers become affordable for
almost anyone. The world'’s first
hand-held GPS receiver for
under US$200, the rugged
Magellan GPS 2000 tracks your
course and gives you position
information at the push of a
button. (Magellan photo)
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By Haskell Moore

ecognizing the need for a more precise method of electronic navigation,
the U.S. Department of Defense (DoD) set out in 1973 to develop a new,
worldwide system. Some twenty years and US$10 billion dollars later, the
result of this effort was the Navigation Satellite Timing and Ranging Global
Positioning System, or NAVSTAR GPS.

The DoD investment proved its worth many times over during Operation Desert
Storm. On the featureless terrain of the desert, allied troops were able to navigate and
communicate positions with precision and confidence using a wide variety of GPS
systems. Even foot soldiers were able to take advantage of the system using Magellan
NAV 1000M hand-held receivers.

Declared fully operational in July of 1995, the Global Positioning System is com-
prised of three components: the Space Segment, the Control Segment and the User
Segment.

The Space Segment consists of a constellation of 24 satellites in asynchronous,
circular orbit at approximately 20,180 km (10,900 nautical mile) above earth. The
satellites circle the earth twice daily with four satellites in each of the six orbital planes.
This arrangement is designed so there are a minimum of four or five satellites visible
around the world at any given time. All satellites transmit a spread spectrum signal on
1227.6 MHz and 1575.42 MHz.



The Control Segment is made up of
five monitoring stations worldwide and a
Master Control Station, operated by the
2nd Space Operation Squadron of the
50th Space Wing at Falcon Air Force Base,
located near Colorado Springs, Colorado.
The monitoring stations transmit their
data to the Master Control Station where
is it processed to determine the exact
location of each satellite. Since a GPS
receiver depends on the satellite posi-
tional data (known as ephemeris data) as
part of the method used to calculate its
position, the Master Control Station cor-
rects the ephemeris data transmitted by
the satellites as required.

Finally, the User Segment is any re-
ceiver, military or civilian, which takes
advantage of the GP'S data being transmit-
ted from the satellites.

The Author’s "Hands-On”
Experience

Perhaps the fastest-growing segment
of the GPS market is the entry level sys-
tems, available to consumers starting at
about US$200. Now hikers, boaters or
practically anyone involved in outdoor
activities can take advantage of this in-
credibly accurate navigation system for a
fraction of the cost from only two years
ago!

To get first-hand experience with a
GPS receiver, I obtained one of the latest
offerings from Magellan Systems, the GPS
3000. This unit, measuring a mere 16.76
cm x 584 cm x 3.3 cm
(6.6x2.3x1.3inches) is
an example of
the recent

GeoExplorer system (left) is the
newest handheld member of the Pathfinder
family of GPS products. It is designed for the first-time

extraordinary leaps in technology.

After about twenty minutes with the
manual, I was able to get the receiver
configured to start my test. The first step
was to initialize the receiver by taking it to
alocal park, where there is as much unob-
structed sky visibility as possible. Then, I
just turned the unit on and it to began
acquiring data from the GPS satetlites. A
satellite tracking screen showed the rela-
tive location, along with thesignal strength,
of all satellites within range. In about
fifteen minutes, the receiver had figured
out where in the world it was and was
ready to go towork; allin less than an hour
from the time I opened

the box.

I began by driving
around to various loca-
tions in the neighbor-
hood, obtaining a fix,
and  setting up
waypoints (the GPS
3000 will hold 200
waypointsin memory).
I then cycled through
thesixdifferentgraphi-
cal navigation screens
to gain a better under-
standing of how each
worked. There was a graphical display for
almost any method of navigating one could
imagine.

One of the screens I found most useful
was the “pointer” display, which shows the
direction of travel, along with an arrow
that points continuously to the selected
destination. Another display, which I
found beneficial as a pilot, was a
screen that simultaneously
indicated bearing

buyer of GPS for mapping GIS data. The ScoutMaster GPS is designed for the
land user. Its 10 port lets you upload and download location data. Its mapping
software helps you plot locations to scale and output them into transparencies,
which can be placed over any topographical map. (Trimble photos)

Two mere Magellan offerings:
the sophisticated GPS-4000
(above) and the popular
Trailblazer. Many outdoor
adventusers consider the latter
an essential piece of gear for
hiking, hunting snowmobiling,
fishing. etc.— guiding them
where they want to go, and
back again. (Magellan photo)

and distance to destination, as well as
present bearing and speed. On the same
screen is a Course Deviation Indicator
(CDI) rhat displays in selectable incre-
ments how far off course you are. A word
of warning to pilots: some GPS Course
Deviation Indicators work opposite of the
VOR CDI, and will 1ake vou fiom “off
course” to “very disoriented” (we pilats
don’tget “lost”, we get “disoriented”) very
quickly.

Perhaps one of the most beneficial
screens, a moving map, scaleable from
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one-tenth to fifty miles, allowed me to
track my course with extraordinary accu-
racy. I could see my present course as
compared to the computed course to the
selected waypoint.

Waypoints can be established by either
keying in the coordinates ahead of time,
or by storing a present position and as-
signing it a wavpoint name. Numerous
waypoints can then be strung together to
create a “route”. On the GPS 3000, up to
five routes may be stored. After you reach
your destination , the GPS 3000 can then
automatically reverse the route to guide
you back to the starting point.

One very annoying problem with this
and some other GPS receivers I have used,
was the tendency to give false readings
when the unit was stationary. This is due
primarily to the inaccuracies induced by
Selective Availability. Since the perceived
position of the receiver is constantly being
altered by up to 100 meters (330 feet), the
SA induced deviations can mislead the
unit into sensing it is moving when it is
actually stationary. This phenomena may
be manifested by the various display
screens pointing the wrong direction to
wavpoints, latitude and longitude varying
slightly, and the odometer indicating in-
accuracies. However, at even a walking
pace, these errors usually diminish, or
disappear aliogether.

GPS - Nav Aid for the
Outdoorsman

Hikers, hunters and fishermen are
among the manyoutdoor enthusiasts who
will benefitfrom the use of a GPS receiver.
And though this tool may give the user a
new-found
sense of confi-
dence, they
are strongly
advised not to
rely entirely
on a GPS re-
ceiver in the
wilderness.
While most of
the unitsavail-
able are rug-
ged and reli-
able (the GPS
3000 is even
waterproof),
GPS receivers
are not im-
mune to fail-
ure. Also, a
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heavyforest canopyorobstructionssuch
as hills can absorb or block the satellite
signals, rendering the receiver is unus-
able. Finally, extensive continuous use,
especially with the backlight activated,
may consume batteries far more quickly
thananticipated. Anyone venturinginto
deep wilderness would be wise Lo carrya
compass and appropriate topographi-
cal maps. Several sets of extra batteries
would also be highly recommended. As
your travel, use the coordinates from
the GPS recciver to mark waypoints on
your map. Then, if your electronic navi-
gational wizard goes belly-up, youshould
still be able 1o find your way home.

Amateur Radio and GPS

Amateur (Ham) radio operators have
found a number of innovative uses for
GPSreceivers. One of the more interest-
ing variations of the hobby is attaching
transmitters and repeaters to weather
balloons and launching them high
(100,000+ feet) into the atmosphere.
From this altitude, amatenrs can com-
municate through the repeaters for
hundreds of miles!

To track the position of the payload
during the ascent and parachute ride
down, GPS receivers may be coupled 10
“packet” data transmitters. The precise
latitude, longitude and elevation, along
with other telemetry, are sent via radio
signal to ground monitoring stations.
The coordinates of the balloon are then
relayed to the intercept teamn at the
anticipated touchdown area.

In some instances, members of the
intercept team, with the use of a laptop

People with a critical need to know their location may appreciate
the new GPS technology—and pricing—the most. (Magellan photo)
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computer running Automatic Packet Re-
porting System (APRS) software, and a mini-
mal amount of equipment to receive and
interpret the data, can view a graphical de-
piction of the balloon superimposed on an
area map, right from their own car. With
thousands of dollars of electronic equip-
ment floating with the wind, it’s nice to know
withinafewyards of where the payload came
1o rest.

Getting the Right GPS Receiver

New GI'S receivers are hitting the mar-
ket at an astonishing rate. Receivers specifi-
cally designed for the aviation, marine or
outdoor enthusiast offer a bewildering vari-
ety of options. And prices range from a low
of about two hundred dollars up into the
thousands.

The type of application for which you
need a GPS receiver will usually be the pri-
mary deciding factor. GPSreceivers arc avail-
able with an assortment of pre-loaded data-
bases, depending upon the application.

For pilots, receivers customized for avia-
tion ofter a database of airports, fixes, and
airspace boundaries. Displays designed spe-
cifically for the pilot’s needs show not only
the current position, but ground speed, alti-
tude, tracking information and estimated
times for each leg of the trip. In the eveni of
an emergency, a few keystrokes will get the
pilot the names and directions to the near-
est airports.

Boaters will appreciate the customized
GPS receivers designed for this specialized
audience. Again, along with current posi-
tion data, coastlines, buoys, hazards and
other navigational data are available on
moving map displays. Handheld units are
specially designed to handle the challenges
of a iarine environment, including several
which are designed to float. Many marine
models have a “man overboard” feature,
which allows you 10 mark the position of a
person who has fallen into the water, and
then will automatically plot a course back to
that location.

For hikers, handheld units are getting
smallerand more affordable every day. Clear,
concise graphical display point the way to
the desired destination. A handy feature of
the Magellan GPS 3000 is the capability to
plot your way back home using fixes it has
automatically logged during the course of
your journey. Rugged, waterproof models,
designed for the rigors of outdoors, make
hiking into unfamiliar territory much safer
and more enjoyable.




Future
Applications

Advances in Global
Positioning System tech-
nology will soon begin
to touch our lives in ways
we probably could have
never envisioned. Al-
ready GPS receivers can
connectto portable com-
puters,and coupled with
mapping software, indi-
cate your current location and the most
direct route to the desired destination.
Soon these “moving maps”,shown on built-
in displays, will be available as a low-cost
option on many new cars.

One of the most practicable applica-
tions of GPS technology is in the field of
aviation. For years, commercial aircraft
have had to tly indirect routes to their
destinationsvia highways in the sky known
as “airways”, wasting immeasurable time
and fuel in the process. Now that aircraft
have the ability to transmit their precise
position at all times without the help of
radar, a concept known “free flight” is all
butaforegone conclusion. Aircraft will be
able to proceed directly from airport to
airport, coordinated by computer con-
trolled navigation systems which will track
all other aircraft in the vicinity. The re-
sults will be a substantial reductien in
travel time and an increased margin of
safety. Even for light aircraft operating
under Visual Flight Rules, navigation will
be far easier, safer and more reliable than
ever before.

For emergency services, the possible
applications for GPS technology are al-
most endless. For example, it is feasible to
track the position of all police patrol cars
inagiven district. Then, in an emergency,
the dispatcher can route the nearest car to
the scene, saving precious seconds. Like-
wise, should an officer need immediate
assistance, merely pressingabuttonon his
radio will alert the dispatcher to his situa-
tion while transmitting his position.
Backup units could be quickly sent with-
out the officer ever having transiitted a
spoken word.

Soon, advances in GPS technology will
allow Emergency Locator Transmitters
(used in aircraft) and Emergency Posi-
tion Indicating Radio Beacons (used on
boats), to transmit their precise position
when activated. Currently, Search And
Rescue (SAR) teams have to rely on a
system of approximate location by satel-

ing URL: http://navcen.uscg.mil

Magellan Systems at (800) 707-5221.

Garmin
Lowrance Electronics
Trimble Navigation

(800) 427-6460
(800) 324-4774
(800) 487-4662

Other GPS manufacturers include:

reach them via the internet at the follow-

For information about the GPS 3000,
or other Magellan GPS receivers, call

The ability to “mark” a particularly good fishing location is St
no small accomplishment to fishermen. (Magellan photo)

lite or mobile radio direction finding
equipment. With the ability of these de-
vices to automatically transmit coordi-
nates, SAR teams will be able to receive
exact location information and locate
downed aircraft or sinking vessels in a
fraction of time. The resultant savings of
life and property should be the most won-
dertul benefitof thisincredible, new tech-
nologv.

For additional information about the
Global Positioning System, the U.S. Coast
Guard operates acomputer bulletin board
with numerous text files. The BBS can be
reached at (703) 313-5910. You can also
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By Philip Chien, Earth News

ne of the more obvious applica-

tions for GPS receivers is to place

one onboard a spacecraft in orbit.
As long as a spacecraft is traveling below
the altitude of the GPS constellation it can
receive the GPS navigation signals as well
-if not better than — a receiver within the
atmosphere. However there are some
unusual limitations,

GPS receivers have a built-in limiting
feature which cause them to cease to func-
tion if they’re moving faster than a given
velocity. This is a fairly obvious ‘safety
feature’ to avoid a terrorist group from
building a GPS equipped SCUD missile.
The ‘anti-spoofing’ capabilities can be by-
passed, but needs much more software
development by the user.

One of GPS’s most esoteric capabili-
ties is the ability to determine attitude —
what direction it’s pointing. The ability
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has been tested on the ground using ships
and movable platforms and has been used
by a couple of spacecraft. To determine
a spacecraft’s attitude a group of GPS
antennas — as widely spaced as practical
— is mounted on the body. If the space-
craft isaimed directly towards a GI’S space-
craft the signals will all arrive at the the
same time. However if the spacecraft has
any angle then the closer antennas will
receive their signals nanoseconds earlier
than the farther antennas. Extremely ac-
curate clocks and precise calculations per-
mit the attitude of the spacecraft to be
deternmined with a high degree of accu-
racy.

The keygoal of spacecraft GPS teams is
to develop an inexpensive space-qualified
GPS unit for use aboard future satellites.
Todate every GPS receiveraboard aspace-
craft has been one originally intended for

STS-72 onboard view.
Backdropped against Australia's
Shark Bay, this panoramic scene
of the Space Shuttle Endeavor in
Earth-orbit was recorded the
mission’s second extravehicular
activity (EVA-2). The Japanese
Space Flyer Unit (SFU) and the
Office of Aeronautics and Space
Technology (OAST) Flyer
satellites are seen in their stowed
positions in the aft cargo bay.
(NASA photo)




Data was compared postilight to deter-
mine how accurate the GPS systems were
able to measure the locations relative dis-
tances of the shuttle and SPAS spacecraft.
The STS-61 shuttle mission which refur-
bished the Hubble Space Telescope in-
cluded a GPS receiver hooked directly
into the shuttle’s avionics as an evalua-
tion. On the STS-66 shuttle mission in
October 1994 the ASTRO-SPAS space-
craftincluded aSpace Systems/Loral GPS
receiver and for the first time, real-time
attitude data was returned from a space-
craftin orbit. Four antennas mounted on
the 15 foot (4 meters) wide spacecraft
were used to collect data for the GPS
experiment.

One of NASA’s most interesting GPS
experiments is GADACS - GPS Attitude
Determination And Control System. It's
flying aboard the OAST-Flyer, a Spartan
spacecraft. Spartan was originally devel-
oped as an inexpensive platform for tele-

scopes which were originally designed for
sounding rockets. The whole principle of
the Spartan program is to keep things
simple and inexpensive.

The Spartan spacecraft is totally self-
contained. Its power is supplied by batter-
ies and data is stored on a tape recorder.
Once it leaves the shuttle’s cargo bay it
performs a quick pirouette to verify that
its attitude thrusters are working and is
left to fly on its own for up to two days
before the shuttle picks it up. The scien-
tists have to be patient and wait until after
the shuttle mission is completed before
they can get the data off Spartan’s tape
recorder.

Six Spartan missions have been flown
since the first flight in July 1985 and the
only failure was the Spartan-Halley space-
craft lost during the Challenger accident.
The OAST-Flyer on STS 72 in January,
marked the first time that Spartan was
used as a technology platform instead of
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ARE IDENTICAL
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WEATHER FAX RECEIVER!

We used our 30+ years of experience in
designing high-quality repeater receivers to
bring you this enhanced version of our
long-popular Weather Fax Receiver. Our
new R139 is a very sensitive wideband fm
receiver optimized for reception of NOAA
APT and Russian Meteor weather facsim-
ile images on the 137 MHz band. Use with
any popular demodulator and software.

R139 WEATHER FAX RECEIVER

BTP AUTe  OFRON
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Excellent 0.2pV sensitivity, special
wideband filters for low distortion. Five se-
lectable crystal controlled channels cover
all popular satellites.

Much lower cost and easier to main-
tain than synthesized units! Designed
from the ground up for optimum satellite re-
ception; not just an off-the-shelf scanner
with a shorted-out IF filter!

Scanner circuit and tape recorder control
allow you to automatically search for and
record signals as satellites pass overhead,
even while away from home.

o R139 Receiver Kit eSS €ase .....cccoververcnnnnn $159
¢ R139 Receiver Kit with case

and 12Vdc power adapter.........ccoovvceenne $189
o R139 Receiver Wired/tested in case

with 12Vdc power adapter .............ccoceune. $239

o Inquire about connectors & tuning tools.
o Multifax demodulator card and imaging software

for IBM computers $289
o ARRL Weather Satellite Handbook .............c..... $20

This popular unit has
a low 0.7 dB noise 8 °e
figure and 20 dB @/

gain. Housed in a 2" x [
2" enclosure with
mounting tabs.

It has maximum benefit when installed at the
antenna. Operating power +12Vdc at 10mA.
............................... ONLY $59 wired/tested.

WWYV RECEIVER

Get time and fre-
quency checks without
"y buying expensive hf
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ana selective crystal
controlled superhet for
listening to WWV on
10.000 MHz.

RWWYV Receiver ........ only $59 kit, $99 wit

CALL OR WRITE FOR FREE CATALOG
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65-G Moul Rd; Hilton NY 14468
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S§TS-51 onboard view of Discovery’s middeck as astronaut Carl E. Walz shows off the stowage locker for gear supporting
the GPS on-orbit operations. (NASA photo)

as a telescope pointing mechanism. Four the system’s capabilities. The goal of
experimentswere flown, testing how ma- . - - GADACS experiement was to determine
terialsreact, new laser-activated py- : e et_ern,“net,!on an the OAST-Flyer’s position within 150-
rotechnic devices,an amateur g 500 meters (495-1650 ft) accuracy for
radio experiment, and navigation purposes and its atti-
GADACS. GADACS tude to within .1 to .5 of a de-
uses a Trimble TANS gree.
vector receivers.
For the first
time Spartan in-
cluded antennas

9 ¢, ™

The OAST-Flyeralso had

a subcomponent with a
long track record in
space. When the Solar

— eight anten- Max spacecraft was
nas for the launched in 1980 its at-
GADACS ex- titude control system in-
periment and : _ cludedfourgyrodynes to
twoantennas for i\ - i / point the spacecraft.
the ham radio , - B o= That box failed in orbit,
experiment. The 3 S ey : Y iy / and was replaced by astro-
GPS antennas % : Attitude Determination ™~ nauts Pinky Nelson and Ox
were microstrip an- - Orkit Determination Y Van Hoften aboard the STS
tennas mounted on - i Attitude Control - 41-C shuttle mission in April
30.48 cm (1 ft) diameter ' ? " Reiative Navigation 1984. The failed attitude con-

trol system box was returned to
Earth for failure analysis. One of the
gyrodynes was refurbished and flew a one

ground planes. The anten-
nas were purposely mounted at
non parallel locations to evaluate
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week mission in space aboard the
BroadBand Xray Telescope (BBXRT) mis-
sion in December 1990 as part of the
Astro-1 astronomical mission. That same
gyrodyne made its third flight as part of
the GADACS experiment.

The GPS teams are analyzing the data
collected from the OAST-Flyer with space
shuttle Endeavour’s GI’S receiver to com-
pare their performance and how well they
tracked the positions of the two spacecraft
during the two days when Spartan was
flying separate from the shuttle.

AMSAT’s Phase 3-D spacecraft,
planned for launch later this year, is the
largestspacecraft builtspecifically forama-
teur radio operators. [twillset thealtitude
record for any spacecraft with a GPS re-
ceiver. The GPS experiment is being de-
veloped by AMSAT, with support from
NASA’s Goddard SpaceFlight Center. Dr.
Thomas Clark, W3IWI, is the principal
investigator.

It’s anticipated that the GPS system
will be able to backup some of Phase 3-D’s
critical functions. Like previous AMSAT
spacecraft, ’hase 3-D will use sun-carth
sensors as its primary attitude sensors.
The GPS experiment will independently
determine the spacecraft’s attitude. In
addition, the GPS receiver will calculate
the spacecraft’s position, its orbital ele-
ments, and provide the exact time.

The Phase 3-D GPS system is a 24
channel GPS receiver with eight Plessey
GP-1010GPSdownconvertersandan AMD
292000 RISC controller. Any of the
spacecraft’s eightantennas can be electri-
cally connected to any of the receiver
channels. There will be more antennas
and R-F cabling for the GPS subsystem
than anyother Phase 3-D frequency band.
Four patch antennas are mounted on the
bottom of the spacecraft, along with three
bowlshaped parabolic antennas and a
patch antenna on the top surface. The
parabolic ‘helibowl’ antennas are based
on $1.69 metal salad bowls - the ultimate
ininexpensive antenna construction tech-
niques!

For most of each sixteen hour orbit,
Phase 3-D will be above the GPS
constellation’s altitude. GPS measure-
ments will be taken primarily while the
spacecraft is at its lower altitudes, and the
rest of the ’hase 3-D spacecraft’s orbit can

be determined through fairly sitnple or-
bital dvnamics calculations. However, the
AMSAT GPS team hopes to be able to
accomplish even more.

GPS signals are radiated towards the
Earth by each of the 24 spacecraft, but
some of the signal ‘leaks’ beyond the Earth.
While Phase 3-D is at its highest altitudes
it may be able to listen to GPSsatellites —
not the ones beneath it (which are facing
the opposite direction) but the satellites
on the opposite side of the world! The
helibowl antennas will help concentrate
weak signals from the distant satellites —
over three times the distance of a typical
ground-based GPS receiver!

GPS was originally designed as a sys-
tem to guide ICBMs accurately towards
their targets. In the ultimate case of other
uses for military technologies GPS has
become an extremely valuable tool for
spacecraftdesigners. Many plannedspace-
craft will include GPS receivers as impor-
tant parts of their design. The 50 kg.(110
Ibs) South African microsat, Sunsat, will
include a GPS receiver. On the high end
of the scale — both in terms of mass and
budget —the International Space Station
will determine its position in orbit via

GPS. ST

This is a small clip of a much larger image.

The MARSFACE CD $39.95
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s I contemplated on
what to write about for
this issue of Satellite
Times, 1 glanced around my of-
fice to see all the fun little trin-
kets and momentos from previ- 5 .-:,gg:;:g»:
ous year’s trade shows and con- - el
ventions. A gold pan from the
OutdoorChannel caught myeye
and “Eureka,” I hit paydirt (sorry
for the pun). You see, I had met
with the folks from the Qutdoor
Channel at what has to be one of
the most interesting trade shows
to attend, the National Associa-
tion of Television Programming
Executive or NATPE for short.
NATPE is the place where all of
the syndicators try to sell their
TV shows to television executives.
The second part of the inspi-
ration for this article is that one
of the funniest parts of having a
satellite dish can be compared to
panning gold, by searching for
“wild feeds.” Wild feeds are basi-
cally the various satellite feeds
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done on an occasional basis for
television stations to then broad-
cast locally. Syndication is at the
heart of wild feeds.

How do you find wild feeds?
That depends on how much patience you have and if you have
access to the Internet. There really are only a handful of major
players in the satellite transmission business (see table I}, with the
majority of syndication being transmitted by Keystone Communi-
cations (Paramount and Buena Vista are two major clients) and
Global Access (GATS). Some of the syndicators like Group W
actually own their own transponders. With the growth of network
programming (see table 2) being offered in syndication more
feeds will be done of their satellites. While syndicators are reluc-
tant to disclose exactly when and where their feeds are broadcast
there are some ways to make things easier.

Mysuggestion, (hint, hint, wink, wink) would be to first look at
the transponderslisted in table 1. Most of these feeds are generally
in the clear. Don’t go asking the companies what shows are going
to be on when, number one theydon’t have the time to answer all
the questions and number 2 they generally are not supposed to
release that information.

Another strong suggestion is to hop on the Internet and check
out the latest release of The Birdwatcher’s Wildfeed Listby Friday Night

INFOSEARCH Broadcasting
Links@ include web links to
a variety of programming
and satellite information.
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Live host Gary Bourgois (BIRDWATCHER®@genie.geis. COM).
(Editor’s note: This is probably the single best source of wildfeed information
available. Gary has prroduced several interesting articles that are available
on the internel that ave free of charge and are must reads for the TVRO
entusiasts-Larry). You can get a copy of the Wildfeed List through
either the INFOSEARCH Broadcasting Links © page at: http://
www.xmission.com/~insearch/links.htmlor pointyour web browser
toward Satellite Times columnist Robert Smathers Satellite WWW
page at: http:/ /www.nmia.com/~roberts/robert.html.

To give you a little background on syndication via satellite you
need to go back to the fall of 1981. All television programs were
either done live or in the case of syndication sent on tape either en
masse by courier or “bicycled” where it went to one station who
aired the tape and then sent the tape on to the next station and on
down the line. Obviously this wasn’t all that efficient.

Paramount Domestic Television and the company that is now
Keystone Communications came up with aradical new plan for the
TV stations. It was proposed that a new “day and date” (be
produced and aired on the same day) show be sent via satellite to
each station that signed up. If the station signed up Paramount
would pay for the satellite dish and Keystone would arrange to have
the equipment installed. A pretty sweet deal for the stations when
you consider that Paramount dished out more than a couple
million of dollars in equipment.

Well, thestationssigned upleftand right, and now Paramount’s
reputation was on the line. The concept for the show was to send
reporters out into the field and then send in the daily reports via
satellite back to the studiowhere itwould then be incorporated into
asingle news broadcasts with amale and female anchor. The kicker
was getting the show produced on time every day for broadcast
withoutfail. To give youan
idea of how close things
got, two runners would
take the just completed
show down from the Para-
mount studio and up 14
floorsto the offices of what
is now Keystone Commu-
nications tothesatellite up-
link in time for the 12:30
p-m. satellite feed window
to 110 stations across the
country. The only job that
one of the runners had
was to go firstand hold the
elevator...the timing was
that close.

That same show took
off like arocket and is still Entertainment Tonight was the first
around today. A micro- day & date syndicated show sent via
wave link between Para- Satellite.




There are many more shows than there are hours available on your local
stations. The neat thing for satellite dish owners is that you don't have to
rely on if your local television stations bought the show, nearly all
syndication is now sent via satellite.

mount and Keystone has replace the runners, but it is still not
unheard of to be broadcasting the first half of the show while the
second half is still being edited. If you haven’t figured which show
we are talking about yet here’s a hint, yes...Mary Hart’s legs are
insured...theshowthatstarted syndicationviasatellite... Entertainment
Tonight.

Going back to NATPE and why anyone with a satellite should
give adam.... What you end up seeing on television beginning this
fall is dictated by what deals are cut at this show. There are many
more shows than there are hours available on your local stations.
The neat thingforsatellite dish ownersis thatyoudon’thave torely
on if your local television stations bought the show, nearly all
syndication is now sent via satellite. So even if nobody in your
market airs a show like Weird TV chances are with a little luck and
some investigation and guess work you may pull a gold nugget off
the bird.

If imitation in the sincerest form of flattery there should be
some really proud folks in Hollywood. Imagine Baywatch meets
COPS and you’ll have the new show Beach Patrol. 1f you like Hercules
and the spin off Xena, you should also go for Tarzan: The Epic
Adventure. | saw a preview of the show and it scores high in the
action area along with some great production value. Anothershow
in the same genre is Sinbad, 1 did not personally check thisone out,
but associates say that it has a pretty decent chance at making it if
they get enough stations to come aboard.

If you were one of those that was glued to the O,]. trial and you
kind of miss Judge Wapner, you may want to check out Final Justice.
Their flyer says

“for the first time on television, be there: Eavesdrop on the
sidebars. Observe the backroom dealmaking. Hear the please
bargain negotiations. The drama, the people and the conse-
quences are real; taped as it happens. No reenactments.”

I don’t know about you, but it sounds like this show is the
Reader’s Digest version of Court TV. Another new court type show
for the Fall is Hot Bench with Judge Judy Sheindlin where Ms.
Sheindlin, a New York judge, presides over real
cases.

Another show in the “gosh that sounds famil-
iar” category is called America’s Dumbest Criminals
whichlookslike the producers took America’s Most
Wanted and America’s Funniest Videos and shook
them both up in a big trash bag.

The dime-a-dozen talk shows seem to still be
around. Rosie O’Donnelis the replacement show
for the canceled Carnie Wilson show. The queen
of the seven day makeup job, Tammy Faye is
teaming up with Jim]. (he played the goofy guy on
Too Close for Comfort) for a new talk show. MCA-TV
introduced Hesays, She says— asingle topic talk show that explores
the different way that men and women look at differentissues. The
Bradshaw Difference, features relationship guru John Bradshaw
trying to help people get along better. Other talk oriented shows
coming to a satellite near you this fall include ( I did not make up

TABLE 1:
Transponders owned /leased by Satellite

Transmission Companies (excludes carriers
GE Americom, Hughes and AT&T)

Satellite Transponder(s)
Autotote Telstar 401-C 24
Telstar 402R-C 6
Global Access (GATS) Galaxy 4-C 57,91
Telstar 402R-C 20
Galaxy 6 2
Group W Telstar 402R-C 5
Keystone Communications  Galaxy 4-C 12
Telstar 401-C 3,56,18,19
Galaxy 6 1,4,7,11,16,21,22, 24
The Spaceconnection GStar 1-K 13
Galaxy 4-C 13
Telstar 402R-C 4,10,11,12,18
Starnet Telestar 401-C 1

these names folks): Donna Willis, MD., | & I, Later Today, Loveline,
Maureen O’Boyle, Off the Hook, The Pat Bullard Showand Scoop with Sam
and Dorothy.

In other talk show news, Phil Donahue confirmed that he will
quit his daily talk show following the end of the current season.
Donahue’s ratings had been suffering and the fate of the show
seemedsealed lastyear whenitwasdropped bystationsin NewYork
City and San Francisco. In other talk show news — Dick Cavett
announced that he will not renew his 6-year-old CNBC talk show
for another year. Cavett’s show will be replaced by Straight Forward
with Roger Ailes, an interview program featuring Ailes, the president
of CNBC (talk about “rank has its privilege!”).

Baywatch still lays clalm to being
the most watched show
worldwide, while The Adventures
of Hercules has revived the
“fantasy’ genre.
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Geraldo is running ads in the broadcast trade journals about his new “higher
standards.” Tribune Entertainment Company and King World Productions Inc.
recently announced the distribution of The Geraldo Rivera Show as well
as a program development deal.

Geraldo is running ads in the broadcast trade journals about
hisnew “higherstandards.” Tribune Entertainment Companyand
King World Productions Inc. recently announced the distribution
of The Geraldo Rivera Show as well as a program development deal.
“Our deal with King World works on a number of levels,” Tribune
executive vice president Dennis J. Fitzsimmons said. “This move
addsfinancial strength to The Geraldo Rivera Showand the program
developmentcomponent providesadditional funding forafuture
Tribune Entertainment first run program. Qur station sales staft’
will continue to clear our other shows and concentrate on new
programs.”

Paramount Domestic TV announced that they have given the
nod foranother twoyears of The Maury Povich Show. Apparently the
extension news came on the heels of a confirmation of a number
of long-term station renewal deals. The new contract will take the
five year old show through the 199899 season. During the most
recent ratings sweeps in November, the Povich show earned an
average | 7-share beating fellow talkers Sally Jessy Raphael, Rickil.ake,
and Jerry Spinger.

Fox’s cable network, fX, has acquired syndication rights to
Fox’s X- Files, for a cool $60 million. According to Daily Variety, the
per-episode price ($600,000 each for 97 episodes) is the most ever
paid by a cable network for an hour-long network drama. The
previous record was held by the USA Network which paid $475,000
per-episode for CBS’ Murder She Wrote. The X-Files will make its /X
debut in fall, 1997 (see table 2)

On the Fox Network side, the hottest game shows of the 60’s,
The Dating Game and The Newlvwed Game, are being revived thanks
to one of the biggest deals in recent syndication history All twelve
of the Fox-owned stations signed on with Columbia TriStar Tele-
vision Distribution to create its new game show hour, The Dating/
Newlywed Hour. Columbia TriStar Television president Barry
Thurston said the Fox deal is proof that game shows will return as
the hot genre in syndication. Does anyone remember Studs?

The UPN network will expand its Sunday morning kids lineup
in September with four newanimated series. Among them, aseries
based on the movie fumanji, The Mouse and the Monster, B.A.D.
(Bureau of Alien Destroyers), and The Incredible Hulk. UPN recently
dropped the previous Tuesday night line up of Live Shotand Deadly
Games replacing the shows with Moesha and Minor Adjustments.

Before we depart the world of syndication, please indulge me
and let me tell you my favorite schmooz story (OK Doug, but only
one per issue-Larry). At last years NATPE show, Marilu Henner of
Tuxi and Evening Shade fame, was pitching her new talk show. As
part of the hype, attendees to the show could get their picture
taken with various stars and the lines can get pretty long. A co-
worker of mine decided to brave the line and when it was finally his
turn to get his picture taken with Marilu the cameraran out of film.
While they were reloading the camera Marilu started up a conver-
sation and said “I would really like to do what those girls do”
referring to a pair of attractive women who had just had their
picture taken. Marilu continued, “you know thev work on a
cooking show called Spice.” Imagine how Marilu’s face dropped
when my friend explained that Spice was not a cooking show, but
mstead a heavy duty adult-only satellite TV channel...
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TABLE 2: Future off-Network shows

Program Distributor Available Fall of:
Boy Meets World Buena Vista 1997
Dave's World CBS 1997
Dr. Quinn, Medicine Woman ~ MTM 1996
Ellen Buena Vista 1998
Frasier Paramount 1997
Friends Warner Brothers 1997
Grace Under Fire Carsey-Werner 1997
Hangin’ with Mr. Cooper Warner Brothers 1996
John Larroguette Warner Brothers 1997
Living Single Warner Brothers 1997
Mad About You Columbia 1996
Martin Warner Brothers 1996
The Nanny Columbia 1997
NYPD Biue 20th Century/Fox 1997
The X-Files 20th Century/Fox 1997
The Duck is Back

Donald Duck has been returned to grace at Wal-Mart stores
nationwide. Claiming that Donald Duck quacksan expletive in the
cartoon Clock Cleaners, part of the Walt Disney Cartoon Classics
series’ video Fun on the Job, the Wal-Mart chain had pulled it from
the shelves of one store while the tape was being reviewed.
Meanwhile, Wal-Mart worked with Buena Vista Home Video to
figure out exactly what the duck is uttering. Donald E. Wildmon,
president of the conservative media watchdog group, the Ameri-
can Family Assn., said Donald quacks the F-word and has asked that
Disney pull the video from circulation. Disney has declined com-
ment. Thevideo has nowbeen returned to thatstore’sshelves. Yes,
I am a father mvself’ and don’t want to expose my children to
garbage, but I wonder what Donald says when you play the tape
backwards?

DBS War Heats Up

The Direct Broadcast Satellite (DBS) war has heated up with
the latest round of FCC auctions for satellite channels. The
hidding started with three parties — EchoStar, MCI and TCI.
Echostar has recently launched its first DBS satellite — Echo 1.
MCI had promised to start the bidding at $175 million. MCI
apparently has a strategic alliance with media mogul, Rupert
Murdoch’sNews Corp. The Fox network is part of News Corp. TCI,
the country’s largest cable company, is one of the Primestar
partners.

Afteradayand halfand 18 rounds of bidding, MCl came up the
winner with a bid of $682.5 Million. In addition to television
signals, MCI is expect to use the bandwidth to deliver audio/
telephone service and data transmissions throngh their new asset.

In the nextissue of Satellite Times, we’ll take a closer look at the
DBS market. Until then, get yourbig dish out and start panning for
gold. Sy
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Trekking Across the Clarke Belt

tar Trek fans who have been able to get

ahold of Sky Multichannels cards have

been happily following the Next Genera-
tion and Voyager series on Sky One, with TNG
repeats twice every weekday evening and new
episodes of Voyageron Sundays. In January the
original Star Trekseries returned to Sky One as
well, Sunday afternoons. The new European
Sci-Fi Channel has carried several Star Trek
movies among its infrequent offerings. What
has been missing has been Deep Space Nine,
which Skv removed from its schedule last Fall
to make room for Voyager.

But in early January Sweden’s TV1000 be-
gan broadcasting Deepy Space Nine Wednesday
evenings, with repeats the following Wednes-
day mornings. Legally only viewers in Scandi-
navian can subscribe to the channel, but there
seem to be a lot of pirate D2-MAC cards out
there, especially in Britain (apparently driven
by consumer interest to watching the hardcore
pornography on TV1000 and its arch-rival FilmNet). TV1000 is
committed to broadcasting 46 episodes, which corresponds to the
series’ first two seasons.

Sweden’s TV5 Nordic/Femman continues to broadcasi the
Next Generation Sundays at 1500 hours, and has added Babylon 510
its Saturday afternoon line-up. So British and Scandinavian sci-
ence fiction fans have something to watch, in addition to the
meager Astra offerings of the new Science Fiction Channel.

In the Star Trek universe Orvion is the home of interstellar
pirates, but back here in the Earth’s Clarke Belt, Orion Network
Systems operates satellites. Beginning February 1, Performance -
The Arts has been digitally broadcast to cable operators in the UK
via the Orion | satellite. The digital transmission also includes the
Channel One news and entertainment channel.

Viacomis proposing launchingversionsof VH-1 for the Benelux
and Scandinavian markets in 1996, either from the Swedish
position at 5 degrees East, or the rival Norwegian constellation at
1 degree West. There is already an English version of VH-1 as part
of the Multichannels package on Astra transponder 22. and a
German verison is now part of the digital Viacom package on Hot
Bird | at 11.283 GHz. Viacom has also started a German version of
Nickelodeon, sharing the France-German cultural channel Arte’s
Astra transponder 49.

What Satellite TV reports that the satellite that changed Euro-
pean TVRO when it was launched in 1988, Astra 1A. will probably
be used forsatellite news gathering duties from 1998 onwarcs atter
itssuccessor Astra | Hisin position. 1Awill be placed in an inclined
orbit, and moved to either 24.3, 26, or 28.2 degrees East. There
have been reports of various bidders and buyers for all or part of
Luxembourg’s CLT, owner of the RTL television and radio chan-
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nelsaround Europe,and part ownersof Astra.
The latest report is that a group made up of
Germany’s Bertelsinann, and France’s Canal
Plusand Havas wants to buy one third of CLT.
Recently CLT was forced to deny rumors that
Rupert Murdoch’s BSkyB was to buy a 30
percent share in the company.

Eastern Europe is the new frontier of
European broadcasting, as the first wave of
relays of Western channelsis replaced by new
oumore domestic outlets supported by West-
ern investments. CLT is to launch a Polish-
language satellite channel this Spring. The
channel will be called RTL-7, and will be the
sixth satellite delivered Polish channel.

Also froin Eastern Europe, Romanian
Televison has launched a new international
satellite channel, called TV Romania Interna-
tional,on EutelsatII'FF3on 11.575 GHz (which
it shares with the Arabic Muslim TV
Ahmadiyya, NTV Russia, Albania’s TV
Shqiptar, and Telepace Vaticano). There’s a daily program at
19:30-23:00 hrs UTC. By 1998, the channel hopes to broadcast to
the United States.

Radio Daze

On December 8th, BBC World Service radio left NBC Super
Channel’s 7.38 MHz audio channel on Eutelsat II-F1 (it continues
via BBC World and EBN on Eutelsat II-F1 as well on UK Gold’s
transpondler on Astra). The frequency was taken over a few hours
later by the World Radio Network for its WRN2 European service,
relaying Vatican Radio. The previous WRN/Vatican relay on the
MBC transponder on the same satellite ended on December 31.

Also on the WRN front. partners National Public Radio and
Public Radio International launched their America One service,
on Astra transpender 22, audio 7.74 MH: as scheduled right after
midnight on New Years Day. NPR/PRI programming continues
on the WRN1 channel two steps down, at 7.38 MHz. The 24 hour
America One service gives NPR/PRI the chance to carry many
programs beyond the basic Morning Iidition, Talk of the Nation, All
Things Considered. etc. shows relayed on WRN, such as the new PRI/
BBC co-production The World.

Digital satellite radio isstarting slow in Europe. What Satellite TV
reports that reluctant merger talks between Astra’s first subscrip-
tien music broadcaster, Digital Music Express, and its chief com-
petitor, Music Choice Europe, may lead to a deal. DMX has
postponed the full launch of its British service until April (al-
though the German service is up and running), due it says, to a
shortage of the necessary iicrochips for digital receivers. But the
financial losses have proved far greater than anticipated.



British Sky Broadcasting has finally unveiled its digital plans, in co- operation
with the domestic British broadcaster Granada. This involves an eight-channel
subscription television service to Britain from the new Astra 1E satellite.

Digital Dreams

More digital broadlcasts are appearing on European satellites,
in addition to those reported last time.

Swedish Television’s 2 channels, renamed SVT1 and SVT2 at
the beginning of the vear, are now broadcasting in digital MPEG-
2 on the Tele-X satellite, at 12.322 GHz. Danmarks Radio from
Denmark is planning to send its terrestrial TV 1 channel via
satellite from May this year, using MPEG-2 from 1 degree West
(Intelsat 702, Thor or TV-Sat).

British Sky Broadcasting has finally unveiled its digital plans, in
co-operation with the domestic British broadcaster Granada. This
involves an eight-channel subscription television service to Britain
from the new Astra 1E satellite. The joint venture, Granada Sky
Broadcasting, will supply the new channels. The centerpiece will
be the Granada Gold Plus channel which will
show repeats of popular British shows such as
Coronation Street. Other channels will focus on
lifestyle themes, with such names as Health and
Beauty, Food and Wine, and Granada Men and
Motoring.

Gennany’s two public service broadcast-
ers, ARD and ZDF, will also begin digital
transmissions from Astra 1E this year. The
broadcasts will be in parallel with the two
stations’ existing analog programming on Astra
1B and I1C.

MTV Europe announced on December 13
that it is widening and fine- tuning its pan-
European advertising reach by using new digi-
tal satellite feeds. Digital compression allows a
programmer to squeeze several channels or
feeds onto onesatellite transponder. MTV will
be providing the same programming on sev-
eral regional feeds, allowing each to carry
separate targeted advertising. There is
now some local advertising in Germany and
Central Europe, MTV is just starting local ads
to Italy, and will be the same in the Beneluxand Scandinavia. Some
of this programming will probably be on Viacom’s digital tran-
sponder on the Eutelsat Hot Bird satellite at 13 degrees East, and
currently carries VH-1 Germany and the 24 hour cable-only
Science Fiction Channel Europe (as opposed to the much re-
duced Sci-Fi Channel service on Astra). MTV also broadcasts to
Scandinavia in the half-digital D2-MAC format on Norway’s Thor
satellite at 1 degree East, 12.092 GHz.

Home Box Office and FilmNet Nethold are reported to be
negotiating to bring in major investors from Hollywood studios,
for new digital channels to Central Europe. MCA and Sony
Picturesareamong the companies pursuing the deals most aggres-
sively. HBO hopes to have about 1.3 million Central European
cable subscribers by 2004, and FilmNet expects to have a total of
1.2 million cable and direct-to-home subscribers by then.

The Kirsch Group says it will join the alliance for a digital TV
decoder standard in Germany, removing a major obstacle to
broadband television in Europe. Kirsch is joining the Multi Media
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Beteiligungs Gesellschaft (MMBG), which also includes
Bertelsmann and France’s Canal Plus. However, British Sky Broad-
casting may still introduce a rival technology.

France is farther behind in the move towards digital satellite
television. At the beginning of the year, Telecommunications and
Information Technology Minister Francois Fillon says he favors a
wide alliance of private and public companies to launch digital
satellite television. Fillion was speaking at the presentation of a
report into satellite television by a committee chaired by George
Vanderchmitt. Vanderchmitt said public broadcasters like France
Television or Arte should not ty to become digital satellite
broadcasters on their own because of the enormous investments
needed and the large risks attached. State-owned France Telecom
should also abandon ambitions to continue trying to offer televi-
sion satellite services on its own, and needs to co-operate with Astra
instead, he said. He also urged France to stop
“ignoring” Astra.

This may mean the phase-out of France’s
Telecomsatellites. December 7 saw the Ariane
launch of Telecom 2C, which is replacing
Telecom 1Cat 3 degrees East (as wellas India’s
Insat 2C — see below). Telecom 2C carries 10
C-band transponders, 11 Ku-band transpon-
ders, and 5 X-band transponders.

