Progress in Astronautics

and Aeronautics

Volume 55

Satellite Communications:

Adwvanced Technologies

P
f‘ - ’
% &



5065156

SATELLITE COMMUNICATIONS:
ADVANCED TECHNOLOGIES

Edited by

David Jarett

TRW, Inc.

Redondo Beach, California

Volume 55
PROGRESS IN
ASTRONAUTICS AND AERONAUTICS

Martin Summerfield, Series Editor-in-Chief
Princeton University, Princeton, New Jersey

Technical papers mainly selected from AIAA/CASI 6th

Communications Satellite Systems Conference, April 1976,
subsequently revised for this volume.

Published by the American Institute of Aeronautics and
Astronautics

Ml

E8066156

Il



American Institute of Aeronautics and Astropautics
New York, New York

*
Library of Congress Cataloging in Publication Data

AIAA Communications Satellte Systems Conference, 6th,
Montreal, 1976.
Satellite communications.

(Progress in astronautics and aeronautics; v. 55)

“Papers ... selected from the 1976 AIAA Communication
Satellite Systems Conference co-sponsored by the Canadian
Aeronautics and Space Institute.”

Includes bibilographies and index.

1. Articificial satellites in telecommunication—Congresses.
I. Jarett, David. Il. American Institute of Aeronautics and
Astronautics. |ll. Canadian Aeronautics and Space Institute.
IV. Titie. V. Series.

TL507.P75 vol. 55 [TK5104] 629.1'08 77-8524
ISBN 0-915928-19-1 [621.38°0422]

Copyright 1977 by
American Institute of Aeronautics and Astronautics

All rights reserved. No part of this book may be reproduced in
any form or by any means, electronic or mechanical, including
photocopying, recording, or by any information storage and
retrieval system, without permission in writing from the
publisher.



Progress in
Astronautics and Aeronautics

VOLUMES
1. Solid Propellant Rocket
Research. 1960

2. Liquid Rockets and
Propellants. 1960

3. Energy Conversion for
Space Power. 1961

4. Space Power Systems. 1961

5. Electrostatic Propulsion. 1961

6. Detonation and Two-Phase
Flow. 1962

7. Hypersonic Flow Research.
1962

8. Guidance and Control. 1962

9. Electric Propulsion
Development. 1963

Martin Summerfield,
Series Editor
PRINCETON UNIVERSITY

EDITORS
Martin Summerfield
PRINCETON UNIVERSITY

Loren E. Bollinger
THE OHIO STATE UNIVERSITY

Martin Goldsmith
THE RAND CORPORATION

Alexis W. Lemmon Jr.
BATTELLE MEMORIAL INSTITUTE

Nathan W. Snyder
INSTITUTE FOR DEFENSE ANALYSES

Nathan W. Snyder
INSTITUTE FOR DEFENSE ANALYSES

David B. Langhuir
SPACE TECHNOLOGY LABORATORIES, INC.

- Ernst Stuhiinger

NASA GEORGE C. MARSHALL SPACE
FLIGHT CENTER

J.M. Sellen Jr.
SPACE TECHNOLOGY LABORATORIES

S.S. Penner
CALIFORNIA INSTITUTE OF ¢{TECHNOLOGY

F.A. Williams

HARVARD UNIVERSITY

Frederick R. Riddell
AVCO CORPORATION

Robert E. Roberson
CONSULTANT

James S. Farrior
LOCKHEED MISSILES AND SPACE
COMPANY

Ernst Stuhlinger ’
NASA GEORGE C. MARSHALL SPACE
FLIGHT CENTER

vii



viii

10. Téchnology of Lunar Clifford 1. Cummings m?
Exploration. 1963 Harold R. Lawrence
© JET PROPULSION LABORATORY

11. Power Systems for Space Morris A. Zipkin and
Flight. 1863 Russell N. Edwards
. GENERAL ELECTRIC COMPANY
12. lonization in High- Kurt E. Shuler, Editor
Temperature Gases. 1963 NATIONAL BUREAU OF STANDARDS