Ariane is hoping to launch 13 rockets this
year, including the first two new generation
Ariane-5launchers. Thisisupfrom 11 launches
in 1995, placing 13 satellites successfully in
orbit. The first Ariane-5 launch is scheduled
for May. The new rocket has been designed to
carry single satellite payloads of 6.8 tons and
double payloads with a total weight of 5.9 tons.

Eutelsat has signed a contract with
Arianespace for the launch of three new tele-
vision and telecommunications satellites. The
digital TV satellite Hot Bird 4 will be placed
alongside Eutelsat I1I-F1 and Hot Bird 1 and
the upcoming 2 and 3 at 13 degrees East. The
other two satellites, for telecommunications, are known as W24,
and will replace two existing Eutelsat II satellites at other orbital
positions. They will be launched from French Guiana, beginning
in mid-1997.

Nordic News

All of the Scandinavian D2-MAC channels from the Kinnevik
media empire on Sirius have now encrvpted. Here is the channel
plan:

Tv311.785 Ghz TV612.015GHz 2ZTV 11.862 GHz  ??? 12.092 GHz
Kinnevik’s second TV1000 channel, TVI000 Cinema, has
begun broadcasts on TV-Sat 2 on 11.900 GHz. This satellite has
been leased by the Norwegians and placed alongside Thor and
Intelsat 702 at | degree West. But the German cast-oftfexperienced

problems on November 6, when the aging satellite lost two of its
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Hughes Space and Communications International has contracted with
McDonnell Douglas to launch Norway'’s Thor 2A satellite. It will launch
aboard a Delta II rocket from Cape Canaveral in early 1997. Thor 2A will be
a high-power version of Hughes’s HS 376 satellite.

transponders. The Danish version of Kinnevik’s TV6 vanished,
along with the private Norwegian station TV Plus. They've since
been relocated. TV Plus is now on the hithertoo unused 12.054
GHzon TV-Sat,while TV6 Denmark has replaced SVT 1 on Intelsat
702 at the same location, on 11.679 GHz.

Kinnevik will be starting its new Sports Channel on March Ist,
from Intelsat 702. While the intention is that cable companies will
include the channel in their basic tier, it will be encoded on the
satellite, to keep viewers from outside the Nordic region from
watching.

Kinnevik's rival FilmNet has renamed its two film channels.
Instead of the cumbersome FilmNet Plus and FilmNet: The
Complete Movie Channel, they are now simply known as FilmNet
1 and FilmNet 2.

Hughes Space and Communications International has con-
tracted with McDonnell Douglas to launch Norway’s Thor 2A
satellite. Itwill launch aboard a Deltall rocketfrom Cape Canaveral
in early 1997. Thor 2A will be a high-power version of Hughes’s HS
376 satellite, delivering direct-to-home television to the Nordic
countries via fifteen 40 watt transponders in the Ku-band. Like
Sweden'’s rival Sirius 2 satellite, Thor 2 will be launched in 1997.

Budget cutbacks at Swedish Television, the country’s public
service broadcaster, have resulted in a re-organization, including
the revival of old plans for a pay-TV cable channel. The channel is
to be called Dacapo, and programming would be classics from
Swedish Television’s extensive archives. Dacapo would begin
operation in September, on the 40th anniversary of the first
regular TV broadcasts in Sweden.

The head of Swedish Television, Sam Nilsson, has also revealed
that thev have been talking with the private TV 4, about a joint
satellite project, to better compete with the international media
empires.

Into Africa

Digital Music Express haslaunched aservice to South Africaon
December 1 called DMX(R). Muliichoice, owners of Europe’s
FilmNet and Nethold, which recentlyintroduced the DStv MPEG-
2 digital direct-to-home TV service to southern Africa, is offering
subscribers 40 channels of DMX as part of its basic package. DStv
and DMX are reaching subscribers in southern Africa via the PAS-
4satellite. Multichoice has also reached aggreements to distribute
CNN International, ESPN Africa, VH-1, TNT/Cartoon Network,
and the Discovery Channel to southem Africa.

BET International will launch BET On Jazz: The Cable jazz
Channel as part of the Muliichoice package through-outsouthern
Africa starting April 1, 1996, via the satellite PAS4. The channel
launches in the US on January 15, 1996.

Egypt has signed an agreement with a French consortium led
by Matra Marconi Espace to build and launch Egypt’s first satellite.
NileSat will begin operating in mid-1997, and is supposed to cover
the Arab world, the Americas, and Asia. That seems a bit exagger-
ated, as there’s hardly a single position in the Clarke Belt that
permits that kind of coverage.

The new satellite will offer 16 channels of sports, movies,
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children’s and cultural programs.

Egyptcurrently has twochannelson Eutelsat II-'F3at 16 degrees
East. The all-Arabic language Egyptian Space Channel puts a
powerful signal into northern Europe where there are unlikely to
be many viewers, while Nile TV, which carries programs about
Egypt in English and French, uses a weak half transponder, and is
barely visible.

Digital Broadcasting Arrives in Asia

While Rupert Murdoch has been slow getting into digital
television in Europe, his Star-TV is getting ready to take the digital
plunge to Asia, following the successful launch of Asiasat-2 on
November 30. The first test signals from Asiasat-2 were sighted by
Kim Slyns —who reported his discovery 1o the Internet TVROSAT
mailing list—on December 18, with the text: “Welcome to Asiasat
2 Merry Christmas and Happy New Year”. The position was some
degrees West of Asiasat-1, with a very strong signal on 3860 MHz.

The new satellite carries 24 C-band transponders and 9 Ku-
band band transponders, and will be Asia’s first digital broadcast
satellite. The launch was delayed nine months, following China’s
failure to launch the Apstar-2 satellite in January, 1995.

According to Murdoch himself, Star’s new offerings via Asiasat-
2 include movie channels in Mandarin, Hindi, English, Indone-
sian, Tagalog, Cantonese and Japanese. Besides movies, Murdoch
wants Star to dominate the markets for sports, general entertain-
ment, music and youth programming.

Addressing the News Corp annual meeting, in Adelaide, Aus-
tralia, Rupert Murdoch said Star-TV would experience “great
growth” during the next 12 months, noting that the Hong Kong-
based broadcaster would launch a package of 15 movie channels
into Indonesia in six months, while workingon its firstventure into

Japan. The Japanese venture is expected to start in April, and

comes after Japan’s Post and Telecommunications Ministry de-
cided to allow international broadcasting via satellite.

Otherbroadcasters booked on Asiasat-2 include the Associated
Press’s APTV, Reuters Financial Television, Worldwide Television
News, Hong Kong Telecom, Portugal’s Marconi Global Commu-
nications, Malaysia’s Time Telecommunications, and Germany’s
Deutsche Welle.

Included in the Deutsche Welle package is the World Radio
Network, which will be offering a digtal version of its WRN Network
1 package of English language broadcasters to Asia. When I asked
WRN’s Karl Miosga if the choice of digital transmission (forced
upon by Deutsche Welle's choice for digital) rather than analog
might not cost them listeners his replywas "MPEG-2 will be the new
satellite standard to Asia, and we expect digital receivers to become
common there soon.”

Besides Telecom, the December 7 Ariane launch also carried
India’s Insat 2C satellite into orbit. It is co-located with Insat 2B at
93.5 degrees East. Insat 2C is equipped with 17 C-band transpon-
ders, as well as 6 wide C-band, 3 Ku-band, and one in the S-band.

PanAmSat has added Bloomberg Information Television to
theline-uponthe PAS-2 PacificOcean Regionssatellite. Bloomberg's
service consists of one digital channel on PAS-2’s Pacific Rim



Viewers in the United States will soon be able to watch India’s state-owned

television network Doordarshan, via Panamsat. Doordarshan'’s signals will

be relayed via the PAS-4 Indian Ocean satellite to a British Telecom station
near London, and then transmitted via PAS-1 to the United States.

Beam. In early January a new station called Channel KTV also
joined PAS-2. This is a Singapore- based service, offering sing-a-
long programs for Karaoke enthusiasts. It’s billed as the world’s
first station offering voice-optional music videos, and also features
two separate language feeds, in Mandarin and Cantonese.

Besides Bloombergand KTV, other broadcasterson PAS-2now
include ABS-CBN, Asia Business News, China Central Television,
Disney, Discovery, ESPN, Liberty, NBC, NHK, Television Corpora-
tion of Singapore, Turner Broadcasting, TVBI, and Viacom. PAS-
2 now transmits more than 40 analog and digital TV channels
through-out the Asian-Pacific region.

The Gals 2 satellite was successfully launched from Kazakhstan
on November 17th. Russian built and Chinese-owned, Gals 2 will
be leased for $ 9 million a year to the Global DBS Company, which
includes the Loral Corp., General Instruments, and TCI from the
United States, and Britain’s General Telecommunciations Ltd/
Asian TV Network. Gals carries 3 high-powered transponders. Gals
1 islocated at 71 degrees East. Gals 2 could be located at any of the
17 slots reserved for Gals at the International Telecommunica-
tions Union (ITU).

Asia Comes to the West

There’s a new Indian broadcaster seeking to establish a global
presence. Apna-TV is actually based in London, but it broadcasts
Hindi-language films for South Asians around the world. The
European service is using Russia’s Statsionar 11 satellite at 11
degrees West, on its Ku-band transponder on 11.525 GHz, as well
as the nearby Ekspress 2 satellite at 14 degrees West, on Cband
3.825 GHz The channel’s test pattern alsosays it isrelayed over the
Russian Ekran satellite at 90 degrees East to South Asia, using the
L-band.

Viewers in the United States will soon be able to watch India’s
state-owned television network Doordarshan, via Panamsat.
Doordarshan’s signals will be relayed via the PAS4 Indian Ocean
satellite to a British Telecom station near London, and then
transmitted via PAS-1 to the United States.

Thai TVisreported to be beginning broadcasts to Europe from
Eutelsat 2F3 at 11.163 GHz.
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column of satellite news for
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ing it hard to get along with
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from: http://www.tele-
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That’sitforthistime.
= Thanks especially to
Curt Swinehart, James
—— Robinson, Nils

Sundstrom and Frank

Stockholm newspaper
Aftonbladet, and the
good people at Tele-
satellitand What Satellite
TVfor contributions. If
vou'd like to send an
update (or a correc-
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is: wood@rs.sr.se

The latest
MediaScan news is on
the Radio Sweden
Worldwide Web site at:
http://www.sr.se/rs/
english/media/
scdx.htm ST
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assie had Jeff. Rin Tin Tin

had Rusty. Basil has

money that could be
yours.

Basil is his name, and Bingo
is his game. Airing 24 hours a
day on SpaceNet 4, transponder
7, the Basil Basset Bingo 1 Chan-
nel brings the C-band viewer the
opportunitytoplaybingoinyour
own home for cash prizes.

Tune in and vou will be
greeted by a computer gener-
ated animated dog named Basil.
Using electronic puppeteering,
Basilhosts over 280 Bingo games
per day. The bingo ballsare also
created by computer generated
graphics. Every ten seconds dur-
ing the bingo game a colored ring appears on screen. It catchesa
numbered bingo ball which is followed by Basil's voice announce-
ment of each bingo ball’s number, giving the broadcast the flavor
of a bingo hall. If the pattern of matching numnbers on your bingo
card matches the red pattern that is displayed in the upper lefi
portion of the TV screen, you call a special nunber (800) 471-
1027. The first person to reach them, who has the correct num-
hered pattern on their activated bingo card, wins that games prize.

Launched last Scptember, Basil is one of the first ventures into
a new form of computer animation. The animation is created by
3BTV, Inc.,asubsidiary of American Satellite Network (the parent
company of Prime Time 24), Mr Film Studios Inc., and Spelsinne
of Sweden, a computer software programming company.

Mr. Film Studios, Inc.— a computer graphics studio specializ-
ing in real time animation, utilizes state of the art motion capture
technology to
create the ani-
mated Basil in
real tme. Two
actors are used
in the produc-
tion of Basil.
The voice actor
wears a special
headset with
four infrared
cameras that
read the facial
muscle move-
ments and ex-
pressions of the
voice actor. The

Sometimes Basil is Sick, and after a short
rest he should be back. After all, a little
maintenance never hurts. (Photo by Steve
Handler)
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Basil Basset, courtesy of 3B TV, Inc..

computer then translates his
movement into the realtime
animation of Basil’s facial ex-
pressions. The movement of
the physical actor in a mag-
netic body suit is used by the
computertocreate Basil’sbody
movement. Nothing less than
cutting edge animation tech-
nology is used to create Basil
for the TV screen.

No purchase is necessary to
play, but you can purchase
bingo cards from the outset. By
sending a self-addressed
stamped #10 envelope, and a
paperwith vour name, address,
telephone number and age, a
free official bingo card for one
day’s play will be sent to the viewer. Your self-addressed envelope
will bringyouanumbered Bingo cardalongwithaletterindicating
what day the bingo card will be valid.

That’s the catch, your card will be valid for only one day, and
only that specific day assigned to you by 3B TV, Inc. They also ofter
another option once you haveyour free Bingo card. Afteryourfree
day has expired, you can call their “EZ" Activation 800 phone
number and for a processing fee, reactivate your bingo card. The
amount I was quoted was $2 for one day, $10 for a week, and $25
for a month. However, rather than paying a fee, you can still send
for more free Bingo cards. Their rules noted that there is a limit of
one hingo card per outer mailing envelope. per family. per day. To
get a copy of their current rules as well as the address to mail your
request for a free card, contact 3B TV, Inc. at (800) 474-1043.

Where are they headed with all this technology? With over
250,000 bingo cards sent out, there appears to be an audience
interested in playing bingo in their home via television. One might
speculate that the C-band broadcasts are a shakedown cruise for
the technology. Perhaps DBS and cable might be in Basil's future.
If so, the C-band market of 3 million plus viewers could be a
gateway to the cable and DBS markets with viewers a dozen times
larger.

For those of you who enjoy lotteries, satellite TV also provides
a smorgasbord of viewing. State lotteries use satellite to get the
broadcast of the lottery drawing from their studio to television
stations throughout the state. Participating stations typically re-
ceive a broadcast schedule from the state lottery of the times of
these satellite broadcasts. They can schedule the broadcast to be
included live within their programming or taped for use on their
NeWs programs.

POWERBALL ® is one of the largest US. lotterics, and is
regularly aired via satellite. Run by the Multi-State Lottery Associa-



To dissuade anyone from even thinking of tampering with the ball sets, they
are randomly sent to the Iowa Department of Tramsportation’s weights and
measures lab to make sure that each ball is within the weight and size
parameter of its original manufacture and design.

tion, POWERBAL L tickets can be
purchased in 20 states as well as
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POWERBALL.

The program is produced at

Nnoom._nndnmmn.dﬂo the studios Of the Iowa

Teleproduction Center, a multi-
million dollar film and video pro-
duction facility located in West
Des Moines, lowa. POWERBAIL
is broadcast live at 10:59 p.m.
each Wednesday and Saturday
night and is repeated from digi-
tal storage disksat 11:00 p.m.and
11:01 p.m. Wednesday night’s
broadcastisviaGalaxy 4, channel
12 and Saturday night’s broad-
cast is aired via AT&T Telstar T-
401 channel 3.

The game consists of two
machines. In the first machine
are 45 solid white rubber balls
! numbered 1 through 45. In the
second machine are 45 solid red
rubberballsnumbered 1 through
45. When activated, the first ma-
chine selects five white balls and
the second machine (the POWERBALL machine) selects one red
ball. Any person who has purchased a ticket with the number
chosen by the POWERBALL machine wins a prize. There are nine
levels of winning and ticket purchasers thatmatch the POWERBALL
and all five white balls win the grand prize of at least $5,000,000
(paid out over 20 years).

What’s the most you can win? The record goes to a Wisconsin
couple (he’s a teacher and she’s a nurse) won $111,000,000 paid
out over 20 years.

POWERBAILleaves nothing to chance. Redundancy and secu-
rity are the hallmarks of the TV production. The solid rubber balls
are manufactured especially for lotteries. Each POWERBALL pro-
duction is attended by Sue E. Dooley the drawing
manager for the Multi-State Lottery Association,
a representative of their CPA auditing firm (cur-
rently Emst and Young), and a senior security
official. Other security precautions are taken,

Station, P.O. 5088, Nww York, NY 10150

{WA state residents may omit return pos!
tLimit ons bhingo card pst outer

Basel Basset Bingo Card,
coutesy of 3B TV, Inc.

Powerball Lottery in Progress (Photo courtesy Multi-State
Lottery Association)

including guards and other security officials attending the draw-
ing.

Two studias are available at the production facility, so that if
one has a problem the other can be used. The signal is sent from
the studio to the uplink facility by fiber optic line, with amicrowave
backup. Four lotto machines are available, of which two are
randomly chosen by coin flip before each broadcast. Four ball sets
are available in each color, of which one set of each color is
randomlv chosen for each broadcast. In addition, when not in use
fora broadcast, the lotto equipment, balls, and drawing machines
are kept in a sealed vault that requires two keys in the possession
of two different people. A sophisticated alarm system keeps a
vigilant watch on the vault and its contents.

To dissuade anyone from even thinking of tampering with the
ball sets, thev are randomly sent to the lowa Department of
Transportation’s weights and measures lab to make sure that each
ball is within the weight and size parameter of its original manufac-
ture and design. Before being put back in use. security officials
have each ball X-rayed ata medical lab to make sure that no foreign
object has been inserted into the ball.

The lIowa Teleproduction Center is connected to the owa
Communicauons Network, a modern fiber optic system. This
system links the production facility studios with WOI, an ABC
television affiliate in Ames, Iowa. At WOI, the POWERBALL
broadcast is uplinked by C-band satellite. C-band is used rather
than Ku-band so as to avoid possible signal problems due to rain
fade. The C-band uplink facility is fully redundant, like all ather
aspects of POWERBALL.

POWERDSD

March/April 1996 SATELLITE TIMES



Uplink sight for the Texas Lottery, the Texas Gateway Teleport at Cedar Hill,

The satellites and channels used to broadcast the lotteries are
subject to change and you may have to search around to find your
favorite lottery. In the past, AT&T Telstar T302 has seen a substantial

amount of use for lottery broadcasts.

Texas (Photo courtesy Southwest MicroNet, inc.)

TABLE 1: Lotteries on the Air

Lotto Game
California B&g Spin
Cafitornia Super Lotto
Coforado Lottery
Florida Cash 3

Florida

Georgia Cash 3
Geargia Lottery

Ingiana Daily Game
lowa Lotto

Kansas Cash Lotto
Louisiana Lotio
Minresota Daily 3
Missour: Pick 3

New Hampshire Lotto
New York State Lotto
Ohio Lottery

Oregon Lotto
POWERBALL
POV/ERBALL

Texas votto

Tri-State Lottery
Washington Latto

Hoasier Millionaire (Ind.)

Day of Week
Wed./Sat.
Wed./Sat.

Daily

Daily

Saturday

Daily
Tues./Fri./Sat.
Saturday

Daily

Daity (Except Sun.)
Wed./Sat.

Daily

Daily

Daily (Except Sun.)
Friday

Daily

Daily (Except Sun.)

Wednesday
Saturday

Daily (Except Sun.)

Wed./Sat.

Time (EST)
1:55 a.m.
10:56 p.m.
11:59 p.m.
7:55p.m.
11:00 p.m.
6:58 p.m.
10:55 p.m.
10:56 p.m.
10:58 p.m.
727 pm.
7:58 p.m.
10:59 p.m.
7:50 p.m.
7:55 p.m.
9:58 p.m.

6:59 p.m.
10:59 p.m.
10:59 p.m.

10:50 p.m.

9:59 p.m.

Satellite, Transpon.
G4,90r 11

G4,9

SBS 6 Ku, 12
T302,30r8

T302, 4

T302,. 23

T302, 3,11,0r23
T302, 8

T302 and G6
T401,30r6

T302. 13

T302, 24

G4, 18

T401,.30r5

SBS 5 Ku, 13

S3 Ku, 22

T302, 13

S3 Ku 23

G4,3

T401, 3 ]
G4,7and G4 Ku, 1 |
SBS 5 Ku, 12

T303, 23
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TABLE 2: POWERBALL

Participating States
Arizona Minnesota
Connecticut Missouri
District of Columbia Montana
Delaware Nebraska
Georgia New Hampshire
Idaho Oregon
Indiana Rhode Island
lowa South Dakota
KansasKentucky Wisconsin
Louisiana West Virginia

Several timesayear the POWERBALL broadcast
goes on the road, originating from one of the partici-
pating jurisdictions’ facilities. In 1993 live remotes of
drawings took place in Atlanta, Louisville and Phoe-
nix.

Overadozen otherstate lotteries use satellite to distribute their
drawing broadcasts to local TV stations within their states. A list is
included within this column.

The satellites and channels used to broadcast the lotteries are
subject to change and you may have to search around to find your
favorite lotiery. In the past, AT&T Telstar T302 has seen a substan-
tial amount of use for lottery broadcasts. As T302 continues in its
inclined orbit, many of the loueries may decide 1o shift their
broadcasts to other satellites. This would avoid the necessity of
receiving stations having to use tracking software to receive high
quality T302 broadcasts. Perhaps AT&T’s Telstar T402R may pick
up some of these broadcasts along with T401 and Galaxy 4.

What does the future hold for Basil? Will he expand to DBS, to
Cable? Will kids watching their parents playing bingo find Basil
irresistible and will he become a new hit doll, perhaps as popular
as the Cabbage Patch kids? Will POWERBALL continue to expand
and add states? If they run out of states will they expand to foreign
countries or will congress come to their aid by adding more states?
If POWERBAIL expands to foreign countries will they have to
change their name to the International Lottery Association?

Who knows what the future holds? It takes more than luck to
find out what’s On The Air.

All times in this column
are eastern standard time
(EST). The inclusion of in-
formation regarding legal-
ized gambling is not and
should not be considered o

anendorsementofgambling
by the author, Grove Enter- /l””l‘
’{’
HOOSIER LOTTERY:

! J

prises, or Satellite Timesmaga-

zine, Sy
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By Keith Stein

us011192@pop3.interramp.com

Listening to the Amateurs

good friend of mine here in the Washington D.C. area is in

a career probably a lot of us hobbyist would love to hold.

He’s an a aerospace engineer who builds and launches
satellites. With a 4-year bachelors degree in aerospace, electric, or
mechanical engineering you could also move into the same career
pattern. But are all these college degrees and educational courses
really needed to work in this field? Of course it helps, but it is not
required for one volunteer organization also based in the Washington
D.C area.

Ifyou reallywanta good startin aerospace engineering, volunteer-
ing to work with the Amateur Radio Satellite Corporation (AMSAT),
who has built and operates several satellites in earth orbit. Let's take
a closer look at their satellites that operate in the VHF spectrum.

Aswe continue our tour through the satellite frequency spectrum,
we now exam the 145.8-146.0 MHz band, known as the 2-meter
amateur satellite band. Sure this portion of the spectrum has been
covered over and over again by various other space publications, but
you’d be surprised how many times I see Internet messages and e-mail
from individuals who are looking for the basic information on the
bircls that inhabit this region of the VHF spectrum.

AMSAT consists of a group of amateur radio operators who share
an active interest in building, launching and then communicating
with each other through non-commercial, amateur radio or ham
satellites. Since its founding, nearly 25 years ago, AMSAT’s volunteer
labor force has designed, constructed and successfully launched,
almost 30 amateur radio communications satellites into Earth orbit.
AMSAT satellites carry the name OSCAR qhich stands for Orbiting
Satellite Carrying Amateur Radio. These satellites are built, quite
literally, in people’s garages and basements.

Of course there is always more to research and learn about these
amateur space birds. I'm only going to touch on the amateur satellites
that are easy to hear and decode activity from. For more details and
additional frequencies for other amateur satellites, be sure to check-
out ST's Satellite Services Guide— Amateur Satellite Frequency Guide
section, and John Magliacane’s (KD2BD) Amateur Radio Satellite
column.

UoSat 2

Builtin less than six months by students at England’s University of
Surrey, this amateur satellite is similar mechanically and in appear-
ance to UoSat 1, the first satellite in the series. Its primary mission is
to store-and-forward digital communications. With a low aliitude
orbit, both ground stations and the satellite transmitter can use low
power.

This 59.4 kg (132-1bs) spacecraft was launched in March 1984 from
California as a secondary payload aboard the Landsat 5 mission. Here

are the downlink frequencies:
Downlink frequencies: 145.826, 435.025, and 2401.5 MHz

Digital Orbiting Voice Encoder (DOVE)

In 1990, AMSAT and Surrey turned their attention to some
foreign spacecrafts. The two organizations built six small amateur
radio satellites for a free ride to space aboard a European booster

called Ariane. One of the six satellites was called Dove-OSCAR-17 (or
DO-17), also called known as Peacetalker — a microsat for Brazil.

Weighing under 11.25 kg (25-lbs). each, all six satellites were
launched from the Guiana Space Center in Kourou, French Guiana,
South America. With the ability to be heard from anywhere on earth,
along with its other five partners, Dove has had the largest listening
audience among radio hobbyists . Out of all the amateur satellites
currently in orbit, it’s 2-meter signal is the easiest to monitor.

With a voice synthesizer attached to its transmitter, Dove was the
first amateur satellite to talk from Earth orbit. The system transimits
voice for 2.5 minutes, then waits 30 seconds for commands from
ground stations.

Downlink frequencies: 145.825 and 2401.220 MHz

Russian MIR Space Station

The former Soviet Union was the first country to put a satellite in
space, launch a man in space, launch a women in space, conduct the
first manned walk in space, and launch the first space station.

But they haven’t been first in everything. They were the second
country to launch amateur radio satellites into space.

On the MIR space station itall started in 1988 when Vladimir Titov
macle several contacts with amateurs on the ground using the callsign
UIMIR. This practice has continued since then, and it can lead to
sorue of the most interesting voice transmissions from space to
monitor, but patience is the name of the game.

Most of the time a packet radio terminal node controller (TNC)
and a lap top computer are running in unattended mode on the
stations amateur radio downlink. This is during the times when the
crew is busy working on experiments. You can still connect with this
robot and leave personnel electronic messages to the crew.

Istill remember the days when my brother and I would go outside
our house with a hand-held scanner waiting to possibly pick up on
some voice from Mir as we watch it in the night sky. But we never did
and you know why? Hev, these guys have to sleep sometime. A normal
day aboard the MIR begins around midnight eastern time (0500
UTC) and endsat 3:00 p.m. castern time (2000 UTC). Thats why we’ve
never heard them in the early evening, but the packet signal is there
all the time.

Pluginthese frequenciesand giveita try. And ohyes, they dospeak
pretty good English so you should have no trouble understanding
them during North America passes:

Downlink frequencies: 145.550 and 145.800 MHz

U.S. Space Shuttle

Our U S. astronauts began theiramateur radio operations in 1983
on mission STS9 when Dr. Owen Garriot, W5LFL. operated from the
Columbia. This first ham in space mission made 250 contacts with
amateurs in their homes, cars, and children in schools.

One disadvantage of amateur operations onboard the shuttle is
the antenna is taped to one of the flight deck windows and is not
permanently fixed. The Russians mounted an external antenna on
the side of their station during a past spacewalk.
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One disadvantage of amateur operations onboard the shuttle is the
antenna is taped to one of the flight deck windows and is not
permanently fixed. The Russians mounted a external antenna on
the side of their station during a past spacewalk.

With the outstanding success of Owen Garriot’s flight, NASA saw
these operation asa great public affairs event, so things have changed
since that first flight. The majority of contacts are now scheduled with
school classrooms, astronaut families or with the crewaboard Mir. The
days of random contacts are almost gone.

Thenexttime thereisashutle amateur radio experiment (SAREX)
on board the shuttle, it would be well worth the effort 1o tune into the
following frequencies: 145.550 and 145.840 MHz

Spartan Packet Radio Experiment (SPRE)

The Spartan Packet Radio Experiment (SPRE) was an amateur
radio communications experiment on hoard NASA’s Office of Aero-
nautics and Space Technology (OAST) satellite. The OAST satellite
conducted carried four experiments designed to enable or extend
space flight technology including SPRE.. Developed and built by the
University of Maryland Amateur Radio Association (UMARA), SPRE’s
mission was to test satellite tracking using amateur packet radio and
the Global Positioning System (GI'S).

The spacecraftwas launch on January 11, 1996 onboard the space
shuttle Endeavour as part of mission STS-72. A few days after launch
the OAST/Spartan vehicle was deployed by the shuttle 'srobotarm for
48 hours and then retrieved back into the cargo payload.

SPRE was designed to relay ground station positions and transmit
telemetry containing the GP’S location of the spacecraft and housc-
keeping data. Data was transmitted onadownlink frequency of 145.55
MHz. The data format consisted of ASCII characters and was fully
compatible with amateur packet radio equipment in common use
today.

David Breadsley of L.utz, Florida copied the following data from
SPRE on January 15, 1996 between 0636 and 0645 UTC:

SER TIME L-Temp BoxTemp  H-Temp X-Temp 12v-PS
deg C deg C degC deg C Volts
16:26:27 8.78999 23.145 23.14 31.56 1213
16:26:57 8.78999 23.145 23.14 32,05 12.13
16:27:27 8.78999 23.145 23.14 31.06 12.13
16:28:27 8.78999 23.145 23.14 31.56 1213
16:28:57 8.78999 23.145 23.14 31.56 12.13
16:29:27 8.78999 23,145 23.14 33.04 1213

Mir VHF News

According to documents obtained from NASA's Goddard Space
Flight Center, future visits by U.S. astronauts aboard the Russian Mir
space station will operate with voice and data downlink transmissions
on 143.625 MHz, and 139.208 MHz over North America.

New voice modulation units installed at NASA’s Wallops Flight
Facility in Virginia and the Dryden Flight Research Center in Califor-
nia will support two-way communications with the Mir complex on an
as-needed basis, Monday through Friday, when the crew is awake.

Radio hobbyist in North America have not heard much on these
frequencies since 1991 when Russia decommissioned all their track-
ing ships that also used the VHF high band spectrum.

Satellite Listening Post Intercepts

Abbreviations used in this column;

ARIA—Advanced Range Instrumentation Aircraft; CNN—Cable News Network; G—Giga-
hertz, K—Kilohertz; SOHO—Solar Heliospheric Observatory; USB—Upper Side Band;
UTC—Coordinated Universal Time; W—West
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All times in UTC. All voice transmissions in English unless otherwise noted.
K6889 Aria Control, Abnormal20, and Tel4 working Arial and Aria2 during tracking
support toward the SOHO satellite launch on 12/02/95 at 0702, USB. SOHO
was sur.cessfully launch at 0808. Also heard on 5145.5, and 5837 First time
I've heard these guys, great stuff.(Keith Stein-Woodbridge, VA)

Cape Radio-Cape Canaveral, FL, working ARIA2 for Galaxy I}I-R launch on the
ETR, weak. Ascension Radio began working ARIA 1 and had both aircraft loud
and clear. Also heard Aria Control at 0211 (Tim Dobbins-FL)

NASA931 was heard conducted a radio check with MacDill AFB, USB, at 2027,
MacDill reported weak but readable (Mike Fink-Florida) All NASA callsigns
starting with a 9 are usually a T-38 flown by an astronaut-Keith

Aria Control, Tel4 and Cape Radio working Aria1 and Aria2 during tracking
support toward the Galaxy Il1-R satellite launch on 12/14/95 at 2340, USB.
Launch occurred at 0023, 12/15/95. They started out on K10780 but switched
to this freq to conduct operations (Stein-VA)

Ascension Radio working ARIA1 at 0821, USB, for tracking support toward the
Koreasat 2 satellite launch on 01/14/96. They started out on 10780, but
switched to 14432, 14819, and then lost them here. Launched occurred at
1110. (Stein-VA)

Russian navigation/amateur radio satellite Cosmos 2123 was transmitting CW
and voice at 0144, USB mode. Frequencies being used were K29408:CW,
K29450;Voice, and K29454 CW First time I've ever heard voice on this one.
(Stein-VA)

NASA944 (Gulfstream G-1159) was heard at 0345, AM mode, reporting on
weather conditions for space shuttle mission STS-72 landing at Kennedy
Space Center, FL (David Breadlsey-Lutz, FL)

U.S. weather sateflite NOAA 14 heard at 0605, NFM (Stein-VA)

Amateur radio operator Phil Chien (KC4YER) made a voice contact with
Russian flight engineer Sergei Avdeev aboard the Mir space station at 0845,
NFM. (Phit Chien-FL)

A special Christmas message was transmitted to earth by the three man crew
aboardthe Russian space station Mir at 0234, NFM. Here is a transcript portion
of that message;German Cosmonaut Thomas Reiter “All on earth, we are
celebrating Christmas Eve today here in earth orbit and we wish you all a Merry
Christmas, peaceful and Happy New Year. | will handover now to Yuri who will
also direct some words to you.” Yuri spoke in Russian but here is a english
translation “Dear people of the Earth, the crew of the MIR orbital station greets
you and sends you the best Christmas wishes. Let the teachings of Christ be
always presentinour life. Our bestwishes of health, love and happiness toyou.
Peace to you and your families.” Thomas Reiter added “All the best to you once
again, Merry Christmas, 73 and bye bye.” (Stein-VA)

Washington D.C. Area Amsat Information Net was heard at 0200 in NFM with
WDBLAQ (Pat) as Net Control (Stein-VA)

Russian military navigation satellite Cosmos 2279 heard at 2210, NFM. Also
transmits on M399.840 (Stein-VA).

Russian civilian navigation satellite Tsikada was heard at 0656, NFM (Stein-
VA)

Russian military navigation satellite Cosmos 2233 was heard at 0826, NFM.
Also transmits dead carrier on M400.075 This is the unidentified satellite
reported in the Nov/Dec issue of ST. (Stein-VA).

The first test signals from Asiasat 2 were observed with a test pattern reading
“Welcome to Asiasat 2, Merry Christmas and Happy New Year”. Disappeared
the next morning at 01:15 (Kim Styns-Western Australia) Nice job Kim, only
20 days after its launch-Keith,

Anik E2 (107.3deg W) transponder 15 provides BBC World TV audio broadcast
from 1400-1430, part of BBC World “News Hour” (Ken Reitz KC4GQA-
Virginia).

The Eagle Radio Network is now a 24 hour a day service on Galaxy 6, (74.1 deg.
W) transponder 14. In addition to their evening and early morning talk shows,
they are now running a very nice music service during the day. There are no
commercials, and the music is from the 60's to the 90’s. The music service
ends around 2200. (Gary Bourgois, WB8EOH-Michigan)

Very weak signal was viewed on Orion 1 (37.8 deg. W) at 0000. Could not make
out what the subject was (Keith Knipschild-New York)

A “live” CNN news feed from Bosnia was viewed on Orion 1(37.8 deg. W) at
the top of each hour and hatf hour. (Knipschild-NY)

CNN International was found on Telstar 401 (97 deg W), transponder 16, H,
at 2000 EKnipschiId-NY)

Chinese Channel KDBS TV was broadcasting feeds inthe clear on Orion 1 (37.8
deg. w), transponder 3, vertical polarity. Mostly news programming ending at
1955. Foltowing this was mixed graphic/color bar test card for KDBS Frankfurt
prior to transponder going down (John Hockenhull-UK).

K10780
K11175

K11414

K15560

K29408

M126.650

M137.620
M145.550

M145.800

M146.835
M149.940
M150.000
M150.030

G3.860

G4.000

G3.980

G11.8850
G11.9630
G12.1670
G12.6640

Are you receiving the Satellite Listening Post e-mail bulletins? Send a
request to Keith Stein and be added to the distribution list:
us011192@pop3.interramp.com  §r



INTRODUCTION

(UIDE

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
thatare either scrambled or notscramnbled. You do not need
a subscription 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.

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 SCPG
signals. Most SCPC signals will be found in the C-band.

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

DSS/USSB/Primestar Channel Listings — This is a com-
plete channel gunide 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

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

Satellite Transponder Guide — This guide list video services
recently seen from satellites transinitting in GC-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 not available in the U.S.
Transponders that are encrypted have the type of encryp-
tion in use listed between the brackets (i.e. - [Leitch]). O/
Vindicates that wild feeds, network feeds and otherrandom
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 Gnide 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 weather satellites. These elementsetsare
be used by computerized orbital tracking programs to track
the various satellites listed.

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

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

. Satellite Launch Schedules — This 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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FRVICES

Satellite Radio Guide

By Robert Smathers and Laary Van Hom

AUDIO SUBCARRIERS

An audio sub-carrier requires the presence of a video carrier to exist. If you take away
the video carrier, the audio sub-carrier disappears as well. Most TVRO satellite receivers
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
Classical music E2, 22 6.30
KUCV-FM (90.9) Lincoln, Neb. (Nebraska
Public Radio) S3,2/4 5.76/5.94 (DS
SuperAudio — Classical Collections G5, 21 6.30/6.48 (DS
WFMT-FM (98.7) Chicago, IlI. G5,7 6.30/6.48 (DS
WQXR-FM (96.3) New York, N.Y., ID-96.3 FM C4,15 6.30/6.48 (DS
Satellite Computer Services
Planet Connect, Planet Systems, Inc 19.2 kbps srvc. G4, 6 7.398
Planet Connect, Planet Systems, Inc 100 kbps srvc.  G1, 9 7.80
Skylink, Planet Systems, Inc G1,9 7.265
G1,14 7.265
G4, 6 7.264
Storyvision G5,3 7.30
Superguide G5,7 5.48
Contemporary Music
Safeway In-Store Radio — contemporary S3,18 5.78,5.96, 6.48
SuperAudio — Light and Lively Rock G5, 21 5.96, 6.12 (DS)
WVTY-FM (96.1) Pittsburgh, Pa. C1,18 7.28
G720 7.28
Country Music
CINC-FM (96.3) Thompson, Manitoba E1,2 6.40
Safeway In-Store Radio — country S3,18 6.12
SuperAudio — American Country Favorites G5, 21 5.04/7.74 (DS)
Transtar Il radio network S3,9 5.76/5.94 (DS)
WOKI-FM (100.3) Oak Ridge-Knoxville, Tenn.,
1D-The Hit Kicker E2, 18 6.20
WSM-AM (650) Nashville, Tenn. G5, 18 7.38,7.56
WSM-FM (95.5) Nashville, Tenn. C4,24 7.38,7.56
Easy Listening Music
Easy listening music, unidentified station G4, 6 7.69
Safeway In-Store Radio — easy listening S3,18 6.32,7.22,7.40
SuperAudio — Soft Sounds G5, 21 5.58/5.76 (DS)
United Video — easy listening C4,8 5.895 (N)
Foreign Language Programming
CBC Radio-East (French) E1,20 5.38/5.58 (DS)
E1,20 7.36
CHIN-AM/FM (1540/100.7) Toronto, Ontario Canada,
ID-CHIN — multilingual E1,2 7.89

CITE-FM (107.3) Montreal, Quebec Canada
(French) — soft adult contemporary

CKAC-AM (730) Montreal, Quebec Canada
(French) — adult contemporary

Cosmos FM, Hellenic Public Radio, New York, N.Y.

(Greek
DZMM-Radyo Patrol (from Philippines)
French fanguage audio service
India ethnic radio
Indian Sangeet Sager
Irish music (Sat 1430-0000 UTC)
Northern Native Radio (Ethnic)
RAI Satelradio (ltalian)
Radio Canada (French)

Radio Dubai (Arabic)
Radio Energie
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E1, 21(Ku-band) 6.12,6.20
E1, 21(Ku-band) 6.43, 6.55

S2, 1

8.30

G4, 24 (Ku-band) 6.80
E1,15 6.12

E1.2 761

E1, 16(Ku-band) 6.12

S3.3 6.20

(E:Z 26 (Ku-band) 6. ga/e 53(DS)
15

E1,15
G7.10

5.40/5.58 (DS),
5.76
7.48

E2, 10(Ku-band) 6.12/6.30 (DS)

March/April 1996

E2,21 (Ku-band) 6 12/6 30 (DS)

Radio Maria (Italian-Religious programming) G7, 10
Radio Sedeye Iran (Farsi) S3,15
Radio Tropical (Haitian Creole) S2, 11
Religious music (unid language) G7,10
RTE-Italian Radio T402R,18

Russian-American radio network
The Clanny Channel (Spanish) — Anti-Castro Cuban

250 N)
7.60

8. 03
5.8

SBSS, 14 (Ku-band) 6 20

clandestine programming-occasional audio S2,.4 5.80
The Weather Network-Canada (French) E1.9 5.94
Trinity Broadcasting radio service (Spanish)

SAP — religious 65,3 5.96
WCMQ-FM (92.3) Hialeah, Fia. (Spanish),

ID-Mega 92 — contemporary hit radio S2,4 7.74,792
WCRP-FM 88.1, Guyama, P.R. (Spanish) — religious G4, 6 6.53
WLIR-AM (1300) Spring Valley, N.Y. (Ethnic) S2, 7.60
WNTL-AM (1030) Indian Head, Md./Arab Network

of America radio network (Arablc) G6, 10 5.80
WNWK-FM (105.9) Newark, N.J.(Ethnic) S2, 1 8.30
XEW-AM (900) Mexico City, Mexico (Spanish),

ID-LV de la America Latina M2, 8 6.80
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
XEX-AM (730) Mexico City, Mexico (Spanish),

ID-Frecuencia Libre M2, 14 6.80
Jazz Music
KLON-FM (88.1) Long Beach, Calif., ID-Jazz-88 G5,2 5.58/5.76 (DS)
Superaudio — New Age of Jazz G5, 21 7.38/7.56 (DS)
WQCD-FM (101.9) New York City, N.Y.,

ID-CD 101.9, Cool FM C4,6 6.20
News and Information Programming
Arkansas Radio Network G4,6 6.20
Business Radio Network C4,10 8.06 2N
Cable Radio Network C3,23 724 (N
CNN Headline News G5, 22 7.58
CNN Radio News S3,9 5.62

G5,5 7.58
USA F(l:adizo) Network — news, falk and information  S3, 13 5.01(Ch1),5.20

(Ch
WCBS-AM (880) New York, N.Y. — news G7.19 7.38
WCCO-AM (830) Mlnneapohs Minn. G6,15 6.20
WGN-AM (720) Chicago, lil./Interstate Radio

Network (overnight) — talk E1,2 5.22
Religious Programming
Ambassasor Inspirational Radio $3,15 5.96, 6.48 (DS)
American Spirit Network/KYND-AM (1520) Houston,

Tex. — Religious/variety (weekends)

S3,24 7.40
Brother Staire Radio G5, 6 6.48
CBN Radio Network/Standard News G5, 11 6.12

C3.1 6.20
Heaven Radio Network G1,17 7.92
KILA-FM (90.5) Las Vegas, Nev.—S0S radio network C4, 8 7 38/7.56 (DS)
Salem Radio Network 83, 17
Trinity Broadcasting radio service G5,3 5 58/5.78 (DS)
WCIE-FM (91.1) Lakeland, Fla. S2, 21 6.20,7.60
WHME-FM (103.1) South Bend, Ind, ID-Harvest FM G4, 15 5.58/5.78
WROL-AM (950) Boston, Mass. (occasnonal Spamsh)SB 3 6.20
Z-music — Christian rock 7.38/7.56
Rock Music
CHOZ-FM (94.7) St. John's, Newfoundtand Canada,

ID-0z FM 0 5.76/5.96 (DS)
CILQ-FM (107.1) Toronto, Ontario Canada, ID-Q-107 E1,2 5.76/5.94 (DS)
Safeway In-Store — oldies 83, 18 5.20, 5.40, 7.58
Seltech Radio Syndicated service — classic rock E1,2 5.40/5.58 (DS)
SuperAudio — Classic Hits - oldies G5, 21 8.10/8.30 (DS)
SuperAudio — Prime Demo - mellow rock G5, 21 5.22/5.40 (DS)
WCNJ-FM (89.3) — Oldies G$,22 5.80



Satellite Radio Guide

Spacenet 3 Transponder 1

Speciality Formats

Aries In Touch Reading Service 05, 24 6.48
C4,10 7.87

Colorado Talking Book Network C1,2 5.58

C-SPAN | ASAP (program schedule; C3,7 5.58

C-SPAN Il ASAP (program schedule 5.58

04,19
Georgia Radio Reading Service T401,14 (Ku)  5.76
Nebraska Talking Book Network S3,4 6.48

Starsound Gold Radio Network S3,24 5.80
SuperAudio — Big Bands (Sun 0200-0600 UTC) G5, 21 5.58/5.76 (DS)
The Weather Channel-USA — occasional audio 3,13 6.80
The Weather Channel-USA — classical music €3, 13 7.78
Voice Print Reading Service E1,16 7.44 (N)
Yesterday USA — nostalgia radio G5,7 6.80
T402R, 11 5.80

Talk Programming
Business Radio Network E12 743
Eagle Radio Network G6,14 7.56
For the People radio network — (Chuck Harder)

talk and information G2 7.50
KTRT-AM (1270) Claremore, OK 12,2 5.60
Marinet Broadcasting G6, 23 8.10
One on One Sports radio network — sports talk E1,2 7.51
Practical Radio Communications

(audio distribution circuit) 12,2 7.90
Prime Sports Radio — sports talk and information  C1, 10 7.20

$3,24 7.78

Sun Radio Network — talk programs {backhauls)  C1, 15 7.58
Talk America — talk programs $3,9 6.80
Talk Radio Network — talk programs C1,5 5.80
Tech Talk Network E2, 18 5.80
USA Patriot Radio Network G6, 14 5.80
WWTN-FM (99.7) Manchester, TN — news and talk G15,18 7.38,7.56
Variety Programming
American Urban Radio — news/features/sports $3,9 6.30/6.48 (DS)
CBC Radio (English) E1,16 5.40/7.58,5.58
CBC Radio (occasionat audio) E1,20 5.78
CBC-FM Atlantic (English E1,16 6.12/6.30 (DS
CBC-FM Eastern {English E1,16 5.76/5.94 DS{
CBM-AM (940) Montreal, Quebec Canada —

variety/fine arts E1,20 6.12
CFR-FM E2, 19 (Ku-band) 6.12/6.30

CJRT-FM (91.1) Toronto, Ontario Canada —
fine arts/jazz-nights
KBVA-FM (106.5) Bella Vista, Ark.,

E2, 26 (Ku-band) 5.76/5.94 (DS)

|D-Variety 106.5 G4.6 5.58/5.76 (DS)
KSKA-FM (91.1) Anchorage, Alaska —

variety/fine arts C5,24
7.38/7.56 (DS&
KSL-AM (1160) Salt Lake City, Utah —

news/talk/country-overnight C1, 6
5.58
Peach State Public Radio (Georgia PBS) T401, 14 (Ku)  5.40/5.58 (DS)
WUSF-FM (89.7) Tampa-St. Petersburg, Fl.