John B. Fenn, Associate Editor
PRINCETON UNIVERSITY

13. Guidance ana Control - Ii. Rbbert C. Langford
1964 . GENERAL PRECISION INC.

Charles J. Mundo
INSTITUTE OF NAVAL STUDIES

14. Celestial Mechanics and Victor G. Szebehely -
Astrodynamics. 1964 YALE UNIVERSITY OBSERVATORY
15. Heterogeneous Combustion. Hans G. Wolfhard
1964 INSTITUTE FOR DEFENSE ANALYSES

Irvin Glassman
PRINCETON UNIVERSITY

Leon Green Jr.
AIR FORCE SYSTEMS COMMAND

16. Space Power Systems George C. Szego
Engineering. 1966 INSTITUTE FOR DEFENSE ANALYSES
J. Edward Taylor
TRW INC.
17. 'Methoos in Astrodynamics Raynor L. Duncombe
and Celestial Mechanics. U.S. NAVAL OBSERVATORY
1966

Victor G. Szebehely
YALE UNIVERSITY OBSERVATORY

18. Thermophysics and Gerhard B. Heller
Temperature Control of NASA GEORGE C. MARSHALL SPACE
Spacecraft and Entry FLIGHT CENTER
Vehicles. 1966
19. Communication Satellite Richard B. Marsten
Systems Technology. 1966 : RADIO CORPORATION OF AMERICA
20. Thermophysics of Spacecraft . Gerhard B. Heller 4
and Planetary Bodies NASA GEORGE C. MARSHALL SPACE
Radiation Properties of Solids FLIGHT CENTER

and the Electromagnetic
Radiation Environment in
Space. 1967



24.

31.

32.

. ‘Thermal Design Principles of

Spacecraft and Entry Bodies.
1969

. Stratospheric Circulation.

1969

. Thermophysics: Applications

to Thermal Design of
Spacecraft. 1970

Heat Transfer and Spacecraft
Thermal Control. 1971

. Communication -Satellites for

the 70's: Technology. 1971

.

. Communications Satellites

for the 70's: Systems. 1971

. Thermospheric Circulation.

1972

. Thermal Characteristics

of the Moon. 1972

. Fundamentals of Spacecraft

Thermal Design. 1972

. Solar Activity Observations

and Predictions. 1972

Thermal Control and
Radiation. 1973

Communications
Satellite Systems. 1974

Jerry T. Bevans
TRW SYSTEMS

" Willis L. Webb

ATMOSPHERIC SCIENCES LABORATORY,
WHITE. SANDS, AND UNIVERSITY OF
TEXAS AT EL PASO

Jerry T. Bevans
TRW SYSTEMS

John W. Lucas 3
JET PROPULSION LABORATORY

Nathaniel E. Feldman
THE RAND CORPORATION

* Charles M. Kelly

THE AEROSPACE CORPORATION

Nathaniel E. Feldman
THE RANp CORPORATION

Charles M. Kelly.
THE AEROSPACE CORPORATION

Willls L. Webb :
ATMOSPHERIC SCIENCES LABORATORY,
WHITE SANDS, AND UNIVERSITY OF TEXAS
AT EL PASO

John W. Lucas
JET PROPULSION LABORATORY

John W. Lucas
JET PROPULSION LABORATORY

Patrick S. Mcintosh and
Murray Dryer
ENVIRONMENTAL RESEARCH
LABORATORIES, NATIONAL
OCEANIC AND ATMOSPHERIC
ADMINISTRATION

Chang-Lin Tien
UNIVERSITY OF CALIFORNIA,
BERKLEY

P.L. Bargellini
COMSTAT LABORATORIES



a7.

39.

41.

. Communications

Satellite Technology.
1974

. Instrumentation for

Airbreathing Propulsion.
1974

. Thermophysics and

Spacecraft Thermal
Control. 1974

. Thermal Pollution Analysis.