(Public Radio), ID-Concert 90 C4,10 8.26 (N)

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 similar 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.

Satcom K2 Transponder 12

Background music services: Some of these are Muzak™ carriers and others are retail in-
store network background music: .270, .390, .510, .630, .750, .870, .990, 1.110,
1.230, 1.350, 1.470, 1.590, 1.710, 1.830, 1.950, 2.190, 2.310, 3.330, and 4.255
MHz

Blank Audio carriers: .150, 2.945, and 2.990 MHz

Data Transmissions: 3.050, 3.110, 3.155, 4.115, 4.130, and 4.160 MHz

Generic News: 3.510 MHz

In-store networks: 2.070, 2.730, 3.240, 3.420, 3.600, 3.690, 3.780, and 3.860 MHz

Associated Press 1: 1.595 MHz
Associated Press 2: 2.105 MHz
Associated Press 3: 3.705 MHz

Spacenet 3 Transponder 13

Ambassador Inspirational Radio: 1.420, 4.470, and 4.650 MHz
Background Music: .640 MHz

Blank Audio carrier: 2.500 and 3.390 MHz

International Broadcasting Network: 4.830 MHz

Radio AAHS — children's radio: 1.590 Mhz

Religious Backhauls {various): 1.235 MHz

Satellite Music Network — Country Coast-to-Coast. 3.570 and 3.750 MHz
Satellite Music Network — Good Time Rock and Roll Oldies: 2.670 MHz
Satellite Music Network — Pure Gold: 2.860 and 3.030 MHz

Satellite Music Network — Stardust. 2.130 and 2.310 MHz

Satellite Music Network — Starstatiom. 3.930 and 4.110 MHz

Satellite Music Network — The Heat. 1.050 MHz

USA Radio Network: .330 MHz

VCY America: .540 and .780 MHz

WJSO-FM (90.1) Pikeville, KY {(Moody Broadcasting Network): 1.770 and 4.290 MHz

Spacenet 3 Transponder 17

Childrens Sunshine Network: 1.275 MHz

Data Transmission: .840 and 1.225 MHz

In-Touch — religious: 4.470 MHz

Salem Satellite Network: 4.650 and 5.010 Mhz

Satellite Music Network — Traditional Country. 3.570 and 3.750 MHz
Skylight — religious: 1.770 and 4.260 MHz

UPI Radio Network: .330 MHz

Spacenet 3 Transponder 18

Data Transmissions: 4.800 MHz

Galaxy 4 Transponder 3 (Ku-band)

Blank Audio Carriers: 1.065, 1.155, 1.245, 2.070, 2.430, 2.550, 2.670, 2.790, 2.950,
3.040, 3.160, 3.960, and 4.080 MHz

Data Transmissions: 3.090 MHz

Generic News: 3.5610 MHz (occasional audio)

In-Store audio network ads: .710, .795, .880, 3.420, 3.600, 3.690, 3.780, and 3.860 MHz

MuZAK™ Services: .275, .390, .510, .975, 1.355, 1.470, 1.590, 1.710, 1.830, 1.945
2.190, 2.310, and 3.330 MHz

MUZAK™ Voice Mirrors: .150 MHz

Galaxy 4 Transponder 4 (Ku-band)

Blank Audio Carriers: .180, .350, and 1.250 MHz

Data Transmissions: .110, .255, .300, .350, .470, .575, .675, .710, .740, .765, .845, .890,
.930, 1.180, and 1.225 MHz

Russian-American Network: 1.350 MHz

Galaxy 4 Transponder 16 (Ku-band)

Blank Audio Carriers: 1.230, 1.470, 1.965, 2.070, 2.280, 2.730, and 3.280 MHz

Data Transmissions: .645, 2.140, 2.350, 2.470, 2.820, 2.870, 2.970, 3.000, 3.060, 3.115,
3.205, 3.245, 3.265, 3.345, 3.620, 3.735, 4.145, and 4.150 MHz

In-Store audio networks: .150, .270, .390, .755, .870, .990, 1.110, 1.350, 1.590, 1.710,
and 1.800 MHz

Anik E1 Transponder 7 (Ku-band)
Nova Network FM Squared Services

FM CUBED (FM?*) AUDIO SERVICES

This audio is digital in nature and home dish owners have not been

able to receive it by normal decoding methods yet. The only satellite that FM Cubed
transmissions have been discovered on so far is Galaxy 4, transponder 1. WEFAX
transmissions and Accu-Weather (for subscribing stations) are transmitted on this
transponder.
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Single Channel 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.

Spacenet 2 Transponder 12-Vertical (C-band)

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

Galaxy 6 Transponder 3-Horizontal (C-band)

1405.60 (54.4) KIRO-AM (710) Seattle, Wash — news,
talk, and sports talk radio

1405.40 (54.6) Sports Byline USA/Sports Byline Weekend

1404.60 (55.4) Talk America Radio Network

1403.80 (56.2) Occasional audio/Free Enterprise Radio
Network

1403.20 (56.8) Motor Racing Network {MRN)

1400.80 (59.2) WBAL-AM (1090) Baltimore, Md — news/
talk

1397.20 (62.8) WTMJ-AM (620) Milwaukee, Wis — talk
radio/Univ. of Wisconsin college sports/
Milwaukee Bucks NBA radio network

1393.40 (66.6) WGN-AM (720) Chicago, Il — talk radio/
Interstate Radio Network (IRN)

1393.20 (66.8) Wisconsin Radio Network/Illinois Radio
Network/Tribune Radio Networks

1392.70 (67.3) WGN-AM (720) Chicago, Ill — tatk radio/
Interstate Radio Network

1391.60 (68.4) XEPRS-AM (1090) Tijuana, Mexico —
Spanish language programming, ID -
Radio Express

1389.70 (70.3) Occasional audio/data transmissions
(burst)

1389.50 (70.5) Data transmissions (burst)

1388.90 (71.1) Occasional audio

1387.10 (72.9) Michigan News Network (MNN)/Univ. of
Michigan college sports/Detroit Red Wings
NHL radio network

1386.70 (73.3) Michigan News Network (MNN)/Detroit
Pistons NBA radio network

1386.50 (73.5) WJR-AM (760) Detroit, Mich — talk radio

1386.30 (73.7) Illinois News Network/Chicago Blackhawks
NHL radio network

1385.80 (74.2) WMAQ-AM (670) Chicago, Il — news/
Chicago Bulls NBA radio network

1385.10 (74.9) For the People Radio Network

1384.20 (75.8) Occasional audio

1383.80 (76.2) KJR-AM (950) Seattie, Wash — sports
talk radio/Washington State college
sports/Seattle Supersonics NBA radio
network

1377.90 (82.1) Los Angeles Lakers NBA radio network/
Kings NHL radio network

1375.40 (84.6) USA Radio Network

1374.10(85.9) Northwest Direct — news and talk/Oregon
State college sports/Portland Trailblazers
NBA radio network

Satcom K2 Transponder 2-Vertical (Ku-band)

1010.60 Foreign language audio service identifying
as Radio Tejan

Satcom K1 Transponder 12-Vertical (Ku-band)
1313.10 Customized IGA spots

Spacenet 3 Transponder-Horizontal 13 (C-band)

1207.90 (52.1) Wisconsin Voice of Christian Youth {VCY)
America Radio Network — religious
1207.20 (52.8) Gogd News Radio Netwark — christian

radio
1207.00 (53.0) Good News Radio Network — christian
radio
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1206.70 (53.3) Data Transmission

1206.55 (53.45) ABC Satellite Music Network — adult
contemporary Starstation

1206.30 (53.7) ABC Satellite Music Network — adult
contemporary Starstation

1206.00 (54.0) ABC Satellite Music Network — modern
country Country Coast-to-Coast

1205.85 {54.15) ABC Satellite Music Network — modern
country Country Coast-to-Coast

1205.65 {54.35) ABC Satellite Music Network — traditional
music format Stardust

1205.40 (54.6) ABC Satellite Music Network — traditional
music format, Stardust

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

1204.25 (55.75) Wisconsin Voice of Christian Youth (VCY)
America Radio Network — religious

1202.25 (57.75) ABC Satellite Music Network — golden
oldies format Pure Gold

1202.10 (57.9) ABC Satellite Music Network — golden
oldies format Pure Gold

1201.90 (58.1) Occasional audio

1201.70 (58.3) ABC Satellite Music Network — modern
rock The Heat

1201.50 (58.5) Wisconsin Voice of Christian Youth (VCY)
America Radio Network — religious

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

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) Saiem Radio Network — religious

Galaxy 4 Transponder 1-Horizontal (C-band)

1445.00 (55.0) WPGC-FM (95.5) Morningside, Md. —
R&B format

1444 .45 (55.55) Data transmissions

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

1443.60 (56.4) WYFR (ISWBC) Oakland, Caiif. —
retigious programming and talk, ID -
Family Radio Network

1443.40 (56.6) Voice of Free China (ISWBC) Taipei,
Taiwan

1438.30 (61.7) WWRV-AM (1330) New York, N.Y. —
Spanish religious programming and
music, ID - Radio Vision Christiana de
Internacional

1436.50 (63.5) Radio Labio, Los Angeles, Calif —
spanish talk radio

1436.30 (63.7) KOJY-AM (540) Costa Mesa, Calif/KJQI-
AM (1260) Beverly Hiils, Calif — all news

1436.00 (64.0) KUSC-FM (91.5) Los Angeles, Calif — fine
arts, National Public Radio (NPR) affifiate

1435.70 (64.3) KUSC-FM (91.5) Los Angeles, Calif — fine
arts, National Public Radio (NPR) affiliate

1429.00 (71.0) Occasional audio

Galaxy 4 Transponder 2-Vertical (C-band)

1402.60 (77.4) WVAQ-FM (101.9) Morgantown, W Va —
West Virginia Metro News

1402.00 (78.0) WVAQ-FM (101.9) Morgantown, W Va —
West Virginia Metro News/West Virginia
college sports

1399.00 (81.0) Okiahoma News Network/Texas A&M
college sports/Univ. of Oklahoma college
sports/San Antonio Spurs NBA radio
network

1398.80 (81.2) Progressive Farmers Network

1398.00 (82.0) Oklahoma News Network

1397.20 (82.8) Oklahoma News Network/Univ. of
Oklahoma college sports/San Antonio
Spurs NBA radio network

Galaxy 4 Transponder 3-Horizontal (C-band)

1405.00 (55.0) Mutual Broadcasting System {MBS)/
Georgia Southern college sports

1404.80 (55.2) KOA-AM (850)/KTLK-AM (760) Denver,
Colo — news and talk/Univ. of Colorado
college sports

1404.40 (55.6) Tennessee Radio Network (TRN)/Univ. of
Tennessee college sports

1404.00 (56.0) South Carolina Radio Network/South
Carolina State college sports

1403.50 (56.5) International Broadcasting Network (IBN)
— Lutheran religious programming/
Home Front program {Sat 10a-2p Eastern
Time)

1403.00 (57.0) Minnesota Public Radio Netwark

1402.40 (57.6) KNOW-FM (95.3) St. Paul, Minn — fine
arts, Minnesota Public Radio {occasional
audio)

1402.10 (57.9) KNOW-FM (95.3) St. Paul, Minn — fine
arts, Minnesota Public Radio

1401.80 (58.2) BBC World Service (ISWBC)

1398.50 (61.5) Colorado Avalanche NHL radio network

1398.30 (61.7) WSB-AM (750) Atlanta, GA — news/talk/
Atlanta Hawks NBA radio network/Univ.
of Georgia college sports

1397.80 (62.2) Colorado Avalanche NHL radio network

1397.50 (62.5) Minnesota Talking Book network

1397.30 (62.7) WSB-AM (750) Atlanta, GA — news/talk/
Atlanta Hawks NBA radio network/Univ.
of Georgia college sports

1396.90 (63.1) KRLD-AM (1080) Dallas/Ft Worth, TX -
talk/Texas State Network flagship

1396.40 (63.4) Georgia Network News (GNN)

1396.20 (63.8) WCNN-AM (680) Atlanta, GA — ail sports
talk radio/Georgia Tech college sports

1396.00 (64.0) WHO-AM (1040) Des Moines, lowa —
talk/lowa News Network/lowa college
sports

1395.80 (64.2) Kentucky News Network/Univ. of
Kentucky college sports

1395.50 (64.5) American Public Radio (APR) - Monitor
Radio programming

1395.10 (64.9) Occasional audio

1394.70 (65.3) WHAS-AM (840) Louisville, Ky — adult
contemporary music/Univ of Louisvilie
college sports

1394.40 (65.6) Minnesota Public Radio

1394.00 (66.0) Minnesota Public Radio

1392.90 (67.1) Minnesota News Network

1388.90 (71.1) Data transmissions (burst)

1387.80 (72.2) Data transmissions (constant)

1384.40 (75.6) KOA-AM (850)/KTLK-AM (760) Denver,
Colo — news and talk/Univ. of Colorado
college sports

1384.20 (75.8) WSB-AM (750) Atlanta, Ga. — news and
tatk/Univ. of Georgia college sports/
Atlanta Hawks NBA radio network

1383.70 (76.3) Minnesota Network News (MNN)/
Midwest Radio Sports

1383.10 (76.9) VSA Radio Netwark — Ag news/Texas
A&M college sports

1382.90 (77.1) Minnesota News Network (MNN)/
Minnesota Timberwolves NBA radio
network

1382.60 (77.4) Soldiers Radio Satellite (SRS) network —
U.S. Army information and entertainment/
Army college sports

1382.30 (77.7) Maotor Racing Network {occasional audio)

1382.00 (78.0) WFAE-FM (90.7) Charlotte, N.C. — NPR
affiliate/Univ. of South Carolina college
sports

1381.80 (78.2) WHO-AM (1040) Des Maines, lowa —
talk radio/lowa News Network/lowa
college sports

1381.60 (78.4) Alabama Radio Network/Univ of
Alabama-Birmingham coliege sports




SATELLITE

TRVICES CUIDE

Single Channel Per Ccarier (SCPC) Services Guide

1381.40 (78.6) Various talk shows (No network ID)
1377.40 (82.6) Data transmission (packet burst/tones)
1377.10 (82.9) In-Touch — reading service for blind
1376.00 (84.0) Kansas Audio Reader Network

Galaxy 4 Transponder 4-Vertical (C-band)

1387.50 (52.5) Dakota Sports network/Dakota News
network

1381.80 (58.2) Data transmissions

1379.00 (61.0) Louisiana Network/Louisiana Ag Network

1378.80 (61.2) WLAC-AM (1510) Nashville, Tenn. —
news and talk/Road Gang truck driver
radio network (overnight)/Louisiana State
Univ. college sports

1377.50 (62.5) Mid-America News Network/Mid-America
Ag Network

1377.30 (62.7) WLAC-AM (1510) Nashville, Tenn. —
news and talk/Road Gang truck driver
radio network (overnight)/Univ. of
Tennessee coliege sports

1376.00 (64.0) Data transmissions

1375.60 (64.4) KISN-AM (570) Salt Lake City, Utah —
sports tatk/Utah Jazz NBA radio network

Galaxy 4 Transponder 6-Vertical (C-band)

1346.90 (53.1) WCRP-FM (88.1) Guayama, P.R. —
religous/educational (Spanish)

Galaxy 4 Transponder 1-Horizontal (Ku-band)

959.20 ABC Satellite Music Network — country
and western Real Country

959.00 ABC Satellite Music Network — country
and western Real Country

957.50 Russian-American Radio Network —

Russian language audio service

Anik E2 Transponder 19-Horizontal (C-band)

1086.00 (54.0) Blank audio carrier

Anik E1 Transponder 11-Horizontal (C-band)

1246.00 (54.0) Radio Canada International ({SWBC)
1245.50 (54.5) Canadian Broadcasting Company (CBC)
Radio — Yukon service

Anik E1 Transponder 13-Horizontal (C-band)

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

Anik E1 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 — Newfoundtand and Labrador
service

Anik E1 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)

1024.30 (75.7) Canadian weather conditions and
warnings

$BS5 Transponder 2-Horizontal (Ku-band)

1010.60 (83.4)
1010.20 (83.8)
1009.80 (84.2)

1001.40 (92.6)
1001.00 (93.0)

1000.60 (93.4)

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

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

Wal-Mart in-store network (English)

RCA C5 Transponder 3-Vertical (C-band)

1404.80 (55.2)
1404.60 (55.4)
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)
1395.70 (64.3)

1387.50 (72.5)
1387.30 (72.7)

1386.40 (73.6)
1386.20 (73.8)
1385.00 (74.0)
1384.60 (75.4)

1384.40 (75.6)

1384.20 (75.8)

RFD Radio Service

WGN-AM (720) Chicago, Il — news/talk
Indiana Radio Network

Missouri Net

Occasional audio

Indiana Radio Network/Purdue college
sports

Kansas Information Network/Kansas
Agnet/Kansas State college sports
Nebraska Ag Network/Univ of Nebraska
college sports/S.W. Missouri State college
sports

Missouri Network/Univ. of lllinois college
sports

Occasional audio

Missouri Net/WIBW-AM (580) Topeka,
Kan — news and talk

Capitol Sports Network

WPTF-AM (680) Raleigh, N.C. — news
and tatk/North Carolina News Network
ABC Direction Network/Brownfield
Network/Occasional audio/Univ. of Kansas
college sports

Radio lowa

People’s Radio Network

North Carolina News Network/Capitol
Sports Network

Capito! Sports Network/Univ of Duke
college sports/Charlotte Hornets NBA
radio network

Capitol Sports Network/East Carolina
college sports

1384.00 (76.0) Occasional audio/ABC Direction Network

1383.80 (76.2) Occasional audio

1383.60 (76.4) Occasional audio

1382.90 (77.1) Missouri Network/Univ. of Missouri
college sports

1382.60(77.4) North Carolina News Network

1382.30 (77.7) Virginia News Network/Univ. of Virginia
college sports

1382.10 (77.9) Missouri Net

1378.70 (81.3) Radio Pennsytvania Network

1378.50 (81.5) Radio Pennsylvania Network

1378.30 (81.7) Radio Pennsylvania Network

1378.10 (81.9) Radio Pennsylvania Network

RCA C5 Transponder 21-Vertical (C-band)

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 Radio — 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) Occasional audio

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

SCPC Audio

No guesswork with SatScan’s
direct frequency readout! ..

t396M0

SCPC EXPLORER

SatScan Corporation
P.O. Box 1109
Sultan, WA 98294

$479

(360) 793-7533
info@satscan.com
http://satscan.com
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International Shortwave Broadcasters via Satellite

By Larry Van Hom
and Robert Smathers

AFRICA NO. 1

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

ARAB REPUBLIC OF EGYPT RADIO

(Arabic ID: Idha’at Jumhuriyat Misr al-Arabiyah min al-Qahirah} P.0. Box 1186, Cairo, Egypt.
Eutelsat It F3 (16.0 east) Tr 27 (11176 Mhz V) 7.02 MHz audio.

ARMED FORCES RADIO & 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 programming for servicemen overseas aboard
Navy ships. Satellites carrying AFTRS transmissions include: Spacenet 2 (69.0 west) Tr 20 (4100
MHz V) 7.41 MHz audio and 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 Il 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) Tr
7 (3840 MHz V) 5.41 MHz audio

C-SPAN AUDIO SERVICES

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

C-SPAN Audio 1

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

C-SPAN Audio 2
Satcom C3/F3 (131.0 westg 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.

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) 7.38/7.56 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 (11163 MHz V) 7.02/7.20 MHz. audio, Intelsat K }21 .5 west) Tr
H7 (11605 MHz H), 7.38/7.56 MHz audio, and Intetsat 702 (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 702 (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 Blvd 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: +61 3 616 1800 (voice), +61 3 626
1899 (fax)
Palapa B2P (133.0 east) Tr 9 (3880 MHz H) 7.20 MHz audio

RADIO BELGRADE
Hilandarska 2, 11000 Beograd, Serbia. Telephone: +381 11 344 455 (voice), +381 11 332014
f

(fax
Eutelsat Il 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@ella.hu. Eutelsat Il F3 (16.0 east) Tr 33 (11596 MHz H) 7.02 MHz
audio from 2300-0500 UTC
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RADIO CANADA INTERNATIONAL

P.0. Box 6000, Montreal, Canada H3C 3A8. Telephone: (514) 597-7555 (voice), (514) 284-0891
(fax). Eutelsat || 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 Il F6 (Hot Bird 1 at 13.0 east) (11220 MHz H) 7.56 MHz audio and Hispasat 1A/B (31.0
west) Tr 6 (12149 MHz RHCP) 7.92 MHz audio.

RADIO FRANCE INTERNATIONAL (RFD)

B.P. 9516, Paris F-75016, France. Telephone: +33 1 42 30 30 62 (voice), +33 1 42 30 40 37 (fax)
RFI broadcast can be heard in French, 24-hours a day.on the following satellites: Intelsat 601 (27.5
west) Tr 238 (3915 MHz RHCP) 6.40 MHz audio to Africa/Middle east, and Palapa B2P (113 east)
Tr 8 (3860 MHz V) 6.15 MHz 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 Netherlands. Telephone +31 35 724222 (voice), +31-35-
724252 (fax) E-mail: /etters@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

514 1(3 6~gst), (;‘orizom 18 (140.0 east), Gorizont 19 (96.5 east), Gorizont 28 (90.0 east), and Gorizont
.0 east).

RADIO SWEDEN

S$-10510 Stockholm, Sweden.. Telephone: +46 8 784 7281 (voice), +46 8 667 6283 (fax). E-mail:
wo00@stab.sr.se Tele-X (5.0 east) Tr 40 (12475 MHz) 7.38 MHz audio and Astra 1B (19.2 east) Tr
33 (10964 MHz H) 7.38 or 7.56 MHz audio.

RADIOTELEVISIONE ITALIANA (RAI)

Viale Mazzini 14, 00195 Roma, Italy. Telephone: +39 6 5919076. Selected programs of RAI's
external service are carried on Eutelsat Il F6 (Hot Bird 1 @ 13.0 east) (11446 MHz V) 7.56 MHz
audio. This js a feed to the BBC Atlantic relay station on Ascension Island. Satcom C1 (137.0 west)
Tr 15 (4000 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

Av. 5 de Outubro 197, 1000 Lisbon, Portugal. Telephone: +351 1 535151 (voice), +351 1 793 1809
(fax).

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, Telstar 302 (85 west) Tr 5 (3880 MHz V)
8.00 MHz audio to North America.

SWISS RADIO INTERNATIONAL

Giacomettstrasse 1, CH-3000 Bern 15, Switzerland. Telephone: +41 31 350 9222 (voice), +41 31
350 9569 (fax). SRI uses the following satellites for its external services: Astra 1A (19.2 east) Tr 9
(11332 MHz H) 7.38 MHz audio Multilingual/7.56 MHz English 24-hours, Eutelsat I (13.0 east)
(11321 MHz V) 7.74 MHz. audio, Intelsat K (21.5 west) Tr 7 (11605 MHz H) 8.10 MHz audio
multilinguai 24 hours.

TRANS WORLD RADIO (TWR)

Astra 1A (19.2 east) Tr 16 (11436 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 Il F2 (16.0 east} Tr 39 (11658 MHz V) 7.20 MHz audio.

VATICAN RADIO

1-00120, Vatican City State, Italy. Telephone: +396 6988 3551 (voice), +396 6988 3237 (fax)
Eutelsat ! F1 (13.0 east) Tr 32 (11554 MHz H) 7.74 MHz audio. Reports at presstime indicate that
Vatican Radio will be downlinking on two Intelsat C-band birds (34.5 wesr and 66 east) by the
fourth quarter of 1995.
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VOICE OF AMERICA (United States Information
Agency)

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

Eutelsat I} F1 13.0 east Tr27 11163 MHz. PAL system
Intelsat 510 66.0 east Tr 38 4177.5 MHz. PAL system
Intelsat 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 Tr 2H 3760 MHz. NTSC system
Intelsat 511 180.0 west Tr14 3974 MHz. PAL system
NTSC system baseband subcarrier frequencies

Primary Television Audio (US1A 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

Channet § 7.515 MHz

Channel 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) FDM at 1440 MHz. Broadcast have aiso been
noted on Eutelsat 1-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 702 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 programming relayed to their broadcast transmitter in Naahlehu, Hawaii for
shortwave transmissions beamed to the Pacific and Asia.

WORLD RADIO NETWORK

BCM, London, WC1N 3XX, England, Teiephone: +44 171 896 9000 (voice), +44 171 896 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/
ftown.hall.org/radio/wrn.html. WRN schedules are subject to change.

North American Service Schedule
WRN1 — Galaxy 5 (125.0 west) Tr 6 (3820 MHz V) 6.80 MHz audio.

UTC/EST/PST SERVICE/PROGRAM
0000/1900/1600 Radio Netherlands - Hilversum
0200/2100/1800 YLE Radio Finland - Hetsinki*+
0230/2130/1830 Radio Sweden - Stockholm
0300/2200/1900 Radio Prague (Slovakia)
0330/2230/1930 Radio Austria nternational - Vienna
0400/2300/2000 Polish Radio - Warsaw
0430/2330/2030 Radio Budapest (Hungary)
0500/0000/2100 Radio Sweden - Stockhotm
0530/0030/2130 BBC Europe Today (Mon-Sat)

BBC international Call (Sun)
0600/0100/2200 Deutsche Welle - Cotogne {Germany)
0700/0200/2300 Swiss Radio International - Berne
0730/0230/2330 Radio Canada International - Montreal
0800/0300/0000 ABC Radio Australia - Metbourne*+

0900/0400/0100 KBS Radio Korea International - Seoul*+
1000/0500/0200 Voice of Russia - Moscow”
1030/0530/0230 Radio Netherlands - Hilversum
1130/0630/0330 Channel Africa - Johannesburg, South Africa (Mon-Fri)

BBC International Call (Sat)

BBC Intl Money Prog & Health Watch (Sun)
1200/0700/0400 Radio Australia - Melbourne*+
1300/0800/0500 Radio Telefis Eireann (RTE) - Dublin, Ireland+
1400/0900/0600 KBS Radio Korea International - Seout*
1500/1000/0700 YLE Radio Finland - Helsinki*
1530/1030/0730 Radio Vlaanderen international - Brussels Calling*
1600/1100/0800 Radio France International - Paris*
1700/1200/0900 Voice of Russia - Moscow”
1830/1230/0930 Radio Netherlands - Hilversum*
1830/1330/1030 Radio Telefis Eireann S\F}ITE) - Dublin, Iretand*
1900/1400/1100 ABC Radio Australia - Melbourne*
2000/1500/1200 Blue Danube Radio - Vienna (Mon-Fri)

Glen Hauser's World of Radio (Sat)

BBC (nt! Money Prog & Sports Zone (Sun)
2030/1530/1230 Radio Vlaanderen International - Brussels Calling
2100/1600/1300 BBC Europe Today (Sun-Fri)

BBC [nternational Call (Sat)
2130/1630/1330 Polish Radio - Warsaw
2200/1700/1400 Radio Telefis Eireann (RTE) - Dublin, Ireland/News and Both Sides
Now

WRN2 — 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. This is a provisional schedule and subject to
change.

0000/1900/1600 YLE Radio Finland - Helsiniki (News in Swedish)
0030/1930/1630 YLE Radio Finland - Helsiniki (News in English)
0100/2000/1700 YLE Radio Finland - Helsiniki (Light music in Finnish)

0200/2100/1800 YLE Radio Finland - Helsiniki {(Documentaries in Finnish) Mon-Fri
YLE Radio Finland - Helsiniki (Church belle & concert in Finnish) Sat
YLE Radio Finland - Helsiniki (New classical releases in Finnish) Sun

0230/2130/1830 YLE Radio Finland - Helsiniki }Light music in Finnish) Fri only

0300/2200/1900 YLE Radio Finland - Helsiniki (News in English)

0330/2230/1930 YLE Radio Finland - Helsiniki }News in Finnish

0400/2300/2000 YLE Radio Finland - Helsiniki (News in Finnish

0410/2310/2010 YLE Radio Finland - Helsiniki (Religious programs in Finnish) Sun-Fri

0420/2320/2020 YLE Radio Finland - Helsiniki (News in Swedish)

0423/2323/2023 YLE Radio Finland - Helsiniki (Program preview in Finnish)

0430/2330/2030 WRN announcements™*

0530/0030/2130 Radio Netherlands - Hilversum (Dutch)* "

0625/0125/2225 WRN announcements**

1100/0600/0300 YLE Radio Finland - Helsiniki (News in Finnish)

1125/0625/0325 YLE Radio Finland - Helsiniki (News in Swedish!

1130/0630/0330 YLE Radio Finland - Helsiniki (News in English)"*

1200/0700/0400 WRN announcements**

1300/0800/0500 Radio Telefis Eireann (RTE) - Dublin, Ireland (News in Irish)

1400/0900/0600 WRN announcements**

1500/1000/0700 YLE Radio Finland - Helsiniki (Regional broadcasts in Finnish)

1530/1030/0730 YLE Radio Finland - Helsiniki (News in Finnish)

1600/1100/0800 YLE Radio Finland - Helsiniki (Features in Finnish)

1620/1120/0820 YLE Radio Finland - Helsiniki (Slow speed Finnish)

1630/1130/0830 YLE Radio Finland - Helsiniki {News in English)

1700/1200/0900 WRN announcements**

1900/1400/1100 Radio Sweden - Stockholm (News in Swedish)**

1930/1430/1130 WRN announcements* *

2030/1530/1230 Radio Netherlands - Hilversum (Dutch)**

2125/1625/1325 WRN announcements**

2300/1800/1500 Radio Vlaanderen International - Brussels Calling (Flemish)**

2330/1830/1530 YLE Radio Finland - Helsiniki (Rock music & talk in Finnish) Mon-Fri

YLE Radio Finland - Helsiniki {Phone-in for children in Finnish) Sat &
Sun

All broadcasts are daily uniess otherwise indicated. WRN program information can be heard daily
on North American WRN1 service at 1025 and 1725 UTC. * indicates program aiso carried by C-
SPAN 1 audio service Monday-Friday. + indicates program also carried by C-SPAN 1 audio
service Saturday-Sunday. ** indicates subject to pre-emption without notice.

European Service Schedule

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

YLE RADIO FINLAND

Box 10, SF-00241 Helsinki, Finland. Telephone: +358 0 1480 4320 (voice), +358 0 1481 169 (fax)
E-mail: rfinland@yle,mailnet.fi Most of YLE's broadcasts to Europe are available on Eutelsat Il F1
(13.0 east) Tr 27 (11163 MHz V) 8.10 MHz. audio, and Asiasat 2 (100.5 east) Tr 108 (4000 MHz
H) early this year.
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Direct Broadcase Satellite (DBS) Systems

By Larry Van Homn

Alphastar (United States)

AlphaStar

IRTAC Troames

Alphastar is a new medium power Direct-to-Home sateliite
service for the United States. The service will use some of
the Telstar 402R (Ku-band 11.7-12.2 GHz) segment. The
satellite is located at 89° West. Channel assignments and
programming where not available at presstime.

Alphastar Digital Television, 208 Harbor Drive, Building One, First Fioor, Stamford, CT
06904. Telephone: (203) 353-8077. Web site: http://www.teecomm.com

DirecTV and USSB (United States)

These two DBS services are carried on the Hughes high power
DBS-1/2/3 satellites located at 1012 West (Ku-band 12.2-12.7 GHz).

DirecTV, 2230 East Imperial Highway, El Segundo, Calif. 80245, 1-
800-DIRECTV (347-3288), Web site: http://www.directv.cam

100
101-199
1201121
140-142
200
201
202
203
204
205
206
207
208
210
212
213
214
215
216
217
218
220
221
222
223
224
225
226
227
229
230
232
233
235
236
240
242

243
245
246
247
248
250
252
254
258
268
269
270
271
273
274
275
276
277
278
282
284
286
287
289
298

46

Direct Ticket Previews (DTVB
Direct Ticket Pay Per View (DTV)
Unknown service (LTBX)
Unknown service (LC)

Direct Ticket Previews (DTV)
DirecTV Information Updates (DTV)
Cable Network News (CNN)
Court TV (CRT)

CNN Headline News (HLN)
DirecTV Special Events Calendar (DTV)
ESPN 1 (ESPN)

ESPN Alternate (ESNA)

ESPN 2 (ESN2)

DirecTV Sports Schedule (DTV)
Turner Network Television (TNT)
Home Shopping Network (HSN)
Home and Garden TV (HGTV)

E! Entertainment TV (E!)
MuchMusic (MUCH)

Black Entertainment TV (BET)
American Movie Classics (AMC)
Turner Classic Movies (TCM)
Arts and Entertainment (A&E)
The History Channel (HIST)

The Disney Channel East (DIS1)
The Disney Channel West (DIS2)
The Discovery Channel (DISC)
The Learning Channel (TLC)
Cartoon Network (TOON)

USA Network (USA)

Trio (TRIO)

The Family Channel (FAM)
WTBS-ind Atlanta, Ga.(TBS)

The Nashville Network (TNN)
Country Music TV (CMT)

The Sci-Fi Channel (SCFI)
C-SPAN 1 (CSP1)

C-SPAN 2 (CSP2)

Bioomberg Information Television (BIT)
CNBC (CNBC)

America's Talking (AT)

The Weather Channel (TWC)
Newsworld International (NWI)

CNN International (CNNI)/CNN fN

The Travel Channel (TRAV)

Bravo (BRAV)

Direct Ticket Previews (DTV)

STARZ! - West (STZW)

STARZ! (STZE)

Encore (ENCR)

Encore-Westerns (WSTN)
Encore-Mystery (MYST)

Encore-Action (ACTN)

Encore-True Stories (TRUE)
Encore-WAM! (WAM!)

Encore éENC)
WRAL-CBS Raleigh, N.C. (CBS)
WNBC-NBC New York, N.Y. (NBC)
KRMA-PBS Denver, Colo. (PBS)
WABC-ABC, New York, N.Y. (ABC)
FoxNet. (FOX)

TV Asia (TVA)

SATELLITE TIMES

D

DIRECTV.

Previews
PPV

Previews

Promo

News

Speciality

News

Promo

Sports

Sports

Sports

Promo

TV programming
Home Shopping
Home Improvement
Speciality

Music Videos
Entertainment
Movies

Movies

v

History

Movies/Kids
Movies/Kids

Science/TV documentary
Science/TV documentary
Cartoons

v

v

v

Superstation
Country/Qutdoors
Country Music Videos
Science Fiction
Congress-House of
Representatives
Congress-U.S. Senate
News
Financial/Talk

Talk

Weather

News
News/Financiat
Travet Shows

Arts

Previews

Movies

Movies

Movies

Movies

Movies

Movies

Movies

Movies

Movies

Network TV
Network TV
Network TV
Network TV
Network TV

Ethnic Programming
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299
300-399
300
301
302

303
304
305
306
307
309
310
3N
312
313
314
315
316
317
318
320
321
322
323
324
325
326

331
332
330-348

350
356
380
402
501
502

504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521

522
523
524
525
526
527
528
529
599
790

In-store dealer info channel (DTV)
Regional and PPV Sports

DirecTV Sports Offers (DTV)

Sports Special Events Calendar (DTV)
Sunday Ticket 95 Promo/World League of
American Football

Newsport (NWSP)

The Golf Channel (GOLF)

Classic Sports Network (CSN)
Speedvision (SV)

Outdoor Life Channe! (OL)
SportsChanne! New England (SCNE)
Madison Square Garden (MSG)

New England Sports Network (NESN)
SportsChannel New York (SCNY)
Empire Network (EMP)
SportsChannel Phitadeiphia (SCPH)
Prime Sports KBL (PKBL)

Home Team Sports (HTS)
SportsSouth (SPTS)

Sunshine (SUN)

Pro AM Sports (PASS

SportsChannel Ohio (SCOH
SportsChannel Cincinnati (SCCN)
SportsChanne! Chicago (SCCH)
Midwest SportsChannel (MSC)
Prime Sports Southwest (PSSW)
Prime Sports Midwest/Upper Midwest/
Rocky Mountain/intermountain West (PS)
Prime Sports West (PSW
SportsChannel Pacific (SCP)

NFL Sunday Ticket

DirecTV Sports Schedule (DTV)

NFL Sunday Ticket/NBA League Pass
NFL Sunday Ticket/NBA League Pass
DirecTV Sports Schedule (DTV)
Playboy (PBTV)

Music Choice — Hit List (MC1)
Music Choice — Dance (MC2

Music Choice — Hip Hop (MC3)
Music Choice — Urban Beat (MC4)
Music Choice — Reggae (MC5)
Music Choice — Blues (MC6)

Music Choice — Jazz (MC7)

Music Choice — Singers and Standards (MC8)

Music Choice — Contemporary Jazz (MC9)
Music Choice — New Age (MC10)

Music Choice — Electric Rock (MC11)
Music Choice — Modern Rock (MC12)
Music Choice — Classic Rock (MC13)
Music Choice — 80's Retro (MC14)

Music Choice — Metal (MC15)

Music Choice — Solid Gold Oldies (MC16)
Music Choice — Soft Rock (MC17)

Music Choice — Love Songs (MC18)

Music Choice — Progressive Country (MC19)
Music Choice — Contemporary Country (MC20)

Music Choice — Country Gold/
Classic Country (MC21)

Music Choice — Big Bands Nostalgia (MC22)

Music Choice — Easy Listening (MC23)
Music Choice — Glassic Favorites (MC24)

Music Choice — Classics in Concerts (MC25)

Retailers only
Sports
Promo
Promo

Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports
Sports

Sports
Sports
Sports
Sports
Promo
Sports
Sports
Promo
Adutt
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio
Audio

Audio
Audio
Audio
Audio
Audio

Music Choice ~— Contemporary Christian (MC26) Audio

Music Choice — Gospel (MC27)
Music Choice — Big Kids Music (MC28)

Audio
Audio

Music Choice — Sounds of the Seasons (MC29) Audio

For private use only (NRTC)
Real Estate Channel (REAL)

ussSB

899
963
965
967
968
970
973
974
975

USSB Programming Higlights
All New Channel (ANC)

Video Hits One (VH1)
Lifetime (LIFE)

Nickelodeon (NICK)

Flix (FLIX)

Cinemax East (MAX)
Cinemax 2 (MAX2)

Cinemax West (MAXW)

USSB, 3415 University Avenue, St. Paul, Minn.
55114, 1-800-204-USSB (8772)

Promo
News
Rock Music Videos

v

TV/Kids
Movies
Movies
Movies
Movies
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DBS /Primestar Channel Guide

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 (HB2 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
999 USSB Programming Highlights Promo
EchoStar (United States)

Emary b may aipuas an My PR The new Echostar 1 high power DBS (Ku-band 12.2-
tb” a ’ & £ 127 GHz) satellite has been faunched and is
=="2. currently undergoing testing at 119° West.
Echostar’s service is called “TheDISH (Digital
Satellite Network) Television Network. Channel assignments and programming where not
available at presstime.

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

ExpressVu (Canada)

This is Canada’s first digital medium power Direct-to-Home satellite
TV service. The service will provide Canadian, American, and
international video and audio programs. 110 channels will be offered
using Canada’s Anik E1 (Ku-band 11-.7-12.2 GHz) satellite at 1112
West. Channel assignments and programming where not available at

presstime.

5

ExpressVu
ExpressVu Inc, 1290 Central Parkway West, Suite 1008, Mississauga,
ON L5C 4R3, Telephone 1-800-339-6908 in Canada. Web Site: http://www.expressvu.com

Galaxy Latin America (Mexico, Central and
South America)

Ft. Lauderdale, FL

Web site: http://www sattv.com

New Latin American DBS service carried on Galaxy 3R at 952 West (Ku-
band, 11.7-12.2GHz). Medium power Direct-to-Home service for
Mexico, Central and South America. Galaxy Latin America will have 144
channels of video (72 channels in Spanish/72 channels in Portuguese).
60-CD quality channels of music as well as pay-per-view movies and
events will also be provided. A .6-1.1 meter dish will be needed to utilize
the service. Channel assignments and programming where not available
at presstime.

Primestar (United States)

Primestar is a medium power Direct-

to-Home satellites service carried on ™
Satcom K1 at 852 West (Ku-band 11.7- ¥y
12.2 GHz). Primestar uses K1

transponders 2-13 and 15-16 19 transponders).

i

e

Primestar Partners, 3 Bala Plaza West, Suite 700, Bala Cynwyd, PA 19004, 1-800-966-9615

1 HBO (East) Movies

2 HBO 2 (East) Movies

3 HBO 3 Movies

7 Cinemax (East) Movies

8 Cinemax 2 Movies

13 TV Japan (English) Not included in $50 a
month package

14 TV Japan (Japanese) Not included in $50 a
month package

15 Future service

17 Future service

19 Future service

27 Starz! Movies

30 Encore 2-Love Stories Movies

31 Encore 3-Westerns Movies

32 Encore 4-Mystery Movies
33 Encore Movies
34 The Disney Channel (East) Movies/Kids
35 The Disney Channel (West) Movies/Kids
40 The Goif Channel Sports
47 C-SPAN Congress
48 CNBC — occasional service Financial/Talk
49 The Weather Channel {TWC) Weather
50 CNN international (CNN1)/CNN N News/Financial
51 Cable Network News (CNN) News
52 CNN Headline News News
Ingenius News Service Data Wire Services
55 PreVue Channel Program Guide
56 Future service
58 Turner Network Television (TNT) v
59 Turner Classic Movies (TCM) Movies
63 WTBS-Ind Atlanta, Ga. (TBS) Superstation
65 The Discovery Channel {TDC) Science/TV documentary
66 The Learning Channe (TLC) Science/TV documentary
68 Arts & Entertainment (A&E) v
70 USA Network v
I The Sci-Fi Channel Science Fiction
72 The Family Channel v
73 The Cartoon Channel Cartoons
74 Future service
77 The Nashville Network (TNN) Country/Qutdoors
78 Country Music TV (CMT) Country music videos
80 Future Service
84 QVC — occasional service Home Shopping
mn WHDH-NBC Boston, Mass. Network TV
114 WPLG-ABC Miami, Fla Network TV
17 WUSA-CBS Washington, D.C. Network TV
120 KTVU-FOX Oakland/San Francisco, Calif Network TV
124 WHYY-PBS Philadelphia, Penn. Network TV
131 ESPN Sports
132 Future service
138 Mega+1 Sports
141 New England Sports Network (NESN) Sports
142 Madison Square Garden Network (MSG) Sports
143 Empire Sports Network Sports
144 Prime Sports KBL Sports
145 Home Team Sports (HTS) Sports
146 SportSouth Sports
147 Sunshine Sports
148 Pro American Sports (PASS) Sports
149 Future service
152 Prime Sports Midwest Sports
153 Prime Sports Rocky Mountain Sports
154 Prime Sports Southwest Sports
155 Prime Sports Inter-Mountain West Sports
156 Prime Sports Northwest Sports
157 Future service
158 Prime Sports West Sports
159 Midwest SportsChannel Sports
190 Univision Spanish language
201 Viewer's Choice PPV
202 Request 1 PPV
203 Request 5 PPV
204 Hot Choice PPV
205 Continuous Hits 1 PPV
206 Continuous Hits 2 — occasional service PPV
207 Continuous Hits 3 PPV
208 Request 2 PPV
209 Request 3 PPV
210 Request 4 PPV
221 Playboy — occasional service Adult
301 Superadio — Ctassical Hits Audio
302 Superadio — America’s Country Favorites Audio
303 Superadio — Lite 'n’ Lively Rock Audio
304 Superadio — Soft Sounds Audio
305 Superadio — Classic Collections Audio
306 Superadio — New Age of Jazz Audio
527 Testing Channel Tests

New services reported on since October: 1995:

Cinemax Selecciones; Classic Sports Network; DMX audio:

Lite Jazz, Classic Rock, 70's Oldies, Adult Contemporary, Hottest Hits, Modern Country,

Traditional Blues, and Salsa; E! Entertainment TV; ESPN2; Faith and Values Network; HBO 1

gn Espanol; HBO 2 en Espanol; HBO 3 en Espanol; Lifetime; MTV; and Nickelodeon/Nick at
ite.
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Ku-band Satellite Tremsponder Services Guide By Robert Smathers
H = Horizontal polarization, V = Vertical polarization, 2 11750-H  Data transmissions 12 11930-H  Occ video/Channel One (occ 26 11974-H  LaChaine (TV Ontario's French
Occ video = Occasional Video, 3 11750-V  Indiana Higher Education video) lanaguage service)
[ } = Type of encryption or video compression Compressed video] 13 11960-H  Occ video ] 26 12000-4 TV Ontario (Enghsz)
4 11780-v cc video 14 11990V Occ v-deri (halt-transponders 27 12035-H  Datatransmissions/DirecPC
5 11810-H  Occ video common Canada
Spacenet 2 (S2) 69° West 8 11870-4  Data transmissions 15 };ng-u E&C video oata1 o 28 12061-H  Canal D — French arts channe!
- 9 11870-V  Data transmissions 16 020-H « services/Data transmissions 29 12096-H  Railno
;g Hg;g: gg::avtlra:os S 10 11900-v Oé:c video 17 12050-V E:hﬁ?’ rtdewsnel gn?s e)mlhate feeds 30 12122-H Te:f:éts Canada stationkeeping
d -H mpressed video alf-transponde!
g; Hggg: E\r:\:;?: }S‘:)tlalheshfdzltwork [video };U Hgggv E)coc v?r:o l 18 12050-H  Honk Kong TVB Jade Channel 31 12157-H uper Ecran (V2+]
compression] 13 11960-Vv  Occ video (Ch:nes]e) [scrambled unknown 32 12183-H  Le Canal Famile [V2+]
4 12140-H  Oce video 14 11990-H  Occ video system v
- i 1B 100V OuevideoRealEsate VNetwork | 30 13010 Oacues (s wansoonders Solldaridad 1 SD1 108.2° West
16 12020- cc video/Real Estate etworl cC vi - o
SBS 6 (SBS6) _74° West (occasional)/The People’s common) {No video has been seen on any Ku-band transponder)
1 M717-H Occ vide Network (TPN, 21 12110-H éslan&Ar;nerllgan TVhNe]twork
17 12050-H  Westcott Communications ASTh 22 12140-H amily Net [Digicipher .
el B L’.'f.':g 1M TV (B-MAC) [B-MACUANT (hal- 23 A0V CBSHewsnetand ot fscs Anik 1 (A2) 111° Wes!
H transponders)/National Weather alf-transponde 5 ;
g “gg;’ ?-V 822 ::g:g Networks (occasional) 24 12170-H  The Filipino Channel [Oak] ; “;lg& g::g :::::mgﬁ:g::
7 118720 Occ video ;g }%?ggx E’;faﬁfi;‘ym;;k‘gcc yideo 3 11778V Data transmissions
| ! ’ 0 - i S
P Som Do 21 12110V TCI Promo Channel [B-MAG] Spacenet 4 (S4) 101° West ¢ e s
10 119455V Occ video 22 12140-v Classic Sports Network 20 11820-4  Occ video 6 11885-V  NovaNet FM? Services
11 11963-H  CONUS Communications (half 23 12170-H  Data transmissions gg } ; ;338: gchﬁ gaggurses P 7 11900V Rogers Network — CHSC, VOu)m
transponders] A LR, TV, Vision [video compression
12 11994.5-V  CONUS Communications (half- g T i i 8 11926-v Expressvu
GanSporsen) ( GSTAR-3 (GST3)93° West (Inclined Orbit) ST 7 e TORS Y B M [EEaie
13 12019-H  CONUS Communications (half 1 11730-H  Data transmissions : £ 10 11987V Expressvu DBS
transponders) 2 “gg; : gata tr;ns/r;]ggnﬂns o] A complete DlREgg\slt and USS'%cha}?rel uide Is 1 12022-V  Expressvu Dag
14 12043.5-V  Occ video 3 q cC video, ewsleeds presented in the section of Sateliites Times 12 12048V Expressvu DB
15  12075H  Qcc v:deo 4 11913-H  Occ video/NBC Newsfeeds Satellite Service Guide. These satellites operate in the 13 12083V CBC Newsworld feeds/Occ video
16 12092.5-V  Occ video 5 11974-H  Occ video/NBC Newsfeeds 12.2-12.7 GHz range. 14 12109-V  RD!I feeds/Occ video
17 12110-4  Occ video 6 12035-H  Occ video/NBC Newsfeeds 15 12144V Expressvu DBS
18 121415V Occ video 7 12096-H  Occ video/NBC Newsfeeds 1(GST1)103¢ West 16 12170-V Occ video
19 121744 Occ video 8 12157-H  Occ video GSTAR-1(GST1) & 17 11730-H  Woman's Televislon Network
? | Hggg& 822 :gg:g 1 1173(1)-}! gata transmissions East and VIVesl1 [video
f P i ! 2 11791-H ata transmissions compression
SBS 4 (SBS4)  77° West (Inclined orbit) 12 11927V tOc'c V‘"f"’“,fé’y‘fgc'h'ﬁ'}fq 3 11852H  Fed-X - occ video [B-MAC) /Occ 18 11756-H gala transmissions
-H  NBCH eeConerencell bty video 19 11791-H ata transmissions
; H;ggH NBC !::g: 13 11988V Occ video/Mayo Clinic 4 11913-H  Data transmissions 20 11817-H  SCPC/Data transmissions/Shaw
3 Tugash - NBGiess 14 12009V Oce videoMays Bl 5 g jounly T 2 sy LiGeo compression)
- fi g transponders| 1 q io Ouebec
g }}gm xgg !::g: teleconference [B-MAC] 6 12035-H  Data transmisslons 22 11878-H  Family Channel — East and
6 11970-4  NBC feeds }g };} }?3 gstar g 1D Channe| 7 12096-H  Healthcare Sateflite [video West, [MovreMax' SuperC]hannel
- BC f 3 cC video compression] feeds [video compression
g }ggég: mBg !::g: 8 12157-H gata transm:ssions 53 } } g; 3—: EF.;((pressvu gag
- NBC feed: ] 9 11744-v ata transmissions 4 9-| pressvu
?o g}g): Ngg 1::0: Galaxy 3R (G3H)95 West 10 11805-V  Data transmissions 25 11974-H  Expressvu DBS
Ku-band side of this satellite is used entirely for the 11 11866V Data transmissions 26 12000-H  ExpressvuDBS
Galaxy Latin American DBS System. Infomation onthis | 12 {1927V Data transmissions 27 12035-H  Expressvu DBS
Satcom K2 (K2) 81 West DBS service will be presented in the Safeflite Times 13 11988V Occ video 28 12061-H  Expressvu DBS
1 11729-H  NBC-East 0BS section of the Satellite Services Guide as 14 12049V Datatransmissions 29 12096-H  Reseau des Spons [V24]
Bl el e Ry e yommi meman
transmissions ;
3 11788-H  NBC-Pacific (West spot beam) Telstar 401 (T401) 97? West 32 12183-H  Atlantic Satellite Network
4 11817.5-V  Cyclesat/occ video - — GSTAR-4 (GST4)1059 West
5. | IMEZUN BECoTaihihne 3 Ui s . Anik C3 (C3) __ 114.97 W (Inclined Orbit)
3 2 11743-H  ATA&T Skynet TV [compressed 1 11730-H  Data transmissions :
? H%gi‘ﬁ i gg%vclg:?mct channel (network video] o : 2 11791-H  Data transmissions (This satellite rarely has video transmissions)
eeds! B 11790-V gouth Carollrr:(a Bducangna]l v 3 11852-H cLNN Newsourﬁe (Pn'marly)
1936.5-V  North American Chinese TV tate Network [Digicipher eitch)/some feeds In clear
5 Wiy Ngtwork [Oak] 4 11798-H  National Tech University 4 11913-H cc video Morelos 2 (M2) 116.8° West
9 11965-H  NBC-Mountain Lompressed video] 5 11974-H  Occ video (No video has been seen on any Ku-band transponder)
10 119945V [Compressed video] 5 H gggx SEFS‘ /%I ISCI helf T 6 1%832: gmm ;eegzgcc vlgeo
i twi 6 - regionals/stations 7 12096- eeds/Occ video
e 'elzgsciomract g |(”alf lranspogﬂers 8 12157 Occ video/CNN Newsource EchoStar 1 119°West
12 12053.5-V  FM' services 7 11902-v BS educational services (half- International Satellite is still testing at presstime. A complete
13 12083-H  NBC NewsChannel transponders) 9 11744-V  Data transmissions channel guide for TheDISH Televislon Network will
14 12112.5-V  Occ video 8 11915-H PBS stations/regionals and 11 11866-V  Occ video Ronrs lites Times
15 12142-H  Datat ission ckhauls 12 11927V Oce video presenlecsl in lhe([;)BIS sect;o' of Sate i
ata transmissions g Satellite Service Guide as information becomes
16 121715V [Compressed video] 9 MBISV Pgi;"ﬂ";' video [Digicipher)/ ¥ fwd i :'(d:& ondary) available. This satellite operates in the 12.2-12.7 GHz
10 11962.5H  Louisiana Public TV State 16 12171V Occ video fange:
Satcom K1 (K1) 85° West gerwork [Digicipher] $555 5055) 12 West
M i 1" 12040-V ce video q es
1 11729 H Data transmissions 12 120460 Occ video/Data act Anik E2 (A1) 107.3? West : o
14 121125V (None) haiit : 1 11725H  Comsat Video in-room
aif-transponders) 1 11717V Data transmissions programming [B-MAC] (half
Transponders 2-13 and 15-16 conslsts of Primestar 13 12095-V pectradyne Hotel Hotel In-room 2 11743V Data transmissions {ransponders) — Satelite
ogramming encrypted and compressed using the movies [compressed video] 3 11778-V  Data transmikssions Cinema 1/3
Blglclpher system. GE K1 uses the same frequency 4L 12083-H  Peachstar Educational Network 4 11804V Occvideo 2 11780-H  SCPC services
plan as GE K2. A complete Primestar channel guide is D'Sta"cg '-gﬁ’“T'"vﬂ \ateNetwork 5 11839V Canadian Parfiamentary Access 4 11872 Comsat Video in-room
presented in the DBS section of Satellites Times 14U 12123-H 90’9'3 ublic TV State Networ N— ;:Alg;vr;ggilx["{lggg ﬁ:orci%r?dsestm]rk programming [B-MAC’ (half
Satellite Service Gulde. 15 12147V hB% r: erwork acrl‘d a)!filiale foeds R’ P presslonJ g;r;srggrzcllgrs) — Satellite
)15 lTansponcers 7 11900-v ogers Network [video ¥ i
Spacenet 3R (S3) 87¢ West 16 12167-H BC network and affiliate feeds compression] g Hg% : ggg g:::m:::;g::
19 11740-H  Datatransmissions {aigranseanders) 8 11926V ?gg;r;s;mfrk [video 7 12019H Data transmlss'ions
20 11820-H  Data transmissions i 8 12068-H  Comsat Video in-room
23 12060-H  Oregon Educational Network Galaxy 4 (K4) 99° West 9 11961-V 82;33 ;gnsmlssmns/DIrecPc g:,n%mg:‘,g:r‘g)[g hgéc }half
R T e - 1 11720H  SCPC sevices/Data 10 11987V Musique Plus g
Lottery foes ast 8501 beam) ransmisSiang 11 12022.V Showcase TV (West) 9 12117-H  Comsat Video in-room
2 11750-V  Data transmissions 12 12048V Saskarchewan programming [B-MAC) (hatt
3 11750-H  FM? services’/MUZAK/Data CommunicaNetwork transponders) — CNN Pseadline
Telstar 402R (T402) 89*West 2 ;:rar:smvssio:/sp et Connect 13 12083V gma transmissions News/WTB
Y 4 11780- services/Planet Conne: 14 12109-V ata transmissions : 1D ChannelAWalMart [V2+)/0cc
0 TEEE  rErsTHSRIER seing site computer service (19.2 Kbops)/ 15 12144V Telesal Canada stationkeeping 10 igeek  ERIEN )
’ % i 0 Data transmissions S 1 11748-V  Data transmissions
141 belong to the Alphastar DBS service. 5 11810V Data transmissions 16 12170-v nowledge Network 12 11898V  Occ video
. il e 6 11810  Occvideo 17 11730-H  Discovery Channel Canada {Oak] g i
f this DBS will be presented in . 13 11994-V  Occ video
Infomatlon on this Seice P 7 11840-H  Jong Ten - Chinese/Taiwan all- 18 11756-H  Occ video 14 12141V WMNB Russian-American TV
the Satellite Times DBS section of the Satelite flews Service 19 11791-H  Bravo! Canada [imertes vie]
Servnce]:_s Guide as i:wrlmalnoc:l becor{\e?‘ aval[l|adblres. 8 11870V Occ video 20 11817H  Life Network
AT&T Tridom also has leased some transponders. 9 11870-H  Oce video 2 11852  Musique Plus
5 ) 91 West }? Hgggc SNN Acllrvta(nh ;‘afw:r::p[;ﬁ 24:561 gg } }g{g: gﬁzeo MeaTia\ll fhasn GSTAR-2 (GST2) 125 West
alaxy 7 es sV deeiced i casellyj(bas 9 11744V Dawatransmissions
1 11720 Occ video cammon) 2 1193%H  Onlario Legisiature 11 11866V GSTAR-2 ID siate/Occ video
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NAVSTAR Orbital Information

We areaware of 34 NAVSTAR sateliites in orbit and only 25 are reportedly operating. The
NAVSTAR satellites are often referred to as GPS satellites, and the Pseudo Random Noise
(PRN) code number for the satellite is shown after the slash mark.

PRN  Pseudo Random Noise number is the identity of the satellite as determined by a
receiver. Since all GPS satellites transmit on the same freguency, they are distin-
guished by their pseudo random noise code. Some receivers list the satellites as
“SVN", but this is really the PRN.

SVN  Satellite Vehicle NAVSTAR, also known as NAVSTAR number.

Inthefirstline of the element set we have also included the satellite’s launch name, biock/
satellite number, launch date, and orbital slot designator.

The following is a list of the reportedly operational satellites as of February, 1, 1996.
Information used to prepare this section of the Satellite Times SSG was provided by the
Orbital Information Group at Goddard, the U.S. Coast Guard Navigation Center, and the
University of New Brunswick (Dr. Richard Langely).

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

0SCAR 10

114129U 830588 94254.05030619 -.00000192 00000-0 10000-3 0 3080

214129 26.8972 308.5366 6028238 209.9975 94.5175 2.05881264 56585

Epoch

Year  Epoch Day
Fraction

Period
Not used
> > - >

Decay Rate J
194254.05030619 - .000019

>

Catalog #| Intl. Desig.
1 L 3080

412901 830588 |00000-0 100000-30

2114129 (26.8972 308.5351 6028238 1209.9975 94.5175 2.05881251 56585
- >} »| |a »| e » » ™ » . » >
Canalog ‘ Inclination ':'f’;o:‘: Eccentricity 0‘:';‘::: Ax’::)::lv Mean Motion ke,

a Epoch

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

NAVSTAR 10/12 (USA 5 Block 1-10) Launched 9/8/84 Siot A1

1152710 84097A 96030.37811540 .00000045 00000-0 10000-3 0 1075
215271 62.0601 258.8172 0159138 357.0738 2.9155 2.00609026 82485
NAVSTAR 14/14 (USA 35 Block 1I-1) Launched 2/14/89 Slot E1

1 19802U 89013A 96022.56495707 -.00000009 00000-0 10000-3 0 1775
219802 55.3088 116.4859 0029802 164.4567 195.6201 2.00557954 50779
NAVSTAR 1372 (USA 38 Block 11-2) Launched 6/10/89 Slot B3

120061U 89044A 96025.89426545 -.00000065 +00000-0 +10000-3 0 01863
220061 054.2866 292.3144 0148842 217.1294 141.8843 02.00562952048585
NAVSTAR 16/16 (USA 42 Block 11-3) Launch 8/17/89 Siot E3

1201850 89064A 96025.23413323 -.00000025 +00000-0 +10000-3 0 01912
220185 055.0760 116.8835 0020600 309.3332 050.5063 02.00556498047148
NAVSTAR 19/19 (USA 47 Block I}-4) Launched 10/21/89 Slot A4

120302U 89085A 96029.75938220 .00000064 00000-0 10000-3 0 1861
220302 53.2920 232.0463 0017665 132.9833 227.1246 2.00562054 46035
NAVSTAR 17/17 (USA 49 Block 11-5) Launched 12/11/89 Slot D3

1203610 89097A 96030.26920831 -.00000040 00000-0 10000-30 282
220361 55.9103 58.7751 0085380 131.4489 229.3552 2.00563395 35520
NAVSTAR 18/18 (USA 50 Block 11-6) Launched 1/24/90 Slot F3

120452U 90008A 96025.68043752 +.00000043 +00000-0 +10000-3 0 01226
220452 054.0341 172.6077 0060527 086.0009 274.6573 02.00558827043935
NAVSTAR 20/20 (USA 54 Block 1I-7) Launched 3/25/90 Slot B2

120533U 90025A 96029.07083438 -.00000063 00000-0 10000-3 0 1646
220533 54.6597 292.8617 0050637 75.9809 284.6371 2.00577131 42772
NAVSTAR 21/21 (USA 63 Block 11-8) Launched 8/2/90 Siot E2

1207240 90068A 96029.39724267 -.00000063 00000-0 00000+0 0 9960
220724 54.9161114.2822 0130879 178.5756 181.4914 2.00564757 38645
NAVSTAR 15/15 (USA 64 Block 11-9) Launched 10/1/90 Slot D2

120830U 90088A 96030.44684654 -.00000039 00000-0 10000-30 9994
220830 55.8469 56.7302 0064355 98.5216 262.2766 2.00560346 39301
NAVSTAR 23/23 (USA 66 Block I1A-10) Launched 11/26/90 Slot E4

120959U 90103A 96029.35086213 -.00000062 00000-0 10000-30 9647
220959 55.1131116.3270 0101329 235.6946 123.3975 2.00564904 37879
NAVSTAR 24/24 (USA 71 Block 11A-11) Launched 7/3/91 Stot D1

121552U 91047A 96029.12824987 -.00000048 00000-0 10000-6 0 9353
221552 56.1420 54.5465 0069486 246.8791 112.4421 2.00572757 33460

NAVSTAR 25/25 (USA 79 Block I1A-12) Launched 2/23/92 Slot A2

121890U 92009A 96029.58480824 .00000064 00000-0 10000-3 0 7559
221890 53.8294 232.4056 0058103 188.5026 171.4429 2.00560370 28845
NAVSTAR 28/28 (USA 80 Block 11A-13) Launched 4/10/92 Slot C2

1219300 92019A 96029.29553188 -.00000087 00000-0 10000-30 7294
221930 55.7172 354.2190 0030160 180.4031 179.5965 2.00561798 27767
NAVSTAR 26/26 (USA 83 Block 11A-14) Launched 7/7/92 Slot F2

122014U 92039A 96025.34562036 .00000046 00000-0 00000+00 6517
222014 54.8398 174.3138 0123492 321.6776 37.4043 2.00559855 19525
NAVSTAR 27/27 (USA 84 Block lIA-15) Launched 9/9/92 Slot A3

122108U 92058A 96025.80868691 +.00000034 +00000-0 +10000-3 0 06847
222108 054.0725 233.3821 0116650 155.5751 205.0206 02.00556253024715
NAVSTAR 32/1 (USA 85 Block HA-16) Launched 11/22/92 Slot F1

122231U 92079A 96026.49104233 .00000048 00000-0 10000-4 0 6563
222231 54.6824 175.4471 0025724 281.2626 78.4195 2.00554208 23305
NAVSTAR 29/29 (USA 87 Block 11A-17) Launched 12/18/92 Slot F4

122275U 92089A 96029.62415721 .00000020 00000-0 10000-3 0 6881
222275 54.6266 172.8205 0050921 246.9537 112.4746 2.00573662 22771
NAVSTAR 22/22 (USA 88 Biock |1A-18) Launched 2/3/93 Slot B1

122446U 93007A 96025.70655174 -.00000065 00000-0 10000-3 0 6571
222446 54.3007 293.1732 0087155 358.6260 1.3899 2.00565455 21681
NAVSTAR 31/31 (USA 90 Block I1A-19) Launched 3/30/93 Siot C3

122581U 93017A 96025.35100235 -.00000083 00000-0 10000-3 0 5003
222581 55.2160 353.8291 0061047 35.5979 324.8013 2.00565172 20737
NAVSTAR 37/7 (USA 91 Block |1A-20) Launched 5/13/93 Slot C4

1226570 93032A 96025.99029936 -.00000083 00000-0 10000-3 0 5978
222657 55.2466 353.6693 0074805 222.3932 137.0223 2.00555534 16075
NAVSTAR 39/9 (USA 92 Block 11A-21) Launched 6/26/93 Siot A1

122700U 93042A 96025.44920127 +.00000030 +00000-0 +10000-3 0 05050
222700 054.2425 234.2018 0043716 353.2673 006.7131 02.00571316018861
NAVSTAR 35/5 (USA 94 Block [1A-22) Launched 8/30/93 Slot B4

122779U 93054A 96025.04626229 -.00000061 +00000-0 +10000-3 0 05708
222779 054.4500 293.2200 0017167 262.6775 097.1797 02.00561061017618
NAVSTAR 34/4 (USA 96 Block [1A-23) Launched 10/26/93 Siot D4

122877U 93068A 96025.09209500 -.00000062 +00000-0 +10000-3 0 03851
222877 055.5725 054.8982 0040486 297.5717 062.0659 02.00562082016508
NAVSTAR 36/6 (USA 100 Block 11A-24) Launched 3/10/94 Slot C1

123027V 94016A 96025.17309396 -.00000082 +00000-0 +10000-3 0 03106
223027 055.0783 355.6945 0064638 203.8167 155.8812 02.00570864013810

The following satellites are reportedly not operating or have been turned off by the owner:
10684 1978 020A NAVSTAR 1/4 (Block I-1) Launched 2/22/78 Clock failure

10893 1978 047A NAVSTAR 2/7 (Block 1-2) Launched 5/13/78 Clock failure

11054 1978 093A NAVSTAR 3/6 (Block 1-3) Launched 10/6/78 Clock failure

11141 1978 112A NAVSTAR 4/8 (Block I-4) Launched 12/11/78 Clock failure

11690 1980 011A NAVSTAR 5/5 (Block |-5) Launched 2/9/80 Wheel failure

11783 1980 032A NAVSTAR 6/9 (Block I-6) Launched 4/26/80 Wheel failure
NAVSTAR 7/-- (Block I-7) Launched 12/18/81 Booster failure
14189 1983 072A NAVSTAR 8/11 (Block I-8) Launched 7/14/83 EPS degrade

15039 1984 059A NAVSTAR 9/13 (Block I-9) Launched 6/13/84 Clock failure

16129 1985-093A NAVSTAR 11/3 (Block I-11) Launched 10/9/85 TT&C failure

The satellite that would have been known as NAVSTAR 7 failed to achieve orbit due to a
booster failure. The satellite that will be known as NAVSTAR 12 will be used as an
experimental platform and is not part of the GPS constellation.

The Goddard Space Flight Center (GSFC), Mission Operations and Systems
Development Division (Code 510), Mission Operations Branch (Code 513), Operations
Management and Support Section (Code 513.1), Orbital Information Group (OIG) Bulletin
Board System (BBS) provides access to satellite orbital Two Line Element (TLE) data, in
addition to other satellite related orbital information. This data is compited, stored,
grouped, and made available in descrete files, downloadable from a user-friendly menu
driven system. Data files are in standard TLE format or text files. The BBS User's Guide is
also a downloadable file.

NASA/GSFC Code 513 implemented a BBS to provide a user friendly access to Two
Line Element (TLE) data and other satellite orbital information. The BBS is free,
convenient, user friendly, menu driven, fast, and is accessible around-the-clock from
anywhere in the World, either by telephone modem or by Internet media. The routine BBS
data is updated Monday through Friday, usually around 14:00 GMT. All data on the BBS
is provided to the OIG around- the-clock, and is as accurate as the source. You may send
the SysOp an e-mail message to sysop@oig1.gsfc.nasa.govor you may call the SysOp
in the United States at (301)-805-3917. Alternatively, you may send a facsimile message
to the SysOp in the United States at (301) 805-3916. The mail address for the SysOp is:
NASA/Goddard Space Fiight Center, Operations Management and Support Section, Code
513.1, Attn: Orbital Information Group (OIG), Greenbelt, MD 20771 USA
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TRVICES (UIDE

Geostationary Satellite Locator Guide By Larry Van Hom
This guide shows the orbital locations of 235 active geostationary/synchronous 0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE
satellites at publication deadline. Synchronous satellite location information is NO. (DEG)
supplied to Satellite Times by NASA's Goddard Space Flight Center-Orbital
Information Group (Mr. Adam Johnson). We are particularly grateful to the
following individuals for providing payload information and analysis: Molniya Space | 22245 1992-082A Gorizont 27 (Russia) 527e#  Dom/Gov FSS (C/Ku)
Consultancy: Mr. Phillip Clark; Kaman Sciences Corporation: Dr. Nicholas Johnson; | 19687 1988-109A Skynet 48 (UK) 529/ Mil-Comm (P/S/X/Ka)
University of New Brunswick: Mr. Richard B. Langley; U.S. Space Command/Public | 15629 }985'025A Inte:sat 512 5595@ :nt FSS (g%“)
Affairs: Major Don Planalp; Naval Space Command/Public Affairs: Gary Wagner; fgg% 13228882 g‘é%gﬁf% (USA) BgodEﬁ l\:}!FI%%( rir#; (PIS/X)
NASA NSSDC/WDC-A, Goddard Space Flight Center; and Satellite Times staff. 20315 1989-087A Intelsat 602 63.0F Int FSS (% /Ku)ry
- L o ) 20918 1990-093A inmarsat 2 F1 64.6E#  Int Mar-I0R (L/C)
‘d’ indicates that satellite is drifting — moving into a new orbital slot or at end of 13595 1982-097A Intelsat 505 64.8E/  Int FSS/Mar (L/C/Ku)
life. i’ indicates an orbital inclination greater than 2 degrees and ‘#' indicates that 13636 1982-106A DSCS Il F16 (USA) 64.9E/i  Mil-IOR reserve (S/X)
the satellite is drifting. 23461 1995-001A Intelsat 704 66.0E  Int FSS (C/Ku)
23636 1995-040A PanAmSat 4 (PAS 4) 68.5E  Int FSS (C/Ku)
Radio Frequency Band Key Satellite Service Key 20083 1989-048A Raduga 1-1 (Russia) 69.5€/i  Dom FSS/Gov-Mil (X/C)
23448 1994-087A Raduga 32 (Russia) 70.2E#  Dom FSS/Gov-Mil (X/C)
VHF 136-138 MHz BSS  Broadcast Satellite Service 22963 1993-002A Gals 1 (Russia) 711E Dom BSS (Ku)
P band 225-1.000 MHz Dom Domestic 20410 1990-0028B Leasat 5 (USA) 71.6E/i  Mil-IOR reserve (P/S/X)
L band 1 ‘i.‘ 8 GHz DTH Direct to Home 22787 1993-056A USA 95 (UF0-2) 71.88/i  Mil-IOR primary (P/S)
&lnd 1.8-2.7 GHz FSS Fixed Satellite Service 23589 1995-027A USA 111 (UFO-5) 71.9/i  Mil-IOR reserve (P/S/K)
= 23717 1995-063A Gals 2 (Russia) 72.4E  Dom BSS (Ku)
C band 3.4-7.1 GHz Gov Government 08882 1976-053A Marisat 2 7276/ Int Mar-OR (PALC)
X band 7.25-8.4 GHz Int International 22027 1992-041A Insat 2A (India) 739E  Dom FSS/BSS/Met (S/C)
Ku band 10.7-15.4 GHz Mar Maritime 23327 1994-069A Elektro 1 (Russia) 76.0E#  Met (L)
K band 15.4 -27.5 GHz Met Meteorology 23680 1995-054A Luch 1-1 {Russia) 76.8E/i  Tracking & Relay SDRN-2
Ka band 27.5-50 GHz Mil Military (Ku)
Millimeter > 50 GHz Mob Mobile 21111 1991-010A Cosmos 2133 (Russia) 77.4E#  Mil-Early Warning (X)
Reg Regional 22931 1993-0788 Thaicom 1 (Thailand) 78.4E  Reg FSS (C/Ku)
23314 1994-065B Thaicom 2 (Thailand) 78.4E  Reg FSS (C/Ku)
23653 1995-045A Cosmos 2319 (Russia) 79.7E#  Data Relay (C)
21759 1991-074A Gorizont 24 (Russia) 80.1E#  Dom/Gov FSS (C/Ku)
! 20643 1990-051A Insat 1D (India) 82.8E  Dom FSS/BSS/Met (S/C)
SSJ SLICESICROCNTIRE e (LDOSGG) THRES ApERin 19548 1988-091B TDRS F3 (USA) 84.9E/i  Gov (C/S/Ku)
: 22836 1993-062A Raduga 30 (Russia) 85.6E#  Dom FSS/Gov-Mil (X/C)
18922 1988-014A PRC 22 (China) 87.2E/i  Dom FSS (C)
, ) 22880 1993-069A Gorizont 28 (Russia) 90.2E#  Dom/Gov FSS (C/Ku)
23712 1995-060A USA 115 (DFS-2/Milstar-2) 4.0E  Mil-Comm (P/S/K) 12474 1981-050A Intelsat 501 915E/i  IntFSS (C/Ku)
19919 1989-027A Tele X (Sweden) 5.2E  Reg DTH/FSS (Ku) 23765 1995-003A Measat 1 (Malaysia) 915 Dom FSS/DTH (C/Ku)
20193 1989-067A Sirius/Marcopolo 1(BSBR-1)  5.3F Rgg DTH (Ku) 22724 1993-0488B Insat 2B (India) 93.4E  Dom FSS/BSS/Met (S/C)
22921 1993-076A USA 98 (NATO 4B) 6.0E/i  Mil-Comm (P/S/X) 23731 1995-0678 Insat 2C (India) 935E  Dom FSS/BSS/Met (S/C)
22028 1992-0418B Eutelsat Il F4 7.0E  RegFSS (Ku) 23426 1994-082A Luch 1 (Russia) 94.9E#  Tracking & Relay CSDRN
21056 1991-003B Eutelsat H F2 10.2E  Reg FSS (Ku) (Ku)
19596 1988-095A Raduga 22 (Russia) 11.28/i  Dom FSS/Gov-Mil (X/C) 20263 1989-081A Gorizont 19 (Russia) 96.1E/  Dom/Gov FSS (C/Ku)
22269 1992-088A Cosmos 2224 (Russia) 11.9E#  Mil-Earl Warning (X) 20473 1990-011A PRC 26 (China) 97.9E  Dom FSS (C)
22557 1993-013A Raduga 29 (Russia) 12.6E#  Dom FSS/Gov-Mil (X/C) 22210 1992-074A Ekran 20 (Russia) 99.0E# Dom BSS (P)
21055 1991-003A ltalsat 1 (Italy) 13.2E  Dom-Telephone (S/K/Ka) 19683 1988-108A Ekran 19 (Russia) 99.4E/i Dom BSS (P)
20777 1990-0798B Eutelsat Il F1 13.8E  Reg FSS (Ku) 23723 1995-064A AsiaSat 2 100.0E  DTH (C/Ku)
23686 1995-055A Astra 1E 14.4E  Reg DTH (Ku) 21922 1992-017A Gorizont 25 (Russia) 103.2E#  Dom/Gov FSS (C/Ku)
23537 1995-016B Hot Bird 1 (Eutelsat Il F6) 147 DTH (Ku) 20558 1990-030A Asiasat 1 105.4E  DTH (C/Ku)
21803 1991-083A Eutelsat il F3 16.3E  Reg FSS (Ku) 20570 1990-034A Palapa B2R 108.0E  RegFSS (C)
23331 1994-070A Astra 1D 19.1E  Reg DTH (Ku) 20771 1990-077A BS-3A (Yuri 3A)(Japan) ~ 1085E#  Dom BSS (Ku)
22653 1993-031A Astra 1C 19.1E  Reg DTH (Ku) 21668 1991-060A BS-3B (Yuri 38)(Japan) ~ 109.2E  Dom BSS (Ku)
19688 1988-109B Astra 1A 19.2E Reg DTH (Ku) 23176 1994-0408 BS-3N (Japan) 109.3E  Dom BSS (Ku)
21139 1991-015A Astra 18 19.5E  RegOTH(Ku) 19710 1988-111A PRC 25 (China) 110.6E#  DomFSS (C)
14234 1983-077A Telstar 3A (301) (USA) 20.0E#  Dom FSS-Saudi Arabia (C) 17706 1987-029A Palapa B-2P 1125E  Reg FSS (C)
19331 1988-063B Eutelsat 1 F5 21.6E# Reg FSS (VHF/Ku) | .. 1996-006A Palapa C-1 113.0E  RegFSS (C/Ku)
13010 1981-122A Marecs 1 (ESA) 22.2Efi It Mar-EUR (L/C) 14985 1984-049A Chinasat 5 (Spacenet 1) 1155 Dom FSS (C/Ku)
22175 1992-066A DFS 3 (Germany) 23.5E  Dom BSS (S/Ku/K) 23639 1995-041A Koreasat 1 (Mugunghwa 1)  115.9E  Dom FSS (Ku)
20659 1990-054A Gorizont 20 (Russia) 255/ Dom/Gov FSS (C/Ku) 23768 1996-003A Koreasat 2 (Mugunghwa 2) 116.0E  Dom FSS (Ku)
18351 1987-078B Eutelsat 1 F4 (ECS 4) 25.78/i  Reg FSS (VHF/Ku) 21964 1992-027A Palapa B4 117.8E  Reg FSS (C)
20706 1990-063B DFS 2 (Germany) 28.4E  Dom BSS (S/Ku/K) 21132 1991-014A Raduga 27 (Russia) 127.6E/i  Dom FSS/Gov-Mil (X/C)
21894 1992-0108 Arabsat 1C 31.0E  Reg FSS/BSS (S/C) 23649 1995-043A JCSAT 3 (Japan) 127.9E  Dom FSS (Ku)
20041 1989-041B DFS 1 (Germany) 33.7E  Dom BSS (SKu/K) 22907 1993-072A Gorizont 29 (Rimsat 1)~ 129.6E#  Reg FSS (C/Ku)
19765 1989-004A Gorizont 17 (Russla) 34.1E41  Dom/Gov FSS (C{Ku) 14134 1983-059C Palapa B1 (Indonesia) 1300/  Reg FSS (C)
21821 1991-087A Raduga 28 (Russia) 35.3e#  Dom FSS/Gov-Mil (X/C) 18877 1988-012A CS 3A (Sakura 3A)(Japan)  131.7E  Dom FSS (C/K)
20953 1990-102A Gorizont 22 (Russia) 39.5E/i  Dom/Gov FSS (C/Ku) 23651 1995-044A N-Star A (Japan) 131.8E  Dom/Mob FSS (S/C/Ku/Ka)
23200 1994-0498 Turksat 18 (Turkey) 428E  Reg FSS(Ku) 19508 1988-086A CS 3B (Sakura 3B) (Japan) 135.7E  Dom FSS (C/K)
19928 1989-030A Raduga 23 (Russia) 45.08/i  Dom FSS/Gov-Mil (X/C) 23185 1994-043A Apstar A1 (China) 1379 DTH(C)
14421 1983-105A Intelsat 507 A7.08/i  Int FSS/Mar (L/C/Ku) 20107 1989-052A Gorizont 18 (Russia) 13976/ Dom/Gov FSS (C/Ku)
22981 1994-008A Raduga 1-3 (Russia) 48.5E#  Dom FSS/GOV-M!I (X/C) 23522 1995-011B GMS-5 (Himawari 5) 140.0E#  Met (P/L)
21038 1990-116A Raduga 1-2 (Russia) 49.2E/i  Dom FSS/Gov-Mil {X/C) 23108 1994-030A Gorizont 30 (Rimsat 2) 1425E#  Reg FSS (C/Ku)
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0BJ  INT-OESIG/COMMOM NAME LONG  TYPE SATELLITE 0BJ  INT-DESIG/COMMOM NAME LONG  TYPE SATELLITE

NO. (DEG) NO. (OEG)

20923 1990-094A Gorizont 21 (Russia) 145.1E/i  Dom/Gov FSS (C/Ku) 19483 1988-081A Gstar 3 (USA) 93.1W/i  Dom FSS/Mab (L/Ku)

19874 1989-020A JCSAT 1 (Japan) 149.9E  Dom FSS (Ku) 16650 1986-026B SBTS 2 (Brazil) 92.2W#  Dom FSS (C)

18316 1987-070A ETS V (Japan) 150.2E/i  Experimental (L/C) 22205 1992-072A Galaxy 7 (USA) 91.0W  Dom FSS (C/Ku)

18350 1987-078A Optus A3 (Aussat K3) 152.0E  DTH (Ku) 23581 1995-025A GOES 9 (USA) 90.0W  Met (P/L/S)

20402 1990-001B JCSAT 2 (Japan) 153.9E  Dom FSS (Ku) 23670 1995-049A Telstar 402R (USA) 89.0W  Dom FSS (C/Ku)

23227 1994-055A Optus B3 (Australia) 155.9E  DTH/Mob (L/Ku) 18951 1988-018A Spacenet 3R (USA) 87.1W  Dom FSS (L/C/Ku)

22253 1992-084A Superbird A1 (Japan) 157.9E  Dom FSS (Ku/K) 15237 1984-093D Telestar 3C (302) (USA) 85.1W#  Dom FSS (C)

22087 1992-054A Optus B1 (Aussat B1) 159.9E  DTH/Mob (L/Ku) 16482 1986-003B Satcom K-1 (USA) 85.0W  Dom FSS (Ku)

21893 1992-010A Superbird B1 (Japan) 162.0e  Dom FSS (Ku/K) 16276 1985-109D Satcom K-2 (USA) 81.0W  Dom FSS (Ku)

16275 1985-109C Optus A2 (Aussat 2) 164.0E/i DTH (Ku) 15235 1984-093B SBS 4 (USA) 77.1W/i  Dom FSS (Ku)

23175 1994-040A PanAmSat 2 (PAS-2) 169.0E  Int FSS (C/Ku) 14133 1983-059B Anik C2 (Argentina) 75.9W/i  Dom FSS (Ku)

12046 1980-087A OPS 6394 (FitSatCom F4) 23051 1994-022A GOES 8 (USA) 75.9W#  Met (P/L/S)

(USA) 171.6E/i  Mil-POR reserve 12309 1981-018A Comstar D4 (USA) 75.7W/i  Dom FSS (C)

(P-Bravo/S/X) 20873 1990-091B Galaxy 6 (USA) 74.2W  Dom FSS (C)

22871 1993-066A Intelsat 701 173.9E  Int FSS (C/Ku) 20872 1990-091A SBS 6 (USA) 741W  Dom FSS (Ku)

20202 1989-069A DSCS 111 B9 (USA) 175.0E/i  Mil-WPAC primary (P/S/X) 15642 1985-028B Anik C1 (Argentina) 71.9W  Dom FSS (Ku)

23305 1994-064A Intelsat 703 177.0E  IntFSS (C/Ku) 12855 1981-096A SBS 2 (USA) 70.8W/i  Dom FSS (Ku)

21814 1991-084B Inmarsat 2 F3 177.98#  Int Mar-POR (L/C) 23199 1994-049A Brazilsat B1 (Brazil) 702w Dom FSS (C)

15873 1985-055A Intelsat 511 179.9E/  IntFSS (C/Ku) 15385 1984-114A Spacenet 2 (USA) 70.0W  Dom FSS (C/Ku)

16117 1985-092C DSCS HI BS (USA) 180.0E/i  Mil-WPAC reserve (P/S/X) 23536 1995-016A Brasilsat B2 (Brazil) 65.4W  Dom FSS (C/X)

09478 1976-101A Marisat 3 178.6W/i  Int Mar-POR (P/L/C) 15561 1985-015B SBTS 1 (Brazil) 63.1W#  Dom FSS (C)

15236 1984-093C Leasat 2 (USA) 177.9W/i  Mil-POR primary (P/S/X) 21940 1992-021B Inmarsat 2 F4 54.0W/i  Int Mar-AOR-W (L/C)

19121 1988-040A Intelsat 513 177.0W#  Int FSS (C/Ku) 23571 1995-023A Intelsat 706 531W  Int FSS (C/Ku)

23467 1995-003A USA 108 (UFO-4) (USA)  176.5W/i  Mil-POR (P/S/K) 20203 1989-069B DSCS 11l B10 (USA) 52.5W/i  Mil-WLANT primary (P/S/X)

21639 1991-054B TDRS F5 (USA) 174.4W  Int FSS/Gov (C/S/Ku) 23528 1995-013A Inteisat 705 50.1W  IntFSS (C/Ku)

20499 1990-016A Raduga 25 (Russia) 170.5W/A  Dom FSS/Gov-Mil (X/C) 22314 1993-003B TDRS F6 (USA) 459Wfi  Gov (C/S/Ku)

18631 1987-100A Raduga 21 (Russia) 170.1W/i  Dom FSS/Gov-Mil (X/C) 19217 1988-051C PanAmSat 1 (PAS 1) 451W  Int FSS (C/Ku)

23696 1995-057A USA 114 (UFO-6) 167.7W/i  Mil-CONUS (P/S/K) 23764 1996-002A PanAmSat 3R (PAS 3R) 43.0W  Int FSS (C/Ku)

23613 1995-0358 TDRS F7 (USA) 149.7W#  Int FSS/Gov (C/S/Ku) 16116 1985-092B DSCS 11 B4 (USA) 42.5W/i  MIl-ATL reserve (P/S/X)

13969 1983-0268 TDRS F1 (USA) 139.7E/i  Gov (Ku) 19883 1989-021B TDRS F4 (USA) 41.1W  Int FSS/Gov (C/S/Ku)

21392 1991-037A Satcom C5 (Aurora I)(USA) 138.8W  Dom FSS (C) 12089 1980-098A Intelsat 502 40.4W/i  Int FSS (C/Ku)

20945 1990-100A Satcom C1 (USA) 136.8W  Dom FSS (C) 23413 1994-079A Orion 1 (USA) 37.6W  IntFSS (Ku)

17561 1987-022A GOES 7 (USA) 135.4W/i  Met (P/L/S) 20523 1990-021A Intelsat 603 34.6W  IntFSS (C/Ku)

22096 1992-057A Satcom C4 (USA) 134.9W  Dom FSS (C) 20401 1990-001A Skynet 4A 34.0W/i  Mil-comm (P/S/X/Ka)

22915 1993-074A DSCS [11 B14 (USA) 135.0W/i  Mil-EPAC primary (P/S/X) 14077 1983-047A Intelsat 506 31.4W/  Int FSS/Mar (L/C/Ku)

23016 1994-013A Galaxy 1R (USA) 133.0W  Dom FSS (C) 22723 1993-048A Hispasat 1B (Spain) 30.2W  Dom BSS/FSS (Ku)

22117 1992-060B Satcom C3 (USA) 130.9W  Dom FSS (C) 22116 1992-060A Hispasat 1A (Spain) 30.1W  Dom BSS/FSS (Ku)

13637 1982-106B DSCS Il A1 (USA) 130.1W/i  Mil-EPAC reserve (P/S/X) 21765 1991-075A Intelsat 601 27.6W  Int FSS (C/Ku)

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

16649 1986-026A Gstar 2 (USA) 124.8W#  Dom FSS (Ku) 20253 1989-077A USA 46 (FitSatCom 8) 24.5W/i  Mil-AOR primary (P-Charlie/

15826 1985-048D Telestar 3D (USA) 123.0W#  Dom FSS (C) SIX/K)

19484 1988-081B SBS 5 (USA) 123.0W  Dom FSS (Ku) 23168 1994-038A Cosmos 2282 (Russia) 24.2w#  Mil-Early Warning (X)

22988 1994-009A USA 99 (DFS-1/Milstar 1) 120.0W  Mil-Comm (P/S/K) 22112 1002-059A Cosmos 2209 (Russta) 24.0W#  Mil-Early Warning (X)