1975

Aeroacoustics: Jet and
Combustion Noise;
Duct Acoustics. 1975

. Aeroacoustics: Fan, STOL,

and Boundary Layer Noise;
Sonic Boom; Aeroacoustic
Instrumentation. 1975

Heat Transfer with Thermal
Control Applications. 1975

. Aerodynamics of Base

Combustion. 1976

Communications Satellite

Developments: Technology. 1976

P.L. Bargellini
COMSTAT LABORATORIES

Allen E. Fuhs
NAVAL POSTGRADUATE SCHOOL

Marshall Kingery
ARNOLD ENGINEERING
DEVELOPMENT CENTER

Robert G. Hering
UNIVERSITY OF IOWA

Joseph A. Schetz
VIRGINIA POLYTECHNIC INSTITUTE

Henry T. Nagamatsu, Editor
GENERAL ELECTRIC-RESEARCH
AND.DEVELOPMENT CENTER

Jack V. O'Keefe, Associate Editor
THE BOEING COMPANY

Ira R. Schwartz, Associate Editor
NASA AMES RESEARCH CENTER

Henry T. Nagamatsu, Editor
GENERAL ELECTRIC RESEARCH
AND DEVELOPMENT CENTER

Jack V. O'Keefe, Associate Editor
THE BOEING COMPANY

ira R. Schwartz, Associate Editor
NASA AMES RESEARCH CENTER

M. Michael Yovanovich’
UNIVERSITY OF WATERLOO

S.N.B. Murthy .
PURDUE UNIVERSITY

J. R. Osborn,'Associate Editor
PURDUE UNIVERSITY

A.W. Barrows and J. R. Ward,
Associate Editors
BALLISTICS RESEARCH
LABORATORIES

Gilbert E. LaVean
DEFENSE COMMUNICATIONS
ENGINEERING CENTER

William G. Schmidt
CML SATELLITE CORPORATION



42,

43.

44.

45.

47.

Communications Satellite -
Developments: Technology. 1976

Aeroacoustics: Jet Noise,
Combustion and Core Engine
Noise. 1976

Aeroacoustics: Fan Noise and
Control; Duct Acoustics:
Rotor Noise. 1976

a

Aeroacoustics: STOL Noise;
Airframe and Airfoil Noise. 1976

. Aeroacoustics: Acoustic Wave

Propagation; Aircraft Noise'
Prediction; Aeroacoustic
Instrumentation. 1976

Spacecraft Charging by
Magnetospheric Plasmas.
1976

. Scientific Investigations on the

Skylab Satellite. 1976

William G. Schmidt
CML SATELLITE CORPORATION

Gilbert E. LaVean
DEFENSE COMMUNICATIONS
ENGINEERING CENTER

ira. R. Schwartz, Editor
NASA AMES RESEARCH CENTER

Henry T. Nagamatsu, Associate Editor
GENERAL ELECTRIC RESEARCH -AND
DEVELOPMENT CENTER

Warren C. Strahle, Associate Editor
GEORGIA INSTITUTE OF TECHNOLOGY

ira R. Schwartz, Editor
NASA AMES RESEARCH CENTER

Henry T. Nagamatsu, Associate Editor
GENERAL ELECTRIC RESEARCH AND
DEVELOPMENT CENTER

Warren C. Strahle, Associate Editor
GEORGIA INSTITUTE OF TECHNOLOGY

Ira R. Schwartz, Editor
NASA AMES RESEARCH CENTER

Henry T. Nagamatsu, Associate Editor
GENERAL ELECTRIC RESEARCH AND
DEVELOPMENT CENTER

Warren C. Strahle, Associate Editor
GEORGIA INSTITUTE OF TECHNOLOGY

Ira R. Schwartz, Editor
NASA AMES RESEARCH CENTER

Henry T. Nagamatsu, Associate Editor
GENERAL ELECTRIC RESEARCH AND
DEVELOPMENT CENTER

Warren C. Strahle, Associate Editor
GEORGIA INSTITUTE OF TECHNOLOGY

Alan Rosen
TRW INC.

Marion I. Kent and Ernst Stuhlinger
NASA GEORGE C. MARSHALL SPACE
FLIGHT CENTER

Shi-Tsan Wu :
THE UNIVERSITY OF ALABAMA

xi



Xii

49. Radiative Transfer and

51.

55.

Thermal Control. 1978

. Exploration of the

Outer Solar System. 1977

Rarefied Gas Dynamics
Parts | and Il.
(two volumes) 1977

Materials Sciences In

- Space. with Application

to Space Processing.
1977

Experimental Disgnostics
in Gas Phase Combustion
Systems. 1977

Satellite Communications:
Future Systems

Satellite Communications:
Advanced Technologies

(Other volumes are planned.)