23754 1995-073A EchoStar 1 (USA) 119.0W  DTH (Ku) 21989 1992-032A Intelsat K 21.6W  IntFSS (Ku)

16274 1985-109B Morelos B (Mexico) 116.8W  Dom FSS (C/Ku) 16101 1985-087A Intelsat 512 21.4W#  IntFSS (C/Ku)

13652 1982-110C Anik C3 (Canada) 114.9W/i  Dom FSS (Ku) 15391 1984-115A NATO 11 D 21.1W/i  Mil-Comm (P/S/X)

23313 1994-065A Solidardad 2 (Mexico) 113.0W  Dom FSS (L/C/Ku) 20705 1990-063A TDF 2 (France) 18.8W  DTH (Ku)

21726 1991-067A Anik E1 (Canada) 111.1W  Dom FSS (C/Ku) 19621 1988-098A TDF 1 (France) 18.8W  DTH (Ku)

22911 1993-073A Solidaridad 1 (Mexico) 109.2W  Dom FSS (L/C/Ku) 19772 1989-006A Intelsat 515 18.0W  IntFSS (C/Ku)

21222 1991-026A Anik E2 (Canada) 107.3W  Dom FSS (C/Ku) 21047 1991-001A NATO IV A 17.8W/i  Mil-Comm (P/S/X)

08747 1976-023B LES 9 (USA) 106.5W/i  Mil-Exp comm (P/Ka) 20391 1989-101A Cosmos 2054 (Russia) 16.4W/i  Tracking & Relay WSDRN (Ku)

15643 1985-028C Leasat 3 (USA) 106.1W/i  Mil-CONUS reserve (P/S/X) | 21149 1991-018A Inmarsat 2 F2 15.6W/i  Int Mar-AOR-E (L/C)

08697 1976-017A Marisat 1 105.7W/i  Int Mar-AOR (P/L/C) 10669 1978-016A Ops 6391

20946 1990-100B Gstar 4 (USA) 105.1W  Dom FSS (Ku) (FitSatCom 1) (USA) 15.4W/i  Mil-AOR reserve (P-Alpha/S/X)

03029 1967-111A ATS 3 (USA) 104.4W/i  Exp comm (VHF/C) 15386 1984-114B Marecs B2 15.0W/i  Int Mar-AOR (L)

08746 1976-023A LES 8 (USA) 103.4W/i  Mil-Exp comm (P/Ka) 23132 1994-035A USA-104 (UFO-3)(USA) 14.6W/i  Mil-AOR primary (P/S)

15677 1985-035A Gstar 1 (USA) 103.0W  Dom FSS (Ku) 23267 1994-060A Cosmos 2291 (Russia) 14.6 W#  Data Relay (C)

22930 1993-078A DBS 1 (USA) 101.2W  DTH (Ku) 23319 1994-067A Express 1 (Russia) 13.9W  IntFSS (C/Ku)

21227 1991-028A Spacenet 4 (USA) 101.1W  Dom FSS (C/Ku) 21789 1991-079A Cosmos 2172 (Russia) 13.4W#  Data Relay (C)

23553 1995-019A MSAT-2 (USA) 101.0W  Mobile (L/X) 22009 1992-037A DSCS 111 B12 (USA) 12.0W  Mil-ELANT primary (P/S/X)

23598 1995-029A DBS 3 (USA) 100.9W  DTH (Ku) 22041 1992-043A Gorizont 26 (Russia) 11.3W#  Dom/Gov FSS (C/Ku)

23192 1994-047A DBS 2 (USA) 100.8W  DTH (Ku) 22912 1993-073B Meteosat 6 (ESA) 10.0W#  Met (L)

22796 1993-058B ACTS (USA) 100.0W  Exp Comm (C/K/Ka) 21813 1991-084A Telecom 2A (France) 8.0W  Dom FSS/Gov-Mil (X/C/Ku)

17181 1986-096A USA 20 (FitSatCom F7)(USA)99.4W/i  Mil-CONUS primary (P/S/X 21939 1992-021A Telecom 2B (France) 5.0W  Dom FSS/Gov-Mil (X/C/Ku)
/K) 23124 1994-034A Intelsat 702 1.0W  IntFSS (C/Ku)

22694 1993-039A Galaxy 4 (USA) 99.0W  Dom FSS (C/Ku) 20776 1990-079A Skynet 4C (UK) 0.9W#  Mil (P/S/X/Ka)

22927 1993-077A Telstar 401 (USA) 97.0W  Dom FSS (C/Ku) 20762 1990-074A Thor/Marcopolo 2 (BSB R-2)  0.8W  Reg BSS (Ku)

23741 1995-069A Galaxy 3R (USA) 95.0W  Dom/DTH (C/Ku) 20168 1989-062A TV Sat 2 (Germany) 0.6W  Dom BSS (Ku)
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Satellite

OSCAR 13
(AD-13)
(Notes 1 & 13)

0SCAR 10
(AD-10)

(Notes 2 & 13)

RS 1011
(Notes 3,

4,5 and 13)

RS-12/13
(Notes 3,

6&7)

RS-15
(Note 13)

UoSat 11
(Uo-y
(Note 14)

PACSAY
(AO-16)
(Notes 8,9
& 11)

DOVE
(D0-17)
(Notes 10
& 11)

WEBERSAT
(W0-18)
(Note 11)

LUSAT
(LO-19)
(Notes 8
&11)

54 SATELLITE TIMES

Maode

B (uV)

Bens

S (u/S)

Ben

B (uV)

Ben

A (V/A)

Ben

K (h/A)

Ben

A (v/a)

Bens

fa)

[b.c]

(a]

fa)

Frequencies

Dn 145.828 838 848 858 868 878 888 898 908 918 928 938 948 958 968 145.978

| ] (T 1 ] ] L 1 1 ) i | |

Up 435570 560 550 540 530 520 510 500 490 480 470 460 450 440 430 435420

145.812 (RTTY, CW, PSK) 145.985

Dn  2400.711 720 7130 740 2400.747

1 1 I ]

Up 435.601 610 620 630 435637

2400.650 (RTTY, CW, PSK)

Dn 145.825 835 845 855 865 875 885 895 905 915 925 935 945 955 965 145.975

| ! ! 1 1 ) ! 1 l J | | l ] |

Up 435179 169 159 149 139 129 119 109 099 089 079 069 059 049 039 435.029

145.810 (Steady unmodulated carrier) 145.987

Dn 29.360 370 380 390 29.400 29.403

. I ! ] S Robot ——

Up 145.860 870 880 890 145.900 (CW) 145820

29.357 (CW)

Dn 29.410 420 430 440 29.450 29.454

- e SEC M N — Robot 1

Up 21.210 220 230 240 21.250 (Cw) 21.129

29.408

NOTES
Dn 29.354 29364 29374 28384  29.394 1. AQ-13 carries a 70 cm trammitter for Modes J and L. However, this transmitter
- . L e L failed in mid-1993 and has been inoperative since.

Up 145.858 145.868 145878 145888 145.898 2. The AO-10 beacon is an unmodulated carrier. This satellite has suffered
computer damage making it impossible to orient the satellite for optimum
service or solar illumination. In order to preserve it as long an possible, do not
transmit to it when you hear the beacon FMing.

On 145.826 435.025 2401.500 3. RS-10/11 and RS-12/13 are each mounted on common spaceframes, along

o with comunication and navagation packages.

Up  None 4. RS-10 has been in Mods A for some months, but also has capability for Mode T
(21.160-21.200 Uplink, 145.860-145.900 Downlink}), Mode K (21.160-21.200
Uplink, 29.360-29.400 Downlink) as well as combined Modes K/A and K/T using
these same frequency combinations.

LU 3 S 5. RS-11 is currently turned off. f activated, it has capability for Mods A (145.910-
145.950 Uplink, 29.410-29.450 Downink), Mode T (21.210-21.250 Uplink,

Up 145800 145920 145940  145.960 145.910-145.950 Downlink), Mode K (21.210-21.250 Uplink, 29.410-29,450
Downlink) as well as combined Modes K/A and K/T using these same frequency
combinations,

Dn 145.825 2401.220 6. RS-12 has been in Mode K for some months, but also has capability for Mode A
(145.910-145.950 Uplink, 29.410-29.450 Downlink), Mode T (21.210-21.250

Up None Uplink, 145.910-145.950 Downlink) an welt as combined Modes K/A and K/T
using these same frequency combinations.

7. 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  437.075 437.100 (Sec) 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.

8. Transmitters on both AO-16 & LU-19 are currently using Raised Cosine Mode.
9. AO-16 users are encouraged to select 145,900, 145.920 and 145.940 for
uploading and 145.960 for directory and/or file requests.

Ay 457185 4 180 (Sec‘) 10. DOVE is designed to transmit digital voice messages, but due to hardware and
software difficulties, it has not yet met this objective except for a few short tests.

Up 145840 145.860 145.880  145.900 Recently, it has been transmitting telemetry in normal AX-25 AFSK packet.

11. Letters in [ ] represent digital formats, as follows:
[a] 1200 bps PSK AX-25
[b] 1200 bps AFSK AX-25
[c] 9600 bps FSK
[d] Digitized voice (Notes 8 & 9)
12. PO-28 is available to amateurs on an intermittent, unscheduled basis.
13. Modes of operation used include: CW /USB/FAX/Packet/RTTY
14. Modes of operation used include: FM (AFSK) & PSK Data.
15. Modes of operation used include: Packet & FM Voice.
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Satellite

JAS-lb
(F0O-20)
(Notes 11
& 13)

OSCAR 22
(U0-22)
(Note 11}

KITSAT A
(K0-23)
(Note 11)

KITSAT B
(K0-25)
(Note 11)

IT-AMSAT
(10-26)
(Note 11)

EYESAT

(AMRAD
(A0-27)
(Note 11)

POSAT
(P0-28)
(Notes 11
& 13)

MIR
(Note 15)

SHUTTLE
(SAREX)
(Note 15)

Mode

JA
Linear

Ben

JD[a]

Datl

fcl

fc]

fcl

fac]

[b.al

fcl

{b]

o]

Frequencies

Dn 435800 810 820 830 840 850 860 870 880 890 435.900
} — i ' e } ' } }

Up 146000 990 980 970 960 950 940 930 920 910 145900

435.795 (CW)

Dn 435910

Up  145.850 145.890 145.910

Dn 435.120

Up  145.900 145975

Dn 435173

Up 145850 145.900

Dn  435.175 436.500

Up 145870 145980

Dn 435.820 (Sec.)  435.867

Up 145875 145900 145925 145950

Dn  436.800

Up 1453850

Dn 435250 435280

Up 145925 145975

Up & Dn 145.550

& FM voice

Dn 145.840

Up 144450  144.470

Compiled by
AMSAT

The Radio Amateur Satellite Corp.
PO Box 27 Washington, DC 20044
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Satellite Launch Schedules

By Keith Stein

Space Transportation System (STS-NASA)

Space Shuttles are faunched from the Kennedy Space Center, Florida.

Mission Launch Date/ Inclination  Mission Mission/Cargo

Number Qrhiter Altitude Duration  Bay/Payloads

STS-76 March 1996/ 51.6/160 10 days S/IMM-03
Atlantis*

STS-77 Aprit 1996/ 28.4/160 9 days SpaceHab-04
Endeavour**

*Crew Assignment: CDR-Kevin P. Chilton, PLT-Richard A. Searfoss, MS-Shannon
W. Lucid, MS-Linda A. Godwin, MS-Michael R. Clifford, MS-Ronald M. Sega.

**Crew Assignment: CDR-John Casper, PLT-Curtis Brown, MS-Daniel Bursch, MS-
Mario Runco, MS-Marc Garneau (CSA), MS-Andrew Thomas.

STS Downlink Frequency Assignment:

VHF/UHF Voice 145.55, 145.84, 243.0 (AM), 259.7 (AM), 279.0 (AM), and 296.8
MHz (AM)

UHF FCC 416.5 MHz

S-band TLM  2217.5, 2250.0, and 2287.5 MHz

C-band TRK  5400-5900.0 MHz

MIR Downlink Frequency Assignment:

VHF band: 121.125 MHz, 121.750, 130.167, 139.208, 143.625, and 145.550
MHz

UHF band: 231.0, 233.0, 247.0, 249.0, 417.0, and 463.0 MHz

S-band:
Ku-band:

2025-2100 and 2200-2290 MHz
13 and 15 GHz

U.S. Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload
March Delta Il VAFB MSX

March Pegasus XL  VAFB TOMS

March Titan 4 CCAS DSP 18

March DC-X WSTF none

April Atlas HA CCAS INMARSAT 3 F1
April Delta Il CCAS Galaxy IX

April Atlas | CCAS SAX

April Delta il CCAS NAVSTAR GPS
April Pegasus XL ~ VAFB SWAS

April Titan 4 727N CLASSIFIED
May Atlas [1A CCAS GE-1

May Pegasus XL  VAFB MSTI-3

Delta il Downlink Frequency Assignments:

S-band: 2244.5, 2241.5, and 2252.5 MHz telemetry

C-band: 5765.0 MHz tracking

MSX Downlink Frequency Assignment:

S-band: 2282.5 MHz

X-band: 8475.0 MHz
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Pegasus XL Downlink Frequency Assignments:

S-band: 2288.5 MHz tracking transponder (transmit/downlink)

C-band: 5765.0 MHz

TOMS Downlink Frequency Assignments;

S-band: 2273.5 MHz telemetry

ORSTED  Downlink Frequency Assignments:

S-band: 2290.0 MHz.

SAX Downlink Frequency Assignments:

S-band: 2245.5 MHz.

SWAS Downlink Frequency Assignments:
S-band: 2215.0 MHz.

GE-1 Downlink Frequency Assignments:

C-band: 3.7-42GHz

Ku-band:  11.73-12.17 GHz.

Russian Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload

March Proton Baikonur Priroda

March Proton Baikonur Astra 1F

March Cosmos Plesetsk Cosmos (Navigation)/
FAISAT 2V

April Soyuz Baikonur Progress M-31

COSMOS (NAV) Downlink Frequency Assignment:
149.910-150.030 MHz, and 388-400.1 MHz.

FAISAT 2V Downlink Frequency Assignment:

400-401 MHz.

Progress M-31  Downlink Frequency Assignment:

165.0, 166.0, and 922.755 MHz.

Chinese Expendable Launch Vehicles

Launch Launch Launch
Date Vehicle Site Payload
March Long March  Xichang APSTAR A2

European Expendable Launch Vehicles

Launch Launch Launch

Date Vehicle Site Payload

March Ariane 42P Guiana MSAT-1

March Ariane 4 Guiana AMOS 1A

April Ariane 4 Guiana Palapa C2

May Ariane 5 Guiana CLUSTER (4), PHASE 3-D
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Ariane 4 Downlink Frequency Assignments:
S-band: 2203.0, 2206.0 and 2218.0 MHz. telemetry

CLUSTER (4)  Downlink Frequency Assignments:
CLUSTER 1-2242.0 MHz
CLUSTER 2-2249.0 MHz
CLUSTER 3-2277.0 MHz
CLUSTER 4-2270.0 MHz
CLUSTER SPARE-2256.0 MHz.

List of Abbreviations and Acronyms

AMOS Israel telecommunications satellite

APSTAR A2  Asia Pacific Telecommunications Satellite owned by Chinese
government-backed companies.

ARGOS The Advanced Research and Global Observation Satellite will conduct
global imaging of the ionosphere with eight experiments duringa 3
year mission.

Astra 1F These satellites will establish a medium-power DBS system for TV
distribution from geostationary orbit.

C-band 3700-6500 MHz

CCAS Cape Canaveral Air Station, Florida

CDR Commander

CLASSIFIED A classified U.S. Department of Defense payload.

CLUSTER The four spacecraft will study the bow shock, dayside cusp,
magnetopause, and the geomagnetic tail of Earth’s electromagnetic
field.

COSMOS A Russian launcher and also the cover program name for Russian

military and civilian satellites.
CSA Canadian Space Agency
DC-X Delta Clipper-X experimental single-stage-to-orbit vehicle.
DSP-18 These U.S. Department of Defense early warning satellites sense

targets at two IR wavelengths to avoid laser jamming and improve
discrimination. The satellites also carry nuclear explosion detectors
for the U.S. Department of Energy.

FAISAT The system will provide data acquisition services, remote monitoring,
tracking, personal and business non-voice messaging, and
emergency communications/distress calls.

FCC Flight Control Command

Galaxy IX Hughes telecommunications satellite with principal applications

including network TV, radio, VSAT, business video and data services.
GE-1 General Electric telecommunications satellite that will cover the
continental United States including Alaska and Hawaii.
GHz Gigahertz

INMARSAT  International Maritime Satellite, a commercial satellite series
providing global maritime and aviation communications.

Ku-band 10.90t0 17.15 Ghz
MHz Megahertz
MS Mission Specialist.

MSAT-1

MSTI-3

MSX

NAVSTAR

ORSTED

PALAPA

AMSAT
PHASE 3-D

PLT
Priroda

Progress

RNG
SAX

S-band
SMM-03

SpaceHab

SUNSAT

SWAS

TDRSS
LM
TOMS
TRK
TT&C
TTC&V
UHF
VAFB
VHF
WTSF

MSAT is a joint Canada-NASA project that will provide voice,
message, and data communications.

Planning to be launched into the same orbit as MSTI-2, MSTI-3
satellite will conduct dynamic stereo observations of tactical missile
launches and Earth backgrounds.

Midcourse Space Experiment is designed to detect, acquire, and
track targets and to discriminate lethal from nonlethai objects.

U.S. Air Force Global Positioning Satellite for military and civilian
navigation services.

This satellite from Denmark will map Earth’s magnetic field and
charged particle environment.

Geosynchronous satellite communication system for the Republic of
Indonesia.

Fourth faunch of the third generation of amateur radio satelites.
Pilot

A new module for the Russian space station Mir that will pertorm
remote sensing of land, oceans and atmosphere.

An unmanned supply satellite used to bring food, fuel, and
equipment to crew aboard the Russian Mir space station.

Ranging.

This Italian-Dutch spacecraft will conduct X-ray observations of
binaries, pulsars, transients, supernovas remnants and stellar
coronae.

2000 to 2300 Mhz

Shuttle MIR Mission-03 is a flight to the Russian Space Station MIR,
to support design and assembly of the international space station.

Commercially-owned pressurized module for conducting experi-
ments in a man-tended environment. Also a series of payloads to be
fiown on the Space Shuttle.

A South African amateur radio satellite designed to provide Earth
imaging, voice, and digital communications.

Submillimeter Wave Astronomy Satellite will study how molecular
clouds collapse to form stars and planetary systems.

Tracking & Data Relay Satellite System

Telemetry

Total Ozone Mapping Spectrometer will study stratospheric ozone.
Tracking

Tracking, Telemetry and Command.

Tracking, Telemetry, Commanding and Voice.

Ultra High Frequency (300-1000 MHz)

Vandenberg Air Force Base, California

Very High Frequency (30 to 300 MHz)

White Sands Test Facility, New Mexico.

Keith Stein is a space analyst/freglance writer based in Woodbridge, Virginia.

March/April 1996 SATELLITE TIMES 57



Bl OATELLITE ZAUNCH

By Phillip Clark, Molniya Space Consultemcy

How to Use the Satellite Launch Report

The “Satellite Launch Report” is a complete list of satellite
launches which took place during November and December 1995.
The format of the listing is as follows:

First line: launch date and time (UTC), international
designation of the satellite, satellite name and satellite
mass.

Second line: date and time (in decimals of a day, UTC)
of the orbital determination, orbital inclination, period,
perigee and apogee. In some cases where a satellite has
manoeuvred, more than one set of orbital data will be
listed.

This data is followed by a brief description of the satellite’s
planned inission, the launch vehicle, launch site, etc. **’ next 1o
satellite’smass 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 8. Clark and published by Molniya Space
Consuliancy, 30 Sonia Gardens, Heston Middx TW5 0LZ United
Kingdom.

Launch Date/Time Intl Designator  Satellite Name Mass
Epoch Inclination Period Perigee Apogee
1995 Nov 4/1422 1995-059A RADARSAT 1 2,729 kg
1995 Nov 4.64 98.58 deg 100.43 min 774 km 784 km
1995 Dec 1.55 98.59 deg 100.68 min 788 km 794 km
1995 Nov 4/1422 1995-0598 Delta-2 2nd stage/

SURFSAT 960 kg ?
1995 Nov 4.64 98.59 deg 107.79 min 786 km 1,463 km
1995 Nov 4.71 98.59 deg 100.57 min 784 km 788 km

Radarsat | is an Earth observation satellite developed in Canada
and managed by the Canadian Space Agency. Using Synthetic
Aperiure Radar (SAR), it will be used for environmental monitor-
ing, coastal surveillance, ice reconnaissance, geology and mining,
oceanography and fisheries, agriculture and forestry. Two pack-
ages, mass 19 kg each, comprised SURFSAT (Summer Under-
graduate Research Fellowship Satellite) which remained attached
10 the Delia second stage. SURFSAT is to be used as a test vehicle
by NASA, supporting deep space communications research and
the training of station personnel at NASA’s Deep Space Network.
Launch from Vandenberg.
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Launch Date/Time intl Designator  Satellite Name Mass
Epoch Inclination Period Perigee Apogee
1995 Nov 6/0515 1995-060A MILSTAR DFS 2 4,670 kg

No orbital data available

Also called USA 115, second flight of the MILSTAR-1 satellite in
the DFS (Developinent Flight Satellite) series of military commu-
nications satellites. Mass quoted above includes propellant. Re-
portedly located over 1 deg E. Launched by Titan-4/Centaur from
Cape Canaveral: third stage entered geosynchronous orbit with
the satellite.

1995 Nov 12/1231 1995-061A Atlantis (STS-74) 93,000 kg
1995 Nov 12.55  51.64 deg 90.51 min 294 km 306 km
1995 Nov 1527  51.65 deg 92.43 min 391 km 396 km
1995 Nov 18.66  51.64 deg 91.39 min 337 km 349 km

1995 Nov 12/1231
1995 Nov 15.82

“1995-061B" Docking Module (316GK) 4,087 kg
51.64 deg 92.42 min 391 km 395 km

SMM-2 (Shuttle-Mir Mission), carrving five astronauts: K D
Cameron (commancder). ] 1) Halsell (pilot), C A Hadfield (Cana-
dian astronaut, mission specialist, MS-1), ] L Ross (MS-2) and W
S McArthur (MS-3). Orbiter carried in its payload bay a Russian-
supplied Docking Module which has an androgynous docking
unitat each end. One unit was docked with Atlantis and when the
orbiter docked with the Mir Complex the other unit was docked
with the multiple docking adapter on the Kristall module. Dock-
ing came Nov 15 at 0628 UTC. Astronauts and cosmonauts
worked aboard the joint orbiter-Mir complex for two days and
then Atlantis undocked Nov 18 at 0816 UTC leaving the Docking
Module as a permanent part of the Mir Complex — it will be used
for the future shuule orbiter dockings with the Mir Complex.
Atlantis remained in orbit for two further days. Mass quoted above
is that projected for the time of landing. Returned to Earth at
Kennedy Space Center Nov 20: main gear touchdown 1701:27s
UTC, nose gear touchdown 1701:33 UTC and wheel stop at
1702:24s UTC. Since the Docking Module was neverin indepen-
dentflightit has not heen assigned an international designator or
a catalogue number, therefore the designator 199506 13" shown
above should be considered to be completely unofficial. The orbit
quoted above for the Docking Module is actually that of the Mir
Complex shortly after Atlantis docked with it.

1995 Nov 17/0120 1995-062A IS0 2,498 kg
1995 Nov 17.02  5.35 deg 1,42565 min 582 km 70,582 km
1995 Nov28.66  5.17 deg 1,436.94 min 1,038 km 70,569 km

ISOisan /nfraRed Space Observatory.science payload comprises four
instruments mounted in a liquid helium cryotast beneath the
telescope mirror: ISOCAM camera and polarimeter, ISOP11OT
imaging polarimeter, SWSshort-wave spectrometerand LWSlong



wave spectrometer. Launched by an Ariane 44P from Kourou:
Ariane third stage left in an orbit similar to the first one shown for
I1SO.

Launch Date/Time Intl Designator  Satellite Name Mass
Epoch Inclination Period Perigee Apogee
1995 Nov 17/1425 1995-063A Gals 2 2,500 kg
1995 Nov17.59  0.20 deg 1,443.09min  35799km 36,048 km
1995 Nov 28.86  0.17 deg 1,44026 min 35,787 km 35,949 km
1995 Dec 7.80 0.18 deg 1,436.27 min 35773 km 35,807 km

Second flight of new-generation Russian direct broadcast satellite.
Satellite reportedly to be used by Global DBS Company. Located
over 71 deg E. Launched from Tyuratam using a four-stage Proton-
K: third stage discarded ina51.63 deg, 88.37 min, 188-200 km orbit,
fourth stage (Block DM-2) in an orbit similar to the first one listed
for Gals 2.

1995 Nov 28/1130 1995-064A AsiaSat 2 3,379 kg

1995 Nov 28.34  25.58 deg 617.02 min 221 km 35,039 km
1995 Nov 30.05  14.04 deg 700.99 min 5,266 km 34,258 km
1995 Dec 17.79 0.41 deg 1,436.05 min 35780 km 35,791 km

Launched for Asia Satellite Telecommunications Co Ltd in Hong
Kong. Located over 100 deg E. Launched from Xi Chang using
Chang Zheng 2C (CZ-2E) vehicle using the first Chinese-built
EPKM.CZ-2E second stage left in a 28.01 deg, 89.31 min, 188-293
km orbit: EPKM (CZ-2 — E Perigee Kick Motor) uses an SPTM-17
solid propellant motor and was leftin a 25.58 deg, 616.91 min, 214-
35,040 km orbit.

1995 Dec 2/0808 SOHO

No orbital data issued

1995-065A 1,875kg

Solar Heliospheric Observatory (SOHO) to operate at the Ll
libration point, 1.5 million km from Earth on the Earth-Sun line.
Science mission includes the continuous observation of the solar
surface, corona and wind to permit investigation of the processes
which form and heat the corona, create the solar wind and
investigate the internal structure. Payload mass 640 kg. Launched
from Cape Canaveral using an Atlas 2AS: the Centaur second stage
was left in a highly eccentric orbit.

1995 Dec 5/2118 1995-066A USA 116 13,500 kg ?
1995 Dec 6 98.7 deg ? 95.7 min ? 156 km ? 976 km ?
1995 Dec 31 98.7 deg ? 97.2 min ? 250 km ? 1,000 km ?

Photo reconnaissance satellite: no orbital data was issued for this
launch, and the orbits listed above were quoted by ITAR-TASS.
Launched from Vandenberg AFB using a Titan-4: Titan-4 second
stage was probably left in an orbit similar to the first one listed above
for the satellite.

1995 Dec 6/2323 1995-067A Telecom 2C 2,283 kg
1995 Dec 7.21 6.99 deg 630.11 min 224 km 35,713 km
1995 Dec 21.74  0.14 deg 1,43591 min 35765 km 35,801 km
1995 Dec 6/2323 1995-0678 NSAT 2C 2,050 kg
1995 Dec 7.21 6.99 deg 630.23 min 224 km 35,719 km
1995 Dec21.35  0.16 deg 1,436.12 min 35756 km 35,818 km

Telecom 2Cisa telephone and television communicationssatellite
operated by France Telecom and Ministere Francais de la Defense.

Mass quoted above is at launch: on-station the mass is 1,360 kg at
the beginning of operations and the dry mass is 1,120 kg. Initially
located over 0-1 deg E, but to be operated over 3 deg E. INSAT 2C
is a business communications and television/radio broadcast
satellite, operated by ISRO (Indian Space Research Organiza-
tion). Mass of the satellite quoted above is at launch: dry mass is
980 kg. Initially located close 10 92.5 deg E, but to be operated over
93.5 deg E. Launched by an Ariane 44L from Kourou: third stage
discarded in an orbit similar to the first one listed for the satellites.

Launch Date/Time Intl Designator  Satellite Name Mass
Epoch Inclination Period Perigee Apogee
1995 Dec 14/0610 1995-068A Cosmos 2323 1,300 kg ?
1995 Dec 14.47  64.86 deg 675.24 min 19,102km 19,132 km
1995 Dec 23.62  64.83 deg 666.85 min 18,679 km 19,133 km
1995 Dec 14/0610 1995-0688 Cosmos 2324 1,300 kg ?
1995 Dec 14.47  64.86 deg 675.24 min 19,102km 19,132 km
1995 Dec 15.35  64.75 deg 675.84 min 19112km 19,154 km
1995 Dec 14/0610 1995-068C Cosmos 2325 1,300 kg ?
1995 Dec 14.47  64.86 deg 675.24 min 19,102km 19,132 km
1995 Dec 24.12  65.08 deg 675.87 min 19,118 km 19,149 km

Three Uragan navigation satellites, launched into plane 2 of the
GLONASS system to complete the network with 24 operating
satellites. Launched using a fourstage Proton-K from Tyuratam:
third stage discarded ina 64.81 deg, 87.71 min, 154-169 kin, fourth
stage (Block DM-2) in an orbit similar to the first one for the
satellites.

1995 Dec 15/0023 1995-069A Galaxy 3R 2,980 kg ?
1995 Dec 15.13  26.94 deg 603.37 min 201 km 34,349 km
1995 Dec 29.06  0.07 deg 1,435.74 min 35,753 km 35,806 km

Galaxy 3R is a telecommunications satellite, operated by Hughes
Communications Inc: originally built as a ground spare for Galaxy
4 and Galaxy 7. Mass quoted above is at launch: at the beginning
of operations on station the mass is about 1,690 kg and at the end
of life about 1,320 kg. Satellite located over 265 deg E.Launched
from Cape Canaveral using an Atlas 2A: second stage (Centaur) in
an orbit similar to the first one listed for the satellite.

1995 Dec 18/1432 1995-070A Progress-M 30 7,250 kg ?
1995 Dec 18.78  51.61 deg 89.61 min 194 km 316 km
1995 Dec 20.84  51.65deg 92.46 min 391 km 399 km

Unmanned cargo freighter, carrving supplies to the cosmonauts
aboard the Mir Complex. Docked with the Mir Complex at the -X
port (at the rear of Kvant 1) Dec 20 at 1610 UTC. Launched from
Tyuratam using a Soyuz-U: third stage (Block I) left in an orbit
similar to the initial one listed for the satellite.

1995 Dec 20/0052
1995 Dec 20.15

1995-071A Cosmos 2236
65.02 deg 92.78 min 407 km

3,150 kg ?
415 km

US-PEORSAT (ELINT Ocean Reconnaissance Satellite), launched
to operate with Cosmos 2293 (1994-072A) and Cosmos 2313
(1995-028A). In addition to the standard military payload, this
EORSAT also carries KONUS-A (mass 131 kg), agamma-radiation
payload developed by the loffe Physics Institute of St Petersburg
together with KB Arsenal: KONUS-A carries a gamma radiation
spectrometer, detectorand asmall steerable telescope. Launched
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from Tyuratam using Tsyklon-M: second stage discarded in a low
65.00 deg, 89.58 min, 112-395 km orbit.

Launch Date/Time Intl Designator ~ Satellite Name Mass
Epoch Inclination Period Perigee Apogee
1995 Dec 28/0645 1995-072A IRS1C 1,250 kg
1995 Dec 28.75  98.59 deg 101.12 min 806 km 818 km
1996 Jan 1.75 98.59 deg 101.24 min 816 km 818 km
1995 Dec 28/0645 1995-072B Skipper 230 kg
1995 Dec 28.75  98.59 deg 101.12 min 807 km 817 km
1995 Dec 28.82  98.57 deg 101.06 min 804 km 813 km

IRS 1C (Indian Remote Sensing) is the third satellite in the series
to be launched on a commercial basis using Russian launch
vehicles: the first two launches used the Meteor variant of the
Vostok launch vehicle. Skipper is ajoint US-Russian satellite: Utah
State University provided the forward instrument section and the
Moscow Aviation Institute the satellite bus. Satellite is toinvestigate
aero thermo chemistry and aero braking as it dips into the
atmosphere. After check-out, the satellite will manoeuvre to a 150
km perigee orbit and then perigee will be reduced in 10 km steps
until orbital decay takes place. Completely new launch profile for
the Molniya-M vehicle, with the fourth stage (Block 2BL) being
used for orbital injection (orbitsimilar to the first one listed above
for each satellite), all other stages being sub-orbital.

1995 Dec 28/1150 1995-073A EchoStar 1 3,288 kg
1995 Dec 28.79  24.39 deg 617.86 min 222 km 35,081 km
1996 Jan 4.57 3.07 deg 1,105.37 min  22,970km 35,100 km

EchoStar 1 is a telecommunications satellite, launched for the
EchoStar Satellite Corporation. Mass quoted above is at launch.
Satellite to be operated over 241 deg E. Launched from Xi Chang
using a CZ-2E with the first EPKM third stage: CZ-2E second stage
discarded in a 28.00 deg, 89.31 min, 191-290 km orbit, EPKM lett
in an orbit similar to the first one listed for the satellite.

1995 Dec 30/1348 1995-074A X-Ray Timing Explorer 3,035 kg
1995 Dec 30.55  28.73 deg 92.25 min 160 km 609 km
1995 Dec 30.73  22.99 deg 96.18 min 565 km 585 km

XTE (X-ray Timing Explorer) carries equipment for the detailed
monitoring of the X-ray universe. Launched from Cape Canaveral
usinga Delta-2 (7920-10) vehicle: second stage discarded in a 24.95
deg, 92.29 min, 178-596 km orbit. Initial orbit quoted for XTE is
for the Delta-2 second stage/XTE assembly before the second
stage performed manoeuvres to change the orbital inclination
and circularize the orbit: usually this orbit is not catalogued for
Delta-2 missions.

Updates and Additions ( Note: All dates refer
to 1995 unless otherwise specified.)

Intemational Comment
Designation
1983-026 It was previously reportedt that TDRS I manoeuvred offstation
over 83-84 deg E approximately May 9. but no up-date showing
the relocation of the satellite has been included.The orbital
location of TDRS 1 was stabilized over 220-221 deg E approxi-
mately Aug 6. Approximately Dec I1 the satellite was again
manoeuvred oft-station and still was drifting to the east at the
beginning of 1996.

The location of Palapa-B 1 was maintained over 133-134 deg E
until mid-October when the satellite began to drift oftstation. A

1983-059C
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1984-101A

1984-114A

1985-025A

1985-086C

1987-022A

1988051

19890208

19890418

1989070\

1990-016\

1991-010A
1994-009A

1994-012A

1994-022A

1994-060A

1994-088A

1995-025A

1995-053A

1995-057A

theend of November it was located over approximately 129.5 deg
E and siill drifting 10 the west.

Galaxy 3 was retired from senvice Sep 30 and boosted into a drift
orhitapproximately Oct 3 (although a Hughes Communications
press release suggests that the satellite was also de-activated on
September 30). Add the following retirement orbit: 1995 Nov
2.46, 0.68 deg, 1,442.37 min, 35,876 ki, 35,943 kin

[t was previously noted that Spacenet 2 had apparently manoeu-
vred off-station over 290-291 deg E. In fact, the satellite is still
located at this longitude and the apparent manoewvreappears to
have been a bad two-line orbital element set.

It was previously reported that INTELSAT 510 had manoeuvred
oftstation over 65-66 deg E approximately Mar 56, but no up-
date showing the relocation of the satellite has been included.
The satellite’s longitude was re-stabilized over 55-56 ceg E ap
proximately Mar 21.

It was previously noted that ASC | had drifted off-station in
October 1994, Since the satellite performed no orbital manoeuvres
during 1995 it can be assumed that the satellite is dead.

It was previously reported that GOES 7 had manocuvred off-
station over 246-247 deg E during 1994 Dec 20-30, but no up-date
showing the relocation of the satellite has been included. The
satellite’s longitude was stabilized over 22 +225 deg E at the end
of January 1995.

METEOSAT 3 has been retired after being boosted offstation
Nov 21. Add the following retirement orbit data: 1995 Nov 22.93,
2.82 deg, 1,485.26 min, 36,725 km, 36,762 kim

[t was previously reported that METEOSAT 4 had manocuvred
ofFstation over 352 deg E approximately May 11-12, but no up-
date showing the relocation of the satellite has been included.
The satellite’s longitude was stabilized over 89 deg E approxi-
matceh jun 24 METEOSAT 4 has been retired afier being boosted
ofl-siation Nov 7. Add the following retirement orbit data: 1995
Nov 9.00, 1.50 deg, 1,482.89 min, 36,619 km, 36,777 km

DFS 1 was manoeuvred off-station over 32 deg E during Dec 13-
I4 and was siill drifting to the east at the heginning of 1996.

It was previously reported that Himawari 4 had manoeuvred off-
station over 139 deg £ approximately Jun 9, but no up-date
showing the relocation of the satellite has been included. The
satellite’s longitude was stabilized over 119-120 deg E approxi-
mately Jul 20.

It was previously reported that Raduga 25 had manoeuvred off-
staion over 69-70 deg E approximately Feb 26-27, hut no up-late
showing the relocation of the satellite has been included. The
satellite’s longitude was stabilized over 189-190 deg E approxi-
mately Apr 14.

Cosmos 2133 drified off-station over 80 deg Eduring August 1995
and appears to e no longer operating.

The name of the satellite is MILSTAR DFS 1 (“Development
Flight Satellite™): reportedly located over 240 deg E.

I was previously reported that Raduga 31 had drified oft-station
over 44-45 deg I, with the final orbital correction having taken
place in mid-May 1995. The sajellite continued to drift through
to the end of 1995 and therefore it is deemed to be no longer
operating.

It was previously reported that GOFS 8 had manoeuvred ofi-
station over 268-269 deg E approximately Feb 2, bhut no up-date
showing the relocation of the satellite has been inctuded. The
satellite’s longitude was stabilized over 284-285 deg E approxi-
mately Mar 30.

Cosmos 2291 was re-located over 345-346 deg E approximately
Nov 4.

Cosmos 2305 was de-orbited Dec 18. If it re-entered the atmo-
sphere during a nominal recovery pass then re-entivwould have
been Dec 18.9.

GOES 9 was manoeuvred oft-station over 269-270 deg E approxi-
matcly Dec 5, and was still drifting to the west at the beginning of
1996.

Progress-M 29 undocked from Kvant 1 at the rear of the Mir
Complex (-X port) Dec 19.39 at 0915 UTC and was de-orbited at
15.26 UTC. The mass of the spacecraft at the time of undocking
was 5.694 kg.

Add the following orbital data for UFO 6: 1995 Nov5.92, 5.1 Odcg.
1,436.01 min, 34.985 km, 36,585 km. The satellite is located over
190 deg E.
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Expo 96 Dates and Keynote Speaker Announced

By Larry Van Horn
Expo '96 Publicity Chairman

hare the experience, bring a friend” is
the theme for the 7th annual Grove
Communications Expo that will be
held on October 18-20, 1996 in Atlanta. Geor-
gia.

In commenting on this year’s theme Bob
Grove, President of Grove Enterprises said. “Just
as we host the Expo as a gesture of good will to
the radio hobby community, you can be an
ambassador for recreational monitoring by bring-
ing a friend to the Expo. With growing pressure
from commercial interests to own the radio
spectrum and lock out listeners. our numbers are
what speaks loudly to the law makers. I’'m look-
ing forward to seeing you all this year, and to
seeing fresh faces as well.”

Formerly known as the Moniroring Times
convention, the name of this popular annual
event waschangedin 1995 tothe Grove Commu-
nications Expo. The name change was made to
broaden the scope of the annual event to cover
new and emerging communications technolo-
gies.

To help foster the Expo theme. Grove is
offering special rates to convention registrants
who bring along someone who has not attended
a previous convention. If you bring a full regis-
trant 10 the Expo you can take $10.00 off your
regular registration fee of $55.00 for the week-
end full of activities. In order to get the special
rate, both registrants must register at the same
time.

The highlight of this year’s Expo is the
Saturday night banquet. NASA astronaut and
astronomer, Ron Parise, WA4SIR will deliver
the keynote speech. Dr. Parise has made two
trips into space aboard the space shuttle and
during those missions operated the shuttle ama-

Prizes are a standard feature at the Expo!
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Astronaut Ron Parise

teurradioexperiments (SAREX). Tickets forthe
Saturday night banquelt are $25.95 and seating is
limited. so make your banquet and convention
reservations early.

Several special events will be conducted in
conjunction with this year's Expo. The Society
of Amateur Radio Astronomers (SARA) will be
conducting their fall conference for their mem-
bers during the Expo weekend. Members of
SARA can attend their conference for a $25.00
fee. SARA will also be conducting radio as-
tronomy workshops, forums and exhibiting at
the Expo throughout the weekend. Full regis-
trants to the Grove Expo are welcome to attend
any of these forums and workshops as part of
their registration fee.

On Friday night, October 18, the Expo will
sponsor an International Shortwave Broadcast-
ers forum that will be hosted by noted broadcast
host lan McFarland. We expect broadcasters
from stations around the world to be in atten-
dance, Some of these broadcasters will also have
exhibits at the Expo.

Exhibitors have already started signing up
for displays at this year's Expo. AMSAT, Bay
AreaScanning Enthusiast(B A.S.E.). Computer
Aided Technologies, Dalias Remote Imaging
Group. (D.R.1.G.), Grove Enterprises, Moniior-
ing Times. Optoelectronics. Radio Astronomy
Supplies, Sarellite Times. Signal Intelligence
(ScanStar]). the Society of Amateur Radio As-
tronomers. Sony, Swagur Enterprises (manufac-
turer of weather satellite receiving systems). and
Worldwide UTE News Club are just a few of the
companies and organizations that have signed

up for booths. Companies. clubs, and broadcast-
erscan get more information or secure exhibition
space by contacting one of the following:
Debbie Davis Satellite Times
Advertising Manager
704-837-6412; e-mail:
debbie@grove.net
Beth Linebach Monitoring Times
Advertising Manager
704-389-4007: e-mail:
beth@grove.net

This year’'s seminar program has been ex-
panded greatly. Over 40 seminars covering top-
ics on computers, the Internet, radio astronomy,
satellites and space, and scanning and shortwave
radio by some of the world’s leading experts in
their fields will be conducted. Live demonstra-
tions of equipment and listening techniques by
convention speakers and exhibitors at the Grove
Listening Post will also be a part of the program.
Future Expo Update columns will have complete
details on these seminars and the speakers.

“We are going to have the biggest and best
Expoeverthis year.” said Judy Grove, this year’s
Grove Comm Expo coordinator. “We had a low
turnout last year. due to some mistakes on our
part. but that will change this year.”

The Expo will be held at the Atlanta Airport
Hilton and the hotel is offering a special conven-
tion rate of $76.00 plus tax per day, single or
double occupancy. To make your hotel reserva-
tion for the three day event call the Hilton hotel
chain toll free number 1-8(X)-Hiltons. You must
mention the Grove Communications Expo to
receive the special convention rate.

Complete details on the Expo 96 are avail-
able at the Grove Internet home page on the
Internet. Point your web browser to URL ad-
dress: http://www.grove.net/hmpgexpo.html for
the latest information and Expo updates. You can
alsoregister for the Expo by sending e-mail tothe
following address: expo96@grove.net. An auto-
matic Expo information service is available by
sending e-mail 10 expo96-info@grove.net. To
register by phone, call the Grove order line at |-
8()0-438-8155 or by fax at 1-704-837-2216.

In the words of one attendee from last year’s
Expo,“The Grove Communications Expoistruly
a unique event. I enjoyed the experience of
meeting all the friendly hobbyists in a very
relaxed atmosphere of learning, seeing, doing,
and sharing. I will never miss another one.” And
neither should you.
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Con;e to Grove Cémmuniéations EXPO 96

Ii you are interested in electronic communications, the
Grove Communications Expo is your event of the year! Expo
’96 in Atlanta, to be held Oct. 18-20, unites you with hundreds
of like-minded eommunications enthusiasts who assemble to
exchange information, introduce new products, and offer
technical help. This is an cutstanding opportunity for you to
move into the information age! This year’s expanded program
includes over 50 seminars. forums, demonstrations and
events in the fallowing areas:

Computers and the Internet
Shortwave and scanner monitoring
Satellite communications

Radio astronomy

Atlanta Airport Hiltcn GR
October 18-20, 1996

Registratiot is $55 per person (take $10 off if you Hring
a first-iime registrant with you). Rooms at the Airport
Hilton avalable at the convention rate of $76 per mighi.
smgle or double occupancy. Call 1800-FHilions.

As m recent years, the Expo will feature exhibits by top-
name vendars, a hands-on listening post, club booths and prizes.
Tours will be conducted to the Delta Communications Center,
CNN, Marta
Communica-
tions and
more.

Keynote
speaker at this
year's banquet
will be Ron
Parise, NASA
astronaut and
astronomer.
Panse.
WAA4SIR, kas made two trips into space aboard the shuttle and
operated the shuttle’s amateur radio experiments (SAREX).
Several special workshops. forums and exhibits will be spon-
sored this year by the Society of Radio Astronomers (SARA),
which will be conducting their fall conference in conjuction
with the Expo!

Other knowledgeable and enjovable speakers include Bob
Grove, Lzrry Van Horn, Jacques d’Avignon, Ken Reitz,
John Fulford, Bill Grove, Kevin Carey, Jeff Wallach, George
Zeller. Keith Stein, John Catalane, T.S. Kelso, Doug Gra-
ham, Bob Wyman, Don Dickerson, Bob Evans, Tom Taylor,
and Jorge Rodriguez, lan McFarland, Carole Perry, Steve
Dye. Donald Dickerson, John Magliacane, and Keith Baker.

For moie information and schedules, set vour web browser to hap: /www.grove.net/ hmpgexpo.html, e-mail us at
2xpod6-info@ grove.net. phone us at 1-800-438-8155. or fax us i 1-704-837-2216.
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By John A. Magliacane, KD2BD

Contacting The Mir Orbital
Complex

versinceitslaunchin February 1986,
the Russian space station Mir has
held special interest among space
enthusiasts. Mir is the world’s first perma-
nently manned spacestation. Its high or-
bital inclination takes it over most popu-
lated regions of the globe, and its large size
makes it easily visible in the early evening
and early morning skies. Except for several
brief periods of time, the Mir orbital com-
plex has been occupied on a full-time basis
by various crews for the past ten years. But
Just what do Mir cosmonauts do for recre-
ation after their daily work is complete?
Since the installation of a VHF-FM ama-
teur radio station on Mir in November
1988, a favorite recreational activity for ev-
erycrewinhabiting the Mir orbital complex
has been establishing amateur radio con-
tacts with ham radio operators all over the
world. In this issue of Satellite Times, we will

discuss the proper operating procedures
for contacting the cosmonauts on Mir.

A Brief History

The majority of the amateur radio activ-
ity from Mir over the years
has been centered on the use of one of
several 2-meter FM voice transceivers. The
first transceiver, a 2.5-watt Yaesu FT-290R,
provided limited coverage of the 2-meter
amateur band, but allowed many exciting
voice contacts to be made with ground
stations. A ground plane antenna was
mounted outside the Mir spacecraft for use
with this transceiver by cosmonauts Vladimir
Titovand Musa Manarovin November 1988.

Three years later, a second transceiver,
an ICOM 228A/H, was brought 1o Mir
along with a PacComm “Handipacket”
packet radio Terminal Node Controller

The IC-228 receiver. (Photo by ICOM America)
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(TNC) and an AT<class laptop computer to
provide wireless electronic mail capabili-
ties. The addition of the packet radio TNC
allowed the operation of a Personal Mes-
sage System (PMS) on Mir so hams on
Earth could exchange e-mail messages with
the cosmonauts whenever it was most con-
venient.

The Mir cosmonauts typically use
145.550 MHz as asiinplex communications
frequency with hams on the ground. The
term “simplex” means that a single fre-
quency, in this case 145.550 MHz, is used as
bothadownlink and asan uplink frequency
to the Mir orbital complex. In an effort to
dodge some of the interference on this
popular frequency, Mir occasionally
switches to unpublished frequencies, justas
the SAREX experiments on the U.S. Space
Shuttles do for special purposes. Last year,
several voice contacts were made between
school children and the cosmonauts on the
Mir orbital complex using a pre-arranged
schedule and an unpublished operating
frequency. The success of these contacts
brought great joy not only to the school
children on the ground, but also to the
cosmonauts in space.

How Much Power?

A frequently asked question is, “How
much transmitter powerisrequired to reach
the Mir orbital complex?”. Based on the
slant range to Mir during a typical pass, the
frequency and mode of operation, the an-
tennas used, and the sensitivity of
thereceiverused on Mir, the trans-
mitter power required is only sev-
eral milliwatts.

Narrowband FM voice signals can
be easily copied with a signal level
that is only 10 dB above the sum
total of all noise received orgener-
ated by the frontend of the re-
ceiver. With no interference, the
transmitter power level required
to achieve this signal level is re-
markablylow. Once thesignal level
exceedsthe noise threshold of the
receiver, the capture effect starts
suppressing the receiver noise,
causing the desired signal to be
heard loud and clear.

What happens when multiple sig-
nals are received at similar signal
levels on the same frequency? The
capture effect still takes place, but
it takes a signal level at least 10 dB
above the sum total of ALL other



Photo by NASA.

signals on frequency to be heard. So. if ten
stations, each with an effective radiated
power (ERP) of 100-watts were competing
with one anotheron Mir’suplinkfrequency,
none would be heard. It would take asignal
level of atleast 10 dB above the sum total of
all signals to be heard. In this case, that’s 10
dB above 1000 watts, or an ERP of at least
10,000 watts to be heard on Mir — a far cry
from just a few milliwatts!

On packet radio, the situation is worse.
Packet radio communications is a strong
signal mode that is very suseptible to cor-
ruption by noise. It only takes one corrupt
bit in a packet radio frame to destroy the
integrity of the entire frame. A signal level
that produces at least 25 dB of receiver
quieting is required for acceptable packet
radio communications performance.

If ten packet radio stations are compet-
ing with one another on Mir’s uplink fre-
quency as in the example above, the signal
level required to get through the interfer-

ence equates to over 300,000 watts! Since
packet radio uses short transmission times,
the probability of transmitters from all
groundstations under the footprint of Mir
firing simultaneously is remote. There is a
much greater probability that packets can
be successfully received by Mir if they are
carefully timed to interleve between those
of other groundstations, allowing contact
even with low transmitter power levels.

Mir Operating Procedures

Communicating with the cosmonauts
on the Mir orbital complex is a very simple
matter, and success is not hard to come by
provided some simple operating procedures
are followed and common sense is used. As
the above examples show, the effects of
interference between a high volume of
groundstations trying to contact Mir can be
very damaging to everyone's effort. Inter-
ference between groundstations compet-
ing with one another to contact Mir, espe-
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cially over populated areas of the world
such as North America and Europe, is the
cosmonauts biggest criticisms of
groundstations. Lets look at some operat-
ing procedures that can help reduce inter-
ference between groundstations, and in-
crease everyane’s chance of successfully
contacting Mir.

The first “common sense” rule for con-
tacting the Mir orbital complex is to make
orbital predictions very carefully using the
latest available Keplerian orbital data for
Mir, and listen very carefully to Mir’s down-
link frequency to determine what mode of
communications is being used by Mir when
it comes into range.

Since Miris capable of several different
operating modes, it would be foolish to
attempt a packet radio contact with Mir if
the cosmonauts are engaged in a voice
contact. Only if a cosmonaut is heard call-
ing CQ is it wise to call Mir on voice.
Keeping the call short and waiting a few
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TABLE I:

Commands for Mir’s Personal Message
System (PMS)

TABLE 2:
Euromir Operating
Frequencies

B(ye) B [CR] disconnects you from PMS.
H(elp) H [CR] or ? [CR] displays this help file.
J(log) J [CR] displays a list of callsigns heard (optional date/time)
K(ill) K n [CR] deletes message number n (only to/from your callsign).
KM(ine) KM [CR] deletes all READ messages addressed to your callsign.
L(ist) L [CR] lists the 10 latest messages.
M(ine) M [CR] lists the 10 latest messages to/from your callsign.
R(ead) R n [CR] reads message number n
S(end) S (calisign) [CR] begins a message addressed to (callsign).
Subject: max 28 characters ending with [CR].
Text: End each line with [CR].
End message by typing /ex [CR] or CTRL-Z [CR] at the beginning of a new line.
SR(eply) SR n [CR] Sends a reply to message n prompting only for text.
V(ersion) V [CR] displays the software version of the PMS system.

seconds before transmitting will increase
the chance of being heard by Mir as this will
tend to intersperse the transmissions made
by groundstations.

Also keep in mind that most cosmo-
nauts speak Russian and are only
confortable in their native language. Use
standard phonetics where appropriate to
make iteasier for the cosmonauts to under-
stand what is being said. Also, keep in mind
that in space it's hard to tell whether a
groundstation that has “disappeared™ has
gone outof range of Mir, or is simply being
“covered up” by interference from other
groundstations. Be patient, and avoid the
temptation of picking up the microphone
and calling Mirifyou find the cosmonaut is
losing contact with a groundstation. Follow
the directions of the cosmonauts whenever
possible.

Packet Radio On Mir

There are basically three different types
of packet radio communications that can
take place via the amateur radio station on
Mir. Groundstations may access the Per-
sonal Message System (BBS mailbox) on
Mir, they mav establish a live keyboard
“chat” with one of the cosmonauts, or the;
may use the Mir packet radio station as a
digital repeater to establish live contacts
with other groundstations too distant to
allowadirect contact by way of groundwave
propagation. Although these features ex-
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ist, the packet radio station on Mir should
only be used to exchange short electronic
mail messages with the cosmonauts, and
nothing else.

There are some veryimportant reasons
for limiting packet radio activity to cosmo-
naut e-mail only. The Personal Message
System on Mir has a very limited storage
capacity of only 22 kilobytes. This is ad-
equate for several brief messages, but not
much more. The Mir PMS should not be
used to exchange messages between
groundstations. Digital store-and-forward
communication satellites called “Pacsats”
have been designed, built, and are avail-
able for this purpose and should be used
instead. Messages on the Mir PMS should
also be deleted once they are read to free-
up storage space on the PMS.

The Mir PMS should not be used as a
digipeater, since the efficiency of Mir as a
digipeater has been shown to be low, and
digipeating off Mir only causes interfer-
ence with the groundstation who is con-
nected to the PMS. Again, Pacsat satellites
can be used for this purpose, if needed.

The Mir PMS is very limited in that it is
a single-user electronic message system.
Only one groundstation may connect to
the PMSatatime. All others mustwait their
turn. Attempts to contact the Mir PMS
whileitisin use will only cause interference
with the current PMS user and result in a
<BUSY> signal from Mir.

Careful monitoring of Mir’s downlink

2m-Band
Voice:
Downlink 145.850 MHz
Uplink 145.250 MHz
Packet Radio:
Downlink 145.550 MHz
Uplink144.625 MHz,
145.550 MHz
Addtional Uplinks:
145.200 MHz, 145.225 MHz, 144 675 MHz, and
144.725 MHz

70cm-Band
Voice:
Downlink 437.925 MHz
Uplink 435.725 MHz
Packet Radio:

Downlink 437.775 MHz
Uplink 435.775 MHz
Additional Uplinks:
435.800 to 436.000 MHz with 25 kHz spacing

TABLE 3:
Mir QSL information
for all regions
of the world

Please send a business-sized
SASE along with your QSL.

Sergej Samburov, RV3DR
P.0.Box 73

Kaliningrad-10 City

Moscow Area, 141070, Russia
Russia only

Amateur Radio Station DFOVR at GSOC Control
Center, Oberpfaffenhofen,
Munich, Germany

Thomas Kieselbach, DL2MDE

Joerg Hahn, DL3LUM

DLR Amateurfunkstation Oberpfaffenhofen
P.0.Box 1116

82230 Wessling, Germany

All of Europe except Russia

Contact with Thomas Reiter [DPOMIR]

Dave Larsen, N6JLH

P.0. BOX 1501

Pine Grove, California 95665

USA

All of USA, Canada, Australia, New Zealand &
South America




MIR STATION. Phato by NASA

packets can show if the PMS is actually
connected to a groundstation.
Groundstations MCOM TNC parameter
should be turned ON. This will allow the
monitoring of all packet frames coming
from Mir, including connect and discon-
nect packets.

The packet radio station on Mir uses
callsigns with two different secondary sta-
tion identifiers (SSID). The PMS uses an
SSID of ‘1", while the keyboard portuses an
SSID of ‘0" (SSIDs of 0 are not normally

displayed by terminal node controllers).
Connections with the kevhoard portshould
be aveided, unless it is obvious that a cos-
monaut is at the keyboard and is looking to
make a contact with a groundstation.

The proper procedure for contacting
the Mir PMS s to wait until the current user
disconnects from the PMS, and then ini-
tiate a connect request with the Mir PMS.
Of all the groundstatians attempting con-
nections with Mir, only one will be success-
ful. All athers will receive a <BUSY> signal.

Mcrch/ April 1996

LOS

These restrictions mayv sound less than
pleasant, but it is important to realize that
the packet radio station on Mir is a single
user systenr and is not designed for opera-
tion from an orbital complex. 1t works well
and is a great asset to the cosmonauts, but
only if praper aperating procedures ar
closely followed.
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[EW FROM 7 TBOVE

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

High-Resolution Image
Systems (HRPT) Pout 11

n this edition of The View From

Abovewe wilt continue our discus-

sion on the high resolution
weathersatellite receiving systems, and
specifically the ground station com-
ponents for the High Resolution Pic-
ture Transmission (HRPT) images
from the National Oceanographicand
Atmospheric Administration (NOAA)
polar orbiters.

HRPT Groundstation
Equipment:

Our last column we covered the
basic components of a High Resolution
Picture Transmission (HRPT)
groundstation, including:

* Four foot parabolic dish

¢ Feed horn and quadrature combiner

* Low Noise Amplifier (LNA)

* Down converter

* Phase Lock Loop Demodulation
section

* Bit Synchronization board

* Personal computer

In 1991, Dr. John DuBois provided a
simple block diagram of an HRPT system,
which has been reproduced here in Figure
1. Since that time more sophisticated
commercial systems have been developed,
but John’s design is still an excellent start-
ing point for a ’home-brew’ system at mini-
mal costs.

The Advanced Very High Resolution
Radiometer (AVHRR) instrumentonboard
the NOAA polarorbiters transmit the imag-
ervinreal time —direct readout to the user
groundstation — at 1698 MHz or 1707
MHz at 665.4 kbps.

This is a digital format as described in
the January/February 1996 STcolumn.Due
to the nature of the digital signal and high
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HRPT visible image of
the MidWest U.S.
during the 1991
flooding period. Note
the details in the rivers
and areas sorrounding
the rivers.

HRPT image of the
English Channel
supplied by the - =
Remote Imaging ; '
Group in the U.K. -+ N
datarate, the HRPT imagery issimply more
complex to receive than the analog Auto-
matic Picture Transmission (APT) imag-
ery, and thus, the groundstation equip-
ment will be more complex and costly.

Once the digital signal is received by a
parabolic dish — loop yagi antennas are
very marginal in receiving NOAA HRI'T
transmissions — it must be amplified by an
LNA and typically run through a down
conversion stage toreduce signal loss in the
coax. The downconversion allows for more
conventional phase demodulation tech-
niques to be used, again keeping the costs
down for the amateur

The HRP T'datastreamistypically phase
modulated onto the radio frequency (RF)
carrier with a wing of +/- 67 degrees. By

limiting the modulation to less then 90
degrees, the demodulation process is sim-
plified. A well designed phase lock loop
(PLL) circuit can lock onto the HRPT
downlink signal and deliver the split phase
bit stream from the phase detector.

The next stage of signal detection is to
separate the HRPT bitstream into the clock
and data components by svnchronizing a
local clock rate 1o the clock rate of the
satellite transmitied data. The local clock is
used to process the image data and to strip
away the split-phase (Manchester) encod-
ing employed by the AVHRR transmitter.
HRPT data must then be massaged further
to be able to identity the start of each image
scan line and to separate the five wave-
lengths channels which were previously
commutated together in one data stream.
The personal compaiter software can then
take these five separate channels of image
data and display them as required.

Some specifics on the hardware:

Antenna and Feedhorn

Most HRPT groundstationstypically use
a least a four foot diameter parabolic an-
tennaandsome
means of track-
ingthesatellite.
Many amateurs
use small four
foot TVRO type
antennas with
Yaesu or linoto
az/el rotators
driven by the
personal com-
puter. Some
amateur have
tried to use a
pairofloopyvagi
antennas, but typically the gain is just not
sufficient for a good lock on the Binary
Phase Shift Keying (B’SK) data, a gain of at
least 24 dB is required, and the circular
polarization can be a problem.

The feedhorn design used by DuBois
and othersistypically the coffee candesign as
used in many WEFAX installations. Two
probes will be needed and placed 90 de-
grees apart around the outer diameter of
the can. The coax from the two probes are
combined intoaquadrauire combiner, also
known as a 90 degree hybrid. The signal
level coming out of the antenna, feedhorn,
and combiner should be at least-116 dBm
in the middle of the satellite pass with at
least 35 degrees elevation.



~-

Preamplifier

For those systems that will use a four
footparabolicdish, the preampwillrequire
at least 30 dB gain and a noise figure of 0.8
dB orless. Several commercial preampsare
readily available with this type of gain.

Down Conversion stage

Amateur systems typically use a
downconversion stage to reduce the signal
loss in coax from the antenna to the station
in the shack. Earlier designs took the 1698
MHzsignaland downconverted to 133 MHz
and the 1707 MHz signal to 142 MHz.
Several commercial designs downconvert
to 137.5 MHz which is useful due to the fact
one can use a regular APT receiver for the
final receiver stage. A final stage of
downconversion brings the VHF signal
down to a convenient frequency for PLL
demodulation. A typical choice in the ear-
lier amateur units was 21.4 MHz which isa
common IFfrequencyfor microwave equip-
ment. Newer designs vary in the specific
frequencies used.

Demodulation Bocad

The schematic in Figure 1. shows the
demodulator section, bit synch, and frame

synch as being the final components
in the HRPT signal processing
agenda. The demodulator section
actsasan amplifier-filter to raise the
signal level and establish the final
system bandpass for the phase de-
modulator, with 10-15 dB of gain
required with abandpass of around
3 MHz. These figures will provide a
-30 dBm signal to the PLL. demodu-
lator.

Bit and Frame Synchronizer
board

This final system component extracts
the 665 kbps clock rate and provides some
means of decommutating the telemetry
and different wavelengths of the HRPT
scan lines (4 or 5 wavelengths, depending
on the satellite AVHRR instrument capa-
bilities).

The bitsynchronizer and DMA port
board take the split phase HRPT signal
from the demodulator board and process
it. The clock is derived by a phase lock loop
which ignores the data transitions and the
data is extracted by means of a digital inte-
grate and dump technique. Frame syn-
chronization is accomplished by a state
machine thatexamines the 60 bit paitern at

Basic HRPT Ground Station
1698/1707 Ntz 137.5 MMz 2.4
4 Foot dish
s Hybrid 1698/ 1707 MMz Final
24 88 Goin Preamp
Combiner ST Downconverter _84 aBm Downconverter —42 9B
35 dB Goin 23 48 Gon 12 dBiCon
0.5-08 i NF 4.8 38 NF
I ——ian T e e e o i e N
| |
! lL 665.4 kit /s
| ] Phase Locked Loop
) L Demodulator e |
SpiH Phase Data

| |

| |

| Signal strength |

| Meter circult |

| |
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Demodulation Board
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Clock 1
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Shift registers
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HRPT image of the Iberian peninsula
supplied by the Remote Imaging Group
in the U.K.

the start of each HRPT scan line (minor
frame). The minor frame contains ane
scan line of 2048 pixels of the four or five
channel AVHRR data. The clock and data
signal also go to a series of shift registers
which form the byte or words that are
brought into the personal computer
memory by direct memory access tech-
niques. Several variants of these circuits are
used in commercial systems, but the overall
design requirements remain similar.

Personal Computer

The final system component is the per-
sonal computer, which has the software to
display the HRPT scan lines and separate
out the various wavelengths into different
and/or combined images. These days an
IBM 80486 computer with 16 megabytes of
RAM, and at least 250 Mbytes of disk are
required. Typically a satellite pass of 15
minutes can yield over 100 Mbytes of data
for all five channels!

Variousimage processing programs can
then be used to manipulate the HRPT
images for vegetative indices, sea surface
temperatures, etc.

Commercial Systems

Since the early DuBois HRPT design,
many commercial systems have appeared
on the marketplace that provide a fully
integrated system with antenna, tracking,
HRPT feedhorn, preamplificr, demodula-
tor, bitand framesynch boardsallincluded.
This is not an inexpensive proposition,
however. Most commercial HRPT systems
start at over § 10,000.00 and continue up
from there!

What about kits? Several vendors will
sell individual components for the home
builder, including the receivers, demod
board, bit/frame synch boards, and soft-
ware to drive it. Spectrum International in
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the U.S. and TimeStep in the U.K. both
market HIRPT system components at af-
fordable rates.

Table 2 provides a sample listing of
some of the HRPT system vendors. This list
is not intended to be all inclusive, and a
listing does not imply an endorsement of
any of the companies in the list.

POES User Meeting June, 1996

The fourth International Satellite Di-
rect Broadcast Services Symposium for the
NOAA Polar-orbiting Observational Envi-
ronmental Satellites (POES) will be held
June 10-12, 1996 at Annapolis, Maryland.

This much heralded event will feature a

panel of international speakers to inform
users of current and future plans of United
Sstates and international polar satellite sys-
tems. The core themes at this meeting will
cover changes occurring with NOAA’s new
series of polar orbiting satellites, including
NOAAK, L, M, and the changes to direct
broadcast systems in the NOAA KLM era.
Program registration information can be
requested from:
Informatics, Inc., Attn: Judy Rumerman,
7501 Greenway Center Drive, Suite 700,
Greenbelt, MD. 20770 USA, Tel. 301-345-
2000 ext. 135, E-mail: poesuser@
infrmtcs.com

Satellite and Education
Conference to be held

The 9th annual West Chester Satellite
and Education meeting will look at sharing
environmental and communications satel-
lite technology — Technologies in the Class-
room. The dates for this meeting is set for
March 20-22, 1996.

Abroadseries of presentationson Earth
science, Internet, and remote sensing will
examine classroomapplicationsforelemen-
tary schools through universities, and les-
sons plans will be presented. The Dallas
Remote Imaging Group (DRIG) will present
a full-day lecture on the basics of weather
satellite reception, satellite tracking, and
digital image processing of satellite data.

For information, please contact:
Director, Educational Center for EOS, 304
Recitation Hall, West Chester University,
West Chester, PA. 19383 USA, Tel. 610-436-
2393, E-mail: nmcintyre@wcupa.edu

NOAA K slated for late 1996 or
early 1997 launch

NASA'’s Jet Propulsion Laboratory (JPL),
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NOAA, and the U.S. Air Force continue
testing of the NOAA-K spacecraft. Based on
inputs from the USA concerning their most
likely Titan-IV launch schedule, it now ap-
pears that the 1996 launch window for
NOAA K will extend only through early
October 1996. The next launch opportu-
nity would begin in mid-February, 1997.

The AVHRR instrument for NOAA K
has experienced some anomalies in the
vibration testing, and the contractor has
indicated that the instrument’sdelivery date
will not be until March, 1996. Further ther-
mal vacuum testing will need to be accom-
plished prior to integration with the NOAA
K bus.

Next month we will review the high
resolution GOES imagery, starting with
Visual Atmospheric Sounder and ending
with the new GOES 8 and 9 GVAR imaging
systems.

We welcome your comments and ques-
tions about weather satellite imaging sys-
tems. Please direct them to feff Wallach at:
jwallach@drig.com, or telnet into the bul-
letin board system atbbs.drig.com and have
a personal chat with the Group! St

POLAR ORBITER

SATELLITE STATUS:
NOAA 9 137.620 MHz OFF
NOAA 10 137.500 MHz OFF
NOAA11 137.620 MHz OFF
NOAA12 137.500 MHz ON
NOAA14 137.620 MHz ON
Meteor2-21 137.850 MHz  On as of Feb. 5, 1996
Meteor3-5 137.850 MHz ON
Meteor3-6 137.850 MHz OFF
Okean1-7 137.400 MHz ~ ON over Europe
SICH-1 137.400 MHz ON over Europe

TABLE 1

Satellite Equipment Manufacturer's List — HRPT Systems

Array Systems Computing, Inc., 5000 Dufferin
Street, Downsview, Ontario, M3H 5T5 Canada,
(416) 736-0900

CTA Space Systems, Steven J. Talabac, Ground
Systems Product, 6116 Executive Boulevard,
Rockville, MD 20852, (301) 816-1385

Dawn Engineering Laboratories, Inc., Clara
Vermillion, President, 2905 Mitchellville Rd., #101,
Bowie, MD 20716, (301) 249-0670

Dornier GmbH, P.0. Box 1420, D-7990
Friedrichshafen, Federal Republic of Germany, (49)
7545-82290

Harris Corporation, Government Information
Systems Div., P. 0. Box 98000. Melbourne, FL
32902, (407) 242-4428

Information Processing Systems of California Inc.,
Jack Bottoms. 70 Glenn Way, Belmont, CA 94002,
(415) 592-1742

ISSI — International Systems d Software, Inc,, Rt.
3 Okaloosa Co., Industrial Park, 5749 John Givens
Road, Crestview, FL 32536, (904) 682-2506
MacDonald Dettwiler & Associates, 13800
Commerce Parkway, Richmond, British Columbia
Canada V6V 2J3, (604) 278-3411

MetSat, 515 South Howes, Fort Collins, CO 80521,
(303) 221-5420

PCM Electronics Pty. Ltd., 6 Hood St., Collingwood
Vic 3066, Australia
(03) 419 9088

This list may be downloaded from the DRIG FTP site as hrptvend.zip at ftp.drig.com /pub/wefax

Quorum Communications, Inc., Richard M. Fogle,
8304 Easters Boulevard
Suite 850, Irving, TX 76051, (214) 915-0256

Resource Systems , P.0. Box 723, Newtown, CT
06470, (203) 426-2127

SOFREAVIA, 75 ru La Boetie, 75008 Paris, France,
3314592293

Sea Scan, 16065 Fifth Line Albion, R3 Caledon
East, Ontario, Canada LON 1F0 (416) 880-0528

Sea Space,3655 Nobel Dr., Suite 160, San Diego,
CA 92122, (619) 578-4010

Sinclair Communications, Inc., 51 Commerce
Street, Springfield, NJ 07081, (201) 376-1272

Softworks, Inc. Weathertrac, P.0. Box 3114,
Allentown, PA 18106, (215) 395-4441

Smartech, Kevin Davis, President, 1725 Signal
Pont Road Charleston, SC 29412, (803) 795-5621

Systems West, Ken Ruggles, President, 27880
Dorris Drive, P.0. Box 222019,
Carmel, CA 93922, (408) 625-6911

Telonics, Dave Beatty, 932 E. Impala Avenue, Mesa,
AZ 85204-6699, (602) 892-4444

UKW-Technik Electronics GmbH, Janusz Sztajer,
P.0. Box 60 *, Jahnstrasse 14 D-91083 Baiersdorf,
Germany, (+49)9133-77940

VCS GmbH, Klaus M. Heidrich Borgmannstr. 2, D-
4630 Bochum 7, Federal Republic of Germany, +49
234 26 36 88 23 30 41




Logic Limited Presents %
The Franklin Converter 4

°® ® ® e, With a PC Compatible Computer, a short wave receiver

:As Low as'. and The Franklin Converter you can:

o. $24.95 .o Receive, store and image process:
®q0® Weather satellite photos, Wefax, charts and maps
Add color to your satellite Photos , just like you see on T.V.

Fax pictures and data from news sources'
Color SSTYV in over 15 modes!
Teletype data (RTTY), morse code (CW), ASCII, NAVTEX
BAUDOT, AMTOR and more.
Added bonus: Audio Spectrum analysis & Tuning Scope
Why pay hundreds more. Get results with The Franklin Converter!

Descrip(ion Item # Price  All you need is a

1. The Franklin Converter 6.0 RWCI $2495 ¢ in serial
2. Transmit and Receive in A/B Switch Box RTB1*** $49.95 gecr .
3. Franklin Converter T/R with mic switch RTBM $79.95 port. Serial

4. Franklin Rig Control only RIGC $49.95 Cable or adapter
5 Franklin Converter 4 in | R4l

$14995 if needed are not
included

Easy to use
Software
' Included

ORDERS
1-800-439-8898
Logic Limited
113 Cascade Street -
Morganton, NC 28655

g
Quantity & Club Discounts Available
COD, Check or Money orders
North Carolina Residents add 6%
Shipping $5.00 each US
Questions & Tech Support
704-437-1833

Fax your order 704-432-0278 Ext. 6000
Allow 4 1o 6 weeks for delivery

QF-137 Quadrifilar

The Ultimate Polar Wefax Antenna

N

|/

3\

Join the
Wefax elite!

Remove the weaak link in
your APT reception system
with the Quorum QF-*37.

Eliminate the signal nulls

and fades common to other
APT antennas.

Call for more information
concerning the QF-127
and Quorums’ full line of
high performance
Weather Fax products.

Quorum Communications
:800) 982-9614 (US & CA) or ;214) 915-2256
Email info@ccom.com  http:/ /www.gcom.ccm

Micro Orbiter 3.0

Introducing Micro Orbiter 3.0, an unprecidented PC-based tracking program for Earth-orbiting satellites!

0 Track up to 20 satellites simultaneously (in real or simulated time) from a menu of up to 65,535 element sets.
Use the SGB, SGP4, or SGP8 NORAD analytical propagators for near-Earth satellites. Use SDP4 ar SDP8 for deep-space satellites.
Compute visible and line-of-sight pass 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 outlimes 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+4.00 S&H to
Precision Software Solutions
PO Box 975
League City, Texas 77574
Visa/MasterCard orders 713-538-1694

Send us e-mail at pss@infocom.net

Visit the Micro Orbiter home page at
http:/www.infacom.net/~pss

System requirements:
IBM PC or compatible
80386 DX or better
MS-DOS 5.0, VGA
graphics, 3.5" floppy.
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Donald E. Dickerson, N9CUE

OmniTRACS®

hen the Federal Emergency

Management Agencies

(FEMA) mobile emergency
response support (MERS) unitarrived
at the Federal Building in Oklahoma
City, justafter the bomb blast lastyear,
their immediate concern was the es-
tablishment of communications sys-
tems that would be required to assure
a reasonable response to the emer-
gency could be mounted. Fortunately
FEMA MERS units are equipped with
OmniTRACS, a commerecial radiolo-
cation and messaging service pro-
vided by Qualcomm of San Diego,
California.

This state of the art system , using
GTE’s GStar Ku-band satellites, pro-
vided the only communications link
for FEMA during the first 18 hours of
the emergency. Other FEMA systems
failed to preform on this occasion.

The ease and reliability of the
OmniTRACS system played a major
role in FEMA's response. According
to FEMA's communications manager
Gene Davenport, “If it had not been
for the flawless operation of the
OmniTRACS system, we would not
have beenable to coordinate our com-
munications and logistics support for the
disaster.”

FEMAis not the onlygovernmentagency
to take advantage of this satellite based data
communication and radiolocation service.
The Military Traffic Management Com-
mand (MTMC) has been using the
OmniTRACS system to keep an eye on the
transportation of munitionsand explosives
as they crisscross the country from one
militaryinstillation toanother. The Depart-
ment of Energy also uses this system to
monitor the shipment of nuclear materials
and radioactive waste. Both agencies have
been using the OmniTRACS satellite sys-
tem since 1989.

Qualcomm, OmniTRACS parent com-
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relegate OmniTrac as inconsequential to
your consumer driven interest (most of
you [ am sure do not own a trucking com-
pany), take alook at the technology, hard-
ware and the software used in the
OmniTRACS system and let your imagina-
tion do the rest.

First, lets take a look at the hardware.
The mobile terminal isan oxymoron, both
simple and complex. It is simple in that it
consist of a user friendly lap-top size key-
board, a radio transceiverand aroof mount
antenna. Thatiswhere the simplicity ends.

In-cab communications using the OmniTRACS system ensures that drivers are
never out of touch. The user-firendly keyboard prompts the operator with simple,
straight forward language and commands.

pany, was formed in 1985 and the
OmniTRACS service began operation in
1988. Since then they have made steady
progress in establishing a worldwide net-
work of satellites and ground stations ca-
pable of providing instantaneous data and
radiolocation services for mobile users. To
date there are over 150,000 transportation
vehicles equipped with OmniTRACS data
terminals worldwide which generates just
under 2 million messagesa day forover 450
transportation companies and other mo-
bile users.

OmniTRACS was designed to provide
dataand radiolocation services to the back-
bone of our consumer driven distribution
system, the trucking industry. Before you

March/April 1996

The 22.86 by 30.48 cm (9- by 12-inch)
keyboard can hold 99 messages at 600 lines
and has a memory capacity of 4MB. It uses
a microprocessor based system of highly
advanced encoding/decodingcircuitryand
utilizes Qualcomm’s exclusive Code Divi-
sion Multiple Access (CDMA) technology.
CDMA is becoming popular because of its
ability to send large amounts of informa-
tion over narrow bandwidths. Itaiso allows
the simultaneous use of the same frequency
by several users without interference.
Sprint Telecommunications, Cox Com-
munications, Comcast Corp. and Tele-
Communications Inc. have recently an-
nounced thattheywillbe using Qualcomm‘s
CDMA technology in their Personal Com-



Three hardware
components comprise
the OmniTRACS
Mobile Communi-
cations Terminal
(MCT). The optional
enhanced display unit
(right) features a 15-
line by 40-character
screen that permits
both text and high
definition graphics.

Diagram of the OmniTRACS system.
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munications Services (PCS) markets in the
US. Sprint will be offering local, long dis-
tance, wireless communications and cable
video service packages to consumers and
businesses alike. Deployment of CDMA
cellular based phone sysiems is already
underway.

The Omni Mobile Communications
Terminal (MCT) automatically transmits
precise vehicle location information hourly
or on demand. The dispatch center can
program the MCT to operate anytime inde-
pendently of engine cut-off. It can be
turned on and off from the dispatch center
o take messages. The volume and fre-
quency of the audio signal “beep”, which
indicates incoming message, can also be
controlledatthe dispatch center. The MCT
can provide receipts for messages received
and has the capability to send secure mes-
sages which requires a pass word to access.

The roof mounted antenna electroni-
cally tracks the GStar geostationary satellite
while the vehicle is moving, notan easy task.

Itconsisisof several stacked yagiantennaof

the strip-line design and is 29.21 cm (11.5-
inches) in diamcter and 15.24 cm (6
inches high). Of course, it is a Ku-band
antenna.

OmniTRACS also offer three vehicle
information system packages.
SensorTRACS ™ is a comprehensive per-
formance reporting system that functions
much like a trip recorder or the black box
which is carried by airlines. By moniioring
onboard data, SensorTRACS § helps re-
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duce fuel costsand improves driver perfor-
mance. Speed, idle time and mileage are
among the items routinely monitored with
this system. This type of information could
be used to help lower fuel and mainte-
nance costs and monitor driver perfor-
mance.

JTRACS ™ is a vehicle diagnostics re-
porting system. With multiple sensor at-
tached to the vehicle the engine sysiems,
brakes, fuel battery, oil and other vital
systems can be monitored with real time
information being transmitted back to the
dispatch center automatically.

The third system , TrailerTRACS ™
provides trailer identification, location and
load status. Positive identification of each
trailer with every connect or disconnect
from a tractor is possible. A refrigerated
trailercanalso be electronicallymonitored
with alarms being triggered when tempera-
ture or other conditions warrant.

The information collected by
OmniTRACS systems allows the users to
collect a great deal of information on hoth
their drivers and equipment. It assist in
inventory, maintenance, payroll, taxes, sales,
and other business and accounting func-
tions. This is pretty comprehensive data
collection, but Qual comm’s Decision Sup-
port System (QDSS) takes control of assets
astep further. This software systematically
considers key facts, forecasts and manage-
ment priorities to recommend the right
truck for the right load. The system uses
sophisticated optimization of algorithms to
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maximize utilization of trucks to increase
productivity. It can provide realtime rec-
ommendations for putting the right truck
with the right load on the right road as
efficiently and cost effectively as possible.
For example the QDSS software can
make you aware of the fact that you are
going to have say, six trucks passing through
St. Louis tomorrow. You will know which
ones are empty and which to try to find
another load for. Or you may find it is
advantageous to have drivers swap loads
when their pathscross. Thistocan be done
with the help of QDSS. This helps planners
to better optimize freight selection, routes
and vehicle utilization while considering
customer needswhilemaintaining 100 per-
cent on time delivery. QDSS even consid-
ers the driver hours, off time and other
regulatoryfactors. QDSSwill uncover more
profitable ways to control your fleet. This is
what makes the system unique.
OmniTRACS system is not just a glorified,
satellite-based beeper system. It is a high-
tech, state-of-the-art management tool.
These programs are based on
OmniRACS’s QTRACS software. Mobile
messaging, position reports, trip reports,
vehicle diagnostics and other customized
informationservicescan be integrated into
your existing computer software system.
QTRACS software is designed to support
communications from your computer to
the Qualcomm Network ManagementCen-
ter (NMC). The QTRACS program is
available for a variety of platforms, includ-



ing, PC, PC/LAN, midrange and main-
frame systems in a variety of formats; DOS,
0S/400, S36, ESA, PICK and UNIX. This
allows dispatchers to send and receive
messages through software and computer
terminals you already have in the office.
Messages can be grouped for simultaneous
broadcast to specific individuals; drivers,
sales reps etc.

Radiolocation is a standard feature of

the OmniTRACS system. It allows precise
satellite location of vehicles and displays, in
text form, the number of iles to the
nearest city or land mark such as a custom-
ers location or warehouse. A mapping
capability is standard on PC/LAN systems
for midrange and mainframe systems. With
a VGA color monitor color graphics a US
map can be displayed with a pan and zoom
function which allows you to zero in on a
specific vehicle locations.

OmniTRACS Network Management
Center is located in San Diego and is the
communications hub for all messages. The
uplink facility transmits formatted mes-
sages to the Ku-band satellite located in the
Clark belt. The MNC is fully redundant. It
has duplicate computer systems and back

up generators to maintain the control
centerin San Diego. Asecond fullyequipped
andbacked uphub (MNC) islocatedin Las
Vegas. There is also a redundancy build in
to the satellite portion of the system. If a
transponder on a particular satellite or a
whole satellite is lost backups are available
to prevent an loss or interruption in ser-
vice.

Qualcomm is one of 10 companiesina
limited parmership which will be launch-
ing a satellite system called Globalstar.
Globalstar has received FCC license autho-
rization to launch 48 satellites into low
Earth orbit (LEO). Theses satellites will
provide voice, data, fax and radiolocation
services on a worldwide basis. Globalstar
already has agreements with 73 countries
to provide satellite services and is moving
toward full financing.

Qualcomm has also recently entered
into an agreement with Orbcomm.
Orbcomm already has two of its own satel-
lites in space with plans for 24 more in the
future. Orbcomm has given Qualcomm
exclusive resale rights to their radioloca-
tion services. Globalstar will be a Big Leo
system. This means it will use higher fre-

quenciesand datarates than the Orbcomm
system.

You might think than Amtrak, America’s
national passenger rail service, is an un-
likely candidate for OmniTRACS, but you
would be wrong. Amtrak recently signed a
contract with OmniTRACS to equip nearly
half of their diesel locomotive fleet with
satellite gear. They will be doing the same
kind of things with the system that the
trucking industry is doing with a couple of
differences. Enhanced customer service is
one of their top priorities. Passengers will
beable to make use of thissystem much like
airline passengers can pick upa phone and
make a call from 40,000 feet.

There is one last application of the
OmniTRACS system [ would like to teltyou
about. Itis taking place in Brazil. The Riode
Janeiro’s police departument has equipped
its 600 patrol cars with OmniTRACS. It uses
one of the C-band Brazilsat satellites. The
applications being devised with this system
are nearly endless. Remember I told you to
let your imagination do the rest......till next
time around. St
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UNIVERSAL SCPC-200 AUDIO RECEIVER

EASY DIRECT FREQUENCY TUNING - 50 TO 90 MHz (LCD) .
DIRECT TRANSPONDER TUNING (LCD DISPLAY) .
LARGE MEMORY BANK- 50 CHANNELS .
C AND Ku BAND AGILE - 950 - 1450 MHz .
AUTOMATIC LNB DRIFT COMPENSATION (ADC) e 6 BUTTON KEY PAD FOR FAST TUNING
COMPANDING, 1:1, 2:1, 3:1 (AUTOMATIC) .
L
L
L]

AUTOMATIC TUNING INDICATORS
DIGITAL FREQUENCY LOCK-ON (DFL)

DIRECT FREQUENCY READOUT
SCPC AUDIO RECEIVER

FULL COMMERCIAL FEATURES

. UNivERSAL

SCPC SATELUTE AUDIO RECEIVER

SERVICE NAME ON LCD DISPLAY
MICROPROCESSOR FREQUENCY DISPLAY

SPEAKER AND LINE OUTPUTS, HIGH QUALITY AUDIO
COMMERCIAL DIGITAL SYNTHESIZER

— ]

SCPC 200

VOLUME

BASEBAND 70 MHz QUTPUT

BUILT IN U.S.A. BY THE LEADING SCPC MANUFACTURER
FULL 16 CHARACTER LCD DISPLAY

DOES NOT DISABLE VIDEO WHEN IN USE

INTRODUCTORY PRICE $399.20 plus S & H — CALL: 1 -800 - 241-8171

Amn

UNIVERSA

ELECTRONICS, INC.

Communications Specialists

4555 GROVES RD., SUITE 12, COLUMBUS, OH 43232
(614) 866-4605 FAX (614) 866-1201
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Jeff Lichtman

Bits and Pieces

narecenttrip to the Silicon Valley,

for the first western regional meet-

ing of the Society of Amateur Radio
Astronomers (SARA), lmetagroup of very
interesting and enthusiastic SARA mem-
bers.

One of the members was Jeremy Nichols
of Santa Clara, California. During our dis-
cussion we talked about various methods of
recording radio astronomy data. Jeremy
mentioned about the use of the family
VCR. I thought I would share a few of his
ideas in this issue of Satellite Times.

For data to be acceptable to profes-
sional astronomers or interchangeable
among amateurs radio astronomers, a
record of radio astronomy findings must
be time stamped. Standard time and fre-
uency radio stations such as WWV, CHU,
or J[Y are commonly used for this purpose.
By using a two-channel recorder, the data
can be recorded in one channel while the
time stamp goes on the other.

An audiorecorder (stereo) can be used,
but without special modifications, it’s lim-
ited to recording times of an hour or two.
A better choice is a video cassette recorder
(VCR). The commonly used (in almost all
countries) VHS formatmachine can record
up to six hours on a two hour tape in the
SLP mode. A VCR capable of stereo

astronomy data gathering system. If your
lucky, you may even find a used portable
video recorder (left over from the pre-
camcorder period). These are battery pow-
ered and arc quite suitable for field work.

So, talk it over with your family. Don’t
they deserve a new VCR this year? And the
old one will then become an addition to
your radio obseivatory.

News from the VLA (Very
Large Array)

When the Galileo Atmospheric Probe
becames the first spacecraft to enter the
atmosphere of Jupiter, the Socorro, New
Mexico VLA facility had its electronic ears
pointed toward Jupiter 1o monitor the
event.. The signals from the Galileo space-
craft, that was launched in 1989, transmit-
ted veryfaintradiosignals. The datasent by
these signals expect to help the program
scientists to measure the giant planets cli-
mate, chemical composition, and wind
speeds.

The probes radio signals transmitted
this vital information as it descended to-
wards its searing death under the tremen-
dous heat in Jupiters lower atmosphere.
The main Galileo spacecraft is currently

relaving the probes data to earth. No direct
transmission to Earth from the probe was
originally planned.

The VI A observationsrecorded the shift
in frequency of the probes radio signals as
Jupiter’s winds buftet the probe. Doppler
shiftis the apparent shift in wavelength or
frequencyasaresult of relative line-ofsight
motion between the observerand thesource
of radiation. By monitoring the Doppler
shift of the Galileo Atmospheric Probe sci-
entists will be able to calculate the wind
speeds on Jupiter.

The 335.7 kg (746 Ibs) probe sent infor-
mation about the Jovian atmosphere for 58
mimutes during the parachute descension.
Jose Navarro alongwith Prestonand Folkner
received information from the probe for
the first 20 to 30 minutes of the decent.

The technical difticulties in receiving
the signal were great. The probe had a 25-
watt transmitter that was aimed at the main
spacecraft, which is 90 degrees away from
the direction of earth. This effectively re-
duced the apparent power to observers on
Earth down to 7 watts.

Only a large radio telescope is capable
of receiving such a faint signal, more than
100,000 times weaker than the faintest sig-
nal that a home FM radio is capable of
receiving.

NRAO Makes Astronomical
Data Avdilable on the Internet

Anoriginaland comprehensive dataset
potentially full of scientific surprises now is
available to astronomers, students and the
public through the information superhigh-
way. Radio images of the sky produced by
the Very Large Array radio telescope —one
of the premierastronomical instrumentsin
the world — as part of a massive survey now
are stored in an electronic repository avail-
able over the Internet computer communi-

cations network.

sound recording provides the neces-
sary two channels for recording data
plus a time stamp. A VCR canbe con-
nected to a radio telescope as illus-
trated in figure 1.