Allie M. Smith
ARO INC.

Eugoﬁo W. Greenstadt
TRW INC.

Murray Dryer
NATIONAL OCEANIC AND
ATMOSPHERIC ADMINISTRATION

Devrie S. Intriligator
UNIVERSITY OF SOUTHERN CALIFORNIA

J. Leith Potter
ARO INC.

Leo Steg
GENERAL ELECTRIC COMPANY

Ben T. Zinn, Editor
GEORGIA INSTITUTE OF
TECHNOLOGY

Craig T. Bowman, Assoclate Editor
STANFORD UNIVERSITY

Daniel L. Hartley, Associate Editor
SANDIA LABORATORIES

Edward W. Price, Associate Editor -
GEORGIA INSTITUTE OF
TECHNOLOGY

James G. Skifstad, Associate Editor
PURDUE UNIVERSITY

David Jarett
TRW Inc.

David Jarett
TRW Inc.



PREFACE

The theme of these companion volumes is Satellite Communications
Systems for the 1980’s, the third decade, and the advances in technology
needed to make these new systems possible. In this preface, a perspective
view is offered of the relationship between demand and improved cost
effectiveness, and approaches are suggested in which new systems and
technologies can be brought to bear to accommodate the required dramatic
increases in capacity while at the same time conserving our natural resources
of frequency spectrum and orbital space.

At the time of this writing, we are just coming to the end of the second
decade of the use of communications satellites. Today, we take the
availability of high quality and reliable communications ‘‘via satellite’’ for
granted. In addition to the Intelsat Global Network, we now have several
operational national domestic systems, and regional systems are being
planned. The total communications capacity of today’s space segment
exceeds that of the 1965 Intelsat 1 by a factor exceeding 500! Intelsat
continues to grow in capacity at 15-18% per year, and this growth is ex-
pected to continue into the 1980°s; a number of domestic carriers project
growth rates of 12-15%. Some predict that this growth rate will flatten out,
citing such examples as ‘‘What happens when each individual in the world
has a telephone?’” My own subjective answer to this question is that it will
not be the ability of any individual in the world to talk to any other in-
dividual at any time that will limit growth, but rather his ability to pay for
it. This telephony example was used here since it is used by all of us and
since it is the largest user today of communication satellite systems capacity.
Similar growth arguments can be made for newer services such as: high-rate
data transmission, specialized television services, and eventually
videotelephony. It also is important to remember that the communication
needs of the underdeveloped nations are just beginning to be met. It is very
probable that dramatic improvements in cost effectiveness of com-
munication satellite systems will exert an equally dramatic effect on growth
and demand for these services.

It is important to consider, in this connection, the availability of
frequency bands and the availability of geosynchronous orbit positions to
meet this growing demand. It is well known that the number of frequency
bands available for satellite telecommunications is limited. In addition to
defense systems bands, three commercial bands have been allocated by
international agreements in the region between 4 and 31 GHz. These are the
4/6-GHz, 12/14-GHz, and 20/30-GHz bands. Next, it is clear that satellites
operating within the same frequency band must be separated adequately in
orbit to assure an acceptably low level of radio interference between them.
It is also necessary that satellite earth stations be located so that they do not
interfere with terrestrial .microwave radio relay stations operating in the

Xiii
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same frequency bands. These factors, together with a limited spectrum,
limit the number of orbit positions available for satellite telecom-
munication. For example, the region of orbital space most useful to North
America is limited to about 60°. The number of orbital positions available
in the 4/6-GHz bands is about 15, and of these only six permit full United
States coverage —i.e., all 50 states and Puerto Rico. Twelve of the fifteen
slots already are:occupied or soon will be by the United States or Canada.
These positions do not include any allocations of orbital space to Central or
South American needs. In the 12/14-GHz bands, which are planned for
high power television broadcast or telecommunications to relatively small
earth terminals, there are perhaps 10 to 15 positions available (depending on
the mix between them), of which 10 already are committed to North
American use. We see, therefore, that before the needs of most of the
developing world (in this case, Central America and the Western States of
South America) are met, we already will have nearly consumed the available
spectral and orbital space in the 4/6-GHz and 12/14-GHz frequency bands.
This same trend will soon follow around-the world.

It seems inevitable that the 4/6-GHz and 12/14-GHz bands cannot sausfy
all potential users and that it will be necessary to move to higher frequency
bands to satisfy our demands for communication. Not only do the higher
frequency bands, 20/30-GHz, provide greater bandwidth, but they permit
closer spacing of satellites operating in these bands as well. These ad-
vantages come at the price of overcoming the increased attentuation in rain.
New concepts and technologies can be used here with great effect. In ad-
dition to the concepts of power control (both in the uplinks and downlinks)
and of earth station space diversity, new technologies appropriate for the
1980’s will lead to significantly new trends in system design. .

We should take full advantage of the new technologies and the mcrcased
orbital weight the shuttle will afford in the 1980’s to place larger payloads
into the limited number of geosynchronous orbital positions. New
technologies, such as high-speed satellite switched time division multiple
access (SSTDMA), higher frequency components, and better spacecraft
pointing accuracy associated with narrower antenna beams, can further
increase the telecommunication capacity of future geosynchronous
satellites. It will be possible to build large communication satellites
operating at digital rates of 1 to 2 Gbits/sec in the 20/30-GHz frequency
band. The full frequency band can be fully reused in each of many spot
beams. These satellites will handle tens of thousands of voice circuits,
television, and high-speed computer data, all simultaneously. The number
of equivalent voice circuits of high-speed digital satellites operating in
20/30-GHz bands will be five to ten times greater than at the 4/6-GHz
bands predominantly used today, and these new satellites can be spaced
more closely in orbit by a factor of four, since the satellites can be spaced
less than 1° apart instead of the 4° spacing required at 4/6 GHz. This
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capacity can be employed by using the available spectral and orbital space
more efficiently and by dedicating satellites to single high-capacity users, or
by simultaneously serving several users in one satellite, using an on-orbit
sharing approach. All this is not to say that the 4/6-GHz and the 12/14-
GHz frequency bands will not have their place in the 1980’s — quite the
contrary — but their use should be properly balanced with those services
planned for the higher frequency bands. A single large shuttle-launched
spacecraft can accommodate communications capability in all three
frequency bands simultaneously at a single orbital location although, of
course, not every 1° of arc can be so equipped. ]

To summarize, this writer’s view is that the next decade will present a
dramatic increase in demands for telecommunications on a worldwide
basis. These demands can be accommodated by new technologies, at the
same time conserving our precious natural resources of radio-frequency
spectrum and geosynchronous orbital space.

Volumes 54 and 55 of Progress in Astronautics and Aeronautics are
organized to follow a.twin-thread theme. Volume 54 describes satellite
comglunication systems for the 1980’s. The first four chapters cover
specific classes of satellite systems: North American Domestic, Intelsat,
National and Regional, and Defense Systems. Chapter 5 provides a
significant and coherent overview of launch options for the satellite systems
engineer. Chapter 6 presents several outstanding advanced systems
concepts.

Companion Volume 55 describes the new technologies which will make
the systems in Volume 54 possible. A key principle used in the preparation
and organization of Volume 55 has been to present more papers in the
“other than communications’’ disciplines. Although we recently have gone
through a period when the major emphasis in communications satellites was
in communications technologies, significant and major advances have been
made in other technologies equally important to the future of these
satellites.

The papers presented in these volumes were selected (with one exception)
from the 1976 AIAA Communication Satellite Systems Conference co-
sponsored by the Canadian Aeronautics and Space Institute, for which I
was privileged to serve as Conference General Chairman. The selected
papers were then revised and edited for these AIAA archive volumes.
Acknowledgments are due the many contributors to that Conference, the
Conference Committee, and the Editorial Committee. I owe special thanks
to Mr. Richard S. Davies, who aided immensely as a key member of both
Committees. Acknowledgment is also due Dr. Martin Summerfield, Series
Editor-in-Chief; Miss Ruth F. Bryans, Director of Scientific Publications at
AIAA Headquarters; her secretary, Mrs. Jeanne Godette; and my
secretary, Mrs. Helen Miller, who provided most of the coordination and
all of the secretarial assistance.

David Jarett
April 1977
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