Since many homes already con-
tain a VCR, the budding amateur ra-
dio astronomer only needs to borrow
it during non-family viewing hours.
Should the pressure for a dedicated
recorder become irresistible, a used
machine may be obtained for a very
reasonable price. No fancy features
such as, remote control or picture-in-

“Each of these sensitive new sky
maps shows about a thousand radio-
emitting objects, most of which have
never been scen betore,”said Dr. . J.
Condon, leader of the National Ra-
dio Astronomy Observatory (NRAO)

— e survey team. “We are releasing them
cRoes coem» as soon as they are completed be-
VCR cause they contain more data than

we could possibly analyze by our-
selves.”

“By using electronic distribution,
we can open this tremendous re-
source of information for computer

picture are required; only the stereo
audio is necessary for use as a radio

76 SATELLITE TIMES

March/April 1996

FIGURE 1: Two Channel Hookup to VCR

analysis by all astronomers immedi-



ately, without waiting for traditional publi-
cation,” Condon added. The radio images
are copyright NRAO/AUI. Permission is
granted for use of the material without
charge for scholarly, educational and pri-
vate non-commercial purposes.

“It is entirely conceivable — even prob-
able — that valuable discoveries will be
made by students or amateur astronomers
who devote the time to study these maps
carefully,” said team member Dr. W. D.
Cotion. “Making thisnewinformation avail-
able electronically means that more people
can participate in adding to its scientific
value.”

The maps are a product of the NRAO
VLA Sky Swrvey (NVSS), which began its
observational phase in September of 1993
and will cover 82 percent of the sky when
completed by the end of 1996. The NVSS is
expected to produce a catalog of more than
two million radio-emitting objects in the
sky, and it is the first sky survey sensitive to
linearly polarized emission from radio
sources beyond our own Milky Way galaxy.
“The NVSS is being made as a service to
the entire astronomical community,”
Condon said. The survey will require about
2,500 hours of VLA observing time to com-
plete.

The data from the NVSS will become
available in several forms, including com-
plete processed maps, lists of the radio-
emitting objects found, and data fromwhich
astronomers may produce maps tailored to
their own interests. The data products are
being placed in the public electronic re-
pository as soon as NRAO scientists have
verified their accuracy. Those interested
should contact Condon at Internet address
jcondon@nrao.edu for more information
about accessing the data.

Education Programs at NRAO

In addition to the scientific research
done at the National Radio Astronomy
Observatory (NRAO) in Green Bank, West
Virginia,they also host a number of educa-
tional activities through out the year. The
largest of these is the science teacher train-
ing, a series of programs conducted in
partnership with West Virginia University.
These programs have bheen in existence
since 1987 and are supported by the educa-
tion division of the National Science Foun-
dation (NSF) and the Benedum Founda-
tion.

The wraining is directed to the middle
and high school science teachers from

whom most of the students get their initial
exposure to science in the classroom. The
goal is to increase teacher’s understanding
of science and technology, and their ability
to teach it, by exposing them to real scien-
tific research at the observatory. Teachers
receive college credit from West Virginia
University for their participation in the
NRAO programs.

Since its beginning in 1987, the science
teacher training programs have brought
more than 440 teachers to Green Bank for
the two-week summer courses that involve
lectures on radio astronomy, actual scien-
tific research using the 40 foot diameter
radio telescope, detailed discussions about
science education, and the construction of
scientific instruments for use in the class-
room. The teacherswork veryclose with the
NRAO scientists Thevalso have a chance to
interact with many professional astrono-
mers who come from around the United
States, and from other countries to use the
modern facilities at Green Bank. After par-
ticipation, in an NRAO training program,
teachers host workshops for other teachers
in their home district to spread informa-
tion about the effective ways to present
scientific information in the classroom. Itis
estimated that more than 15,000 teachers
have benefitied from these programs.

This teacher training was initially con-
centrated on science teachers from the
state of West Virginia. Shortly after the
program began, it was broadened to in-
clude participants from the entire United
States.

In addition, to science teacher training,
there a number of other educational pro-
grams at the NRAO Green Bank.

Workshops for College Teachers: The
observatory hosts two 3-day workshops for
the science faculties of small colleges
throughout the country to share results of
current research in astronomy with as wide
an audience as possible. This program is
partially funded by the NSF (National Sci-
ence Foundation).

Research Experiencesfor Undergradu-
ates: This NSF funded program gives the
undergraduate students in science, engi-
neering and computer science the chance
to work in a scunmer job one-on-one with
observatory staft on a project related to
their major field of study.

Public Tour Program: The public is
invited to visit the Green Bank site. Hourly
tours are given each day during the sum-
mer months, and tours can be scheduled
for groups at any time of the year. Special

in<lepth tours are also occasionally ar-
ranged. Nearly 20,000 people visit the
observatory each year. At present, the
public tour program is being upgraded.
Long-range plansinclude hands-on edu-
cational exhibits, historical material, and
even the chance 10 watch observations
in progress on the newly-constructed
GBT (Green Bank Telescope).

Elderhostel Program: NRAO and
Glenville State College host a one week
workshopat the observatory. Participants
receive instruction in basic astronomy
and can use the 40-foot diameter radio
telescope.

Local Outreach: The NRAO staff
volunteers to be leaders of an after-
school “science for fun” class for local
elementarv students. One 8 week ses-
sion is held each year.

Special Events: In 1994, NRAO cel-
ebrated the 30th birthday of the 140-
foot radio telescope. As part of the fes-
tivities, NRAO hosted an open house for
WestVirginiaschoolchildren. Over 1100
students participated in hands-on activi-
ties and toured the 140 foot telescope.

For those of you interested in any of
the abovescience teacher programsand
who like to attend some of these events,
anapplication formisavailable from Dr.
Pat Obenauf, Associate Director NSF
Institute, 604 Allen Hall, PO Box 6122,
West Virginia University, Morgantown,
WV 26506-6122. For additonal infor-
mation on this orany of the other ahove
programs mentioned, please contact Ms.
Sue Ann Heatherly, NRAO Educational
Director, PO Box 2, Green Bank, WV
24944-0002.

I would like to thank Dr.J. Lockman
(NRAO Green Bank Director), Ms. Sue
Ann Heatherly (NRAO Green Bank Edu-
cational Director), Dave Finley (NRAO
VLA Socorro) for the material used in
this issue of $7°s Radio Astronomy col-

umn. S

RADIO ASTRONOMY

RADIO TELESCOPES, AMPLIFIERS, MODULES,
BOOKS, AND ACCESSORIES

For Your Radio Astronomy Supplies
CATALOG - $1.00
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by Wayne Mishler, KG5BI

What's New?

Turn your computer into an
armchair spacecraft

Take a spin around our solar system.
Peek into a time capsule destined for Mars.
It’s all possible through your computer if
you have acouple of interactive multimedia
CD-ROM disks from Virtual Reality Labora-
tories.

“Distant Suns - First Light,” a US $65
program on CD-ROM available from sofi-
ware stores or Virtual Reality, takes you on
an interactive tour of the solar system and
even lets you land on Mars.

You can hover over the planet of your
choice from any vantage point in any year,
season, or time of day. You’ll see astronauts
doing space walks, NASA simulations, and
actual footage from the Apollo 13 mission.
Or if you are really adventurous, you can
strap onto the Galileo space probe and
plunge into Jupiter’s atmosphere. You can
ride Haley’s comet. Or your can stow away
aboard the Voyager spacecraft.

And that’s just the beginning.

The more studious armchair astronauts
will probably find themselves turning the
Milky Way on end (0 see what makes it tick.
You can rotate it on your computer screen
to see what it looks like from the other side
- all sides, actually. And talk about your
average every day time travel: this interac-
tive deskiop planetarium lets vou see the
heavens from any pointon earth from 4713
BC to 10,000 AD (There’s optimism for
you.) See the sky from your own backyard
(on screen) with planets and stars labeled
soyou can identify them. And of course you
can print out star charts or display the
Hubble Guide Star Catalog of 16 million
stars. That should keep you busy until din-
ner.

A mouseclick brings up detailed infor-
maltion about any star, nebula, galaxy, pul-
sar, quasar or any other celestial object you
could imagine.

You space historians out there can take
a peek into the future at what the first Mars
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settlers will see when they discover a time
capsule containing the CD-ROM disk en-
titled “Vision of Mars.”

Conceived by the Planetary Society
and produced by Time Warner, the US
$69.95 interactive program, available only
from Virtual Reality, will travel aboard the
Russian space mission to Mars this year
and be left there in a time capsule at-
tached to the Mars ‘96 Lander.

Colonists who discover the disk may
hear and see Astronomer Carl Sagan,
writers Arthur C. Clarke and Judith Merril,
and chief scientist of the Mars ‘96 mission
Russian Vyacheslay Linkin speak to them
ahout our hopes for their success, assum-
ing of course that computers of that era
will know what to do with a CD-ROM.

Alsoincluded istheaudioof the Orson
Welles’ “War of the Worlds” radio broad-
cast that panicked America in 1938, and
earth’s reaction to the firstimages of Mars
captured by the Viking space probe which
landed on that planet in 1976.

Visions of Mars contains photos of
space, artists renderings of Mars,and more
than 70 books, short stories and articles
written about Mars by well known au-
thors.

Jon Lomberg directed the project. He
was co-creator of the “Interstellar Record”
which traveled aboard Voyager in the
1970s with highlights of life on Earth for
any extraterrestrial beings who mightdis-
cover it.

Because of its historical message to
future space pioneers, Visions of Mars
explains how it was created and lists the
names of its creators. It comes with in-
structions written in Russian, English,
French, German,andFin. Those five coun-
tries were involved in its production.

Visions of Mars is available on CD-
ROM for PC and Mac exclusively from
Virtual Reality Laboratories. You can call
them at 1-800-829-8754 from anywhere in
the U.S.

Buy and sell satellite gear
online

Lookingtobuy orsellsatellite reception
equipment or radio gear? Check out a new
online classified advertising service called
NET$MART. To advertise or shop nation-
wide allvou need isa PCcomputer, modem
and telephone. This is a dedicated online
service specializing in advertising and mar-
keting. You don’t have to go through any
otheronlineserviceortheInternettoreach
it. You can simply dial direct. There are no
online charges. And right now the price of
placing an ad is zero.

“Puttingyourad on our online service is
like posting it on a nationwide bulletin
board,” says the originator of NET$MART.
“It features easy access without online
charges or Internet fees.”

There’s no charge for connecting with
the service and taking it foratestdrive. You
can get full access by paying a one-time
registration fee of US $15. The price of
placing ads, when the company begins
charging for them, will vary with the num-
ber of ads you have running, ranging from
30 centsaday for one ad to 12 cents per day
per ad for more than 10.

“The registration fee is good for as long
as you remain current in our database by
checkingin atleast once every 90 days,” says
NET$MART. “If we don’t hear from you in
that length of time you will
need to re-register.”

When you connect with the service and
go 1o the classifieds, you will see on your
screen a simple menu from which you can
select search, enter, edit, delete or quit. You
can search by category either nationwide,
statewide or by zip code. When you choose
“enter”, you are presented with a form on
your screen in which you type vour ad. You
can enter up to 535 characters (about 100
words.) When you save the ad, it goes into
ahold file uniil the next workday togive the
editorial staff time to approve and place it
online. At any time before approval, you
can pull up your ad and change it yourself
by selecting that option from the menu.
You can also delete any of your ads at any
time just as easily. Selecting “quit” returns
you to the online menu.

Once your ad is online, it is available to
all other registered users nationwide.
NET$MART empowers anyone to buyand
sell nationwide through their home com-
puters.

Connecting with NET$MART is as easy
as calling your Aunt Maud (almost). The



service isonline from 6 p.m. to
8 a.m. daily central time. It
workswith high-speed modems
to 14.4 bps. Have your com-
puter dial the online phone
number, 1-501-253-7172. In
logging in the first time, you’ll
be asked for an access code.
Visitors can use courtesy ac-
cess code 55. When you regis-
ter, you will be given your own
code with full access to all of
NET$MART’s services.

Your own closed-
circuit TV!

With the push of a button
On your remote you can now
switch from a satellite TV pro-
gram on one channel tovideo
cameraseyeingyour frontdoor
and baby’s room on other
channels from your easy chair.

A tiny digital channel
modulator from NetMedia dis-
plays standard video and au-
dio from satellite receivers,
home video cameras and even compuiters)
on any TV screen. It’s suggested retail
price of US $225 brings closed-circuit TV
within reach of any home or business.

Contained within The Micro Modula-
tor MMOD70’s 3.4 x 2.2 x 0.9 inch case is
a builtin video sequencer for watching
multiple video sources on a single chan-
nel. There are even optional provisiens for
audioalertsand automatic channelswitch-
ing when triggered bysecuritysensorssuch
as motion detectors, door and window
contacts, and pressure mats.

The unit modulates video to UHF or
cable with digital controlled frequencies.
Internally generated test bars and audio
tones are useful for setting up the system
even with no external video source can-
nected. An internal video amplifier drives
long cables or multiple video splitters with-
out the need for additional amplification.
The unit can be powered by a eamera
power supply or by its own, which is in-
cluded.

Optional MS-DOS software and cable
for use in programming multiple units is
US $50. Information is available from
NetMedia at 1-520-544-4567.

AEA data controllers now

include GPS firmware
Advanced Electronic Applications

1996 AEA Catalog
-

(AEA) is now including Global Positioning
Systemn (GPS) firmware in its data control-
lers.

The new GPS firmware in the PK-
232MBX and PK-900data controllersauto-
matically detect on powerup whether or
not a GPS receiver is connected. If so, an
initializatton string is sent and the control-
ler is made ready for GPS work. Otherwise
the unit sets itself up for traditional packet
data work.

The biggest feature of these two units is
that the GPS eoammands can be remotely
programimed. That is, in stand-alone in-
stallations where the controller, GPS re-
ceiver, and radio are not connected to a

computer, such as when mounted in a
vehicle, GPS parameters can be changed
remotely. The units can also be remotely
polled for GPS data at any time.

Other features of the new GPS firm-
ware include setting the time and date
from a GPS receiver, remote program-
ming of the GPS receiver itself, and opera-
tion as a wide and relay digipeater. This
means that mobile packet users can trans-
mit and serve as a message forwarding
mailbox - all while mobile.

AEA has developed new technology in
its controllers for GPS packet usage. Digi-
tal users can now choose between units
with simultaneousorswitchable ports. Both
unitswork with AEA’sadapter cable which
allows a data controller and GPS receiver
to connect to a single computer commu-
nication port. This is especially important
when the computer is a laptop with only
one free port.

Upgrades are available through AEA.
Prices range from US $35.50 to US $100.50
depending on which unit you wish to
upgrade. For information call 1-800-432-
8773. 81
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Satellite & HF FAX for IBM/ Clones

Shown
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By Dr. T.S. Kelso

System Benchmarking

hroughout the development of this

column, we have been faced with two

inescapable conclusions:satellite track-
ing can be computationally intensive and
requires careful attention to ensure accurate
results. These conclusions are inescapable
regardless of whether you are developing
your own satellite tracking software or using
someonec else’s.

As a result of these conclusions, it be-
comes important at some point to consicder
the issue of benchmarks to assess certain
performance characteristics of any satellite
tracking system. As we shall see. benchmarks
can be used for avariety of purposes: evaluat-
ing the performance of a particular hardware
configuration, operating system, program-
ming language, or specific satcllite tracking
application. Which consideration—speed or
accuracy — is most important to vou will
depend upon your needs, but we will address
several approaches to assess each.

Which benchmark is best to use depends
heavily on the application. In the area of
satellite tracking, we would expect the hest
benchmarks to be floating-point intensive,
that is, to make heavy use of real calculations
as opposed to integer calculations. We would
also expect them to make heavy use of trigo-
nometric and other mathematical functions.
While we could use existing standard bench-
marks, the drawback to this approach is that
often it is not clear what the basis of the
benchmark calculation is and, hence. how
appropriate itis to assessing the performance
of a particular class of applications.

This column (and the next) will endcavor
to provide you with a suite of benchmarks
thatare not onlysimple but will alsoallowyou
1o assess performance across the spectrum of
operations. We will begin by developing aset
of benchmarks with known solutions. The
easiest of these is something known as the
Savage benchmark.

The Savage benchmark is a particularly
good benchmark for the fields of satellite
tracking and astronomy. The reason it is so
good is that it relies entirely on the repeated
use of mathematical functions which vield a
known (and easily calculable) numerical re-
sult. This benchmark is based on the use of
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matching inverse mathematical functions.
Sample code, written for Borland Pascal 7.0,
is provided in figure 1 below. Note that units
from the SGP4 Pascal Library have been
usedt to time the calculation.

The heart of the calculation consists of
taking the variable q, starting with a value of

FIGURE 1: Pascal Code for
the Savage Benchmark

Program Savage_Benchmark;
{$N+,E+}

Uses
CRT, Support, SGP_Time, SGP_Init;
type

test_type = extended;

var
i, 3 : word;
a : test_type;
start, stop, dt double;
timel, time2 time_set;

Function Tan(arg : test_type)
test_type;

begin

Tan := Sin(arg)/Cos(arg);

end; {(Function Tan}
BEGIN

Program_Initialize(‘'SAVAGE');
Get_Current_Time(timel);
{*** Begin main program loop ***}

for j := 0 to 9 do
begin
a = 1;
for i := 1 to 2499 do
a :=

tan(arctan(exp(ln(sqrt(a*a))))) + 1;
end; {(for j}
{*** End main program loop ***}
Get_Current_Time(time2) ;
{** Calculate elapsed time **}
with timel do
start := Julian_Date_of_Year(yr)
+ DOY (yr,mo, dy)
+
Fraction_of_Day(hr,mi, se,hu);
with time2 do
stop := Julian_Date_of_Year (yr)
+ DOY (yr,mo,dy)
+
Fraction_of_Day(hr,mi, se, hu);
dt := 86400* (stop - start);
{** Output elapsed time and result
ok
}
GotoXY (31,12);
Write(‘'Elapsed time ‘,dt:8:2,"
seconds’) ;
GotoXY(31,13);
Write('Answer is ‘',a:19:14);
Program_End;
END.

FIGURE 2: SGP4 Test
Program

Program SGP4_Test;
{$N+}
Uses CRT,SGP_Intf,
SGP_Init, SGP_Conv
SGP_Math,SGP_Time

SGP4SDP4;
var
satnumber, interval,i : integer;
delta, tsince, kl, k2 : double;
pos,vel : vector;
BEGIN
sat_data[l,1] := '1 88888U
80275.98708465 .00073094 13844-3 66816-4 0
8 °;
sat_data(1,2]) := ‘2 88888 72.8435 115.9689
0086731 52.6988 110.5714 16.05824518 105 °;
sat_data[2,1] := ‘1 11801y
80230.29629788 .01431103 00000-0 14311-1
sat_dataf2,2] := ‘2 11801 46.7916 230.4354
7318036 47.4722 10.4117 2.28537848
delta := 360;
for satnumber := 1 to 2 do
begin
Clrscr;
Writeln(sat_data[satnumber,1));
Writeln(sat_data[satnumber,2]};
Writeln;
Writeln( TSINCE X
I 2y ;
GotoXy(1,12);
Writeln(® XDOT
YDOT 2ZDOT’) ;
Convert_Satellite_Data({satnumber);
for interval := 0 to 4 do
begin
tsince := interval * delta;

if ideep = 0 then
begin
GotoXY(1,4);
Write('SGP4');
SGP4 (tsince, iflag,pos,vel);
end {if SGP4}
else
begin
GotoXY(1,4);
Write('SDP4');
SDP4 (tsince, iflag,pos,vel};
end; {else SDP4)
Convert_Sat_State(pos,vel);
GotoXY (1, 6+interval);
Writeln(tsince:16:8,pos[1) :17:8,pos (2] :17:8,pos (3] :17:8) ;
GotoXY¥(1l,l4+interval);
Writeln(®
,vel(1):17:8,vel({2]:17:8,vel(3]:17:8);
end; {for int}
repeat until keypressed;
end; {for satnumber}
END.
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one, and incrementing it by one 2,499 times
until a=2,500. To make things more interest-
ing, though, we evaluate « using aset of three
matchinginverse functions: squareand square
root, exponential and logarithm, and tan-

gent and arc tangent. The result of each pair

of matching inverse functions should be the
original value of a and the result of all the
calculations should equal exacty 2,500. Of
course, due to limitations of the hardware,
operatingsystem,and programming language
the result will not yield exactly the expected
result. How close we get to the approved

solution and how quickly we can calculate it

are the two dimensions of this benchmark.
Table 1 shows the results for a range of sys-
tems in current use for differing levels of
numerical precision.

The results are actually rather illuminat-
ing. Even the slowest machine beats the time
of a Cray X-MP/24 from a decade ago.” And
while the accuracy isn’t quite as high as with
the Cray, the adoption of standards for nu-
merical processing has resulted in consistent
results for standard data ypes. Finally, the use
of numeric coprocessors allows high preci-



TABLE 1: Salvage Benchmark Results for Current
Systems

Precision 386DX-33' 486DX2-66° P/90° P/133¢

Single Time  6.70s 1.21s 0.55s 0.38s

(4 bytes, 7-8 digits) Result  2476.51342773437500 Same Same Same . o e
Real Time  7.47s 1.43s 0615 038 | Simple because
(6 bmzs/ 1112 digits)  Result  2499.99997197091579  Same Same Same { we'reonlvlooking
Doul Time  6.81s 1.26s 0.55 0.38s | . . small piece of
(8 bytes/ 15-16 digits}  Result  2500.00000000117734  Same Same Same ¢ 3 I d
Extended Time  6.86s 1.275 0.55s 0.38s | thelargerpicture.
(10 bytes/ 19-20 digits)  Result  2500.00000000001267  2499.99999999999981 Same Same | [owever. as we

sion (certainly compared 1o the single-preci-
sion results) for verv litle additional time.

How might this benchmark be used? Well,
because of its simplicity—relving entirely on
number crunching—iican be used todemon-
strate anything from the 18-foldimprovement
in performance going from a 386DX-33 10 a
Pentium/ 133, 1o the difference in program-
ming languages (¢.g., Pascalvs. C), oreven the
differences between operating systems (e.g.,
Windows 95 w. Unix). The Savage bench-
mark is a straightforward way of assessing the
kind of computational speed and accuracy
required for satellite tracking precisely be-
cause it avoids measuring things like disk
throughput or video performance.

Let's put aside the issue of speed for a

moment and address the issue of accuracy. Of

course, we've heenassessing accuracy through-
out the historv of this column. Each time
we've presented the theory behind a particu-
lar aspect of satellite (racking, we've followed
up with a specific numerical example to en-
sure vou can implement the theory from start
to finish. These examples are usually fairly

FIGURE 3: SGP4 Benchmark
(SGP4-BM.PAS)

Program SGP4_Benchmark;
{$N+,E+}

Uses CRT, Support,
SGP_Init, SGP_1In,
SGP_Time, SGP_Math,
SGP_Conv, SGP4SDP4;

var
i,3 : word;
nr_sats word;
start,stop,
jtime,jt,dt : double;
timel,time2 ¢ time_set;
sat_pos,sat_vel : vector;

BEGIN
Program_Initialize('SGP4-BM’)
nr_sats := Input_Satellite_Data('BM.TLE’}
jtime :=
Julian_bDate_of_Epoch (93070.00000000)
dt := 1/1440;
Get_Current_Time(timel):
for i := 0 to 1439 do
begin
jt := jtime + i*dt;
for j 1 to nr_sats do
begin
Convert_Satellite_Data(j)
SGP(jt,sat_pos,sat_vel);
end; {(for j}
end; {for i}
Get_Current_Time(time2)
with timel do
start := Julian_Date_of_Year(yr)
DOY (yr, mo, dy)

+ Fraction_of_Day(hr,mi,se, hu);

with time2 do
stop := Julian_Date_of_Year(yr)
DOY (yr,mo, dy)

+ Fraction_of_Day(hr,mi,se, hu)
dt := 1440 (stop - start}):
GotoXY(31,12);
Write(((i+l)+j/dt):3:1,' SGP4/SDP4

calculations per minute'});
Program_End;
END.

pull these smaller
pieces together, it becomes increasingly im-
portant 1o be able toassess the accuracyof the
resulting complex procedures. We do this
through the use of standard 1est cases.

An example of a standard test case would
be 1o provide element sets for a particular
orbital model (e.g., NORAD wo-line cle-
ment sets for the SGP4 orbital model) and
the output from a known correct implemen-
tation of the orbital model. An example of
such test cases is included in the appendix of
Spacetrack Report Number 3.2 The sample test
casesin this reportinclude an element set for
one near-carth and one deep-space satellire
and the resulting SGP4 state vectors (ECI
position and velocity) at points overaspecific
time interval. These test cases can be used to
verify the proper implementa-

many SGP1 calculations per minute are com-
puted.

For the four ssstems we looked at carlier.
the results are compiled in table 2 below.,

It should be obvious that this benchmark is
bestsuited todetermining the number-<runch-
ing ability of any satellite tracking system since
thatisexactlywhat it tests. Interestinglvenough.

FIGURE 4: Satellites Used for
SGP4 Benchmark Test

LAGEOS GRO
LondSat 5 NOAA 12
GPS-0009 TOPEX
Mir LAGEOS Il
GOES 7 GPS BlI-16

though, we see the same 18fold improvement
between the 3861DX-33 and the Pentam /133
with SGPEBM as we did with the much simpler
Savage benchmark.

tion of the SGP4 (near-earth)
and SDP4 (deep-space) por-
tions of the current NORAD

TABLE 2: SGP4 Benchmark Results

Calculations per minute

386DX-33
9,285.3

486DX2-66
43,221 6

P/90
113,089 1

P/133
167,441 2

orbital imodel for a particular
satellite tracking application.

Forexample, we canverity the implemen-
tation of the SGP4 model used by TrakStarby
running the code in figure 2 with the data in
Spacetrack Report Number 3 (included it the
code).

The results show agreement at the meter-
level in position and millimeter/second-level
in velocity. Most of the disparity comes from
refinements 10 the constants used in the
model together with modifications to the
code since its initial release. Obviously, it is
important to have good current test cases 1o
use 1o verify vour software. Perhaps not so
obvious is the need to have a more diverse set
of orbital elements to test against. Such a set
would go further toward testing all aspects of
the complicated SGP1 model and provide
better confidence ina particular implemern-
tation.

Now that we have at least a basic means of’
assessing the overall accuracy of a particular
implememiation of an orbital model, let’s
return to the question of speed. Our ultimate
benchmark would be 10 run a standard set of
orbital elements—for satellites in various or-
bits—over a specific interval and count how
ntany state vectors can he computed per unit
time. That is exactly what SGP+BM does.
The code in figure 3 is run with the NORAD
two-line orbital elements for the satellites
listed in figure 1 to calculate the state vectors
for each satellite at one-minute inmervals for
the entire dav of 1993 March 11. By measur-
ing how long it takes to do these 14,100
calculations, we come up with afigure of how
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I you think we haven’t quite finished onr
discussion of satellite tracking benchmarks
vet,vou re absolutelyright. While we 've looked
at system benchmarks, we haven’t even ad-
dressed the need for benchmarking against
real-world data. Svstemn benchmairks can only
verify that our application is consistent with
existing models but cannot validate that the
application actually works. Nexi time we'll
look at some real-world data sets and see how
1o test an application against that data using
TrakStar as an example. We will also discuss
vartous types of real-world data which may be
used for this purpose, depending on yvour
requirements.

As alwavs, if vou have questions or com-
ments on this column, feel free to send me -
mail at tkelso@ afit.af.mil. tkelso@mind-
spring.com, oy write care of Satellite Times.
Uniit next time, keep looking up! 8y

"33 MH7 386DX rimning MS-DOS 6.20 with a
387 coprocessor.

266 MHZ A86DX2 running Windows 95 in MS-
DOS mode.

YOONH 2 Pentiuntrunning Windows 95 in MS-
DOS mode.

£ 133 MHZ Pentium runming Windows 95 in
MS-DOS inode.

"T.S. Kelso, “Astronomical Computing Bench-
marks,” Sky & Telescope, March 1986.

" Felix R, Hoots and Ronald [.. Roehrich,
Spacetrack Report No. 3: Models for Propagation of
NORAD Element Sets, December 1980,
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each. It then takes these signals and gives
you precise (to within 100 meters) coordi-

By Bill

Grove

bill@grove.net

Where In the World Am I?

ince theearly 1970s, the United States

government has been developing a

really nifty bit of technology. This
new technology, called GPS or Global Posi-
tioning System, has been use by the Depart-
ment of Defense (DoD) for quite some
time. Now that the system is lully opera-
tional, we have seen an explosion of civilian
applications tor GPS that allows you to spot
your place on the earth within a hundred
meters.

The NAVSTAR GPS (Navigation Satel-
lite Timing and Ranging Global Position-
ing System) was developed for defense
purposes, butis now beingusedby t h e
consumer and scientists alike.

The system is able to not
only track where vou are,
but also where the tec-
tonic plates of the
earth’s crust are.
This major ad-
vancement in
geodynamics
has al-
lowed sci-
entists to
makeinroadsin
earthquakes pre-
diction This technol-

tion Systems) has
devoted a page to
describing the GPS
systemand howthe
military and con-
sumerversionsdif-
fer. According to
ELIRIS, the con-
sumer-grade GPS
systems can pro-
vide positioningin-
formation to
within 100 meters
ofyouractual posi-
tion on earth, The
military P-coded
system provides
position informa-
tion to within

nates showing yowr location. The Global
Positioning Systein can also track the speed
that you are moving, as well as allowing vou
to follow waypoints to places you have been
or to places that you are going. The system
is quite ingenius and is ideal for not only
scientilicand militarv purposes. butalso for
the common fisherman or camper, who
Jjust wants to find their favorite fishing hole,
or not get lost in the woods.

GPS CONSTELLATION
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+/-5 meters.
According to the folks at
ELIRIS, the GPSsystem trian-
gulates your position by get-
tingsignals from multiple sat-
ellites and timing each signal,
tetlling just how far you are from

Don Bartlett offers some interesting in-
sight for those of you who are considering
buying a GPS for outdoor use. This infor-
mation is available at: http://
io.datasys.swri.edu/GPS.html. Bartlett of-
fershis advise on which models to buy, what
features to look for, and some basics on
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GPS.htm, the ELIRIS (Earth, Land
and Integrated Resources Informa-
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how 10 operate the GPS. Although the
information is a bit dated, you can pull
some good, reliable facts from his website.

For more detailed descriptions of what
GPS is and how it works, point your web
browser to: http://www.utexas.edu/
depts/grg/geraft/notes/gps/gps.html.
This site characterizes the precise differ-
ence in military and civilian systems, the
changes in the satellites, how the signals
operate, and many more technical aspects
of the Global Positioning System. For

those of vou just getting started in GPS,
Peter H. Dana also offers a GPS acronym
section as well as the current status of the
GPS constellation.

Paul Tarr’s page at: http://
www.inmet.com/~pwt/gps_gen.htm, lists
animmese amount of GPSinformation on
the Net. His web pages are broken down
into the areas of: introductory GPS mate-
rial, general information sites related 10
GPSand navigation, non-commercialsites,
commercial sites, related activities, and
GPS business inquires. Be sure to book-
mark this page, as vou will be returning to
it alt the time for GPS information.

Asecond massive store of GPS informa-
tion lies at: http://galaxy.einet.net/edi-
tors/john-beadles/introgps.htm. John T.
Beadlesis an inclustrial GPS user. His page
mirrors much of the same information as

il

GPS NAVIGATION  ——
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Paul Tarr, but offers many of his own
experiences and information as well.
His site is dedicaled to new users of
GPS , to help them get the most out
of this new tool of technology.
There is a fascinating history of
satellite navigation at: http://
galaxy.einet.net/editors/john-
beadles/sum_his.htm#1957. Thissite
is a link from Mr. Beadles page. It
covers space history from the launch
of Sputnik on October 4, 1957 to July
17, 1995, when NAVSTAR officially
announced that its system reached
full operational capability. It’s a won-
derful walk through space and time.
The Internet has vet again proven
to be an incredible resource for tech-
nological advances. From past satel-

lite launches to the most up-to-date space
images, we can watch our world from that
amazing little box called the computer. If
you have any suggestions or links for future
articles, please direct your comments to:
bill@grove.net. And remember - have fun
out there! Sy

Bill Grove is the manager of compuler services at
Grove Enterprises and administrator of
Grovel.ink (the Grove intenel system). Informa-
tion on Grovelink can be found on the home
pages of Grove Enterprises at: http://
www.grove.net.
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groundtrackson world
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stars, planets, Sun,
Moon. Space view of
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sky velocities, AOS time & pass duration. IBM &
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By Ken Reitz, KC4GQA

Tune into Ku-band Television

n the radio hobby, the AM

broadcast band has become

theforgotten band. Thanksto
it'slow fidelity characteristics, sus-
ceptibility to atmospheric noise,
and erratic night-time reception
qualities, AM has become the
home of talk radio, sports radio
and “all news, all the time” radio.
Not that we don’tallt listen to AM
at some time before we die, it’s
Justnotvervglamorouscompared
to say the FM broadcast band.

The same can be said of Ku-
band television. Twelve vearsago,
the Ku (11.7-12.7GHz) spectrum
was touted as the future of satel-
lite TV, vet it took ten years be-
fore it really caught on. And the
portion that caught on was the
DBS or direct broadcast satellite
portion of the band (12.2-12.7
GHz). DBS is not the same as C-band, but
it is a whole new breed of satellite TV. Stil}
the other Ku-band (11.7-12.2 GHz) is quite
active with a range of transmissions from
live news and sports feeds 10 regular net-
work programming. In a way it continues
to serve as the work-horse for satellites
feeds like the early C-band sysiems did
several years ago.

What Your Dealer Forgot to
Show You

Most satellite TV dealers have pushed
the C-hand viewing option for its obvious
entertaimmentvalue and, asa result, all the
activity on the Kurband (11.7-12.2 Gi1z) is
ignored. Indeed, the indusuv doesn’t even
provide statistics on Ku-band equipment
sales. The last 18 months saw an average of
over 40,000 C-band satellite systems sold
each month, yet few were configured for
Ku-band reception.

Probably the main reason for the over-
sight on the part of the dealers is that nost
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C-band dish on the left and Ku band dish on the right. Photo
courtesy of Ken Reitz.

customers are looking for entertainment,
a la cable TV fare and care little for the
backhaut feeds of news and sports events.
The second reason for this lack of
enthusiam of adding Ku is the increase in
the overall cost of the system. With prices
for TVRO systems hovering around the
US$1,500 to US$2,000 level, customers are
ready to start trimming costs wherever they
can.

In this month’s coiumn we will show
you how to add Ku-band 1o your existing
satellite TV system and where 10 go shop-
ping for some good prices for Ku-band
LNBs and feedhorns.

The Ku Universe

The Ku-band frequencies are in the 11
10 12Glizrange which makes them roughly
one fourth the wavelength of C-band fre-
quencies. This means that Ku-band feed
horns will be considerably smaller than C-
band. And, since, inany Ku-band satellites
operate at a higher power output than C-
band, the dishes can be considerably

smaller. Excellent video can be seen on a 3-
or 4foot diameter dish for Ku.

There are currently 23 Ku-band satel-
lites in our neck of the Clarke Belt.
Transponders for Ku-band are not stan-
dardized ltke C-band. Each Ku satellite has
a different frequency plan with as few as
four 1o as many as 32 transponders. The
bulk of the transponders are not operated
full time, but are used occassionally as
needed by news and sports broadcasting
organizations though there are some no-

table exceptions.

How To Receive Ku-
band Satellites

Ifyoualready have asatellite
TVsystemyou’re more than half-
way there. If not, you’ll need a
Ku compatible dishin the 4106
foot range. Virtually all TVRO
dishes made today are Ku com-
patible. The only time you’ll
worry about compatibility is
when you are buying a very old
dish second hand. Black mesh
dishes are usually the cheapest
and have secondaryvaluein that
they blend in with the back-
ground. Solid aluminum dishes
are hetter signal reflectors but
also reflect the intense heat of
the sunand can easily meltyour
coaxoranythingelse in the way!

Onceyou have thedish thenyou’ll need
a Ku band feed horn. The feed horn is the
round cup-like fixture which is set over the
center of the dish and on which the LNB
(Low Noise Block down converter) ampli-
fier is attached. If you intend 1o have a
stand-alone Ku system, you'll need a Ku
band feed horn. If vou are to add Ku to an
existing C-band system you'lt need a C/Ku
feed. This is one feed on which both the C-
and Ku-band LNBs are attached.

Regardless of whether or not you have
an existing system, you’ll need a Ku-band
LNB. This is the device which amplifies the
signal reflected in the dish. Typically, Ku-
band LNBs are rated in terms of decibels
(dB). The lower the dB rating, the lower
the noise temperature, and the better the
signal. A .9 dB Ku L.NB will have consider-
ably more noise than a .5 dB .NB. But you
needn’t get too excited about the differ-
ence. I'veused a 1.9dB LLNB with very good
results on a 4 foot dish. You’ll notice that
thereisa price to be paidforthe lower noise
temperature. Expect to pay an extra $50 to
$70 for the difference.



And, finally,you’ll need an extralength
of RG/6 coax cable to bring the signal into
the house and to your receiver. If you
recently installed your TVRO system you
probably have an extra length of RG/6 10
the dish whether or not Ku was initially
installed. This makes retro-fitting for Ku
that much easier on an existing installa-
tion.

Notes About Receivers

Most new integrated receiver decoders
(IRDs), which is what satellite TV receivers
are known as, have “F” connectors on the
back for (- and Ku-band cables.if you have
such asystem there islikely to be aswitchon
your infrared remote control which allows
you to switch between the C-and Ku-band.
Some older receivers require an outboard
C/Ku switch which must be manually
flipped when you want to watch one or the
other.

Many older receivers are not compat-
ible with Ku and cannot be used for Ku-
band reception and here’s why: For rea-
sons known only to the gremlins of satellite
television, and possibly old Art Clarke him-
self, Ku band signals are inverted in form
from their C-band counterparts. Some older
receivers have an “invert video” switch on
the back which, when enabled, allows the
receiver to process the Ku transmissions
correctly. Without that switch many older
receivers will show what appears to be a
scrammbled signal. The audio, however, will
be in the clear.

What You'll See

One reason | added Ku to my system
had to do with changes at PBS. Years ago
PBS carried four separate feeds on C-band
and I found that there was quite a bit of
programming that never made it to my
local station. When PBS moved to Telstar
401 they kept only one C-band channel
(PBS-X) and moved to T401 Ku. They use
some of these channels to transmit educa-
tional channels via the General Instrument
Digicipher system of video compression
(which are not receivable on normal satel-
lite receivers). Other channels remain in
analog format and are easily seen on a Ku
band receiver system.

Among the channels you’ll see on
Telstar401 are South Carolina Educational
TV (SCETV), PBS affiliate network pro-
gramming, Georgia Public TV (GPTV),
Peachstar (distance learning from Geor-
gia), Bloomberg Information Television,

ITN World News from England as well as
news feeds from ABC News.

Othersatellite have all kinds of intevest-
ing programming. The Ku side of Galaxy 4
has programming from Asiawith CTN (Chi-
nese Television Network) a 24 hour/day
service from Hong Kong as well as news
feeds from Fox News and CBS News.

SBS 6 often hasalarge number of sports
events. On one evening | saw four college
football games, five college basketball
games, two NHIL. hockey games and one
high school football state championshipall
being transmitted at the same time on SBS
6.

The Bottom Line

I know what you’re thinking: “Yes, wetl,
this is most ainusing, but just how much is
this going toset me back?” If you’re starting
from scratch and installing a completely
new C/Ku system you should add about
US$250 to the C-band system price tag. If
vouare thinking of putting togetherastand-
alone Ku system and can come up with a
nice used 4 or 6 foot dish, it’ll cost about
US$65 for a feed horn and another US$00
for an LNB. If vou can get a nice used
receiver for about US$50 or US$100 vou’ll
have a nice complete Ku system for about
the price of a C-band upgrade.

Before you buy, do a little shopping
around. First, call your local satcllite deal-
ersand find out what they’ve got. Ask about
used equipment. Take notes about which
dealer has which products. Ifyou wanttogo
forthe new equipment,compare yourtocal
dealers’ prices with the mail order finns’.
Don’tforget toadd the cost of shipping and
handling which will inevitably be added to
vour bill and may make the local dealer
cheaper.

Doing a Ku-band retro-fit is very easy
and there’s no need for the extra expense
of having a dealer doit foryou. Just remem-
ber, when you're hooking up the LNBs,
unplug your receiver as there is voltage on
the coax to power the LLNB and you could
risk shorting out the receiver or LNB.

For product information on Ku equip-
ment call: Skyvision 800-543-3025; Naine
Brands Only 800-604-2222; and Shop-At-
Home 800-927-6468.

And The Down Side...

Ku band activity is not cable oriented. If
it’s HBO you’re looking for then you need
a DSS or GChand system. Ku-band is ori-
ented towards sports and news feeds and
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individual station uplinks. Additionally, if
youare interested in ethnic programming,
Ku has quite a few channels to offer. There
are a few audio subcarners, but nothing
like the proliferation of sound on C band.
A complete list all of the video and audio
sernvices on Ku-band can found found in the
SSG section in this issue of Satellite Times.

Another peculiarity about Ku band sat-
ellites is that many of the transponders are
“spot beamed.” That means that their
power output is concentrated on a particu-
lar geographic area and not the entire
Continental US (CONUS) beam typically
found on C-band downlinks. Therefore,
it’s very difficult for those south of Canada
to watch Ku programming on the Anik
satellites.

And, finally, many Ku satellites use a
half-transponder scheme which requires a
receiver to tune off the factory preset chan-
nel center. These are not overwhelming
problems, but merely “the nature of the
beast” when vou are talking about Ku-band
(ransmissions,

Mail Bag

Muanyofour STreadersare interested in
receiving foreign television from their
homeland. Among them are Dr. Jan
Leszczynski of New Haven, West Virginia,
who would like to receive Polish Television,
and Vaclav Pesek of Rochester, Michigan,
who would tlike to receive Deutche Welle
from Germany.

The bad news is that TV Poloniaisnot to
be found on any of our domestic arc satel-
lites, tryas I might to find it. The good news
is that Deutche Welle’s 24 hour/day trans-
missions are readily available on Satcom C4
at 135 degrees west. Itis not scrambled and
there are three audio subcarriers on that
channel including Radio Deutche Welle ‘s
Foreign Language Senvice.

Robert Barbutas WA9LWC of Dolton,
IL is trying to find radio telegraphy signals
onsatellite such as AP or UPI wire services.

Years ago AP and UPI wireservices were
available on C-band satellite and even
though those services are still delivered via
satellite, they are encrypted using propri-
etary software systems and unavailable to
the general public. Sy

If you have a question for Kousin Ken, you can write
himarST Beginner's Column, P.O. Box 98, Brasstown,
NC 28902 or e-mail your questions to s1@grove.net.
Be sure to mark those e-mail questions for The
Beginner's Column.
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GOES 9 is finally in operational status at 135° West longi-
mde transmiting both GVAR and WEFAX imagery. GOES 9
has replaced GOES 7 which has been commanded off. GOES
9is transmitting WEFAX imagery at 1691.0 M1z The imagery
isexcellentand WEFAX iinage products are being transinitted
based on the following schedule.

Use this schedule to determine which images are transmit-
TIME  PRODUCT 0542 POLAR DIR SH 0BOW-170W W04}
0000 HOODOZ IR NW PS GMS 0554 GOES-9 0300Z NH IR
0005 1 000OZ VS NW PS GHS 0600 HOBOOZ R NW PS GS
0010 ADDOOZIR MW GHS 0605 F0B0DZVS NW S GMS
0015 B OOOOZIR NE GHS 0610 ADBOOZ IR W GNS
0020 CODOOL IR SW GHS 0615 BOSOOZIR NE GHS
0025 DOOOOZIR SEGMS 0620 COBOGZ IR SWGMS
0030 GOES9 2300ZNH IR 0625 D 0600 IR SE GHS
0035 GOES9 2300ZNH VS 0630 D2 06307 IR METEOSAT
(040 WAB4 PG-WDS & TEWP FLSO 0634 (0206301 VS METEOSAT
0045 W4gh 46HR 1000 STM/ISOTACHS 0638 (03 06307 VS METEOSAT
00S0 W87 4BHR 1000 STM/ISOTACHS 0642 (3D 06301 VS METEOSAT
005 W82 SIG WX PROG 400-70MB 0702 GOES.9 0600Z NH IR
0100 WAB3 SIG WX PROG 400.70M8 0706 GOES-9 0600Z NW IR
0105 W273PG-WOS & TEMP FLIOO 0710 GOES-9 0600Z SWIR
0110 WA73PG-WDS & TEMP FLSD 0705 W301 ANAL 1000 STW/WDS
0118 GOES9 000OZ NH R 0720 W302 ANAL 1000 STW/WDS
0122 GOES-9 0000Z W IR 0725 W303 ANAL 1000 SThH/WDS
012 GOES-90000Z SWiR 0730 W304 ANAL 1000 STW/WDS
0130 GOES-9 0000Z NEIR 0735 W30S ANAL 1000 STW/WDS
0134 GOES-900002SER 0740 W306 ANAL 1000 STW/WDS
0138 GOES-90000ZFDIR 0745 W307 ANAL 1000 STW/WDS
0142 GOES-9 0900Z NH VIS 0750 W08 ANAL 1000 STW/WDS
0146 GOES90000ZUS IR 0755 W309 PG-WDS & TEMP FL340
0150 GOES 9 0000Z NH Wy 0800 GOES-9 0700ZNH IR
0154 GOES9 00007 NW Wy 0805 W3I1 PG-WOS & TEMP FL240
0158 GOES-9 0000 SW WY 0BI0 W10 PG-WDS & TEMP FL240
0202 GOES-9 01007 NH IR 0818 GOES-9 0600Z NEIR
0206 GOES-9 0000Z NE WV 0822 GOES.9 06002 SE IR
0210 GOES9 0000Z SE WY 0826 GOES-9 0S00ZFD IR
0214 POLAR DIR NH O10E 0BOW W28 0830 GOES-9 0600L US IR
0218 POLAR DIR SH O10E-080W w029 0850 POLAR DIR MER 100W-170W w042
(222 POLAR DIR MER O10E-0E0W W030 0854 GOES-9 0800Z NH IR
0226 POLAR VIS MER 040W-110W W031 0900 HO900Z IR NW PS GHS
0230 POLAR NIR MER 140E-070F W032 0905 10900Z VS KW PS GMS
040 ICECHART 0910 ADYOOZ IR NW GMS
045 KCECHART 0915 BOYOOL IR NEGHS
0250 ICECHART 0920 CO900L IR SW GMS
0255 ICECHART 0925 D 0900Z R SEGHS
0300 HO300L IR NW PS GHS 0930 POLAR DIR NDRTH POLE W043
0305 10300ZVS NW PS GMS 0934 POLAR DIR SOUTH POLE W04
0310 AQ300Z IR NW GHS 0956 GOES-9 090QZNH iR
0315 803007 IR NE GHS 1002 GOES9 09007 NW R
0320 CO300ZIR SW GHS 1006 GDES-9 0900 SWIR
0325 DO300Z IR SEGMS 1010 GOES 0900 NE IR
0330 GOES-9 02002 NH IR 1014 GDES-9 0900ZSEIR
0334 POLAR DIR MER D40W-110E W033 1008 GOES.9 0900ZFD R
0338 POLAR VIS NH DBOW-170W Wo34 022 GOES9 09002 US IR
0342 POLAR VIS SH OBOW-170W W035 1030 W24 PG-WDS & TEMP FLI0O
0402 GOES-9 0300Z NH IR 1035 W21SPGWDS & TEMP LSO
0406 GOES-9 0300Z NW IR 1040 W216 PG WOS& TEMP FLS0
0410 GOES-9 0300Z SWIR 1045 W217 PGWDS & TEMP FL340
0414 GOES-9 0300Z NE IR 1050 W218 PG WDS & TEMP FL340
0418 GOES-9.0300Z SEIR 1055 W219 PG WDS & TEMP FL340
0422 GOES-90300ZFDIR 10O GOES-9 10002 NH IR
0426 GOES-9 03002 US IR 1105 WA20 PG WDS & TEMP FL240
430 D204307 R METEOSAT 1110 W21 PG WDS & TEMP FL240
0434 DI 04307 R METEOSAT 1115 W421 PG WDS & TEMP FL1B0
0438 D304301 IR METEOSAT 1120 W222 PGWDS & TEMP FLIBO
0442 b 04307 MOIST METEOSAT 1135 W422 PG WDS & TEMP FL10
046 E7 04307 MOIST METECSAT 1130 W223 PG WDS & TEMP FLIOO
0450 B 04302 MOIST METEOSAT 1135 W423 PG WDS & TEMP FLS0
454 E9 04307 MOIST METEOSAT 1140 WA30 24HR 1000 STM/ISOTACHS
0458 GOES-9 0400Z NH IR 1145 WA31 24HR 1000 ST/ISOTACHS
0522 POLAR NIR NH 0BOE O10E W36 1150 WA32 PGWDS & TEMP FLSD
0526 POLAR NIR SH 0BOE-010€ W037 1155 W440 51 WX 400-70M8
0530 POLAR VIS MER 100W-170W W038 1200 GOESY 1100ZNH R
0534 POLAR NIR MER 030E-010E WO39 1205 ) 12002 IR NW PS GHS
0538 POLAR DIR NH 0BOW-170W WO40

GOES 9 On Station at 1352 West

By Jeff Wallach, PhD, Dallas Remote Imaging Group

ted at specific times — most WEFAX reception programs have
ascheduler that can be setup for automatic reception of specific
images, and then provide an animation of the day’s weather.

This schedule and that for GOES 8 mav be obtained on the
DRIG FTP site at: ftp.drig.com/pub/wefax/wefaxscd.txt or
telnet to the bbs at bbs.drig.com.

West WEFAX GOES-9 Schedule as of January 18, 1996 (All time are UTC)

1210 A1200Z IR KW GMS 1815 81B00ZIRGHS

1215 812007 IR NE GMS 1620 C1800Z IR GMS

1220 C1200 R SW GMS 1825 D 1B0OZ IR GMS

1225 D 1200Z IR SE GMS 1830 GOES-9 1700Z NH IR

1230 POLAR VIS NH 170W-100E w00t 1835 GOES-9 17007 NH VS

1234 POLAR VIS SH 170W-100E w002 1840 W358 ANAL 1000 STM/WDS
1238 POLARNIR NH OFOE-080W w003 1845 W359 PG WDS & TEMP FL340
1242 POLAR NIR SH O10E-080W WOO4 1850 W360 PG WDS & TEMP FL340
1246 POLAR VIS MER 170W-120E W005 1855 W36] PG WDS & TEMP FL340
1250 POLAR NIR MER 020E-0S0W W006 1902 GOES-9 1800Z NH IR

1302 GOES-9 12002 NH IR 1906 GOES-9 1800 NW IR

1306 GOES-9 1200Z NW IR 1910 GOES-9 1800ZSW IR

1310 GOES-9 12002 SW IR 1914 GOES-9 1800Z NEIR

1314 GOES-9 12002 NEIR 1918 GOES-9 18002 SER

1322 GOES-9 12007 SER 1922 GOES-9 1800Z FD IR

132 GOES9 12001 FD IR 1926 GOES-91800Z US IR

1330 GOES-9 12002 US R 1930 GOES-9 1800 NH VS

1334 GOES-9 12001 NH wv 1934 GOES-9 1800Z NW VS

1338 GOES-9 12002 NW WV 1938 GOES9 18002 SW VS

1342 GOESY 12002 SW WV 1942 GOES-9 1800Z NEVS

1346 GOES-9 12001 NE WV 1946 GOES-9 1800Z SEVS

1350 GOES-9 12002 SE WV 2002 GOES-9 1900Z NH IR

1402 GOES-9 1300Z KH IR 2006 GOES-9 19002 NHVS

1410 TBUS NOAA 2010 POLAR VIS NH 100E 010E w013
1415 TBUS NOAA-10 2014 POLARVISSH 100E-010E w014
1420 TBUS NOAA 1 2008 POLAR NIR NH 080W 170W WO1S
1425 T8US NOAA 12 2022 POLAR KIR SH 080W-170W WO16
1430 SCHEDULE FILE PART-} 202 POLAR VIS MER 070E-000E W0}7
1434 SCHEDULE FILE PART-2 2030 POLAR NIR MER 100W-170W w018
1438 WEFAX MESSAGE FILE 2034 POLAR DIR NH 100E 010E w019
1442 POLAR DIR NH }70W-100E w007 2038 POLAR DiR SH 100E 010E W020
1446 POLAR DIR SH 170W-100E W008 2042 POLAR DIR MER 070 DOOE W021
1450 POLAR DIR MER 170W-120E w009 2046 POLAR VISNH 010E-080W w022
1454 GOES 9 1400Z NH IR 2050 POLAR VIS SH 010E-080W W023
1500 H1500Z IR NW PS GMS 2054 POLAR NIR NH 170W-100E w024
1505 1 1500ZVS NW PS GMS 2100 H 21007 IR NW PS GMS

1510 A1500Z NW IR GMS 2105 121002 VS NW PS GMS

1515 B 1S00Z NE IR GMS 210 A2100ZIR KW GMS

1520 C1500Z SW IR GMS 2115 82100Z IR NEGMS

1525 D 1500Z SEIR GMS 202 (21007 IR SW GMS

1530 POLAR VIS MER 130E-060E WO10 225 021002 IR SEGMS

1534 POLAR NIR MER 040W-110W W03 1 2130 GDES-9 20001 NH IR

1538 POLAR DIR MER 1 30E-060F w012 2134 GOES-9 2000Z NH VS

1602 GOES9 1500 NH IR 2150 POLAR NIR SH 170W-100E W025
1606 GOES-9 1500Z NW IR 2154 POLAR DIR NH 010E-080W w026
1610 GOES 9 1500 SW IR 258 POLAR DIR SH 010E-080W W027
1614 GOES9 1500 NE IR 2205 W268 PG-WDS & TEMP FL34O
1618 GOES-9 1500Z SEIR 210 W269 PG-WDS & TEMP FL340
1622 GOES-9 1500Z FD IR 2215 W270 PG WDS & TEMP FL240
1626 GOES-9 15001 US IR 2220 WAT0 PG WDS & TEMP FL240
1634 GOES-9 1500 NH VS 2225 W271 PG WDS & TEMP FL240
1638 GOES-9 1500Z NW VS 2230 W471PGWOS & TEMP FLIBO
1642 GOES-9 1500 SWVS 2235 W272 PG WDS & TEMP FLIBO
1646 GOFS9 1S00Z NEVS 240 WAT4 PG WDS & TEMP FL100
1650 GOES-9 1500 SEVS 2046 GOES-9 2100ZNH R

1702 GOES-9 1600Z NH IR 2250 GOES 921002 NW R

1706 GOES-9 16002 NH VS 2254 GOES-9 21002 SWIR

1715 W263 SIG WX 400-70M8 258 GOES-9 2100Z NE IR

1720 W43 SIG WX 400 70M8 2302 GOES-9 22001 NH IR

1730 W3IS0 ANAL 1000 STM/WOS 2306 GOES9 21002 SEIR

1735 W35] ANAL 1000 STM/WDS 2310 GDES9 2100Z FD 1R

1740 W352 ANAL 1000 STM/WDS 2314 GOES-9 21002 US IR

1745 W353 ANAL 1000 STM/WDS 2318 GOES-9 2100Z NH VS

1750 W3S4 ANAL 1000 STM/WDS 222 GOES-9 2100Z NW VS

1755 W355 ANAL 1000 STW/WDS 2326 GOES9 21002 SWVS

1800 H1800Z IR NW PS GMS 2330 GOES-9 2100 NEVS

1805 J 1800 VS NW PS GMS 334 GOES-9 21002 SEVS

1810 A1800Z IR GMS 2338 GOES-9 2200ZNH VS
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It's New, it’s Fun, It'’s Groundbreaking . . .
Webgo o 2.

(- [sy

2 78 REP

You won't have to pay a dime to use this transceiver—Grove's new
interactive WebCont®radic. You will see it when you arrive at the World
Wide Web site of Grove Enterprises. And what could be more natural for
our clients who are already familiar with pushing buttons on sophisticated
communications equipment?

Want to talk to us? Jdust click your mouse anywhere on the mike for a link
to our e-mail addresses. Want to view (and order from) our on-line
catalog of great shortwave and scanner products and accessories? Just
tap the CAT button.

Of course, you may want to check on late-breaking news from
Monitoring Times or Sateffite Times magazines, which you can do in a
flash. Then there are buttons 1or Bob's Bargain Bin (BBB), the Grove
Special (SPCL), About Grove (? & ?), Repairs (REP), the Grove
Communications Expo in Atlanta (EXPQO), and our Local Internet
Services (LCL).

The WebCom® has an animated LCD-type display that delivers a muilti-
part message, guiding you to the best deals that we have to offer. We
even have included a SEEK button that takes you to a random page on
the Grove web site.

Hmmm-—perhaps we ought to put this thing in a metal case and sell it?
But no, it's just another service to our customers as we attempt to
strengthen our reputation as the most interactive company in the hobby
radio business. Just push our buttons and you will see what we mean!

Our web site is full of products and
e information for the radio enthusiast. Visit
N G'rove Enierprlses I “C our new Satelfite Times and Monitoring
_ ’ ¢ Times pages for late-breaking news,
4 7540 Hwy. 64 W.  Brasstown, N.C. 28902 subscription information and some of our
> 1-800-438-8155 (US and Canada) » 704-837-9200 movre popular columns and departments!
Fax 704-837-2216

Mazch/April 1996 SATELLITE TIMES 87



i OATELLITE /ECHNICAL / ORUM

By Larry Van Horn, NSFPW

Phase 3D Construction Update

ork on amateur vadio’s newest
satellite continues at the Phase
3D imtegration facilin in Or-
lando, Fla. Phase 3D is currently scheduled
to ride aboard the sccond Ariane b rocket
test Hlight now scheduled for later this vear.

AMSAT stll needs funds to help launch
Phase 3D. Ifvouare imterested in the future
of amatern radio in space, you might con-
sider douating to the AMSAT-NA Phase 3D
launch tund. You can send vour donations
10 AMSAT, P.O. Box 27 Washington, D.C.,
orcall 301-589-6062. Your supportis deeply
appreciated.

I'he pictures on these two pages show
some of the work that has been done in
Orlando, Florida, and Ogden, Utah, by the
assembly and integration team working on
this wmbitious project. Photos are courtesy
of AMSAT-NA, Keith Bakei-kBISF, and
Dick Jansson-WDHEFAB.
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Dick Daniels, W4PUJ (L) discusses
placement and operation of the Phase 3-D
Propellant Flow Assembly with Lou
McFadin, W5DID, Phase 3-D Integration
Manager (R). Portions of the installed power
and IF wiring harnesses are also visible in
the spacecraft. The curved shaped pipe in
the structure near the top of the photo is
one of the 6 Nutation Dampers that,
together with Phase 3-D's torquing coils
and momentum wheels, will control P3-D's
altitude while in orbit.

Mike Garrity, N4OAC installs the
mounting bracket for Phase 3-D's arc-
jet positioning motor into the bottom of
the spacecraft structure.

¢



A close-up view of Phase 30’s flight model Propellant Flow Assembly
(PFA). Valves and piping on the left side of the unit will be used to
fuel the spacecraft’s hypergolic propellant tanks on the ground prior
to launch as well as conirol the flow of propellants to Phase 3D’s 400
Newton kick motor while in orbil. Likewise, valves and piping located
on the right side of the PFA will be used to fill the spacecraft’s
ammonia tanks and latet, will control the flow of ammonia to the
satellite’s arc-jet positioning motor.

Student project co-leaders Gene Hansen (left) and Richard
Wanderford (right) inspect the completed flight model Phase 3D SBS
in the P3D lab at Ogden, Utah. The SBS will be used to carry the
spacecraft into orbit aboard its Ariane 5 launch vehicle.

Jaim Parsons, Weber State University, poses with the
Phase 3D Mass Mockup Unit (MMU) outside the P3D
laboratory in Ogden, Utah. Made from over 495 kg (1.100
Ibs) of concrete and steel, this ungainly apparatus
simulates the exact weight and balance characteristics of
a fully contigured Phase 3D spacecraft. During recent
tests, also done at Weber State, the MMU was successfully
used to verify that the Phase 3D spacecraft should
separate “cleanly* from its Specific Bearing Structure
(SBS) carrying structore during launch.

Ralph Butler,
project manager for
construction of
P3D’s SBS, poses

18" i
with the completed HefW 3v Sé’%'aé'?é'?éhe'?)
flight unit at Weber Brass Survey

State University. Benchmark

One of three Use as a paperweight

separation *your reading
mountings that will or moun! outdoors. Makes or mine.
secure the a great gift! Send address of
spacecraft inside location to be marked and check ar M.0O. to:
the SBS duri ] : . ,
p Akl f i 4 Y Geographic Locations Int'
visible directly 9 1513 26th Avenue NE
s underneath Raiph’s i Minneapolis, MN 55418
left hand.
o Fwﬁ'?eg_sag‘d%% 1-800-GEO-SITU™
sales lax geositu@aol.com
Allow 3-4 weeks http:/awww.yahoo.com
for deivery. SEARCH WORD: GEOQgifts
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By Philip Chien, Earth News

Precision Signals from Space
— The GPS satellites

hatage old question has been asked

by mankind for generations. Since

the early days when man firstwalked
the Earth, he has always looked toward the
stars with wonder and amazement, and he
hasalwayswanted to knowwere
on Earth he was. With the
launch of the U.S. Air Force
Global Positioning System
(GPS) satellites, mankind now
uses space to answer that age
old question of “Were on the
Earth am I?”

What is the GPS
satellite system?

The $10 billion Global Po-
sitioning System includes 21
satellites and three spares in
20,180 km. (10,900 nautical
mile) circularorbitsandadedi-
cated ground control centerat
Falcon Air Force Base, Colo-
rado (See Satellite Times Sep-
tember/October 1995, page
10, The Guardians of the High
Frontier by Larry Van Horn).

The first Block IGPS space-
craft was launched on Febru-
ary 22, 1978 on an Atlas H
launch vehicle from
Vandenberg Air Force Base in
California. It was in service for
seven years bhefore it was re-
tired. Alltogethereleven Block
[GPSspacecraftwerelaunched
from 1978 through 1985, al-
thoughonewaslostinalaunch
failure. The Block I 10 space-
craft is still active — eleven
yearsafteritslaunch. The Block
I spacecratft, built by Rockwell
International, have five vear
plannedlifetimesand use three
Rubidium and one Cesium

photo)
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atomic clocks for their time standards. At
launch they weigh 525 kg (1,157 Ibs.)
Rockwell International also built the
1,667 kg. (3,675 Ib.) Block Il and Block I1A
GP’S satellites. A total of 24 Block II space-

Delta GPS-25, Navstar II-12 installation of the fairing at
complex 17B at Cape Canaveral Air Station. (U.S. Air Force

craft were ordered, 24 to fill an entire
constellation and four spares. They have
an planned lifetime of 7.5 years and in-
clude two Rubidiumand two Cesium atomic
clocks.

Originally the Block II spacecraft were
supposed to be launched from the shuttle,
starting in 1987. After the Challenger acci-
dent the decision was made to launch the
GPS satellites with the Delta II launch ve-
hicles. The first second generation satellite
was launched on February 14, 1989 on a
Delta 6925 launch vehicle. The first Block
IIA spacecraft, the tenth of the Block II
series, waslaunched on November 26, 1990
with a Delta 7925 launch vehicle. The 7925
Delta features more powerful graphite
cased solid boosters and a more efficient
first stage main engine optimized for high
altitude operation. From apeak ofa launch
every couple of months, the GPS
launch rate went down tojust one per
year as all of the slots in the constella-
tion were filled. On March 10, 1994,
Block I1-24 was launched, with the
GPSconstellation finallyreaching full
operational capability.

Since all of the launches were
successful and there were no prema-
ture spacecraft failures, four spares
remained to replace spacecraftas they
reached the end of their operating
lives. As ST goes to press, Block 11-25 is
scheduled for launch on March 27,
1996, and the other three spacecraft
will be launched as required. It’s an-
ticipated that most of the remaining
Block IIA satellites will be launched
before the end of 1996.

The first of the Block IIR space-
craft is in its final preparations for
launch. The Block IIR are built by
Lockheed Martin Astrospace. They
have ananticipated lifetime of 10years
and will weigh 2032 kg (4480 Ibs.) at
launch. The Block IIR spacecraft will
continue to use the Delta 7925 launch
vehicle. All together 21 spacecraftare
being builtin the series, which should
take GPS program through the year
2006.

Besides the GPSsatellite’s primary
function as a navigation spacecraft
they’re also used to monitor interna-
tional nuclear test ban treaties. The
first U.S. nuclear detectors were the
Vela (Spanish for “Watchman”) space-
craft which were placed in extremely
high orbits. One of the Velas detected
something which may have been a
clandestine South African nuclear test,



Above; Artist rendition of the
GPS-11R spacecraft in ordit.
(Lockheed Martin Astrospace

photo)

Right: A Delta il launch vehicle
sits poised on complex 17A at
Cape Canaveral Air Force
Station, Florida, ready to carry
the 24th Navstar GPS satellite
into orbit. (U.S. Air Force
photo)

rarnc @ 8

0

however, it was determined to be almost
certainly some unusual anomaly — like a
hitbya micrometeoroid. The Defense Sup-
port Program (DSP) spacecraftalsoinclude
nuclear detectors that watch for nuclear
blasts from their geosynchronous vantage
point.

But the largest number of nuclear de-
tectorsare aboard the GPSspacecraft. With
24 spacecraft covering literally the entire
world everysingle nuclearexplosion can be
detected from space. Any country which
chooses to violate the various nuclear test
ban treaties, or any terrorist organization
which intends to test its own homebrew
nuclear device would be quickly caught in
the act.

The GPSsatellites, also know as Navstar
satellites, must be precisely tracked to keep
the system accurate. Several world-wide ra-
dar stations track the sat-
ellites and send that data
to the GPS control center.
Mainframe computers cal-
culate the orbits for each
satellite and decide if
they've drifted beyond al-
lowable margins. Ifa satel-
lite drifts out of place a
small thruster on the sat-
ellite can be used to put
the satellite back in posi-
tion. If the satellite’s
atomic clocks drift, cria-
cal circuitry fails, or if it
runs out of fuel, it’s shut
off and retired. The sys-
tem is extremely labor in-
tensive and requires an
armyof personnel tomain-
tain the constellation. One
of the key features of the
Block IIR spacecraftis the
capability to operate for
aslongassix months with-
out any updates to its
ephemeris.

The Block IIR spacecraft
will take GPSin to the next
century,butAirForceand
industry officials are look-
ing even further in to the
future. Already prelimi-
nary designs and specifi-
cations exist for the GPS
Block Il spacecraft, which
will eventuallybecome the
world’s source for high
precision navigation sig-
nals from space. 1
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ST's Space Interest Groups list those local, national and worldwide

groups you can join that promote space, astronomy, and space activities.

Groups are selected for inclusion in this column by the staff of Satellite
Times and run as editorial space permits.

Space Group Profile: National Space Society

The National Space Society (NSS) is an
educational nonprofit 501(c)3, member-
ship organization dedicated to the creation
of a spacefaring civilization. NSS has more
than 25,000 members and 75 chapters
across the United States and throughout
the world.

The following are highlights of the
Society's activities and programs:

Ad Astra “to the stars” magazine is the
primary membership benefit and the official
publication of NSS. This non-technical, bi-
monthly magazine reports to the general
public on a broad range of space-related
topics, including domestic and international
space policy and programs, commercializa-
tion, colonization, transportation, extrater-
restrial resources, planetary science,
education, and space advocacy.

NSS Chapters are sponsors of regional
meetings, educational symposia, and the
annual International Space Development

include a special speaker track featuring
astronauts and space visionaries, a space
collectibies show, an exhibits hall, and a
space art show. Space Expo is
included in the full ISDC registration
price.

For more information about ISDC’96
send e-mail to the following:

Speaker/program inquiries

Greg Zsidisin, ISDC'96 Chair, SFS/NYC
President
71055.2110@compuserve.com

Registration inquiries

Linda DeLaurentis, SFS/NYC Secretary,
Past President
74651.615@compuserve.com

General inquiries on the Space Frontier
Society of NYC:

Conference. These grassroots organizations

are located in more than 75 cities in the U.S. and around the world. They
serve as local organizers for space education and political activism, and
frequently provide speakers and demonstrations for schools, civic
organizations, and other forums on the merits of space science,
exploration and education. Each year, a local chapter serves as host the
annual International Space Development Conference (ISDC).

National Educational Activities include partnerships with National
Science Teachers Association, American Institute of Aeronautics and
Astronautics, Challenger Center, Young Astronauts, Spaceweek National
Headquarters, Boy Scouts of America, Girl Scouts USA, and others.

On-going projects with these organizations include model rocket
launches, teacher training workshops, student seminars. simulated space
missions, public technology demonstrations, and scouting merit badge
sponsorship.

The International Space Development Conference is the Society's
annual meeting. More than 750 space activists convene to attend lectures,
deliver papers, and plan strategies for developing Space.

The National Space Society's 15th
Annual International Space Development

nssnyc@aol.com

ISDC Public Support for Space is a major goal of the Society. NSS
leaders and members are frequently cited in newspaper articles and
editorials and often appear on radio and television news and talk
shows.The goal is to raise the attentiveness of the public, and especially
the space-interested public, in the space-related activities of government,
industry, and academia.

Public Policy Education is provided to our members via a network of
telephone, electronic on-line services, newsletters, and direct mail.
Member benefits also include private shuttle launch tours, a computer
bulletin board service and a recorded telephone hotline.

NSS leadership is provided by an all-volunteer board of directors who
govern the Society; Boards of Governors and Advisors provide additional
expertise and visibility. Education, publication, technical and policy
committees offer guidance.

Membership in the NSS is $20 Student/Senior Citizen (Student is 21
oryounger), $35 Individual Member, and $50 for a Contributor Member

For more information on the National
Space Society contact the NSS offices on

Conference (ISDC'96) will be held at the
Grand Hyatt New York, 42nd St. and Park
Ave., New York City, NY from Thursday.,
May 23 to Monday., May 27, 1996
(Memorial Day Weekend). It will be
hosted by the Space Frontier Society of
New York City

The International Space Development

Capitol Hill at 922 Pennsylvania Ave., SE,
Washington, DC 20003.

(202) 543-1900 voice

(202) 546-4189 fax

(214) 733-4080 direct-dial BBS

E-mail nsshg@nss.org

Web site: http://www.global.org/bfreed/

Conference is five days of spaceflight
panels, workshops, exhibits, and more —
all open to the public. At this multi-track space conferenca, you'll rub
elbows with hundreds of astronauts, visionaries, entrepreneurs, activists,
and educators.

A separate but paraliel event, the 1996 New York Space Expo will

nss/nss-home.html

Satellite Times is a proud sponsor of the National Space Society’s 15th
Annual International Space Development Conference (ISDC'96).
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d It Has SONY Written All Over It.

The new Sony Digital Satellite System rises head and DSSO1 Dual LNB* w/ UHF Remote (SAS-AD1) Pkg. .................. SCall
shouldeﬁrs abave competing systems, offering technological 05503 Sing|e LNB w/ Infrared Remote (SAS-BSI) Pkg $Call
innovations that make it easier and faster to set up and use—at a B
price you can afford! DSS05 Add-on Revr. (SAT-B1) w/ Infrared Remote .................... SCall

Now available directly from Grove, the package includes an
18" diameter dish that mounts almost anywhere. Inside your
home, the Sony brand DSS receiver processes the incoming ACCESSORIES
digital signals from service providers like USSB® and

DirecTV®—and helps you select stations with on-screen D5A02 Dlplexer (EAC-DDT) $Call
navigation menus that are fast and easy to understand. You can DSAO1 Installation Kit (ANS-DST) SCall
even switch from satellite to your over-the-air broadcast antenna DSAO3 UHF Remote Control (RM-4130) SCall
for access to local channels.

Best of all, you can hook up easily to your TV, home stereo, *Dish supports two receivers. Additional receiver not included.

or home theater system using installation aids that no competi-
tor offers. Some of the Sony's advantages
over other DSS systems include:

GROVE ENTERPRISES, INC.
1-800-438-8155; 704-837-9200;
FAX 704-837-2216

=\ 4
{ 7540 Highway 64 West
e Brasstown, NC 28902

SONY.

e Sony’ ilable UHF | d
alows hideaway placement of receiver.  UNIIELAI

*o> Dish can be locked onto the satellite by
using Sony’s exclusive Signal Seeker®
LED indicator, allowing a single person to
install system.

=0 Provides better and easier use of menu
screens.

=0 Sony’s Express Navigator® offers simplified point and click
menu selection.

o¢ Rust-proof aluminum dish, not plastic or steel like others.

=¢ Sony's remote control also operates Sony and other major Please visit our sile on
brands of TVs and cable boxes. the World Wide Web
*> Sony has exclusive multi-event programmable timer (with www.grove.net

ADI receiver only).

*o Access card in the Sony receiver is hidden—not easily
accessed by children as with other brands.

=¢ Purchasers subscribing to USSB at time of order get first
month of service free.

There's no other DSS package on the market that offers so
much for so little. Order yours today!




for misrepresented merchandise. reluted.

Ads for Stock Exchange niust be received 45 COMMERCIAL RATES: $1.00 per word.

days prior to publication date. All ads must be  Commercial line ads printed in bold type.
paid in advance to Satellite Times.
ibili 1-3/4” SQUARE DISPLAY AD: 325 per

Ad copy must be typed for legibility.

§ x‘ H ANGE NON-COMMERCIAL SUBSCRIBER be typeset. Photo-reduction $5 additional
&~ RATES: $.25 per word — Subscribers only! charge. For more information on commer-

Satellite Times assumes no responsibility All merchandise must be personal and radio- cial ads, contact Debbie Davis, 704-837-

issue. Send camera-ready copy or copy to

6412.

GE SUPERRADIO I11, custom designed with up to four noise-
free SCA Channels. Performance guaranteed. Credit Card
orders accepted. (800) 944-0630.

RESTRICTED Top Secret Hacker Information. Cellular/
Cable/Surveillance /Satellite /VideoCipher/Books/Videos/

Software. Catalog—$3.00. TELECODE, P.O. Box 6426-MT,
Yuma, AZ 85366-6426.

FOR SALE: Uniden 4900 new in box with two remote controls.
Will pay shipping, $550 or best. WANTED: GOES Weather
Satellite Equipment. (203) 288-4477

HUGE caratoc

» Shortwave Receivers

» Amateur Radio Gear

» Scanners

» RTTY & FAX Equipment
» Books & Accessories

S Universal Radio
6830 Americana Pkwy. ST
Reynoldsburg, OH 43068
Tel. 614 866-4267

SATELLITE TIMES ADVERTISERS’ INDEX

NEW oniine classified advertls-
ing service reaches nationwide. . . .
Place ads and shop via your PC, Simple h?w-m-recenve Instructions.
Check in: 1-501-253-7172, 6 pm Satellite Radio Guide Included.

to 8 am central, access code 55, $16.95 plus $3 Priority Mail {$19.95 total).

) SATELLITE RADIO
Sell your old radios BOOK & GUIDE
Find the radio you want! NEW BOOK covers all Audio Services,

SCPC, Subcarriers, FM?, Facsimile,
Press Services, Weather Services.

Editorial Concepts, Box 157, UNIVERSAL ELECTRONICS INC.
Beaver AR 72613 4555 Groves Road, S

12
Columbus, OH 43232 (6 141866 -4605

A&A Engineering .....
Baylin Publications ..

Quorum COMMUNICALIONS .......ceeiiiriiiriiicss s e e eresannes 71
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Save Time and Money.
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a
a
a

. O US 2nd Class Mail $19.95 $38.00 $56.00
a
. Subscribe to ST OUS 1stClass Mail ~ $32.95 $64.00  $95.00
= 0 Canada Surface $28.50 $55.00 $81.50
: To subscribe to Satellite Times send subscription form to: ) Canada Air $33.00 $64.00 $95.00
- Brasstown, NC 26903; or Call (300) 436-8155 CPRmiainct SOEI R $135.0
= ' 5 S O Foreign Air $68.00 $133.40  $200.00
: (704) 837-9200; FAX (704) 837-2216 US funds drawn on US a bank only.
a
5 r;\lame Don't miss a single issue!
H eress — ~— Please check your label to
= City State Zip Country - .
* bhone determine the expiration
a e S
® CC# Exp.date date of your subscription!
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BCD
BIH

BIPM
BIT
BPSK
C/A-ode
CADC
CDMA
CDhU
CEP
CMOS

C/No
CRPA

CSOC
Ccw
DAC
dB
DGPS
D-Level
DLM
DLR

DLS
DMA

DoD

DOP
dRMS

DRS

"Ml SPACE (LOSSARY

NAVSTAR GPS Related Acronyms and Abbreviations (Courtesy of the U.S. Coast Guard Navigation Center)

Antenna Electronics
Analog 1o Digital

Air Force Base
Automatic Fault Indi-
cation

Air Force Station
Attitude and Heading
Reterence Sysiem
Airspace Traftic Con-
trol Radar Beacon Sys-
tem IFF Mark XI11 Sys-
tem

Anti-Janmining
Auxilliany Output Chip
Anti-Spooting
Application SpecificIn-
tegrated Circuit
Automatic Test Equip-
ment

Binary Code Decimal
Bureau International
de L'Heure
International Bureau
of Weights and Mea-
sures

Built-In-Test

Bi Phase Shift Keving

Coarse/Acquisition-
Code
Central Air Data Com-
puter
Code Division Mulii-
plex Access

Control Dis-
play Unit

Circular Er-
ror Probable
Complementary Metal
Oxide Semiconductor
Carrier to Noise Ratio
Controlled Radiation
Pattern Antenna
Consolidated Space
Operations Center
Continuous Wave

Digital to Analog Con-
verter

Decibel (X=10Log X
dB) 10

Ditferential GPS
Depot Level

Data Loader Module
Data Loader
Receptable

Data Loader System
Defense  Mapping
Agency

Department ot De-
fense

Dilution of Precision
Distance Root Mean
Square

Dead Reckoning Svs-
tem

DT&E

ECEF
ECP
EDM
EFIS

EM
EMCON
ESGN
FAA
FMS
FOM
FRPA
FRPA-GP

GaAs
GhOP

GPS

HDOP

HOW
HS1

HV
11Q USAF
1CD

1CS
IF

IFF

1-l.cvel
ILS

INS

10N
I0T&E

Ip
ITS

PO
1S

JTIDS

Development Testand
Evaluation

Earth-Centered-Earth-
Fixed

Engineering Change
Proposal

Electronic Distance
Measurement
Electronic Flight In-
sirument System
Electro Magnetic
Emission Conuvol
Llectrically Suspended
Gyro Navigator

Federal Aviation Ad-
ministration

Foreign Military Sales
Figure Of Merit

Fixed Radiation Pat-
tern Antenna

FRPA Ground Plane

Gallium Arsenide
Geometric Dilution of
Precision

Global Positioning Sys-
tem

Horizontal Dilution of

Precision

Hand Over Word
Horizontal Sitnation
Indicator

Host Yehicle
lteadquarters US Air
Force
Interface  Control
Document

Initial Control System
Intermediate  Fre
quency

Identification Friend
or Foe

Interinediate Level
Instrument Landing
Svstem

Inertial Navigation Sys-
tem

Institute of Navigation
[nitial Operational
I'est and Evaluation
Instruentation Port
Intermediate
Test Set

Level

Joint Program Office
Jamming 10 Signal Ra-

tion
Joint Tactical Intorma-
tion Distribution Svs-
tem

GPS  primary  fr

LEP
LRIP

L.RU
1L.O

mbB
MCS
MCT

Mty
MIV

MmaxCT
MOt
M/S
MSL
MTIBF
MTBM
N/A
NAVansg
NOSC
NRI

NS
NSA

NTDS
NTS
OBS
OCs
O-Level

OTHl

PC
P-Code
PDHOP
P1.SS
Pl

PPM
PPS

PPS-SM

PRN
PTTI

PVT

quency, 1575.42 My
GPS secondany (re-
quency, 1227.6 MHz
Linear Earor Probable
Low Rate Initial Pro-
duction

Line Replaceable Unit
Local Oscillator

Mitliba

Master Control Station
Mean Corrective Main-
tenance Time
Megahentz

Medium Launch Ve-
hicle

Maximum Corrective
Maintenance Time
Memorandum of Un-
derstanding

Metres per Second
Mean Sca Level

Mean Time Between
Failure

Mean Tiime Beiween
Maintenance

Not Applicable
Navigation Message
Naval Ocean Svstems
Ceunter
Naval
FLabratory
Nanosecond
National
\gency
Nawv Tactical Data Svs-
tem

Navigation Technol-
ogy Satellite

Rescarch

Security

Omni Bearing Select
Operational Control
Svstem

Organization Level
OverThe Horizon Tar-
geting

Personal Computer
Precise Code

Position Dilution of

Precision

Precision Location
Strike Svstem

Pre Planned Product
Improvement

Parts Per Million
Precise Positioning
Service

PPS Secutity Module

Pseudo Random Noise
Precise Timeand Time
Intenal

Position Velocity and
Time

RAM
RCVR
RF
RMS
RNAY
RSS
RT
RTCA

RTCM

S/A
SAMSO

SBB
SC
SEP
SI
SIL.

SINS
SPS

SRU
STDCHU

FACAN
TAI

TBD
THOP

TFOM
TTHEF

UE
UFRE

UHF
USA

USNO
LT
UTC
\DOP
VHSIC
VESIC

VOR

WGS-84

YPG

I PPM
I PPS
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Reliability and Maintain-
ability

Receiver

Radio Frequency

Root Mean Square
Area Navigation

Root Sutn Square
Remote Terminal
Radio Technical Com-
misston for Aeronautics
Ratio Technical Com-
mission for Maritime
Scrvices

Selective Availability
Space and Missile Sys-
tems Organization
Smart Butfer Box
Special Committee
Spherical Error Prob-
able

International Sysiem of

Units
Svstem
[abratory
Shipborne INS
Standard Positioning
Scmvice

Shop Replacable Unit
Standard CDU

Integration

Tactical Air Navigation
[nternational Atomic
Time

To Be Determined
Time Dilution of Preci-
sion

Time Figure Of Merit
Time to First Fix

User Equipment

User Equivalent Range
kFrror

Uliva High Frequency
United  States  of
America

US Naval Obsenatory
Universal Time
Universal Time Coordi-
nated

Vertical Dilution of Pre-
cision

Very High Speed Inte-
grated Circuit

Ve Large Scale Inte-
grated Circuit

Very High Frequency
(VHF) Omnidirectional
Range

World Ceodetic System
- 1984

Yuma Proving Ground

1 Pulse Per Minute
I Pulse Per Second
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By Bob Grove, Publisher
E-mail address: st@grove.net

PCS Progress at the Speed of Light

ast week I had a delightful phone conversation with an old friend, Al Gross, well-known

communications luminary and inventor of the walkie-talkie, CB service, pager, mine detector,

and just about everything else that beeps and squawks. Our discussion centered around just
where the industry was headed, and the frantic PCS race was the main topic.

The more I learned from Al, who is deeply involved with the impending low-earth orbiting
(LEO) constellation platforms, the more I realized how little I know about PCS and that exploding
market. It was an uneasy feeling; after all, who should know more about an industry than a pub-
lisher speaking to that industry?

ButI don’t feel guilty. As I talk with other leaders in the field, I am aware that they don’t know
all that much about it, either. I get the impression that few—if any—actually have the grasp of
what's going on. IU’s all happening so fast, and most of us are still hanging on for dear life, afraid to
let go of what we know, and afraid to grab onto what we don’t know.

We all know what “PCS” stand for...or do we? Coming from the radio side of the house, I think it
stands for Personal Communications Service, while our editor, Larry Van Horn, says it is more
appropriately Personal Communications Satellites. If we can’t even agree on what the initials stand
for, how can we begin to define the technology?

We are flooded with news releases from entrepreneurial organizations announcing products and
services, hoping to get their pieces of the pie. But does anyone—even Al—envision just how wide this
new horizon is? It is more than pocket phones, portable faxes, LANs, telecommuting, and the
virtual office. It is our entire concept of informational interchange at the government, public,
professional, recreational, and even private levels. And it’s worldwide.

It is as sophisticated as the Dick Tracy video watch or Star Trek communicator, and as simple as a
toy walkie-talkie. It brings us into the board rooms of major corporations, allows a church in St.
Louis to communicate with a mission in Zaire, affords security and response to a disabled motorist
late at night on a lonely road, facilitates a frustrated businessman in a traffic jam conduct his
appointment by long distance, invites an executive basking on a Florida beach to attend a confer-
ence in Paris, and lets mom call the kids home from the playground for dinner.

Let’s do our increasingly technocratic society a favor and define their future for them. How
about sitting back, letting your creative juices flow and your imagination soar, and coming up with
what you think is a comprehensive list of devices and services which should be included under
“PCS.” To make the job easier, limit your list to wireless concepts even though many of them will
undoubtedly interface somewhere with physical lines. Avoid similar listings (digital and voice pagers
don’t count as two!).

Send your entries to me at ST headquarters no later than March 30, 1996, so we can get the
results in the next issue. We'll choose the list which in our judgement, has the largest number of
valid, unique applications. The winning entrant will receive a complimentary one-year’s extension
to their §T'subscription, and we'll share this list with all our readers so the industry will know what’s
in store for them as well.

Technological evolution is, indeed, caught up in a global whirlwind...or should that be
worldwind 2 ST
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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 Sateliite Tracking * Kansas
City Tracker Support « Capture Images to Hard Disk or Memory - PLL
Sampling + NOAA, Meteor, GOES, Meteosat, HF Fax < “Point & Shoot” 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 Million 8 Bit Pixels for full NOAA Recording =
Latitude/Longitude and Map Overlay (US included)  Reference Audio Tape «

Resolution (NOAA) -

<« Section of
multi-spectral
false-colorized
NOAA APT image
of Hurricane An-
drew. This image
was created directly
from a raw image
file using the new
MFCOLOR soft-
ware from Weather
Dynamics. The
bright area south of
Andrew is sun glint.

To find out more
about the
MFCOLOR soft-
ware log onto the
MultiFAX BBS
(716-425-8759).
Download dozens
of images as well
as software, demos,
and up-to-date or-
bital elements.

There is no charge
to use the MultiFAX
BBS, it operates 24

hours a day 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.

The NEW MultiFAX MF-R1
Weather Satellite Receiver!

¢ Synthesized Tuning - 10 Programmable Memories
v’ 137-138 MHz in § KHz Steps

¢ NOAA & Meteor APT

v’ GOES & Meteosat Fine Tuning for Downconverter
¢ Two Independently Adjustable Audio Outputs

v 12 VDC (switchable) at Antenna for Pre-Amp

¢ Introductory Price under $250!

Clear, Complete 85+ page lllustrated User's Manual + Much More... Call or Write for Compiete 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 potar orbiting satellites)

Please write or call for more details on MUltiFAX demodulators, receivers, antennas,
and downconverters. Internal demodulator with software: dust $284 plus S¢H.

MultiFAX « Route 1, Box 27 « Peachland, NC 28133 » 704-272-9028

MasterCard/Visa FAX: 704-272-8036 BBS: 716-425-8759




Did you know 1COM receivers are
used by local, state and federal gov-
ernment agencies? The professionals
in these critical positions require the
utmost in signal clarity, performance
and reliability. ICOM’s R7100 ultra

high-tech receiver meets, and even
exceeds, these stringent demands.

Listen To Them All...on ICOM’s
R7100. Capture lowband, marine
aircraft, amateur, emergency-or relax
with FM and television! Cover the
entire 25 MHz-799 MHz and

900 MHz-2 GHz bands in 8 tuning
steps: 100 Hz, 1-,5-,10-,12.5-,20-,25-,
and 100- klz, and 1 MHz.

900 Memory Channels. 9 bands of
100 channels each let you group and
access all your favorite frequencies
automatically.

IC-R7100A-12
IC-R7100A-02*

IC-R1-15
IC-R1-08*

"
Only 4" high!
neler LS Provesien SEC 2512 (2) eesticted sales to the f Wing } It shall not be unlawrul under this secton Lor ()
rovider of wike or clecronic communication seniee, or an olficer, agent, or employee o, or 4 person under contraet saath,
such a provider, n the normal cours 1 business of providing that wire or cledronie communicition senvice, or (b an oft

cer, agent, or emplover 4 person under contract with, the United State \ate, of 4 politica! subdision thereol, e the

wmal counse of the activities of the United States, a Siate, or a political subdisision therg sened through the aunl, s or

mute or forcign commene, or munuficture, assemble, posses Il any clechonic me her device
knowing or having reason 1o know that the design of sudh device renders 1t panianly uselul for the purpose of the sumept ous

interception of wire, oril, or eledrons: MMUnCaoOns

All Mode Scan. Super fast scanning
in Programmed Scan, Selected Memory
and Window Scan-great flexibility!

Auto Memory Write Scan automat-
ically records busy frequencies for
later monitoring.

Dual Windows. Scan in one win-
dow, tune in the other-like two
receivers in one!

The Most important Feature.
Designed and backed by ICOM. Our
reputation for quality, reliability and
service is unsurpassed in the commu-
nications industry. The pros don't settle
for anything less. Neither should you.
F'or more information, see your 1COM declc

call our Brochure Hotline 1-206-150-6088
ICOM America, Inc. 2380-116th Ave.N.E.,

Bellevue, WA 98004
Customer Service Hotline (206) 454-7619
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